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PEDIATRIC OPHTHALMOLOGY/ ADULT
STRABISMUS PREFERRED PRACTICE PATTERN®
DEVELOPMENT PROCESS AND PARTICIPANTS

ThePediatric Ophthalmology/Adult Strabismus Preferred Practice Pattern® Panelof the American
Association for Pediatric Ophthalmology and Strahis Adult Strabismus Task Force members wrote the
Adult Strabismus Preferred Practice Pattern® gindsl(“PPP”). The PPP Panel members discussed and
reviewed successive drafts of the document, meatipgrson and conducting other review by e-mail
discussion, to develop a consensus over the feraion of the document.

Pediatric Ophthalmology/Adult Strabismus Preferred Practice Pattern Panel of the American
Association of Pediatric Ophthalmology and Strabisms 2017-2019

Chair Linda R. Dagi, MD
Vice Chair: Federico G. Velez, MD

Jonathan M. Holmes, MD
Stacy L. Pineles, MD

Steven M. Archer, MD
Mitchell B. Strominger, MD
Matthew Simon Pihlblad, MD
Evelyn A. Paysse, MD

David R. Stager Sr, MD
David Stager Jr, MD

Sarah E. MacKinnon, CO, COMT
Burton J. Kushner, MD
Hatice Tuba Atalay, MD
Brian N. Campolattaro, MD
Hilda Capo, MD

Natalie C. Kerr, MD

ThePreferred Practice Patterns Committeemembers reviewed and discussed the document daseges
of meetings spanning 2017-2019. The document witsceith response to the discussion and comments.

Preferred Practice Patterns Committee 2019
Robert S. Feder, MD, Chair

Roy S. Chuck, MD, PhD

Steven P. Dunn, MD

Christina J. Flaxel, MD

Steven J. Gedde, MD

Francis S. Mah, MD

Randall J. Olson, MD

David K. Wallace, MD, MPH

David C. Musch, PhD, MPH, Methodologist

The Adult Strabismus PPP was then sent for revieadtlitional internal and external groups and iitdials
in August 2019. All those returning comments wemguired to provide disclosure of relevant relatiops
with industry to have their comments consideredmiers of the Pediatric Ophthalmology/Strabismus
Preferred Practice Pattern Panel reviewed and sied.ithese comments and determined revisions to the
document. The following organizations and individu@turned comments.
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OBJECTIVES OF PREFERRED PRACTICE
PATTERN® GUIDELINES

As a service to its members and the public, the haar Academy of Ophthalmology has developed a&seri
of Preferred Practice Pattern® guidelines thantify characteristics and components of qualityeye care.
Appendix 1 describes the core criteria of qualitg eare.

The Preferred Practice Pattern® guidelines aredbasehe best available scientific data as inteegréy
panels of knowledgeable health professionals. inesmstances, such as when results of carefullgwcted
clinical trials are available, the data are pattidy persuasive and provide clear guidance. Irothstances,
the panels have to rely on their collective judgtreerd evaluation of available evidence.

These documentprovide guidance for the pattern of practice, not ér the care of a particular

individual. While they should generally meet the needs of rmpaséents, they cannot possibly best meet the
needs of all patients. Adherence to these PPPsatikknsure a successful outcome in every situafibese
practice patterns should not be deemed inclusial groper methods of care or exclusive of othethuds

of care reasonably directed at obtaining the lestlts. It may be necessary to approach differatmmmts’
needs in different ways. The physician must makeuttimate judgment about the propriety of the adra
particular patient in light of all of the circumataes presented by that patient. The American Acgdgm
Ophthalmology is available to assist members inlvsg ethical dilemmas that arise in the course of
ophthalmic practice.

Preferred Practice Pattern® guidelines are not medial standards to be adhered to in all individual
situations. The Academy specifically disclaims any and all iliofor injury or other damages of any kind,
from negligence or otherwise, for any and all ckaitimat may arise out of the use of any recommeotatr
other information contained herein.

References to certain drugs, instruments, and pttoglucts are made for illustrative purposes only are
not intended to constitute an endorsement of stigbh material may include information on applicasio
that are not considered community standard, thilgtctendications not included in approved U.S. &@md
Drug Administration (FDA) labeling, or that are apyed for use only in restricted research settiige
FDA has stated that it is the responsibility of piysician to determine the FDA status of each dmug
device he or she wishes to use, and to use themaywfiropriate patient consent in compliance with
applicable law.

Innovation in medicine is essential to ensure thieré health of the American public, and the Acaglem
encourages the development of new diagnostic ardplkutic methods that will improve eye care. It is
essential to recognize that true medical excellé&heehieved only when the patients’ needs aréaireamost
consideration.

All Preferred Practice Pattern® guidelines areeedd by their parent panel annually or earlier if
developments warrant and updated accordingly. Borerthat all PPPs are current, each is valid fggebs
from the “approved by” date unless supersededtayiaion. Preferred Practice Pattern guidelines are
funded by the Academy without commercial suppotithédrs and reviewers of PPPs are volunteers and do
not receive any financial compensation for themmtdbutions to the documents. The PPPs are extgrnal
reviewed by experts and stakeholders, includingeorer representatives, before publication. The RiP®s
developed in compliance with the Council of MediSakcialty Societies’ Code for Interactions with
Companies. The Academy has Relationship with Ingliigtocedures (available at www.aao.org/about-
preferred-practice-patterns) to comply with the €od

Appendix 2 contains the International StatistickSSification of Diseases and Related Health Proble
(ICD) codes for the disease entities that this B®Rrs. The intended users of the Esotropia andr&pia
PPP are ophthalmologists.
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METHODS AND KEY TO RATINGS

Preferred Practice Pattern® guidelines should inécelly relevant and specific enough to providefus
information to practitioners. Where evidence existsupport a recommendation for care, the
recommendation should be given an explicit ratirag shows the strength of evidence. To accomisbet
aims, methods from the Scottish Intercollegiated8line Network (SIGN) and the Grading of
Recommendations Assessment, Development and Ewaiti@&RADE) group are used. GRADE is a
systematic approach to grading the strength ofdtad body of evidence that is available to support
recommendations on a specific clinical managenssute. Organizations that have adopted GRADE include
SIGN, the World Health Organization, the Agency iftaalthcare Research and Policy, and the American
College of Physicians.

¢ All studies used to form a recommendation for @aeegraded for strength of evidence individualhyd a
that grade is listed with the study citation.

« To rate individual studies, a scale based on SliGNsed. The definitions and levels of evidenceate
individual studies are as follows:

[++ High-quality meta-analyses, systematic reviefveandomized controlled trials (RCTs), or
RCTs with a very low risk of bias
I+ Well-conducted meta-analyses, systematic revigf/®CTs, or RCTs with a low risk of bias

- Meta-analyses, systematic reviews of RCTs, ol ®R@ith a high risk of bias

[++ High-quality systematic reviews of case-cohtytocohort studies
High-quality case-control or cohort studies witheay low risk of confounding or bias and a
high probability that the relationship is causal

I+ Well-conducted case-control or cohort studiethwa low risk of confounding or bias and a
moderate probability that the relationship is chusa

- Case-control or cohort studies with a high riglconfounding or bias and a significant risk that
the relationship is not causal

11 Nonanalytic studies (e.g., case reports, casies)

¢ Recommendations for care are formed based on tihedfdhe evidence. The body of evidence quality
ratings are defined by GRABEs follows:

Good quality Further research is very unlikely bawege our confidence in the estimate of
effect
Moderate quality Further research is likely to hamemportant impact on our confidence in the

estimate of effect and may change the estimate

Insufficient quality Further research is very likeb have an important impact on our confidence in
the estimate of effect and is likely to changedhémate

Any estimate of effect is very uncertain

+ Key recommendations for care are defined by GRA&&Efollows:

Strong Used when the desirable effects of an intervertiearly outweigh the
recommendation undesirable effects or clearly do not
Discretionary Used when the trade-offs are less certain—eithesulse of low-quality

recommendation evidence or because evidence suggests that desimatblundesirable effects are
closely balanced

¢ The Highlighted Findings and Recommendations faeGaction lists points determined by the PPP
Panel to be of particular importance to vision gndlity of life outcomes.

¢ All recommendations for care in this PPP were ragdg the system described above. Ratings aredsebe
throughout the PPP main text in italics.

¢ Literature searches to update the PPP were undertakvarch 2016, February 2017, and June 2019 in
the PubMed and Cochrane databases. Complete d#ttils literature searches are available in
Appendix 3.
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HIGHLIGHTED FINDINGS & RECOMMENDATIONS
FOR CARE

Strabismus in adults has profound negative effectguality of life and many aspects of day-to-day
function. Strabismus surgery very often improvealigy of life and function, and there are instrurtseto
assess these aspects of evaluation and treatnagient8 with diplopia tend to have greatest improeats
in functional domains, and nondiplopic patientgitémhave greatest improvements in psychosocial

domains.

Recessions of the restricted muscles are the maginétsurgical correction in thyroid eye disease.
Resection is generally avoided in restrictive digeaut of concern for further reducing ductions and
operating on a rectus muscle that would best beedfa provided ciliary artery supply to the arderi
segment. However, it can be a useful adjunct iecte&lases, particularly when extremely large récess

have not fully corrected the alignment.

Screening for a history of childhood amblyopia wakismus, checking spectacles for prism, and
performing a cycloplegic refraction and cover tagtare recommended for all patients undergoing
refractive or cataract surgery, especially for hpatients for whom monovision is planned. Patiwiitis a

history of childhood strabismus and suppressiorpargcularly at risk for developing fixation switc

diplopia. This form of diplopia results when theyiously nondominant eye becomes the dominant ye a

a result of intended or unintended monovision saive manipulation or cataract surgery. A toél
monovision with contact lenses is prudent priocaeneal or lenticular refractive surgery to detereni
whether surgically induced monovision will resultriew-onset diplopiarhe development of asymmetric
vision loss from other common diseases such as laradegeneration, myopia with axial elongationtia t
previously dominant eye, or diabetic retinopathyewlthe nondominant eye is left with better acuigym

also result in fixation switch diplopia.
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SECTION I. ADULT STRABISMUS OVERVIEW

INTRODUCTION

DISEASE DEFINITION
Strabismus is misalignment of the eyes and mayhgenital or acquired. Although more typically asated
with the pediatric population, strabismus is geidenmon among adults, with an estimated incidene®ofn
this populatiorf;® The causes of strabismus in the adult populatiemamerous, in part because the challenges
to ocular alignment common in the pediatric popatapersist, and because new disorders destalgjlizin
alignment occur secondary to aging, vision lossppig, endocrine and neurologic disorders, andgatniz and
non-iatrogenic trauma to the globe or orbit. Notatduses of strabismus in the adult populatioude!
* Recurrent or unresolved childhood strabismus
» Sensory strabismus
« Convergence insufficiency
» Divergence insufficiency
e Sagging eye syndrome
e Strabismus associated with high axial myopia
»  Strabismus fixus
* Graves' disease
*  Orbital trauma
» Strabismus associated with other ophthalmic surgery
*  Fourth nerve palsy
*  Skew deviation
e Sixth nerve palsy
»  Third nerve palsy
* Myasthenia gravis
» Fixation switch diplopia

* Retinal Misregistration

Accordingly, accurate diagnosis of the etiologwtribismus in the adult population requires thesdige to
recognize associated signs and symptoms and faityiléth studies that may confirm the diagnosis. |
addition, the goal(s) of treatment may impact tham ffor surgical or nonsurgical intervention. Adpdttients
often have unigue concerns associated with funatiaision as well as psychosocial concerns thatchff
quality of life. In the past, most emphasis wasmproving motor alignment, but it is now understdbdt the
goals of treatment should be much broader anddecéensory recovery when possible as well as gains

psychosocial and functional domains of vision-ediaguality of life.

14



21

22
23
24
25
26
27
28
29
30
31
32
33
34
35

Success rates depend on the subpopulation studikthe goals of surgery, but overall they are axiprately
80% after one proceduré® and may exceed 95% if a second procedure is peefbon eyes failing the first
intervention? Intractable postoperative diplopia in primary gémeadult patients without diplopia prior to
intervention occurs in 1% or fewer cadés:*Satisfactory resolution of diplopia in primary ftam for those
who present for treatment of diplopia is possibtaenthan 95% of the time, although diplopia in etde gaze

may persist.

PATIENT POPULATION

The patient population is adults with strabismus.

CLINICAL OBJECTIVES

» Perform a clinical examination and ancillary tegtas indicated to diagnose the cause of strabismus

» Counsel the patient on the diagnosis and treatopitns

» Consult other medical providers if the diagnosaidates the need for multidisciplinary management

» Establish priorities in the goal-directed manageneéstrabismus (improved eye contact and appearanc
of alignment (reconstructive), enhancing binocplatential, or reduction or resolution of diplopiad/or
compensatory head posttir&)

» Inform the patient’s primary care and other headite providers of the diagnosis and treatment plan

BACKGROUND

PREVALENCE

Individual practice estimates vary based on setimdy provider. Intelligent Research in Sight (IRI&)istry

data document a prevalence of 2.7% in ophthalmopoggtices

RATIONALE FOR TREATMENT

In general, the goal of adult strabismus surgety ptimize the functional visual status of patsewhile also
addressing psychosocial concerns. The potentiafiemf strabismus surgery in adults include:

« Improvement in binocularity (ranging from simultanis perception to stereopsisj***’

« Improvement in diplopia or compensatory head parsifi’

«  Normalization of binocular visual fiel

« Improvement in binocular summation or resolutiomisfocular inhibitior®

* Reduction of asthenopia

» Psychosocial benefits related to the restoratiemabilitation, and improvement in an abnormal flacia

appearance secondary to ocular misalignfferif2°
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The overall rate of success for achieving satisfgadbcular alignment cannot easily be summarizedhbse of
the vast heterogeneity within this group and tlol laf consensus on what constitutes “success.” Mewe
analysis of several studies comprising multiplatsismus subtypes suggests that the overall sutatess
approaches 80%’ " with resolution of diplopia in a similar propontid’?” Functional improvement in
binocularity can also be achieved in many patiehithiough the highest level of binocularity (highage
stereopsis) requires good vision in each eye, tipi@ and baseline binocular potential, lower lewd
binocularity (such as simultaneous perception oipperal fusion) can be achieved in patients witbner
vision or longstanding strabismus. Additionallytipats with poor vision in one eye or even infatinset
strabismus can achieve improvement in binoculamsation after surgery. Successful strabismus surgery

may also increase the binocular visual field irigras with esotropi®

For individual patients, a realistic functional g surgical success is dependent on their strabs subtype
as well as the duration of strabismus. For exaniplpatients with strabismus acquired during achdth the
functional goal of surgery is likely to be resotutiof or improvement in diplopia or compensatorgde
position and high-grade stereopsis. However, iftaduith a longstanding history of infantile-onsétabismus,
achieving bifoveal fixation is not a realistic goahd functional goals would therefore include naliration of
visual fields, improvement in binocular summationjmprovement of diplopia or compensatory headtjpos

if present. It is important to measure and docurdésibpia in addition to ocular alignmefitand there are now
methods to quantify diplopia. The field of binoausingle vision can be plotted on a Goldmann peténfé a
cervical range-of-motion device can be used torcedéplopia in specific positions of ga?&¥ or the Diplopia

Questionnaire can be used to assess the frequédiplapia in specific positions of gaZeé.

Aside from the functional goals of surgery desdlibbove, psychosocial concerns are also impotatients
with strabismus endure both psychosocial and ecanbardships, such as difficulty obtaining employrj&
receiving promotiona! and overcoming negative social bfa#\ssessment of psychosocial aspects of the
impact of strabismus is best achieved using pategdrted outcomes measures (PROMSs). These PRGMs ar
typically questionnaires completed by the patiemtt then evaluated and scored. The Adult Strabis2aers-
guestionnaire was developed using a rigorous methoednducting individual patient interviews to idiy
concerns and to generate potential questions. Aemgsestionnaire was then refined by eliminatingsiions
that were not broadly applicable, that had marlaling or floor effects, or that were limited bycsoeconomic
status or locatiof Subsequent studies revealed that the questiongdshe further subdivided into two
psychosocial domains (self-perception and intesas)i and two function domains (reading function and

general function§®

Using PROM questionnaires, several studies hawartegp marked improvement in health-related qualitlife

after strabismus surgery in both diplopic and nplugiiic patient$?*"*°In some patients, this improvement has
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been found to correlate with improvements in bidactunction?® In general, patients with diplopia tend to
have greatest improvements in function domains,ramdliplopic patients tend to have greatest impros
in psychosocial domair.Nevertheless, even adults with limited binoculateptial have been found to have
function-related benefits from strabismus surdéfjhe use of PROM questionnaires adds to previoukats
of assessing residual motor angle of deviationthagresence or absence of diplofiiZ.Additionally, even
some patients who might have been classified agcalifailures, based on residual angle and diplopEport
dramatic improvements in health-related qualitjifef often attributable to improvements in psyobaisl
issues’? In addition to improvements in health-related gyaif life, other facets of mental health such as
mood, depression, anxiety, social avoidance, alfiebsteem have been found to improve after strabssm
surgery in adulté***“**Strabismus surgery may also have a positive implaather aspects of overall health,

such as reducing falls in the eldeffy.

Nevertheless, despite improvements in binoculactfan and psychosocial issues for most adults udeg
strabismus surgery, there are some patients whmtperceive an improvement in quality of life. Buack of
improvement is likely multifactorial, but it may lakeie to depressive symptoms that are not at thet ¢dv
clinical depressioft’ other mental illnessé& or unrealistic expectatiori$ Therefore, physicians must counsel
patients preoperatively to ensure that there isualutnderstanding about realistic goals of surgeg—if

there are mental health issues—that these ardfiddrand appropriate referrals made.

Although the primary goal of strabismus surgertyjscally ocular realignmerft, patient-specific surgical
success metrics should be based on achieving argdahlly set by the physician and the patientsual
should incorporate the patient’s primary conceswaell as the physician’s determination of whiclalgaare
achievable considering the underlying etiologyyjas treatment history, and disease duration. iBpegoal-

determined metrics for surgical success have beggested for patients with esotropia and exotrbpia.

These suggested metrfit¥ combine ratings of the following four goals:
» Binocular potential

» Reconstruction of ocular alignment

» Resolution or reduction of diplopia

* Improvement of compensatory head position, or adoldicollis
In summary, strabismus in adults has profound megaffects on quality of life and many aspectsla§-to-

day function. There is excellent evidence thatésraus surgery very often improves quality of kfed

function, and there are now questionnaires to agbese aspects of evaluation and treatment.
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SECTION IIl. COMMON AND CLINICALLY IMPORTANT
MANIFESTATIONS OF ADULT STRABISMUS

lla. PERSISTENT OR RECURRENT CHILDHOOD
STRABISMUS

INTRODUCTION

DISEASE DEFINITION
Persistent or recurrent childhood strabismus intadsistrabismus that originated in early childtdmefore
visual maturity (most often defined as before 9ryexd age)>’® This type of adult strabismus arises in several
different ways:
* Childhood strabismus that was untreated
» Decompensation of previously asymptomatic strabssmu
* Recurrence of a previously treated strabismus

* Evolution of consecutive strabismus after childho@edtment

PATIENT POPULATION

The patient population is adults who had onsetrabs&smus in early childhood.

CLINICAL OBJECTIVES
» Counsel the patient on the diagnosis and treatoidns
» Provide goal-directed management of strabismuseéitmre eye alignment for improved self-image omest
binocular vision, if possible, and reduce diplopiacompensatory head posture, if present)

* Inform the patient’s other health care providersulithe diagnosis and treatment plan

BACKGROUND

PREVALENCE
Prevalence varies according to setting. The authioose report found that 60% of cases in theiltadu

strabismus clinic had recurrent or previously ustied childhood strabismag.
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NATURAL HISTORY

The ocular misalignment in adults with persistantezurrent childhood strabismus will not resolve
spontaneously. However, signs and symptoms maerangeverity from mild (that is psychosocially

acceptable) to large-angle misalignment of the ,eyéhk or without diplopia.

RATIONALE FOR TREATMENT

Psychosocial concerns are among the many reasoogrfsidering surgical intervention in cases ofdtiood
strabismus presenting or re-presenting in the gealis®*’**?'*°These include poor self-perception,
impaired social interactions, and poor eye confHue psychosocial benefits of such interventionehiagen
extensively reviewe?2°22242654n addition, increased difficulty in maintainingnbcular fusion or the
development of increasing compensatory head positjoto maintain binocular fusion, and episodidalipa

are reasons to consider intervention as well.

Although there is a vast range of presenting pagtesonsecutive exotropia after prior surgery &ntepia is a
particularly common form of this type of strabism¢hereas anisometropia, amblyopia, hypermetrapid,
dissociated vertical deviation (DVD) are risk fastéor consecutive exotropia in childhodd?adduction
deficits are more typically associated with consi@etexotropia in the adult population and reqairgpecific

surgical approach>*

Adults with a history of childhood strabismus oftesve a successful outcome from surgery latefén @ver
90% of adults treated with strabismus surgery destnate improvement in alignment or in binoculardiion,
and as many as 25% achieve both after surgeneinadult years.In a study of 359 adults with longstanding
strabismus, an absence of diplopia prior to strabgssurgery, and attainment of postoperative medignment
within 8 prism diopters of orthophoria, 86% demoatstd postoperative binocularity based on testiitly w
Bagolini lensegstriated lenses used to test for suppression@mnabimal or abnormal retinal
correspondeng&®>®In another study of adults with a history of infEnesotropia and failure to obtain motor
alignment by 2 years of age but who achieved maltgnment within 8 prism diopters of orthophoriazahilts,
all achieved peripheral fusion (Worth 4-Dot at neard nearly half achieved 200 or more arc secohds
stereopsid’ It is not always possible to predict which patiewill acquire sensory fusion. However, patients
with a history of congenital esotropia and a puesitiesponse to prism adaptation often demonstrate
postoperative fusion along with good motor aligniréin a review of outcomes of strabismus surgery,
postoperative diplopia is a concern but, althoughdient diplopia after surgery is comnigmatients can be
reassured that persistent diplopia after succesafgery occurs in 1% or fewer patieffd’even in those

whose preoperative prism testing suggests thaayt occur.

CARE PROCESS
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PATIENT OUTCOME CRITERIA

Treatment in adult strabismus is goal directed,tangketed outcomes may include:

Restoration of normal ocular alignment and appearaand improved self-image

Restoration of binocular function

Reduction of diplopia (if present)

Reduction of compensatory head position (if présent

DIAGNOSIS
History

Ocular misalignment in an adult with a history efgistent or recurrent childhood strabismus.
Strabismus angle and direction may be the samégisal presentation in childhood or different as
a result of aging of the extraocular muscles olifygact of prior strabismus surgery

History of chronicity is important. An acute changenewly symptomatic diplopia may warrant
evaluation for other causes such as cranial nealgypthyroid eye disease (TED), or fixation
switch diplopia. (See appropriate subsections & BPP.) Formal neuro-ophthalmic evaluation
may be indicated in some cases where presentaiggests other neurologic or systemic disease.
An attempt should be made to acquire and review gancal and surgical records as well as any

prior imaging studies.

Examination

The examination should include the following eletsen

A careful review of the current optical correcti@tasses) and thepresence of any ground-in orayerl

prism, and the impact that the current correctioghtrhave on alignment
Manifest retraction to identify refractive barrigcsbinocular alighnment or fusion

Assessment of alignment by light reflex testing (ekrimsky) to compare with cover test

measurements and identification of abnormal angjgpk

Dry manifest and cyloplegic refraction, which mayeal anisometropia or high hyperopia, providing
clues to original ocular motor disturbance. Congitlen should be given to changing the current

correction, which might resolve strabismus

Complete motility examination, including cover-ureo and alternate-cover testing as well as testing
for binocular fusion and stereopsisStrabismus patterns suggestive of cranial nerigy pskew

deviation, or the presence of new-onset nystagpreptosis or inflammatory changes may indicate
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central nervous system or endocrine pathologygeetons on cranial nerve palsies, skew deviation
and thyroid eye disease). These disorder camuwke, impact the population of patients with

unrelated childhood strabismus and warrant furgivatuation and potentially different treatment.

Dry manifest and cyloplegic refraction, which mayeal anisometropia or high hyperopia providing

clues to the original ocular motor disturbance

Inspection of the ocular surface for conjunctivedrs (prior incision sites) and exposure of thertbd
sclera behind anatomical insertions (evidencekefyimuscle recession), because inspection can

provide clues indicating details of prior extragumnuscle surgery

Inspection of the interpalpebral fissures for enickeof possible prior vertical or horizontal rectus

muscle resection (smaller interpalpebral fissurgeoession (larger interpalpebral fissure)

Prism testing to simulate the desired postsurgitighment and the range of overcorrection and
undercorrection comfortably tolerated and unlikelyesult in diplopiawith adult strabismus
originating in early childhood, however, the respeto prism can be misleading owing to frequent
coexistent anomolous retinal correspondence, wfitdm changes postoperatively. Often a patient
will have diplopia when the misalignment is corezttvith prism but will rapidly readapt to the same
correction when induced by surgery, resulting iregy low incidence of new longstanding
postoperative diplopi&

Assessment for ocular torsion by sensory testingyanatomic evidence of torsion noted during
indirect opthalmoscopy, particularly in patientshwiertical strabismus. Fortunately, it is veryeréor
torsional diplopia to be problematic in adult patgewith early childhood onset strabismus due to
either suppression or torsional anomalous retioakspondence, which nearly always readapts
postoperatively.

Imaging, such as computed tomography (CT), magnesienance imaging (MRI), or orbital
ultrasound may aid in localization of previouslyeogted extraocular muscles, although nearly aiehe

cases can be managed without imaging using cgregoperative and intraoperative assessment.

MANAGEMENT

Monitor/Observe

The patient should be monitored/observed if symgtane mild, occasional, and well tolerated or & th

patient is opposed to treatment.

Nonsurgical

For refractive error, consider whether alignmenghmhbe improved using all the information gaineahdr

dry and cycloplegic refraction, for example, byreation of hyperopia and appropriate bifocal or
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progressive lenses for adults approaching preshy®&gversal of monovision may be necessary and may
resolve symptoms for some patients (see SectionHixation Switch Diplopia). The impact of this
intervention can often be appraised in-offfderisms to address some forms of diplopia and ptibo
exercises to address some forms of diplopia arftaspia can also be considered in some cases.
Surgical
Correction of childhood strabismus in adults isegaily surgical but, because a broad range of ¢iomdi
may be responsible, the specifics of the surgrealtinent will vary. However, there are often segeelf
previous surgery (such as underaction of a recessidle, restriction of a scarred muscle, or uribigh
conjunctival scarring) that should be addresseaaptomize the postoperative alignmektany patients,
particularly those with a history of infantile esmiia, have poor fusion along with accompanyingssen
adaptations such as suppression and anomaloual mimespondence. As adults, the majority readily
adapt to the new ocular alignment resulting froralismus surgery, although some may require more ti

to adapt to this change.

PROVIDER AND SETTING
Diagnosis and management of persistent or recuctelithood strabismus require the training andicdih
judgment of an experienced ophthalmologist. Workinger the supervision of an ophthalmologist, qutists
can be an asset in the examination, diagnosisnansurgical management of adult strabismus. Sdrgica
treatment of childhood-onset strabismus in adsltsften challenging because of pre-existing sutgicarring,
uncertainty about extraocular muscle attributeslacation, possible limited fusional skills, and (are cases)

impaired ability to adapt to new alignment.

COUNSELING AND REFERRAL
The ophthalmologist should discuss the findingpla&r the disorder, provide a diagnosis, and discus

management options with the patient and any caeegjiv
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SECTION lIb. SENSORY STRABISMUS

INTRODUCTION

DISEASE DEFINITION
Sensory strabismus denotes an ocular misalignmeheisetting of vision loss in one or both eydser€ are
myriad causes of sensory strabismus, which indbddollowing:
» Congenital structural ocular defects (i.e., opgeve hypoplasia)
*  Amblyopia from anisometropia or deprivation (ijgediatric cataract)
» Acquired vision loss from ophthalmic disease oumna (e.g., glaucoma, retinal detachment, or optic

atrophy)

PATIENT POPULATION

The patient population is adults with segsdrabismus.

CLINICAL OBJECTIVES
* Counsel the patient on the diagnosis and treatopitins
» Provide goal-directed management of strabismugtcuction of ocular alignment and, in some cases,
restoration of binocular function and reductiordigflopia)

» Inform the patient’s other health care providersudlthe diagnosis and treatment plan

BACKGROUND

PREVALENCE

About 7% of adults over the age of 60 wheehbeen treated with strabismus surgery have sgstabismus.

NATURAL HISTORY
Loss of visual acuity in one or both eyes and tifdsinocular function often results in compromisdiggnment.
Whereas esotropia is more common in early childhtaddr onset vision loss is more typically asstadavith
exotropia. Sixty-nine percent of this populatioegent with exotropia versus 31% who present withrepia®®

Coexisting vertical misalignment is not uncomniof?.
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RATIONALE FOR TREATMENT
Although improvements in binocular function are amenon after the surgical treatment of sensory snais,
there are significant benefits to patients follogviscular realignment. In esotropic patients, octgatignment
can yield improvement in peripheral vision and wisiield expansiofi.Also, enhanced emotional health, self-
esteem, employment opportunities, and social intienas have been well documented after the comeaf
sensory strabismu€:?°222429 gng-lasting improvement in sensory strabismuminmon despite the lack of

binocular potential in most patierfts.

CARE PROCESS

PATIENT OUTCOME CRITERIA
* Restoration of normal ocular alignment and appeszawith improved self-image

» Potential for improvement in other psychosocial dom

DIAGNOSIS
History

A detailed medical and ocular history, includin@sific questions about patient symptoms and pei@ept

of ocular misalignment, may be helpful.

Examination
Complete sensorimotor examination should be pedirand misalignment should be measured by prism
and alternate cover test, if possible. Howeveth@setting of significant vision loss, an estiroatof
binocular alignment is often best accomplishedgiiire Krimsky, modified Krimsky, or Hirschberg test
at distance and ne3rMisalignment is appraised when the better sigkteis fixated on an
accommodative target, because that is often thie déimgt warrants repair with surgical interventidn.
there is eccentric fixation with the poorer seedyg, the prism and alternate cover test may beeadshg.
A modified Krimsky or Hirschberg test, using a mledight at 1/3 meter, may better guide surgical

management.

The presence of treatable causes of vision losddHte determined prior to strabismus surgery asated
as possible or appropriate. Sometimes this willroap the ability to maintain normal alignment asyma
occur after cataract extraction in a patient withistory of prior excellent binocular fusion. Athetr times,
treatment may only increase symptoms of diplopth @etients may defer or delay this intervention in

order to minimize diplopia awareness.

MANAGEMENT
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Monitor/Observe
The patient should be monitored/observed if symgtane mild, occasional, and well tolerated or & th

patient is opposed to treatment.

Nonsurgical
Chemodenervation (botulinum toxin) can yield loegat improvements in ocular alignment in some

cases$?

Surgical
Surgical treatment for sensory strabismus incluidesomplete realm of current strabismus surgical
techniques, with some surgeons favoring the uselpistable suturdsPatients with sensory strabismus
may also suffer from asymmetric eyelid or globeithms (i.e., ptosis, proptosis, enophthalmos, or
exophthalmos). In some cases, these eyelid abnitissahay be iatrogenic and associated with prior
orbital or retinal surgery or trauma. In such casss of large extraocular muscle recessions can al
improve concomitant ptosis or enophthalmos viafitsct on globe position within the orbit. Simikgrl
large extraocular resections can reduce proptosigaophthalmos by repositioning the globe withia t
orbit. Such dual benefits can be particularly imt@ot to patients who may not have the means todaffo

elective oculoplastic surgef§.

PROVIDER AND SETTING
Diagnosis and management of sensory strabismugesdhe training and clinical judgment of an expeced
ophthalmologist. Working under the supervision mfophthalmologist, orthoptists can be an asset thigh

examination and diagnosis of sensory adult straldésm

COUNSELING AND REFERRAL
The ophthalmologist should discuss the findinggl&n the disorder, provide diagnosis, and discuss
management options with the patient and any caeegiVhe risks of strabismus surgery in patients with
sensory strabismus are like those of any patietdérgoing strabismus surgery and include the remiskeof
scleral perforation, new onset diplopia, and (llectecases) disruption of extraocular muscles siodging of

orbital implants. (See Section llg. latrogenic Bisanus.)
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SECTION llc. CONVERGENCE INSUFFICIENCY

INTRODUCTION

DISEASE DEFINITION
Convergence insufficiency is a binocular disordeogiated with eyestrain, headaches, blurred vision
horizontal diplopia, or a need to close one eyavimid diplopia while reading or engaged in neaiviigs.>
Difficulty concentrating, movement of print, and#oof comprehension after short periods of readieg

described as wetf’ It is also associated with exophoria or exotraiaear®

PATIENT POPULATION

The patient population is adults with comesrce insufficiency.

CLINICAL OBJECTIVES
* Counsel the patient on the diagnosis and treatopitns
* Provide goal-directed management of symptoms (tezuof asthenopia, improved reading, binocular
vision, and/or reduction of diplopia)

« Communicate with the patient’s other health camigiers on the diagnosis and treatment plan

BACKGROUND

INCIDENCE
Convergence insufficiency has an annual incidefi@&4oper 100,000 people and represents 15.7%wef ne
onset adult strabismus cases. Though the mediaafaggv-onset adult cases is 69 years old, somksadu

present after decompensation of convergence icgiifiy that began earlier in [if&%3

RISK FACTORS
A history of concussioff recurrent sub-concussive evefftand certain central nervous system disorders such

as Parkinson’s disedéare associated with convergence insufficiency.

NATURAL HISTORY
In general, convergence insufficiency does not ougr but symptoms may vary as demands for near work

change over time. Cases of convergence insuffigisecondary to concussion may improve over fitfi&.
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RATIONALE FOR TREATMENT
Treatment for convergence insufficiency is offere@meliorate asthenopia and intermittent dipl@piaear

and to enhance ability to perform activities remgrbinocularity at near.

CARE PROCESS

PATIENT OUTCOME CRITERIA
Treatment of convergence insufficiency in adulakismus is symptom directed, and targeted outcorres
include the following:
» Resolution of asthenopia or increasing comfort wéthding and near work
»  Control of diplopia at near

* Improvement in binocular function at near

DIAGNOSIS
The diagnosis of a patient with convergence insigfficy includes a comprehensive examination oftadul
strabismus patient and the following:
» Detailed sensorimotor evaluation
* Assessment of refractive status

+ Dilated fundus exam

History

A detailed medical history should include inforneatimedical records on prior ocular surgery andatiss

or trauma to the central nervous system. Assessmettquantification of patient symptoms can be

achieved using the Convergence Insufficiency SympSurvey and/or the Diplopia Questionn&ite.

Examination

A sensorimotor exam in the presence of convergarmgficiency demonstrates the followirf§:"*"*

» Exophoria greater at near than distance

» Insufficient positive fusional vergence at near€D mean positive fusional vergence blur or fgilin
Sheards’ criterion; mean positive fusional vergemeasured less than twice the near phoria
magnitude)

» Distant near point convergence (> 6 cm)

It should always be verified that the optical coti@en is appropriate for near activities.
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MANAGEMENT
Monitor/Observe
The patient should be monitored/observed if symgtane mild, occasional, and not bothering the patie

or if the patient is opposed to treatment.

Nonsurgical
Convergence orthoptic exercises are often helffffice-based training appears to be more effedtiam
home-based exercises in children. However, in yathdts (19-30 years old) office-based training was
found to be more effective than home-based traiatrigiproving positive fusional vergence but noame
point of convergence or patient symptoth& In general, results of convergence training ase Ensistent

in the adult population than in childrénNonsurgical treatment can also include prism readiasses®

Surgical
Strabismus surgery may be helpful in some casescylarly when a manifest distance deviation is
present, symptoms are consistent, and prism reailisges are not satisfactory. Lateral rectus semes
(based on distance deviation) and/or medial resisction (based on near deviation) have beentegpor
to be successful for surgical manageniéfitalthough other options (including chemodenervatfon
slanting insertions and augmentation of lateralugcecessions) have been studied and have possible

advantages in certain populatidfs.

PROVIDER AND SETTING
Diagnosis and management of convergence insuffigieequires the training, clinical judgment, and
experience of an ophthalmologist familiar with tiagnosis, and treatment may benefit from thesteste of

an orthoptist or an optometrist.

COUNSELING AND REFERRAL
The ophthalmologist should discuss the findinggla&r the disorder, provide a diagnosis, and discus

management options with the patient and any cagegjiv
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SECTION lid. ACQUIRED STRABISMUS RELATED TO
AGING AND MYOPIA

INTRODUCTION

DISEASE DEFINITION
Acquired strabismus related to aging and myopiages on forms of strabismus typically associatetl aging
of the extraocular muscle and pulley complex artth wkacerbation of this in the myopic eye—divergenc

insufficiency, sagging eye syndrome, and strabisfixus (“heavy eye”).

Divergence Insufficiency
Divergence insufficiency is characterized by anregia that increases with distance fixation ang mlao
be known as age-related distance esotropia. Rapeasent with an acquired comitant esotropitishat
least 10 prism diopters larger at distance thareaf® and complain about progressive or subacute-onset
double vision at distance (e.g., while driving atehing television). They rarely have diplopiaaar.
Primary divergence insufficiency may be associatitd decompensation of a long-standing esodeviation
loss of fusion, or mechanical changes to the egtriap muscle$® Secondary divergence insufficiency is
associated with neurological disease and typicallysed by a lesion to a supranuclear divergendergen
subtle sixth nerve palsy, neurologic abnormalityoagated with pontine tumors, or head trauitfd(See

Section Ili. Abducens Palsy.)

Sagging Eye Syndrome

Some cases of divergence insufficiency may be seassociation with an age-related degeneratidhef
lateral rectus-superior rectus (SR-LR) conneciissue band known as sagging eye syndrdnighis band
typically maintains a fixed distance between therkl rectus and the superior rectus as they course
posteriorly, but age or other degeneration canltrésa medial shift of the superior rectus andrdarior
shift of the lateral rectus due to failure of th@nective tissue band. As the lateral rectus dagsward,
abduction becomes impaired and esotropia resuis egotropia is often greater at distance thaeat n
This downward shift of the lateral rectus muscle/ina responsible for an often-associated smalleang|
hyopotropia, although other extraocular muscle @ity abnormalities have been reported in addition

the inferior sagging of the lateral rectus anddiseuption of the SR-LR barfd:®?
Sagging eye syndrome also shares some imagingatliastics with myopic strabismus fixus; however,

myopic strabismus fixus results in more extremeldiseement of the lateral rectus, nasal displacemmfent

the superior rectus muscle, and superotemporahjpsel of the globe.
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Strabismus Fixus (“Heavy Eye Syndrome”)

Strabismus fixus is progressive large-angle esa@rapd hypotropia with a limitation in ocular rotat in
patients with longstanding pathological high myopia a result of the increased axial length, there
development of a staphyloma or a staphylomatowsdiiange in globe dimensions that results in repofir
the SR-LR band. An inferior shift of the lateratties muscl& and a nasal shift of the superior rectus
muscles ensu®:#8%#” Globe dislocation (prolapse) into the superoteraparbit and outside the confines
defined by the lateral rectus and superior rectasits. Ocular rotations in myopic strabismus figus
much more severely altered than in sagging eyersyme} there is a component of mechanical restrictio
not seen in sagging eye syndrome, likely secontasgcondary medial rectus contracture as wellaizeg
prolapse into the superotemporal orbit. Not atatles of axial high axial myopic result in strahisrfixus.
In some cases the globe elongation is axial oniyesotemporal globe dislocation does not occur,thad

patient may be treated as if he or she has cldsgicgence insufficienc}f

PATIENT POPULATION

The patient population is adults with divergencuificiency, sagging eye syndrome, or strabisnxissfi

CLINICAL OBJECTIVES

Counsel the patient on the diagnosis and treatomidns
Provide goal-directed management of strabismusofi@son of binocularity and control of diplopiadyn
when severe, reconstruction of normal appearimgaient, improved eye contact, and self-image)

Communicate with the patient’s other health camiglers about the diagnosis and treatment plan

BACKGROUND

PREVALENCE AND RISK FACTORS

Divergence Insufficiency

The annual incidence of 6.0 per 100,000 peoplessgmts 10.6% of new-onset adult strabismus €ases.
The median age of presentation is 74 y&aBivergence insufficiency typically presents aféryears of

age, and it frequency increases with &ge.

Sagging Eye

The prevalence of sagging eye syndrome as a distimiant of divergence insufficiency is unknown

because the clinical description is relatively namgl not all practitioners distinguish this enfitym the
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more general descriptor, divergence insufficiel®3gging eye occurs more frequently in myopic pédien

and the most common age of participants in resesitatiesis 66 to 6982

Strabismus Fixus or “Heavy Eye”

The prevalence globally is unknown but has beemastd to be 2.65% among high myopes in Jdpan.
Progressive strabismus fixus is most often assetiaith middle or older age, with less severe djeace
insufficiency predating this progressitht? Severe myopia with an axial length of more tham@vis

characteristié>8+87

NATURAL HISTORY

The strabismus and diplopia caused by divergersdfiniency, sagging eye syndrome, and strabisnxus f

will not resolve spontaneously. Strabismus fixusften the most progressive in seveffty?

RATIONALE FOR TREATMENT

Diplopia, the inability to make eye contact, andese ocular misalignment preventing proper eye éxations

or other needed ophthalmic surgery (in the castrabismus fixus) warrant treatment.

CARE PROCESS

PATIENT OUTCOME CRITERIA

Treatment of adult strabismus is symptom direcéed, targeted outcomes may include:

Reduction of diplopia
Improving/returning binocular vision
Reconstruction of ocular alignment

Reduction of compensatory head position (if présent

DIAGNOSIS

History

Patients present with a history of subacute onfsieinocular diplopia from esotropia, worse at dista,
and sometimes associated with modest vertical igigakent. This group of disorders is progressivel, an
may begin to impact alignment at near. Detailedio® history should include the use of prism coti
in glasses® Symptoms first become apparent with distant fomie.g., while driving) and most commonly
after age 50 years for classic divergence insefficy®® . Symptoms are similar for sagging eye syndrome,
with associated small-angle vertical and torsiahgliopia at times; presentation with sagging eye

syndrome is more common in the seventh decadéedbtdiolder. Associated changes of blepharoptosis
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(29%), deep superior lid sulcus defect (64%) ahiseory of blepharoplasty, brow lift, or facelifiigery
has been noted in some caSesieavy eye or myopic strabismus fixus is assodiati¢h very high axial
myopia of more than 27mm. Onset may begin in #réez decades of adult life with chronic progressi

of a more extreme esotropia and possible hypotroféam associated with mechanical restricfit#:®’

Examination

Divergence Insufficiency
« More esotropia at distance than at near (usuallyrisdn diopters or more)
« Similar esotropia in right and left gaze in theaixe of pontine or other neurological pathology
or significant abduction nystagmus

* No limitation on forced duction under anesthesia

Sagging Eye Syndrome

< Esotropia, often greater at distance, and sometaoesmpanied by a small vertical deviation and

cyclotropid™®?
« Deviations are nearly comitant, except for possili¢ance-near disparity
¢ Mild to no limitation of ocular rotation
e Associated changes of blepharoptosis (29%), deggrisu lid sulcus defect (64%) with a

previous history of blepharoplasty, brow lift, acglift surgery in some cadés

Strabismus Fixus

«  Severe myopia, typically -8.00 diopters or morediften much greater

« Axial length of more than 27 mm

e Large-angle ocular deviation of esotropia with ahaut hypotropia

¢ Limitation of ocular rotations such as abductioremvation

« An SR-LR dislocation angle of 121° + 7° (measutihg angle between the centroids of the

superior rectus muscle and lateral rectus muschuasicoronal imaging)

A complete ocular motility examination for thes@dgomes should include cover testing at near and

distance in primary and secondary gaze positiodsaaluation of torsion for patients with vertical
misalignment. In patients with myopic strabismusi§i there may be limited rotations and
measurements can be obtained only with the modifieans light reflex (Krimsky) test.

High-resolution orbital imaging is useful for evation of patients with likely sagging eye or myopic

strabismus fixus to look for evidence of disruptafithe LR-SR band. This characteristic is beshsee

on coronal T1-weighted images obtained withoustgipression. The lateral rectus sags downward,
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creating a large angle between the lateral rectdssaperior rectus (typically 104° £+ 11) for paten

with sagging eye syndromé&There is fat prolapse within this potential space.

In contrast, for patients with myopic strabismuai§ (“heavy eye syndrome”) the angle between the
lateral rectus and the superior rectus is mucteta@described as 121° + 7°) and there is frank
prolapse of the globe within this space. The glitdrdf demonstrates axial elongation and often
posterior enlargemefit:® &

Brain imaging and further neurologic workup is icetied if the patient presents with significant
abduction nystagmus and lateral incomitance subggeste alternative diagnosis of sixth nerve palsy,
or with signs or symptoms of elevated intracrapralssure such as headache and papilledema or other

neurologic decline which may result it Berve palsy. (See Chapter IIj)

Conditions resembling myopic strabismus fixus aresenting with restrictive esotropia with or
without hypotropia include orbital trauma, chronamplete & nerve palsy, thyroid eye disease and
acquired fibrosis of the extraocular muscles batraadily distinguished based on history and

characteristic orbital imaging.

MANAGEMENT

Divergence Insufficiency

Monitor/Observe
The patient should be monitored/observed if symgtane mild and occasional or if the patient is

opposed to treatment.

Nonsurgical

Fresnel or ground-in prisms can be temporary (gdaurgical correction) or long-term treatment
options?® Patients should be counseled that the magnitugessh correction needed to control
diplopia may increase over time and that the atiititcontrol the diplopia when glasses are not used
will likely decline. There is little evidence togport the use of fusional exercise for the treatnoén

divergence insufficiency. In fact, previous studiese reported no benettt.
Surgical

Lateral rectus resectiBras well as medial rectus recessitdhhave proven successful at resolving

divergence insufficiency esotropia. Surgeag be performed bilaterally or unilateralfy”
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Typically, a greater surgical dose (than indicatethe standard tables) is needed for this type of
esotropia. Therefore, some surgeons find adjusglilees very useful with a target angle of a 2 to

prism diopters of exophoria in the distance.

It is useful to check convergence amplitudes at pgar to surgery. The presence of robust
convergence amplitudes at near generally prothetpatient from developing postoperative diplopia

with convergence insufficiency at nér.

Sagging Eye Syndrome

Monitor/Observe
The patient should be monitored/observed if symgtane mild and occasional or if the patient is

opposed to treatment.

Nonsurgical
Fresnel or ground-in prisms are helpful for pagenith new-onset deviation, intermittent or constan

and small in angle.

Surgical

Surgical prognosis for this group of patients igetavorable and can be addressed using a variety
techniques, including marginal insertional tenotestil recessions, resections, and plicatiths.
Surgical resolution or reduction of diplopia hasbearticularly beneficial for patients who don’t
otherwise need glasses for distance vi§foks described for patients with divergence insigficy
unrelated to sagging eye syndrome, more than typcassion of the medial rectus muscles is usually

needed®®

Strabismus Fixus

Monitor/Observe

The patient should be monitored/observed if heheris opposed to treatment.

Nonsurgical
Prisms are not typically an option to correct thsddine strabismus but may be used postoperatively

patients with residual deviation

Surgical
In general, surgery is the only alternatveorrect the large-angle esotropia and freqbgpotropia
and to normalize ocular rotations. Referral tetina specialist for preoperative evaluation shdndd

considered to ensure that progressive myopic degtoe is not associated with active retinal
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pathology requiring treatment prior to strabismuigery. Measuring the angle between the SR
muscle the LR muscle (dislocation angle) is helpfudetermining the severity of the disease and for
planning the surger§?® A forced duction test to determine if limitatiomocular rotation is the

result of a medial rectus muscle restriction orremarely, an orbital mechanical restriction resglt
from the increased axial length and adjacencyefglbbe to the lateral orbital wall should be
performed at the onset of surgery. If the forcedtidn test confirms restriction to abducting ratati

the medial rectus muscle should be recessed. Hoysyme orbital mechanical restriction may be
present even after medial rectus recession. In sasbs, restriction to abduction may persist, iimgit
the outcome of the surget{?22°'®Medial rectus recession is typically accompanigae of

several muscle union procedures that join the $oipegctus to the lateral rectus to reposition the
muscle paths. The classical approach is the Yokeyamcedure, a vessel-sparing suture union of the
superior rectus and lateral rectus 15 mm postavitireir insertions, typically accompanied by a
medial rectus recessi6hMany variants have been described, including ubipa silicone sleevé

and the use of a three-suture lateral rectus-superttus union to successfully reduce more extreme

degrees of esotropt&

In some cases of very high axial myopia and es@rquolapse of the globe beyond the confines of
the superior and lateral rectus may not be preSerth cases can be surgically managed like sagging
syndrome or basic divergence insufficiency and alotypically require loop myopexy to resolve

misalignment and diplopi¥.

PROVIDER AND SETTING
Diagnosis and management of divergence insuffigiame associated sagging eye syndrome and myopic
strabismus fixus benefit from the training and iclah judgment of an experienced ophthalmologistriim
under the supervision of an ophthalmologist, orttstg can be an asset in the examination, diagnasd

nonsurgical management when appropriate.

COUNSELING AND REFERRAL
Divergence Insufficiency/Sagging Eye Syndrome
Magnetic resonance imaging and referral for cemeavous system evaluation should be considered if

other signs, such as abduction nystagmus, papiflader neurologic decline, are present.

Strabismus Fixus
Magnetic resonance imaging is often helpful in aomihg the diagnosis of strabismus fixus. Referoah
retina specialist for preoperative evaluation stidad considered to ensure that progressive myopic
degeneration is not associated with active repiasthology that, untreated, might increase riskastp

operative retinal tear or detachment. Exposuret&pethy should be monitored and treated in cases of
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associated exophthalmos sometimes seen with highrayopia or referred to an oculoplastic specifdis
more definitive care. The ophthalmologist shoulkstdss the findings, explain the disorder, provide a

diagnosis, and discuss management options witphatient and any caregivers.
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SECTION lle. THYROID EYE DISEASE

INTRODUCTION

DISEASE DEFINITION

Thyroid eye disease is an autoimmune disorder ctextaed by congestion and inflammation of the toabid

surrounding tissue’$® Typical ocular findings include soft tissue cortg@swith enlargement of the preseptal

fat pads, eyelid retraction, exophthalmos, resteoextraocular myopathy, and optic neuropaffyision can

be compromised from corneal exposure or optic ngathy or as a result of development of diplopisosdary

to congestive and restrictive extraocular musclempayhy.

PATIENT POPULATION

The patient population is adults with steatiis and thyroid eye disease.

CLINICAL OBJECTIVES

Counsel the patient on the diagnosis and treatomidns

Carefully monitor patients at risk for vision losscondary to compressive optic neuropathy due to
crowding at the orbital apex or severe exposuratkpathy from eyelid retraction with or without
exophthalmos

Manage binocular diplopia, compensatory head pesand sometimes associated elevation in IOP
Refer to an orbital specialist if the patient expeces vision-threatening disease, moderate-torseve
exophthalmos and/or significant orbital pain rediaie thyroid eye disease

Inform the patient’s other health care providersuttihe diagnosis and work collaboratively on the

treatment plan

BACKGROUND

INCIDENCE
The incidence of TED in an adult Caucasian poputeis 16 per 100,000 per year in women and 2.9 per
100,000 per year in méff

RISK FACTORS

Thyroid eye disease can occur at any age, but @nsaist often in the fourth to fifth decade oéftf® There is

a predilection for TED among women (8) Risk of TED causing restrictive strabismus incesasith

age'®%smoking, diseases resulting in reduced oxygenaiiin (such as emphysema), and exposure to
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ionizing radiation increase the risk for and setyesf orbitopathy*'>***A history of prior orbital

decompression is associated with an increaseafiskabismus;? an association that worsens with ae.

Radioactive iodine treatment, high anti-thyroidilaodly titer and serum vitamin D deficiency are ipeiadent

risk factors for developing TEE3!*

NATURAL HISTORY
Between 30% and 50% of patients with TED develarictive myopathy. Ocular motility is restrictedtially

by inflammatory edema and later by fibrosis. Thestritequently affected muscle in TED is the inferiectus,

followed by the medial rectus® although more global extraocular muscle involveniggommon.

RATIONALE FOR TREATMENT

Motility impairment causing diplopia and compensgtioead posture is a frequent manifestation of THEDs

impacts visual function, affects quality of lifeydican have profound socioeconomic consequéentes.

CARE PROCESS

PATIENT OUTCOME CRITERIA

Treatment of thyroid eye disease is symptom dick@ad targeted outcomes may include the following:

Recognition and prevention of primary vision losgedo optic neuropathy, exposure keratopathy, and
elevation in intraocular pressure (IOP)

Restoration of ocular alignment

Reduction of diplopia

Improvement of compensatory head position

The goal of the strabismus surgeon is to re-estallngle binocular vision in primary gaze and negd

position and a substantial usable field of singh@bular vision.

DIAGNOSIS
History

A detailed medical and ocular history should inelgecific questions about weight gain or loss,
tachycardia, and unexplained fatigue potentialboselary to hyperthyroidism or hypothyroidism.
Strabismus is likely to be associated with diplcgia, in some cases, a compensatory head posture (i

ocular torticollis, often a chin-up position in stpopulation). Because the incidence of myasthienia
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increased in patients with TED, assessment foctlegistence of myasthenia is suggested if indichyed

findings on clinical examination.

Examination

The examination should include a full sensorimebaamination, noting evidence of mechanical restmct
Forced ductions can confirm restriction but clagsatures, such as fixation duress (brow elevadiuh
augmentation of eyelid retraction on attempted arcelevation), may confirm the restrictive natuféhe
associated strabismus. Hypotropia of the affecyeds¢ with esotropia is the most frequent deviation
owing to involvement of the inferior and medialttecmuscles, although other rectus muscles are
commonly involved, resulting in other strabismuttgras. More global extraocular muscle involvement

may be apparent on orbital imaging or with forcedtibn testing’**®

The examination should also include the followitgneents:

» Binocular field testing to map the region of singleocular vision. Duction deficits can be measured
and monitored using uniocular fields of fixation.

» Measurement of the exophthalmos by exophthalmometech is important diagnostically and to
follow clinical course.

» Surveillance for optic neuropathy, paying closeraibn to acuity, color vision, visual fields, plipiy
exam, and fundus exam (for disc edema or optightrp

e Ocular coherence tomography and Humphrey visuladjevhich provide ancillary information and

are used to screen for or monitor possible assmtiampressive optic neuropathy.

Screening and management of possible associatednaptropathy may fall within the expertise of te

managing orbital specialist, e.g. neuro-ophthalmistoor oculoplastic surgeon.

Orbital CT or MRI can be performed to confirm thaghosis and evaluate the size of the extraocular
muscles and the volume of orbital fat. Imaging dieas$ include tendon-sparing enlargement of oneayem
of the extraocular muscles and proptosis. Musalelirement and proptosis are often bilateral but
frequently asymmetrit® Imaging may also help determine whether the sapetilique is involved and
demonstrate the degree of orbital apex crowding. Sike of the rectus muscles as measured by CT does

not however directly correlate with the degree ofuie dysfunctior™®

Thyroid function and associated immune studies beagrdered, although this is typically handled Huy t
associated primary care or endocrinology speciglaients may be hyperthyroid, hypothyroid, or

euthyroid at the time of presentation with TED.

MANAGEMENT
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Ocular lubricants are almost always needed to coemg@osure related to eyelid retraction and praptos

Punctal plugs can also be useful. Patients shHzeiltbunseled to cease smokifig.

Selenium supplementation in patients with seleni@ficiency has been shown to reduce some inflarmyato
symptoms in patients with milder TE®: perhaps in part through an antioxidant efféttt does not impact
control of hyperthyroidism in populations, at leespopulations that are not selenium deficiéft reatment
with teprotumamab, a human monoclonal antibodibitdr of IGF-IR demonstrated to attenuate theagiof
IGF-I, thyrotropin, thyroid-stimulating immunoglolis, and immunoglobulins in patients with Graves’

disease reduces proptosis and the clinical actbdbye of disease in many with active diséase.

Orbital decompression, high-dose steroids, or temtigreatment should be considered, as indicdtedevere
proptosis or optic neuropath¥. In patients with concurrent proptosis and sigaificstrabismus, the predictable
worsening of proptosis following recession of fiticanuscles may warrant consultation with an adbit
specialist to consider orbital decompression syrgdpr to strabismus surgery. If orbital decompgies is
indicated, strabismus repair should be delayed aftér the decompression because new onset oeebated
strabismus may resuft® 28 Shift of the extraocular muscles and the globe ivewly available space, or, in
some cases, disinsertion and reinsertion of theximf obligue muscle to improve exposure, can Sicamtly
impact alignment?®**' There is some evidence that preserving the orstitat may diminish the risk of new-
onset strabismug®13

Observation**®

Patients can be observed if there is no diplopjaimary gaze or reading position and should beoiesl
if the angle of strabismus is not yet stable. Olestion is also necessary if the patient requiresair

decompression surgery, as this procedure oftengelsamcular alignmert**%

Nonsurgical
Fresnel or ground-in prism can provide temporaligfrérom diplopia while awaiting definitive treatnt
or may be suitable for modest residual deviatiderafurgical correctiol’’ Chemodenervation during the
active phase of the disease is advocated by sonterfiporary relief of diplopia. Its use may favdsab

reduce the misalignment left after the initial @mfimatory stage of the dised&&'*

Surgical
Surgery is required in most patients with persistigplopia in primary or reading positions of gaZais is
usually undertaken when the inflammatory stageshiédsided and the angle of deviation has been diable
at least 6 months8'*°put earlier surgery in select patients can alse Isatisfactory outcomes and shorten

the period of disability** Quiescence is usually determined on clinical gdsiff Less frequently, MRI
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sequences T2, postcontrast T1 (T1Gad) signal inyeradios and normalized-apparent diffusion

coefficient (n-ADC}*? and water content on STIR (Short Tl Inversion Recy) sequence$?

Recessions of the restricted muscles are the magin$tsurgical correction. Resection is generallyided
in restrictive disease out of concern for furthedtucing ductions*®, but can be a useful adjunct in select

cases® particularly when extremely large recessions haotefully corrected the alignment.

The rectus muscles of the thyroid patient can bersty tight. Thyroid eye disease is the most comiyno
identified risk factor for development of “pulled iwo syndrome° an unplanned horizontal transection
of a rectus muscle that seems to spontaneously odule it is hooked during surgery. Because this
transection takes place typically 4 to 9 mm ortfartfrom the anatomical insertion, recovery ofalready
taught distal end can prove quite challendifigCare should be taken during surgery to avoid this

complication.

Surgery for horizontal deviations is more succddsfan surgery for vertical strabismus (84% vs. 66%
success after the primary surgef{))Because the orbitopathy often affects the infamatus muscle,
vertical deviations are more commBhRecession of the inferior rectus muscle is fre¢jyemomplicated
by consecutive hypertropia, in part, because obptitnal contact of the recessed muscle with theel&
ipsilateral superior rectus involveméfit;** or imbalanced contralateral dised¥e">*Use of the Kushner
semi-adjustable suture technique may help minimimnticipated muscle dritt® as may intentional
undercorrection of the inferior rectus recesSibwith the use of adjustable suturéwider spreading of
the muscle to prevent sagging of the center ofrtsertion over timé>* and the use of permanent polyester
sutures. Large bilateral inferior rectus recessimay result in an A-pattern with unanticipated espia in
downgaze as well as intorsion. This occurs becthessuperior oblique becomes the dominant
infraductor*”**2and may be exacerbated by primary involvemenhefuperior oblique muscle in the
disease process’ Because managing vertical deviations in TED ismlem a step-by-step approach
appraising preoperative and intraoperative foragatidns of all extraocular muscles and attention to
preoperative and intraoperative ocular torsion siggificantly minimize the risk of an undesired
postoperative resutt’***Recession of the inferior rectus muscle, even aétfeful dissection from the
lower lid retractors, may result in lower lid retti@n. Releasing restriction with recession of usanuscles
may result in increased proptosis of the glbB@reoperative counseling with the patient and
communication with the treating orbital surgeoniamportant in this regard. Recession of tenon’ssoép
from overlying conjunctiva may augment the effefctextus muscle recession and in turn improve post-

operative ductions and the range of single binactifon in select casé3’**®

Surgeons generally prefer an absorbable suturegéh@lactin) for isolating the muscle and reattaght

to the globe. Some surgeons favor non-absorbahleesufor large recessions of the inferior rectuscoe
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because they may reduce the risk of postoperatigecorrection:” The role of adjustable suture surgery
in TED remains controversial. Some surgeons claonensuccessful result¥ whereas others never use
the technique because of concern over possibleorrection and/or muscle slippa@Some surgeons
advocate a “relaxed muscle positioning techniquie&re the muscles are recessed to a position wheye t
rest freely on the globe without tensifhin patients with concurrent proptosis and sigaificstrabismus,
the predictable worsening of proptosis followingession of fibrotic muscles may warrant consultatio

with an orbital specialist for orbital decompressaurgery prior to strabismus surgéty.

PROVIDER AND SETTING
Diagnosis and management of strabismus in a patigmfTED requires the training and clinical judgmef
an experienced ophthalmologist comfortable withy\amplex strabismus and managing severe resgictiv
disease. Working under the supervision of an opimtblagist, orthoptists can be an asset with theréxation,

diagnosis, and nonsurgical management of TED.

COUNSELING AND REFERRAL
A multidisciplinary approach to TED treatment issenmended, combining the expertise of endocringlogy
oculoplastics, and neuro-ophthalmology as indicaté@ ophthalmologist should discuss the findirgglain

the disorder, provide diagnosis, and discuss manegeoptions with the patient and any caregivers.
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SECTION lIf. STRABISMUS AFTER ORBITAL TRAUMA

INTRODUCTION

DISEASE DEFINITION

Strabismus after orbital trauma is common and neagresent along with other ophthalmic, medical, and
surgical conditions. Although all life-threateniagd vision-threatening conditions need to be adeckbefore
treating strabismus, the presence and patternudiomisalignment may indicate other orbital ortcah

nervous system trauma guiding primary triage, imggand treatment.

Determining the cause of diplopia after orbitalitrea requires a detailed history, examination, aften,

imaging. The etiology of the strabismus may be ifadtorial, including direct damage to the extraacu
muscles and surrounding orbital structures or copt#Faneous trauma to the central nervous systentufer
oblique muscle avulsion, partial or complete “ld$gp tear’*'**hemorrhage, edema, or paresis may occur in
addition to orbital hemorrhage or edema, soft 8sswelling, and fracture of orbital bones, with avithout
entrapment of muscle, fat, or muscle pulleys. Griaméuropathie®* disorders of accommodation or
convergencé$® disruption of fusion, fusional amplitudes, sacsaded smooth pursuit, decompensation of

previous heterophoria, and other supranuclear tefeay result in diplopi&®

Diplopia is very common after orbital trauma anpared to occur in 58% to 68% of blowout fractut¥s®
Strabismus surgery was required in 7% to 24% ofsastwo series of patients with orbital floor
fractures-’®*"*Less commonly, strabismus can occur iatrogeniedtsr sinus surget#*or other periocular

surgeries, including surgery to the eyefiéfs.

PATIENT POPULATION

The patient population is adults with strabismukfeing orbital trauma.

CLINICAL OBJECTIVES

» Counsel the patient on the diagnosis and treatomidns
» Provide goal-directed management of strabismustcuctive restoration of binocular vision, or
treatment of diplopia or compensatory head posture)

» Inform the patient’s other health care providerthef diagnosis and treatment plan.

BACKGROUND
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PREVALENCE AND RISK FACTORS
In self-reported population studies, the incideotgauma in adults ranged from 1.7% to 19.88%"In all of

these studies, younger age and male sex werefiddras risk factors’> "’

NATURAL HISTORY
Diplopia may be transient following ocular traurbat if it has not resolved within 6 months it idikely that

it will resolve on its own.

RATIONALE FOR TREATMENT
Diplopia, loss of binocular vision, compensatorati@osition, and inability to make eye contacialtrant

treatment.

CARE PROCESS

DIAGNOSIS
History

A detailed medical and ocular history, includin@sific questions about symptoms of diplopia, vidioss,

and details on the nature and timing of the traaneshelpful.

Examination
A thorough examination should include vision tegtirefraction (if possible), pupillary examinatid@P
measurement, confrontational visual field testsii;lamp examination, a dilated (if safe) or uatidd
fundus examination (with attention to any torside¥ting of facial sensation, and exophthalmom@ting
goal of the primary examination is to rule out gihgbe injury or sight-threatening injury. Patientish
orbital or cranial trauma may also have decreagsdrnv(secondary to corneal scars, traumatic cettara
optic neuropathy, or other damage to the retinatloer ocular structures) or decreased visual fi€ldse

should be taken to note these limitations, as it hep guide test selection during the examination.

A detailed sensorimotor exam should be performaeith aitention to versions, ductions, saccades,yitrs
vergence, and near reflex, along with alignmemhiritiple gaze positions with attention to primanda
secondary deviation'€® Forced duction and forced generation testing nedy tistinguish restriction from
paresis of the extraocular musctéSDouble Maddox rod, Lancaster red-green, Hess scrge
synoptophore (especially if there is concern ferupted central fusion) may also be helpful.

Vital signs looking for any bradycardia or heaxd¥, along with symptoms of dizziness, nausea, ting)i
or loss of consciousness in a patient with orltiteima may indicate an entrapped muscle causing the

oculocardiac reflex® This can be life threatening and usually requineslical and surgical treatment.
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Imaging studies are frequently indicated. Comptbadography rather than MRI is required if therany
concern about a possible ferrous-metallic foreigdyband often provides sufficient information abthe
presence of orbital fracture and entrapment. Magmnesonance imaging provides more precise imagfng
the extraocular muscles and surrounding tissuekjding the pulley system, and reduces radiation
exposure. It can sometimes be performed dynamieallyprovides additional useful information for
planning an interventiolf* *#*Occasionally, patients with atypical strabismusidestrate occult fractures

absent a history of trauma recalled by the patfént.

MANAGEMENT
General Guidelines
All life-threatening and vision-threatening condits need to be treated before the strabismus.dsernes
of 379 patients who underwent surgical repair ofdiafractures, 5.5% had complete loss of visioorie
eye and 0.8% had complete loss of vision in bo#sEY Another series of blowout fractures demonstrated

serious ocular injury in 24% of cas@s.

Timing of surgical repair of orbital fractures Hamen debatet?®'*°Current recommendations for timing of
repair of isolated orbital floor fractures are aidivs:®®
e Immediate repair:

o Immediate repair is indicated for patients with &idence of an entrapped muscle or
periorbital tissue associated with a honresolviogl@cardiac reflex

0 “White-eyed blow-out fracturé®, a form of trap-door fracture with muscle entrapmand
oculocardiac reflex( seen in children) requiresentgepair as well.

0 Globe subluxation into the maxillary sinus, a raceurance, demands immediate surgical
repairt®9

* Repair within 2 weeks:

0 Symptomatic diplopia with positive forced ductiasrsentrapment on CT and minimal
improvement over time is best repaired within at®buteeks. Significant fat or periorbital
tissue entrapment can also result in permanertistnais in the absence of muscle
entrapment®?

o Large floor fractures, hypoglobus, and progressifr@orbital hypoesthesia are also best
addressed within about 2 weeks.

o Early enophthalmos or hypoglobus causing faciafresgtry will not resolve and are best
addressed within about 2 weeks

o Delayed Repair: Restrictive strabismus and unresbénophthalmos may benefit from
delayed repair.

e Observation:
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o0 Observation may be considered in cases of minifpédpia (not in primary or downgaze),

and good ocular motility without significant enop&tmos or hypoglobus.

Guidelines for Treating Strabismus
Even with repair or observation of orbital fractiretrabismus and diplopia can persist. In a sefiégd
patients who underwent repair of orbital blowouwaictures, 86% had had diplopia preoperatively afid 37

postoperatively®
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Monitor/Observe
Some forms of strabismus after orbital trauma imilbrove with time, and watchful waiting is often a
reasonable approach. A short burst of oral stermatshasten recovery and uncover strabismus that

will persist despite resolution of orbital edemarfatoma.

Nonsurgical

In the absence of muscle entrapment, waiting 4rtwfths after orbital trauma is advised because
strabismus may resolve on its own unless substdatiand orbital pulley entrapment suggests bénefi
in earlier repai’® Conservative treatment such as occlusion, filferssnel prisms, and prism glasses

may provide temporary or permanent relief of dijdop

Surgical

For patients who do not meet the criteria for eadsgical intervention, waiting 4 to 6 months attes
injury is advised to ensure stability of the migalnent prior to repair’! The goals of surgical
intervention should be clearly discussed with tatégnt and are often to eliminate diplopia in the
primary position and downgaze and to enlarge #ld fif binocular single vision. More than one
operation and supplementation with prism glassesbeaequired. Every situation is unique, and
more than one method of repair is possiBi€reoperative forced generation and preoperatide an

intraoperative forced duction testing is very intpot.

Fat entrapment can prove nearly as challengingtagozular muscle entrapment, resulting in fibrotic

and adhesion syndromes not readily relieved wigsetition around the involved mustieAdhesions

and entrapment may extend well into the deepet,@bti of reach of the strabismus surgeon.

Adhesion of extraocular muscles, particularly toqus implants, can be equally problematic at
196,197

times; as can iatrogenic disinsertion of the inferiorigé at its origin, which may be required to

place an implant along the nasal wall of the offjit.

Some general principles include an attempt to rectiost” muscles whenever possibfélf recovery

of a muscle proves impossible or if a muscle igfeined to be severely paretic, a transposition
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procedure may be indicated. Matching restrictiothwhe use of posterior fixation sutures or Scott
procedures (recess/reséttpn the unaffected eye are established methodspaineling the field of

single binocular vision. Adjustable sutures arewfielpful in these cases.

Because the etiology of the strabismus may be faaltirial and the misalignment incomitant,

complete elimination of diplopia is often difficulf not impossible.

PROVIDER AND SETTING
A multidisciplinary approach may be required anchity be applied in different settings—an emergency
department or inpatient or outpatient facilitiesaghosis and management of strabismus caused tgrocu
trauma requires the training and clinical judgmefrin experienced ophthalmologist. Working under th
supervision of an ophthalmologist, orthoptists baran asset in the examination, diagnosis, andungicsl

management.

COUNSELING AND REFERRAL

Consultation or comanagement with comprehensivéhahthology, oculoplastics, neuro-ophthalmology as
well as plastics, otolaryngology, emergency depantmand neurosurgery may prove necessary, degeodin

the circumstances of the injury and the timinghaf strabismus evaluation.
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SECTION llg. STRABISMUS ASSOCIATED WITH

OTHER OPHTHALMIC SURGERY

INTRODUCTION

This section focuses on strabismus acquired dfeefdllowing procedures:

Cataract extraction or Keratoplasty
Glaucoma filtering

Scleral buckling

Pterygium excision

Blepharoplasty and Ptosis Repair

Strabismus sometimes resulting in diplopia has beparted after virtually any periocular procedinguding

major orbital surgery as well as dacryocystorhioost. A detailed discussion on management of thesees of

strabismus in the adult population is outside thevipw of this PPP. However, determining whethesaohe or

nerve damage is responsible and whether paresias/egstriction is the major cause is a common ¢tk

informs the evaluation and treatment of all forrhsteabismus associated with other ophthalmic syrifé

DISEASE DEFINITION

latrogenic strabismus can occur following differprmcedures or treatments.

Cataract extraction or keratoplasty:

Anesthetic myotoxicity following retrobulbar or pleunlbar anesthesia for any ocular procedure incgdi
cataract extraction or keratoplasty may occurtidhpresentation is usually transient paresiofeid by
deviation of the eye into the field of action oétimvolved extraocular muscle. The hypertropia or
hypotropia may appear as a limitation pattern dugstriction of the involved extraocular muscleamwh
damage is extensive, or as an overaction patteriaifocal contracture or muscle hypertropfy?°®
Superior and inferior rectus muscles are the mmsinconly injured by regional and local anesthesia, i
retrobulbar or peribulbar blockS’ but any muscle including the superior and infedblique muscles, may

be involved as wefl?®2!1

Surgical manipulation of orbital tissue from a beiduture under a rectus muscle can also ressihall-
angle strabismus due to nicking the rectus mukmte) bleeding, and scar formation. Likewise, tenajpp
disinsertion and subsequent reattachment of aaaodtar muscle in the course of repairing a globe

laceration may result in strabismus. Causes ofduilao diplopia after cataract surgery or keratoplas
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addition to local anesthetic myotoxity and dirsgtgical manipulation of the extraocular muscles an
periorbital tissue include: previously undiagno3&D;?*? pre-existing/lunmasked binocular disorders; and

fixation switch diplopia. These conditions are aded in other sections of this PPP.

Glaucoma Filtering Procedures (including trabeculectomy and glaucoma plate reservoir

surgery)

Motility disturbances occur from a variety of casisecluding mass effect from the implant or asated
bleb, scarring, fat adhesion, or incorporationdjieent extraocular muscl&$.These complications result
in a wide array of motility patterns, including Bvo syndrome, partial disinsertion of the superiolique

muscle, and restriction of gaze in the directiothef adjacent muscfé*#®

Scleral Buckling Procedures

Following scleral buckling procedures, the rootseof the resulting strabismus may be multifactoria
Patients may develop strabismus secondary to fdssion, poor vision, aniseikonia, direct trauroahe
muscles, myotoxicity from retrobulbar anesthesialpwosition of a detached muscle, scar tissue foomat
muscle slippage or disinsertion, entanglement @ftiperior oblique tendon, and mass effect??
Fusional disturbance, aniseikonia, and torsiongbgia may sometimes accompany repair of retinal
detachment, even without scleral buckling. Thesedts to binocular fusion increase the complexity o

treating the mechanical aspect of strabismus irdlbgea buckling proceduré®

Pterygium Surgery

New-onset diplopia can occur after pterygium sur@era result of direct injury to the adjacent rakdi
rectus or florid scaring associated with recurréit&’ This can result in consecutive exotropia from

medial rectus damage or restrictive incomitantregia from scarring2*%’

Blepharoplasty and Eyelid Procedures

New onset diplopia can occur after upper lid bleppkasty, sometimes associated with trochlear
damage&?#°and after lower lid blepharoplasty, sometimes wugamage to the inferior rectts.
Scarring and hemorrhage in adjacent tissue ordfa¢r@nc€” has been implicated among other

mechanisms.

New-onset diplopia can occur after ptosis repas essult of late recognition of previously exististrabismus.
The classic example would be double elevator palffy a limitation of upgaze that is recognized oafter the

associated ptosis is repaired.
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PATIENT POPULATION
The patient population is adults who have strabgsassociated with other ophthalmic surgeries that m

disrupt normal extraocular muscle function or sep$asion.

CLINICAL OBJECTIVES
* Counsel the patient on the diagnosis and treatopitns
» Provide goal-directed management of strabismuge@tore binocular vision, or minimize diplopia or
compensatory head posture, and in some casesfoed¢bnstructive benefit to improve eye alignmepg
contact, and self-image)
» Inform the patient’s other health care providers] & particular their ophthalmic specialists, od t

diagnosis and treatment plan

BACKGROUND

Cataract extraction and keratoplasty
Incidence (anesthetic myotoxicity)
There is a 0.18% incidence of secondary strabiéthasd a 0.23% incidence of secondary strabismus for
cases involving retrobulbar block anesthesia mfishaataract surgery. Diplopia may be transient or

persist:*

Risk Factors
Risk factors that increase the incidence of seagrsteabismus after retrobulbar or peribulbar black
injection by a nonophthalmologist, left eye injectj and the absence of hyaluronidase in the KR!
Topical anesthesia is associated with a lowerafadiplopia than regional anesthesia. It is mopdslly
associated with other factors that threaten birercathbility, such as the choice of monovisiondataract

surgery or fixation switch diplopia.

Fixation switch diplopia occurs if a previously gupssed eye becomes the dominant eye. (See Skktion

Oculumotor Palsy.)

GLAUCOMA-FILTERING PROCEDURES
Incidence
Transient strabismus occurs in 1% of patients aftdreculectony>?**and in 3% of patients following
glaucoma plate reservoir surgéfy?*>*®persistent motility disorders can range from 298 86>°
following glaucoma plate reservoir surgery depegdin part, on the type of implant used, the lerafth

follow-up, and whether the setting was one thatrdffd an adequate audit of postoperative alignment.

50



© 00 N O O & W NP

W W W W W WwWMNDNDNDNDNDNDNDDNDNMNDNMNDNDNDMNRPRPPEPRPEPRPPRPEPEPRPRPRPPRPPE
OO Ol W NPFEP O OOWLOWMNOO O D WN P O O00WLWMNO O W NPEPO

One center reported a prevalence of binocular giglof 21% in those treated with plate reservoigsety

and 3% in those treated with trabeculectdiy.

Risk Factors
Advanced age is a risk factor for the developméimocular diplopig>® Superior placement of plate
reservoir versus inferior placement may be assetiafth less risk of diplopia in the reading

position?%+#3°

SCLERAL-BLUCKLING PROCEDURES
Incidence
Ocular motility disturbance is reported in up t&60f patients after retinal detachment repaireddgral
buckle?*” The strabismus may be transient and resolve wiionths. Persistent strabismus, however,
has been reported in up to 23% of patients treatttdan encircling scleral buckle procedure, altilomot
all required strabismus surgéeti.In another single center study of 1030 patierated with a scleral

buckling procedure, only 3.8% had persistent ssrabs and were referred for interventfoh.

Risk Factors
The risk of strabismus after placement of a rastiédral buckle is substantially less than aftecgtaent of

an encircling band®®

BLEPHAROPLASTY AND EYELID PROCEDURES
Incidence
The incidence of strabismus is very low, estimatednder 3% (three cases in 920 procedures) and muc

lower in association with other eyelid procedui@s.

Risk Factors
Excessive cautery, hemorrhage, and misdirecteddiss likely causes strabismus, but there arethero

identified risk factors.

NATURAL HISTORY
As noted above, diplopia may be transient followdtiger ocular surgeries, but if it has not resoleed

demonstrated improvement within 6 months of theedaore, diplopia is less likely to resolve on g0

RATIONALE FOR TREATMENT
Diplopia, loss of binocular vision, compensatorati@osition, and inability to make eye contact vpittor eye

alignment all warrant treatment.
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CARE PROCESS

PATIENT OUTCOME CRITERIA
* Reduction of diplopia
e Improvement in or return of binocular vision
* Improvement of compensatory head position

* Restoration of ocular alignment, improved eye cont@nd self-esteem.

DIAGNOSIS
History

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

A detailed medical and ocular history, includin@sific questions about particular surgical procegur

anesthetic used, and onset of patient symptomddhbelobtained.

Examination

A detailed sensorimotor evaluation, assessmergfrdative status, and dilated fundus examinatiaukh
be performed to assess the oculomotor status,dimgypossible ocular torsion impacting fusion. ffiee
forced ductions, if tolerated, may help determime gignificance of the restrictive component. i§tis not

possible, the impact of mechanical restriction lbardetermined at the time of surgery.

Strabismus following retrobulbar or peribulbar tMas characterized by an initial paresis with uradéon

of the affected muscle or more extensive contraatesulting in limitation strabismus, followed by
segmental contracture of the affected muscle lieguilh overaction of the muscle. The most commonly
affected muscle is the inferior rectus muscle (78%$trabismus following glaucoma plate reservoir
surgery usually presents within 3 months of glaug@mplant placement, often within the first moftf?®
Superotemporal implants more frequently cause ligg@a and exotropia, and restriction or scarrireym
create a “pseudoresection” effect on adjacent rea8&**' Superonasal implants more frequently cause
hypotropia?*>#"#8234n patients who present with ocular deviation afvayn the implant, the mechanical

bulk of the implant (e.g., in the superior nasadpant) may be responsipfg:?14217.218

In patients who have had scleral buckling, strabsime usually incomitant and restrictive with liatibns
to ocular rotations. Approximately 50% of the patgewith diplopia have a torsional component, ugual
excyclotropig® Evaluation on the synoptophore is helpful, usimsjiile targets with square contours, to

determine how much torsional correction is neede@store single vision.

In patients postblepharoplasty or other eyelid siyrgstrabismus may be transient. Many cases ingprov

after 8 to 15 months if it is the result of locajury or hemorrhage without permanent loss of fiamcor
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1 significant scarring*° As diplopia is often incomitant, prism correctisrrarely satisfactory in the long run
2 and a combination of imaging, forced ductions, smdjical exploration may be required to maximize th
3 outcome.
4
5 MANAGEMENT
6 Monitor/Observe
7 The patient should be monitored/observed if symgtane mild, occasional, and not bothering the patie
8 or if the patient is opposed to treatment. If tigeptial compromise to optic nerve function witineval
9 of the reservoir is too great for patients withl@aigoma plate reservoir, other options such asmpris
10 correction, occlusion, and contralateral eye syrgey need to be considered. Close communicatitin wi
11 the physician treating the patient’s glaucoma offlanifies a course of action that facilitates $cag
12 treatment of the secondary strabismus, along wittethod of controlling IOP.
13
14 Nonsurgical
15 Transient strabismus is common, so early treatméhtprisms may be offered. Prisms may also be
16 helpful for residual diplopia following strabismssrgery.
17
18 Surgical
19 For patients with persistent strabismus, prismssamdery are recommended. Patients may requirepteult
20 surgeries, including surgery in the non-affectegl. ¢y general, surgery of the affected eye is mtdid in
21 patients who have limited ocular rotations in tife@ed eye. Surgery on the non-affected eye may be
22 considered when, for example, surgery designedataimrestrictions seems preferable, or when tteere i
23 minimal mechanical strabismus and surgery on tiratateral eye is preferable to reduce the risk of
24 destabilizing the achieved outcome for the involegd'®
25
26 For patients with a glaucoma plate reservoir, & plotential compromise to optic nerve function with
27 removal of the reservoir is too great, other optiench as prism correction or occlusion may nedsbto
28 considered. Close communication with the physitiaating the patient’s glaucoma often clarifieoarse
29 of action that facilitates surgical treatment of fecondary strabismus, along with a method ofralling
30 IOP. When operating in the field of a glaucoma iamp] the surgeon should be prepared to manage
31 hypotony and the added risk of intraocular infattican intraocular breach occurs.
32
33 Generally, careful evaluation with forced ducti@ishe time of surgery will clarify the mechanisirttoe
34 induced strabismus. High resolution MRI may prowadlitional insight into the multiple causes of
35 misalignment and thus inform managentéft.
36
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In patients with a scleral buckle, factors assedatith better surgical outcomes include small pezative
deviation and minimally restricted ocular rotatiolrs patients with ocular torsion, exploration bét
superior oblique tendon and the inferior rectusatassshould be consider&d.The benefits of removing a
scleral buckle are controversial. Some surgeoris\zelt is almost never necessary to remove th&lbuc
and they will recess, resect, and transpose muantksendons over, under, and around the hardware,
whereas other surgeons prefer to remove the batkhe time of strabismus surgéfy?** The risk of
retinal re-detachment is about 8% after sclerakleuemoval*® Preoperative discussion with the
specialist who placed the periocular hardware pottger colleague in this subspecialty, should afkitiee
risks associated with displacement of this hardw@oene procedures might benefit from having both

surgeons present and scrubbed for the strabismas.re

Chemodenervation (botulinum toxin) has proven ss&ftéin some casés’ Regardless of the etiology, a
careful sensorimotor evaluation with attentiondisional strabismus and incomitance, forced dustion
and surgical exploration may be necessary to opérautcomes because the details of repair will be

determined on a case-by-case basis,

PROVIDER AND SETTING

Diagnosis and management of strabismus occurrileg ather ocular surgery requires the training elirdcal
judgment of an experienced ophthalmologist. Comeatiton, as possible, should be established with the
surgeon who is performing the original surgicalgaaure that is associated with the development or
exacerbation of strabismus. Working under the siigien of an ophthalmologist, orthoptists can beaaset in
the examination, diagnosis, and nonsurgical manager®ptometrists may add additional support in the

management of aneisokonia, or contact lens fitésgappropriate.

COUNSELING AND REFERRAL

The ophthalmologist should discuss the findinggl&n the disorder, provide diagnosis, and discuss
management options with the patient, the referopigthalmic surgeon, and any caregivers. When sairgic
treatment of the strabismus is considered, corguitavith the specialist who performed the inisalrgery, or
another ophthalmologist with expertise in the ratgvsubspecialty is recommended. This should irchud
discussion of the potential impact of removing isrgpting implanted hardware. Review of the surgieaord

from the index case can provide additional infoiiorabn the approach to the surgical field
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SECTION lIh. SUPERIOR OBLIQUE PALSY
INTRODUCTION

DISEASE DEFINITION
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Superior oblique palsy (SOP) is due to partialamplete paralysis of the fourth cranial nerve (alear nerve),
resulting in weakness of the superior oblique neisthe motility disturbance creates a combinatiovectical,
torsional, and, to a lesser degree, horizontalnmitamt strabismus pattern. Both congenital and iaeddorms

exist, with the presumed congenital type often gméag for the initial evaluation in adulthodd.

Patients will show hypertropia of the involved egéien accompanied by a compensatory head tilt dvoay
the affected eye. Complaints include diplopia, estpia, and/or anomalous head posture. Patiertts wit
decompensated congenital SOP may have facial asygrdemonstrating a shorter maxilla on the opottie

side of the SOP (and thus reduced distance betihearorner of the mouth and lateral cantif).

Head trauma (including concussion) is one of thetrmommon identifiable causes of both unilatera an
bilateral acquired superior oblique palsy, althoirghxtremely rare cases isolated trochlear schosaas and
giant cell arteritis can result in acquired S&P> 247

Skew deviation has a motility pattern that can mgsde the misalignment seen with superior obliqusya
Distinguishing characteristics, particularly rethte fundus torsion, symptoms of ocular tilt andjrmes, the
impact of upright versus supine positioning of pla¢ient are described at length in Section Ili. ke

Deviation?*? Distinction is critical as skew deviation is mdrequently associated with less benign etiology.

PATIENT POPULATION

The patient population includes adults with stratis associated with congenital or acquired supebbgue

palsy.

CLINICAL OBJECTIVES

» Determine if SOP is congenital or acquired andateiil or bilateral

» Counsel the patient on the diagnosis and the teydtoptions

» Provide goal-directed management of strabismu(istouctive to enhance binocular vision, reduce
diplopia or a compensatory head posture)

» Inform the patient’s other health care providerthef diagnosis and treatment plan

BACKGROUND
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INCIDENCE
Superior oblique palsy is one of the common tydegedical strabismus seen in adults. Annual inoiehas

been reported to be 6.3 cases per 100,000 peoiftea Wigher incidence among males than fem&les.

RISK FACTORS

Risk factors include head trauma and age-relatedrdpensation of congenital weakness.

NATURAL HISTORY
Patients may experience no diplopia or only intéemt diplopia in cases of longstanding and preslime
congenital superior oblique palsy. A longstandind affective compensatory head position minimizetogia

awareness by avoiding the field of action of thekveuperior oblique muscle.

RATIONALE FOR TREATMENT

Diplopia, compensatory head position sometimescaisal with neck pain, and asthenopia warrantrireat.

CARE PROCESS

PATIENT OUTCOME CRITERIA
Treatment in adult strabismus is symptom direcaed, targeted outcomes may include:
» Reconstruction of ocular alignment
e Improved binocular vision
» Improved control of diplopia, especially in therpéry position and in side gaze

* Reduction in compensatory head position

DIAGNOSIS
History
A detailed medical and ocular history, includin@sific questions about prior head trauma, diploaral
compensatory head posture is important. Sometimesgiew of prior photos demonstrates a pattern of

longstanding and potentially worsening compensategd posture.

Examination
A sensorimotor evaluation with special attentionreisommended to measure torsion and determine
position of gaze with the greatest deviation. ThekP Bielschowsky three-step test is often usanbtdirm
the diagnosis. Hypertropia is greatest in oppdateral gaze and head tilt to the same side. AsggSsSs

whether torsion is a barrier to fusion is an esakpart of the evaluation. Quantifying the magd#uand
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direction of torsional diplopia enhances surgidahping. As the superior oblique intorts, excyctsion is
commonly found and may be documented with Doubledwa Rod or Lancaster Red Green testing and

by noting fundus torsion.

Refractive status should be included in the exatiinaA neurological evaluation and neuroimaging ar
controversial but are rarely indicated in caseisafted unilateral SOP or bilateral cases in wiiahma
is the known cause. Symptomatic diplopia with plosional amplitudes may be an indication for brain

and/or orbital MRI with contrast, because it magidate an acquired SOP due to trochlear schwannoma.

O© 0O NO Ol WDN P

Neuroimaging should always be performed if theeeaatditional central nervous system signs or

10 symptoms>® Occult thyroid eye disease can present as newt-gasical diplopia with a positive three-
11 step test* and giant cell arteritis remains within the digéfatial diagnosis.

12

13 Exaggerated forced ductions often reveal a laxrsopeblique tendon in many patients with presumed
14 congenital SOB*® Forced ductions done in-office or at the timewf®ry may reveal evidence of an
15 ipsilateral limitation of downgaze due to supernectus contracture or contralateral restrictioelef/ation
16 due to inferior rectus contracture.

17

18 MANAGEMENT

19 Monitor/Observe

20 The patient should be monitored/observed if symgtane mild, occasional, and not bothering the patie
21 or if the patient is opposed to treatment.

22

23 Nonsurgical

24 Small vertical deviations may be managed with prigasses, although lateral incomitance, if present,
25 often precludes successful implementation.

26

27 Surgical

28 Torsional surgery will be needed if torsion is arieat to fusion (typically in bilateral cases ovsee

29 unilateral cases due to trauma or cases asso@idtedeurosurgery). Larger and incomitant deviagion
30 most often require surgical intervention. Somegrati with smaller deviations may prefer surgicphie
31 or prism correction. The goal of surgery is to ioy® the vertical and torsional deviation, improlve head
32 posture, and improve the area (field) of singleobifar vision. A variety of surgical choices exatd the
33 decision for which muscle(s) to operate on depeamdhe magnitude of deviation in primary gaze, the
34 degree of torsion, and the field of gaze with gestatieviation. The most common procedures useddacl
35 the following (in combination or alone):

36 » Inferior oblique weakening by recession or myectdipgilateral)

37 « Inferior rectus weakening (contralatefa)
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»  Superior oblique strengthening, for example, tuekgmmended for lax tendons in presumed
congenital SOP?), advancement for vertical and torsional devia{Ghor a version of the Harada-Ito
procedure, advancing only the anterior SO fibeas #ffect torsion (ipsilater&h®*°

«  Superior rectus weakening (ipsilatef)

Many of the above procedures may be performed wsipgstable suture techniques; the target angle
should be a small undercorrection because ovewt@re particularly in downgaze, is extremely pgorl

tolerated.

PROVIDER AND SETTING
Management of SOP, specifically surgery, requinesttaining and clinical judgment of an experienced
ophthalmologist and in some cases a neuro-ophthadist?*° Working under the supervision of an
ophthalmologist, orthoptists can be an asset irrkaenination, diagnosis, and nonsurgical managenfent
SOP.

COUNSELING AND REFERRAL
If the SOP is not isolated or is associated witteoheurological signs and symptoms, neuroimagny a
referral to a neurologist or neuro-ophthalmologhsuld be considered. Small vertical fusional atagés in a
case of isolated SOP, absent a history of traurag,indicate an acquired cause and should be eealwath
neuroimaging. The ophthalmologist should discusditidings, explain the disorder, provide diagnoaisl
discuss management options with the patient anagppiopriate, with a neuro-ophthalmologist, or othe

specialist, as indicated.

58



© 0 N O O b w N P

W W W WNDNDNDNDNDNDNNNMNNMNNRPRPRPRPRPEPRPRPEPRPERRPREPR
W NP O OO ~NO U PWDNPEPOOOLONOOOGPAWNDNIEEDO

w
S

SECTION lli. SKEW DEVIATION

INTRODUCTION

DISEASE DEFINITION

Skew deviation is a vertical strabismus associaféiu disorders of the end-organ vestibular pathwaythin
the ear (such as acute vestibular neuronitis) swaated supranuclear utriculo-ocular pathwaysiwitihe
posterior fossa including both the brainstem anetmllum?®*?**The characteristic vertical strabismus may be
comitant or incomitant and results in vertical dih associated with ocular torsion, torticollisdan tilt of the
vertical visual field referred to as the oculat tdactior?>>?*®The ocular tilt reaction produces a head tilt
towards the shoulder of the hypotropic eye and bg#s rotate in the direction of the head tilthd patient
experiences tilt of the vertical visual field, itivbe in the same direction as the head?tiitwith skew
deviation, the hypertropic eye will demonstratedus incyclotorsion and the hypotropic eye will dersivate
fundus excyclotorsiof®’ This characteristic helps to distinguish it frooufth nerve palsy, where the
hypertropic eye is most typically excyclotortedh the absence of skew deviation, head tilt resulés
compensatory fundus rotation opposite the direabioine head tilt.) Ocular torsion in skew may loajagate

or dysconjugate.

It is critical to distinguish skew deviation frorufrth nerve palsy because causes of skew devidgiorand
immediate recognition and sometimes treatment, (@agite vestibular neuronitis, demyelination, oolst) and
urgent imaging of the brain and brainstem (MRI vétid without contrast seeking evidence of demygtna
stroke, or mass lesion) may be needed. Most cdseslated fourth nerve palsy (discussed in détaBection
IIh. Superior Oblique Palsy) are more benign inletjy. Because vertical misalignment in superidicpie
nerve palsy may become comitant over time and skawbe comitant or incomitant, and because both
characteristically demonstrate head tilt away ftbmhypertropic side, the classic three-step test mot
distinguish the two. The upright-supine test (arflostep for the three-step test) has been propafsed
demonstration that hypertropia reduces by 50%aerstipine position for patients with skew deviation
(sensitivity 80%; specificity, 100%). Subsequenintboduction of the upright-supine test, otherdstigators
demonstrated that this distinctive decrease in gggda was not reliably found in patients with teconset
skew deviatiorf®® These authors concluded that the upright-supistentas not reliable method to distinguish
acuteskew deviation (onset within 2 months) from SOEhaugh this test might prove useful in the settifig

more longstanding skew deviation.

PATIENT POPULATION
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The patient population consists of adults with aqeripheral vestibulopathy (vestibular neuronitis)
demyelination, ischemia, or mass lesions affedtiregvestibular supranuclear pathways within théoregf the

brainstem and cerebellum

CLINICAL OBJECTIVES
* Recognition of skew deviation and institution opagpriate ancillary testing and referral to colleag

with expertise in otolaryngology or neurology, adicated for further evaluation and management

BACKGROUND

PREVALENCE

The prevalence of skew deviation is unkndenause it is associated with a variety of eti@egi

RISK FACTORS
Because there are multiple disparate causes,a@&rg vary for skew deviation. Vestibular neunsrniain
occur at any age. Demyelinating disease affectsliesrmore than males and both demyelination andniza
are more common in younger adults. Cardiovascigkrfactors associated with stroke, such as atyisto

hypertension, diabetes, hyperlipidemia and smokiage a greater impact in the aging population.

NATURAL HISTORY
Vestibular neuronitis may be self-limiting and resd to medical intervention, and transient ischemife
posterior fossa may, likewise, cause a transieswsleviation that resolves over tifffé More profound

ischemic damage or mass lesions often result ig-lasting symptoms of skew deviation.

RATIONALE FOR TREATMENT

Control of disabling diplopia and perceivédof the subjective visual vertical warrant tbeeent.

CARE PROCESS

PATIENT OUTCOME CRITERIA
Treatment in adult strabismus is symptom direcaed, targeted outcomes may include:
e Improved binocular vision
* Improved control of diplopia

* Reduced tilt of the subjective visual vertical
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DIAGNOSIS
History

Skew deviation is almost always acute to subacutmset. However, if the etiology is demyelinatama
slow-growing tumor, the onset may be more insidi@kew associated with acute vestibular neuronitis
will likely be associated with severe vertigo, diess, nausea, and vomiting, whereas skew in aggnti
with brainstem or cerebellar demyelination, strakea mass lesion, will demonstrate associated
neurologic features that may include nystagmus,,IN€niparesis, sensory loss, ataxia, and Horner's

syndrome, to nhame a few, depending on the loctiseopathology, and may be acute to subacute int.onse

A history of neurological symptoms (motor or selystitanges, ataxia, headache) or symptoms of vertigo
and nausea, in addition to the classic verticdbgip and head tilt may help guide additional eatitn.
Vertical diplopia and commonly torticollis and sediive tilting of the perceived visual world are

characteristié®>2%%

Examination

The examination should include the following eleisen

« Complete ophthalmic examination with emphasis ensensorimotor evaluation and completion of
the three-step test and consideration of the upgghine test.

»  Careful checking for other neuro-ophthalmic signd aymptoms looking for Horner’s syndrome,
cranial nerve palsy, internuclear ophthalmopletiD(), nystagmus, and hearing loss

e Fundus examination to check for papilledema orcogitiophy

» Visual field testing, which may provide additiomaformation on the etiology

» Abnormalities in the rostral pons and midbrain (ell§O) will result in contralateral hypotropia and
head tilt, whereas abnormalities in the vestibpkiphery, medulla, and more caudal pons will tesul

in ipsilateral hypotropia and head fiff.

MANAGEMENT
The primary diagnostician should refer the patfenevaluation by indicated neurology or otolarylogyy
specialists. Initial treatment with prism may bépifid to manage diplopia while waiting for possilbécovery,
and botox, prism, or strabismus surgery may beidensd for cases that do not resolve. The goassiafery
should be customized for the individual patientpwhay be bothered to different degrees by dipldpéad tilt,
and perceived tilting of the visual vertical. Thésterventions may help reduce both vertical amdiomal
diplopia, they may reduce the perceived tiltingta visual field, and in select cases they may @successful

at resolving head tif?*2?"*

PROVIDER AND SETTING
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Diagnosis and management of skew deviation reqtlieesraining and clinical judgment of an experieshc
ophthalmologist and in some cases a neuro-ophthadist. Working under the supervision of an
ophthalmologist, orthoptists can be an asset irrkanination, diagnosis, and nonsurgical managenfent
SOP.

COUNSELING AND REFERRAL
Referral to specialists in neurology, otolaryngglogr neuro-otology may be indicated based onitey

cause of the skew deviation.
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SECTION llj. ABDUCENS PALSY

INTRODUCTION

DISEASE DEFINITION

Abducens palsy is also known as sixth nerve péilgypically presents with an acute onset of haniab double
vision, worse at distance than at near and wotseally toward the side of the affected nerve. Muftgn the
double vision is noticed by the patients in primpogition, but in partial paralysis it may only ibeted on
lateral gaze. Some patients present with a headauwrompensate for the diplopia caused by thelyssaThe
incomitant horizontal misalignment described caultein disabling and disturbing diplopia at ongét.
Symptoms may be less bothersome, or even subthe ffalsy is partial, gradual, and chronic, peingtthe
development of horizontal fusional amplitudes. @iE@opia may become more apparent with exhaustion o

systemic illness, or in extreme horizontal gaze.

The majority of acute sixth nerve palsies in talapopulation are vasculopathic, associated visgthfactors
such as diabetes and hypertendidihe onset of double vision is acute, may be acemiegl by pain, and
does not have any associated neurologic or odnldinfys. Most palsies resolve after 6 months, dalitione-
third resolve within 8 weeks. If no recovery is apmnt by 6 months, approximately 40% of patients
demonstrate a serious underlying pathology wamgrftirther evaluatiof’* The elderly who present with
symptoms of scalp or temporal region tendernesgaior with chewing (jaw claudication) may have gieall
arteritis, a more serious vasculopathic disordat ¢an result in permanent visual loss if not prtynp
diagnosed and treated.

Other common causes of sixth nerve palsy are tasamd neoplasm. Traumatic etiology is usually seiflent
and may include a history of head injury, typicaliyolving a basilar skull fracture, or an acutgerin

intracranial pressure from an intracranial blé&d’®

A sixth nerve palsy caused by an intracranial resipl may be either insidious or acute. Neurologangles
may include other motor deficits, depending ontdpographic location detailed below. Evaluationfemial
and extremity motor weakness, third- and fourtmi@anerve involvement, visual field defect, anatcel
acuity from optic nerve involvement, IOP, and pogis all help in localization. Bilateral sixth-nerv
involvement can be seen in the clival chordomaelas increased intracranial pressure or a meainge
proces</>?"" A sixth nerve palsy can be associated with demgitig diseases such as multiple sclerosis.
Because lesions typically involve the pons, otherrologic findings are present, most notably adiqoalsy,
because the seventh nerve curves over the sixtle-meicleus. However, isolated cranial nerve VI yp&ghe

most common in adults. Postviral sixth nerve patmy occur, but it is typically a diagnosis of exitn?"

PATIENT POPULATION

63



11
12
13
14
15
16
17
18
19
20

21

22

23
24
25
26
27
28
29
30
31
32
33

The patient population is adults with strabismussea by sixth nerve palsy.

CLINICAL OBJECTIVES
» Determine the etiology of the sixth nerve palsy
* Counsel the patient on the diagnosis and treatopitns
* Provide goal-directed management of strabismusogly to reduce symptoms of diplopia or secondary
compensatory head posture diplopia)

» Inform the patient’s other health care providerthef diagnosis and treatment plan

BACKGROUND

INCIDENCE
The annual incidence of new-onset sixth nerve palspproximately 11 per 100,086 .Risk factors clearly

relate to etiology but, as vascular etiology isiti@st common, both hypertension and diabetes isertiee risk.

RISK FACTORS
Risk factors relate to etiology but, as vasculalegy is the most common, both hypertension amdbelies

increase the risk.

RATIONALE FOR TREATMENT
Diplopia, loss of binocular vision, compensatorati@osition, and inability to make eye contacialtrant
treatment.

CARE PROCESS

PATIENT OUTCOME CRITERIA
Treatment in adult strabismus is symptom direcaed, targeted outcomes may include:
* Reduction of diplopia
* Resolution of torticollis
» Reconstruction of ocular alignment
* Improvement of binocular vision
DIAGNOSIS
Understanding the path of the sixth nerve aidslization of the lesion as well as the ca@Selhe sixth nerve
originates in the abducens nucleus of the ponss,TibBsions involving the sixth nerve nucleus oftem
accompanied by an ipsilateral facial paralysis complete horizontal gaze deficit. Within the pabhspurses

through the corticospinal tracts, and thus, lesiomslving the sixth in this region can lead toantralateral
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hemiparesis. The nerve then ascends in the sulvariacspace and passes underneath the petrocligaitént
to enter into the cavernous sinus. Tethering ofiree along this pathway make it susceptibleretating
from increased intracranial pressure, cerebrosfiudl inflammation, infection, infiltration, or copression

from clival tumors.

In the cavernous sinus, the sixth nerve is in cpsgimity to the intracavernous carotid arteryyiac
sympathetics; and cranial nerves three, four, haditst division of the trigeminal nerve. Thusratid artery
aneurysms, inflammatory cavernous sinus processesher structural lesions may include a concomita
Horner’s syndrome, third nerve palsies and fourthva palsies, or facial paff’ The sixth nerve then passes
through the superior orbital fissure into the afffitOrbital infections, mass lesions, or inflammatoam affect
the sixth nerve as well as the lateral recuts nauisetlf. Associated proptosis and optic neuropathy be
present. Venous congestion from either an orbitatgss or back pressure from cavernous sinus ksim

cause chemosis with increased IOP.

History
A detailed medical history should include infornoatiand medical records on prior ocular surgery, a
history of diabetes or hypertension, and complaifitgpecific additional symptoms, including facial
weakness, motor weakness, headache, fever, preptason loss, scalp pain or jaw claudication that

might reflect the anatomical locus and cause dhsierve pathology.

Examination
The examination should include the following eleilsen
» Complete ophthalmic evaluation with emphasis ont-besected acuity, a check for afferent defect,
and color acuity to screen for orbital and cavesnginus pathology
» Sensorimotor examination demonstrating incomitantrepia, typically greater at distance, and
possibly associated with abduction nystagmus
* Fundus examination to look for papilledema or optiophy as indicators of elevated intracranial

pressure

Ancillary Testing
Neuroimaging should be considered in all younggrds or in any patient manifesting other cranial
neuropathies, other neurologic change or elev&@®&] or if there are no compelling vasculopathik ris
factors. Study should seek possible evidence gflasm, demyelination, stroke, vascular abnormatity,
signs of infectious or inflammatory etiology. Refdrto a neuro-ophthalmologist or neurologist fanttier

evaluation may be indicated in some cases.

In an elderly patients with hypertension, hypedaia or diabetes, and without temporal tenderijass,

claudication or scalp pain, evaluation may be kaiito determining blood pressure, serum glucoss,lev
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and hemoglobin Alc. Follow-up is necessary to aeitee if the palsy spontaneously resolves. In the

absence of resolution or improvement, MRI of thamwith and without contrast may be indicatedthia
elderly with a history of scalp tenderness, jawidlaation, or pain, the erythrocyte sedimentatiate and
C-reactive protein should be checked immediatetyatemporal artery biopsy performed if the results
indicate possible giant cell arteritis. Consultatisith a neuro-ophthalmologist may facilitate agsig and

initiation of treatment.

Evidence of increased intracranial pressure wittillgglema, bilateral sixth nerve palsy, or meningea
signs (stiff neck with headache) suggests a neeldirigbar puncture following neuroimaging to measure
intracranial pressure and look for meningitis (otifieus, inflammatory, or carcinomatous) or

demyelination. Systemic serology in this instarteewsd include Lyme and syphilis testifg.

MANAGEMENT
A detailed treatment of the sixth nerve palsy iaty directed to the primary cause. Neuroimagshguld be
considered in all young patients or in any patraahifesting other cranial neuropathies, other negio
change or elevated IOP, or signs of elevated irdraal pressure, or if there is no compelling véggathic risk
factor. In the aging population with vasculopattisk factors, lack of resolution over time suggestseed for
neuroimaging. At onset, a history of scalp tendssnjaw claudication, or pain should prompt fosglole
giant cell arteritis. From the ocular motility stipoint, symptomatic intervention is to reduce algi and

torticollis and to restore binocular vision.

Monitor/Observe

The patient should be monitored/observed if symgtare mild or if the patient is opposed to treatme

Nonsurgical

Nonsurgical treatment for abducens palsy can irchmtlusion (with a patch over one eye or with a
Bangerter filter or satin tape applied to a lenthefglasses) unless a comfortable region of sibiglecular
vision is achieved with minimal compensatory heastpre. Prisms can also be used temporarily, atte if
deviation remains stable and fusion can be achjevgdound-in base-out prism can be incorporated in
the lense$®® Chemodenervation (botulinum toxin) of the medéitus muscle may help reduce secondary

contracture and the severity of compensatory heaitipn 22425

Surgical

Strabismus surgical management is generally offetesh the deviation persists after 6 months frosebn
A small residual deviation with some residual alithgcforce of the lateral rectus past the midliseally
responds well to a medial rectus recession andhlatectus resection. Other options include a cbateral
medial rectus recession, with or without postefixation, with or without ipsilateral lateral rectu
resection, to balance ductions. Larger deviatioitis mo abducting force of the lateral rectus (conéd by

force generation testing) usually necessitate Sonme of transposition procedure of the verticaltirec
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laterally (often combined with medial rectus wedkegrby recession or injection of botulinum toxirither

initially or subsequently.

Many techniques for vertical rectus transpositiamenbeen described, including full-tendon or phrtia
tendon transfer, of one or both vertical rectusctass with or without an augmentation suteffe36-25°
Partial tendon transfer, or loop myopexy, may daseghe incidence of anterior segment ischemiegsin
three extraocular muscles are not operated oreatame timé®*?? Superior rectus muscle transposition
alone with simultaneous medial rectus recessiorsimitar advantages. When performing transpositibon
both vertical rectus muscles, staging the proceldyngerforming transpositions followed months ldigr

medial rectus recession also decreases the risktefior segment ischenfid.

PROVIDER AND SETTING
Diagnosis and management of sixth nerve palsy regjtine training and clinical judgment of an expeced
ophthalmologist. Working under the supervision mfophthalmologist, orthoptists can be an assétan t

examination, diagnosis, and nonsurgical managenfesikth nerve palsy.

COUNSELING AND REFERRAL
Neuroimaging should be considered in all youngguesi or in any patient manifesting other cranial
neuropathies, other neurologic change or elev&&y br signs of elevated intracranial pressurd,tbere are
no compelling vasculopathic risk factors. In thenggpopulation with risk factors, lack of resolutiover time
suggests a need for neuroimaging. Referral shdstdtee considered to those providers who have &gpén
neuro-ophthalmology and adult strabismus, if thenary diagnosis is uncertain, and for directedttreant. The
ophthalmologist should discuss the findings, expthe disorder, provide diagnosis, and discuss genant
options with the patient and, as appropriate, witreuro-ophthalmologist, or other subspecialisindicated.
Despite the number of strabismus surgical optionsdpair, patients should be advised that the gbal
treatment is to eliminate diplopia in the primangsjtion and to create a reasonable field of sibgiecular
vision. Patients will most likely continue to hadiplopia in more extreme lateral gaze becauseeflitiiculty

in balancing ductions given the underlying neuraabdeficit.
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SECTION lIk. OCULOMOTOR PALSY

INTRODUCTION

DISEASE DEFINITION

Oculomotor palsy is also known as a third nerveyahd is the second most common cranial neurof&thy

Patients usually present with diplopia secondanyigalignment that has both a horizontal and vairtic

component, and sometimes with difficulty readingoselary to accommodative deficiency. Because teécky

can be partially or completely ptotic, the subjeettomplaint of diplopia may be lessened becaussaviaxis

may be occluded.

The presentation is an incomitant deviation. Initaidto ptosis from levator dysfunction, paresigte

superior rectus, inferior oblique, medial rectus] ¢he inferior rectus muscles typically leavesdkie abducted

and infraducted as a result of preserved latecailiseand superior oblique muscle function. Variadfts

misalignment may be present, particularly if thealion of the inciting pathology is intracavernaus

intraorbital, since the nerve has already dividgd an upper and lower division. The pupil may @ymot be

involved, and it is important to note this charaistec, because it helps direct the evaluation.

PATIENT POPULATION

The patient population is adults with strabismussea by oculomotor palsy.

CLINICAL OBJECTIVES

Determine the etiology of the third nerve palsy
Counsel the patient on the diagnosis and treatomians
Provide goal-directed management of strabismusfistouction, binocular vision, or reduction of dipia)

Inform the patient’s other health care providerthef diagnosis and treatment plan

BACKGROUND

INCIDENCE
The annual incidence of acquired third-neratsy is approximately 4 per 100,066.

RISK FACTORS

Patients with hyperlipidemia, hypertension, andédtas are at greater risk of vasculopathic thirdene

palsy?**?**Elderly with symptoms of scalp or temporal ten@sshor jaw claudication are at risk for third nerve

palsy due to giant cell arteritis.
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RATIONALE FOR TREATMENT
Diplopia, loss of binocular vision, compensatoratigosition, and reconstruction of alignment alinamat

treatment consideration.

CARE PROCESS

PATIENT OUTCOME CRITERIA
Treatment in adult strabismus is symptom direcaed, targeted outcomes may include:
» Reconstruction of ocular alignment with improve@ epntact and self-image
* Improvement of binocular vision
* Reduction of diplopia

* Reduction of torticollis

DIAGNOSIS
The third nerve follows a course from its origioatin the midbrain to the orfit® The third-nerve nucleus lies
near the midline of the midbrain. It is composedooir paired subnuclei and one unpaired subnuciBuss.
unpaired central caudal nucleus innervates bottaipsal and contralateral elevator palpebral mesdif
complete third nerve palsy is accompanied by ctatereal superior rectus weakness, the lesion iteauc
Localization of the lesion by associated findingd aymptoms is important in determining further kg,
establishing an etiology, and directing treatmeasions involving the superior cerebellar pedurelese
ipsilateral cerebellar ataxf& lesions involving the red nucleus cause ipsil&féapping hand tremor and

ataxia?®’ and lesions involving the cerebral peduncle cépsiateral hemiplegia or hemiparesis.

Within the subarachnoid space, the third nerves plase to the tentorial edge and lateral to thetgpimr
communicating artery. Aneurysms in this locationsma pupil-involving third nerve palsy, althougke pupil
may appear normal at presentatiot?>®The nerve passes along the tentorial edge andeadjso the most
medial aspect of the temporal lobe (the uncus).sMesions or intracranial bleeding can force theusn

through the tentorial notch, causing compres$ion.

The nerve then enters the cavernous sinus, andlpgshthere may be accompanied by sixth nerve andt
nerve paralysis-® Within the cavernous, sinus the third nerve separato superior and inferior divisions.
Both enter into the orbit through the superior taldissure. The superior division innervates thpesior rectus
and the levator. The inferior division sends pamgsgthetic fibers into the ciliary ganglion, the plapy
sphincter, the ciliary (accommodation), the infepblique, the medial rectus, and inferior reciiisional
palsy typically localizes the lesion to the orlfithe lesion involves the orbital apex or orbitete may be

associated optic neuropathy and proptosis.
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History

A detailed medical and ocular history should inewgecific questions about patient symptoms, spéed
onset of the strabismus, and possible associaitataral or bilateral ptosis or other neurologicrgtoms
(such as ataxia, tremor, hemiplegia, sixth nervi@oarth nerve palsy, and noted pupillary asymmeingd

vision loss).

Examination

A comprehensive eye examination with particulagraton to sensorimotor exam, evidence of ptosis and
anisocoria, and pupillary responses in bright andilumination. It should also include a fundus

examination to evaluate for the presence of pajglea or optic atrophy.

Evaluation of the third nerve palsy depends omtiesumed location of the lesion and is based oeroth
accompanying neurologic findings. Isolated thirdveepalsy, however, is what most clinicians enceunt
The important characteristics are whether the papilvolved and the extent of the motility disorded
ptosis. A classic pupil-sparing third nerve palag Imormal pupillary function, complete ptosis, and
complete (related) motility dysfunction. In thisugition, the etiology is almost always secondary to
microvascular disease with associated diabetegrtemsion, or hyperlipidemfd> However, even if the
pupil is unaffected, when there is partial extrdacmuscle involvement or incomplete ptosis, onenca
be certain of a microvascular etiology; a compression, for example, might present this waythis
situation, it is recommended to proceed either wébroimaging including an MRI with gadolinium and

magnetic resonance angiography (MRAxomputed tomography angiography (CTA). In someaimsts

of vasculopathic third nerve palsy, the pupil mayitvolved, although mildly.

Pupil-involving third nerve palsy is more concegnid compressive lesion must be ruled out, urgently
especially an aneurysm involving the posterior camimating artery. Active force generation testinghe
office may help identify muscles with residual ftinoo (which may be responsive to resection) vs.
completely paretic muscles (where resection witleeffective and the muscle should be left intact
preserve ciliary circulationf* Neuroimaging, including MRA or CTA is recommend&dif there is a
high suspicion of aneurysm despite a normal MRE®A, then a catheter angiogram should be
considered after a brain MRI with and without castrand specific attention to the third nerve is
performed. Tumors, including meningioma, schwanncema metastatic lesions, are in the differential.
Other causes include trauma, subarachnoid hemaykagl illnesses, demyelinating disease, and
leptomeningeal disordef&® If the neuroimaging is normal, the next step wdwddserologic testing for
infectious diseases (such as syphilis and Lyme}y @onsideration given to lumbar puncture that woul

include glucose, protein, cell count, and cytolagy culture.

MANAGEMENT
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Management of a third nerve palsy is directed towahe cause and then management of the diplopia.

Monitor/Observe

With complete ptosis, many patients are not tradibble diplopia until their lid is elevated.

Nonsurgical

If the patient experiences diplopia, chemodenewmafibotulinum toxin) of an opposing extraocular olas
or the levator or use of occlusion can temporizéenfaiting for further recovery of functioit® Prisms,
either press-on or ground-in, are often helpfuhesi while waiting for further recovery or treatirggidual
diplopia (following partial recovery or followingusgical correction). Despite all efforts to alleida
diplopia in the primary position, the incomitantur@ of the deficit results in diplopia with minitrehift of
gaze from the primary position. Many patients waaeye patch or occlusive contact lens or MIN lens
(Fresnel, Inc.) for times when the diplopia is mosthersome. A deficit of accommodation may cause
difficulty reading. Uniocular progressive lensesdocals in younger patients can be prescribealdo

accommodation.

Surgical

Surgical management is complicated, and success déipends on the amount of residual defitia
residual exotropia with ability to adduct past thiglline typically responds well to recession of thieral
rectus muscle combined with resection of the medietus muscle (with or without adjustment), with o
without vertical transpositiof?>*®Likewise, in partial third nerve palsy, ipsilatenseakening of the
superior obligue muscle, or its anterior intortfitgers might reduce the hypotropia and intorsiom assult
of inferior obligue weakness. Recession with ohwitt posterior fixation of muscles on the contredak

eye can also be used to expand the field of bismaithgle vision.

For compete paralysis, many other techniques haea tried with variable succe¥$Some form of
weakening procedure of the lateral rectus musdigpisally required, whether supramaximal recession
extirpation, or suturing to the periosteum of taeetal orbital rint®® Sometimes this is combined with
nasal transposition of the superior oblique musmleard the medial rectus muscle insertion or makima
medial rectus resection for its tethering eff8&f'°Recently, nasal transposition of the split lateeatus

muscle to the medial rectus muscle insertion has lperformed with some succéSs.

Post-operative prism correction may be requirealltiw for fusion in the primary or reading position
Ptosis surgery should be tempered if the Bell'poese is extremely impaired, increasing the risk of
exposure keratopathy. Patients treated surgicétiyndnave significant diplopia awareness outside of
region of binocular fusion and may benefit fromtgane occlusion or a fogging contact lens for higgk

activities like driving a motor vehicle. Patientglwconcomitant injury to other structures in ttraib or
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brainstem may have central fusion disruption andrisble to fuse despite otherwise satisfactory-post

operative alignment.

PROVIDER AND SETTING
Diagnosis and management of third nerve palsy reguhe training, clinical judgment, and the exprece of
providers with expertise in neuro-ophthalmology addlt strabismus. Working under the supervisioarof
ophthalmologist, orthoptists can be an asset ireagnination, diagnosis, and nonsurgical managenfent

patients with third nerve palsy.
COUNSELING AND REFERRAL

The ophthalmologist should discuss the findinggla&r the disorder, provide diagnosis, and discuss

management options with the patient and any cagegjiv

72



© 0O NO Ol B W N B

N el o o
N o 00 WN RO

W W N DNDNDNDNDNDDNDNDNDNDNPRELEERE
P O O oo ~NOOL A W NMNPEFE O OO

32
33

SECTION Illl. MYASTHENIA GRAVIS

INTRODUCTION

The termmyasthenia gravisefers to a group of B-cell mediated autoimmursadiers that profoundly affect
activity at the neuromuscular junction, causingalale weakness exacerbated by fatigfdélthough generalized
myasthenia gravis affects large motor groups antesilmes includes ocular features, ocular myasthgnaiais
affects only the levator, orbicularis oculi, ané #xtraocular muscles. It is known as the greatjmerader because

presentation can mimic many types of incomitargtstmus with or without ptosis.

DISEASE DEFINITION
Acetylcholine is released at the neuromusculartjonat the onset of an action potential and magatcross
the synapse to reach the associated striated mégatylcholine receptor antibodies have been destnated
in nearly all patients with generalized myastheid in 40% to 77% of patients with ocular myastaeni
Twitch fibers in extraocular muscles are thoughtegarticularly susceptible to fatigue, and ttiaracteristic

as well as the fewer number of acetylcholine remeahtibodies in these muscles may be responsibliné

. . 313
common ocular manifestations.

PATIENT POPULATION
The patient population includes adults with myasihgravis without geographic or racial predilentio
although this disorder occurs in children as welhe form of transient neonatal myasthenia (trkacgmtal
transmission), congenital myasthenia (not immundiated), and juvenile autoimmune myasthenia. Patiare

at risk for having or developing thymoma.

CLINICAL OBJECTIVES
» Recognize the disorder to initiate appropriate wiprknd referral to other subspecialties, including
neurology
» Ensure proper medical and surgical treatment, mitidte short-term and subsequent long-term
management of associated ptosis and strabismus
Thymectomy is indicated, certainly in the preseoichymoma, but also for specific age-based and umen

based characteristics for which thymectomy may tsuislly reduce clinical symptom¥>

BACKGROUND
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PREVALENCE
The incidence ranges from 0.04 to 5/100,000 per, yerl prevalence estimates are 0.5 to 12.5/10(600

year3!

RISK FACTORS

There is increased risk for myasthenia gravibe presence of autoimmune thyroid diseasetayrdoma®®

NATURAL HISTORY

Onset in adults is usually in the third to fourtcelde of life but sometimes much later in malethdfdisorder is

generalized, it may involve bulbar, limb, and reamiry muscles, which can lead to life threatemegpiratory
failure. Fifty percent of patients with myasthepiasent with ocular symptoms only (typically ptoasisl
variable strabismus and diplopia), and of these E89% develop generalized systemic myastheniainvé

few years>'°3Y

RATIONALE FOR TREATMENT
Minimizing extraocular motility impairment, diplogi and compensatory head position that can affegalV

function, quality of life, and its socioeconomimsequences warrant treatment.

CARE PROCESS

PATIENT OUTCOME CRITERIA
Treatment is goal directed, and targeted outconssintlude:
» Recognition of disease and prevention of morbiditg mortality from generalized myasthenia gravis
* Reduction of diplopia (if present)
» Restoration of normal ocular alignment, appearaaed,improved self-image
» Restoration of binocular function

» Reduction of compensatory head position (if présent

DIAGNOSIS
Variable incomitant strabismus may be accompanyedabiable ptosis, both of which worsen with fatigu

Strabismus and associated diplopia may take omtnely different pattern with fatigue or repetitiof

examination. Additionally, a period of rest or jg&ck test in the physician’s office may temporarédguce or
eliminate both the extraocular motility disturbasi@ad ptosis. Ptosis worsens with fatigue (proldngegaze)
and may have associated Cogan lid-twitch sign.i®tidghe contralateral eye may worsen upon manual

elevation of the eye, with more severe ptosis dugdring’'s law. Ocular saccades are often slowieRtt may
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also present with lid retraction as a result obaisged TED**® Pupils are typically not affected but may in rare

cases show impaired or slow resporiée&?

History
Patients may present with a history of acquiredatde strabismus, diplopia and ptosis. Those with
antecedent generalized disease may have varialite meakness, respiratory fatigue, difficulty with

chewing, swallowing, holding up the head and shigpeech.

Examination
Complete sensorimotor examination and external éation is critical, with attention to the preserute
strabismus, which changes over the course of pgeld®xamination, and variable ptosis with possible
Cogan lid-twitch sign, and slow saccades. The lkest-Bpplication of an ice pack over the closed éye2
minutes in the case of ptosis and for 5 minuteléncase of strabismus may demonstrate a reduattion
ptosis of about 2 mm and a reduction of misalignitm&nis phenomenon, thought to relate to diminished
anticholinesterase activity, is highly specifichis disorder®*2??A rest test without an ice pack can also

be used to aid in diagnosts.

Tensilon (edrophonium) testing may be considergdsioiest performed by a practitioner experiencéd w
proper intravenous administration, because assacratscarinic activity (excess tearing, salivation,
sweating, abdominal cramping, bradycardia, brongass hypotension, and syncope) can occur. The test
should be performed in a monitored setting andpateavailable for potential administration. 195%

sensitive for generalized myasthenia and 86% seasit cases of ocular myastheffa.

The presence of antiacetylcholine receptor antifddihR-Ab-binding, blocking, or modulating) can
confirm the diagnosis; however, about 20% of pasievith generalized myasthenia and about half af¢h
with ocular myasthenia are seronegative. Abouttbire-of these seronegative patients will be sesape
for muscle-specific kinase (anti MuSKADb) ,and lipotein-related protein 4 (LRP4) has been associated

with generalized and ocular myasthenia gravis ds¥e

Repetitive nerve stimulation testing (positive myoone-third of patients with ocular myastheniajl ahe
far more sensitive single fiber electromyographysifive in over 90% of patients with ocular myastiag
may also assist in diagno$f.In many centers, single fiber EMG is consideragighld standard for

diagnosis.

MANAGEMENT
Pyridostigmine bromide administered orally two ¢doiftimes a day is the first-line treatment for styenia

gravis, but about half of patients with strabisnagseciated myasthenia show minimal response. lmastn
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about 66% to 85% of patients show a positive respaa corticosteroid®’ For some patients, various forms of
immunosuppressive therapy with azathioprine, kntavoe effective, and other agents under current
investigation may be offered by treating neuroltggi¥hymectomy is indicated in some cases, alwayd
presence of thymoma, and may substantially redyro@toms for certain subpopulations with myasthenia

gravis3*?

Diplopia and strabismus are highly variable andreatily remedied with prism. Remission or stahtiian of
the disease is often possible after 2 to 3 yeaneafment?® and at that point surgical intervention for

strabismus may be considered if desired or if prisenis insufficient. Particular care is indicatethe use of
anesthetic agents given any evidence of assoaialiness of the respiratory muscles. Surgical nemagt,
with and without the use of adjustable sutures,rhaswith modest success in cases where therst&bdized

primary deviation, sometimes exacerbated by fatfgui&*More than one procedure may prove necessary.

PROVIDER AND SETTING
Diagnosis and management of myasthenia gravisnmegjthie training and clinical judgment of an expeced

ophthalmologist typically working in concert withtr@ating neurologist.

COUNSELING AND REFERRAL
Counselling and referral to a neurologist or neapbthalmologist, and sometimes a general surgeaftén
indicated in the management of myasthenia. Thehgimblogist should discuss the findings, explai th
disorder, provide a diagnosis, and discuss manageopdions with the patient and any caregivers lamdware

of any comorbidities such as respiratory distraas tight present with generalization of the diseas
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SECTION Iim. FIXATION SWITCH DIPLOPIA
INTRODUCTION

DISEASE DEFINITION

In patients with childhood strabismus who have gpsesssion scotoma in their nondominant eye, fixatio

switch diplopia may occur because of a change iitendixation preferenc&® Prior to their change in eye
fixation preference, such patients do not percdiptopia as the result of a suppression scotonaxha
formed during childhood in the previously nondonminaye. However, when visual acuity in the previpus
dominant eye declines, fixation preference mayawit the previously nondominant eye. The previpusl
dominant eye does not have a suppression scotanfiar, he first time, patients with “childhood” abismus

may experience double vision.

The largest study of fixation switch diplopia indkd 16 patients with a history of childhood strahis who

later presented with diplopfa° The most common underlying etiologies were theaisaonovision for the
treatment of presbyopia in 38%, the developmembydpia in the previously preferred eye in 25%, and
incorrect refractive correction in 38% of patiemdtrial of monovision with contact lenses is pratgrior to
corneal or lenticular refractive surgery to deterenwhether surgically induced monovision will reésalnew-
onset diplopiaOther published rare causes of fixation switchap include a corneal ulcer and resultant scar

in the dominant eye of a patient with monofixatgymdrome and amblyopid and retinal detachment in the

dominant eye of patients with strabismus and anp&5°

PATIENT POPULATION

The patient population includes adults with fixatswitch diplopia.

CLINICAL OBJECTIVES
» Counsel the patient on the diagnosis and treatopitns
* Manage diplopia

» Inform the patient’s other health care providerthef diagnosis and treatment plan

BACKGROUND

PREVALENCE AND RISK FACTORS
Prevalence and incidence are unknown. Risk fagtolade any ophthalmic disorder or interventionttha

switches fixation to the previously nondominant gya patient with latent or manifest strabismus.
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NATURAL HISTORY

Fixation switch diplopia is a subacute complainhefv onset diplopia after any ophthalmic disorder o

intervention that switches fixation to the previgusondominant eye in a patient with latent or niesti

strabismus.

RATIONALE FOR TREATMENT

Diplopia warrants treatment.

CARE PROCESS

PATIENT OUTCOME CRITERIA

Reduction or elimination of symptomatic diplopia

DIAGNOSIS

Fixation switch diplopia ishe development of new-onset diplopia when fixapoeference has shifted to the

previously nondominant eye.

History

A detailed medical history includes informationmamst ocular conditions and ocular fixation prefeeen

Careful documentation of symptoms experienced vitxating with the previously preferred eye, and whe

fixing with the newly preferred eye, can confirnettiiagnosis. A positive family history of strabissrig

common®® Kushner and Kowai’ recommend a minimal screening procedure consisfimdptaining a history

of childhood eye disease or treatments (such abipgtor eye muscle surgery), checking spectaclieprfsm,

cycloplegic refraction, and cover testing for atipnts undergoing corneal or lenticular refractuegery,

especially for those planning to induce monovision.

Common scenarios in which fixation switch diplopizurs include:

Monovision has been induced by optical means aebmctive surgery

Myopia with axial elongation has developed in avjpasly dominant eye

Following refractive surgery, if the outcome favéisation with the previously nondominant eye

An unbalanced refraction has been used that engesifaxation with the nondominant eye

Following cataract surgery in a previously nondaamineye when the surgery results in better viscaity

of the nondominant eye compared with the dominget’e

Following asymmetric vision loss from other comntiseases such as macular degeneration or diabetic

retinopathy when the nondominant eye is left wightdr acuity
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Examination
Comprehensive eye examinations of adult strabigatients need to include:
» Detailed sensorimotor evaluation
» Assessment of refractive status
» Dilated fundus examination
Enabling fixation with the previously dominant egen be done to confirm a history of monofixationl an

suppression before the change in ocular fixati@figrence occurred.

MANAGEMENT
Monitor/Observe

The patient should be monitored/observed if symtane mild or occasional or if the patient is opgab

treatment.

Nonsurgical
An attempt can be made to “switch” fixation backhe dominant eye, by pursuing refractive correctio
Patients will gradually experience less diplopiddfminance is re-established in the previously daimi
eye. In cases where the fixation cannot be swittlaatt due to permanent and untreatable vision loss,
vision in the newly dominant eye should be optirdizéth refractive correction and the use of prisms.
Rarely, fixation switch diplopia cannot be alle@idf and in those cases occlusion must be contesdpdat

a last resort.

Surgical
In cases where the fixation cannot be switched bacluse of permanent and untreatable vision loss,
strabismus surgery may be an option if there igmificant angle of misalignment and a demonstrated
ability to relieve diplopia with prism correctioly lestablishing a different alignment at which tlagignt

can suppress.

PROVIDER AND SETTING
Fixation switch diplopia should be managed by antlo@imologist with expertise in the diagnosis of
longstanding childhood strabismus and abnormalifdsnocular function. Working under the superorsiof
an ophthalmologist, orthoptists can be an assieiexamination, diagnosis, and nonsurgical manageof

fixation switch diplopia.

COUNSELING AND REFERRAL

79



A WODN B

Patients should be advised that they have an extgitognosis if fixation can be switched backhe t
dominant eye. They should be counseled to avoicpamgedures or refractive corrections that resu#t switch
of fixation to their nondominant eye. The ophthalogist should discuss the findings, explain thedisr,

provide diagnosis, and discuss management optighdhe patient and any caregivers.
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SECTION Ilin. RETINAL MISREGISTRATION
(BINOCULAR RETINAL DIPLOPIA)

INTRODUCTION

DISEASE DEFINITION
Retinal disease that causes distortion or displac¢wf the fovea in one or both eyes—such as sobfetr
epiretinal membranes or after retinal detachmaerdlinng the macula—can cause binocular diplopighkse
cases, binocular retinal misregistration (often ifie@ting as metamorphopsia, micropsia or macrojgsia,
foveal ectopia) renders the foveal images in theeyes too dissimilar to fus&3**which leads to a condition
termed dragged-fovea diplopia syndrome. When bileocetinal misregistration results in diplopiant@l and
peripheral fusion are in conflict, described ast@peripheral rivalry*?3*3In this situation, most often the
stronger peripheral contribution to motor fusiomfs the peripheral retinas into alignment and ésahe

fovea of each eye misaligned.

PATIENT POPULATION

The patient population includes adults with binacuktinal diplopia.

CLINICAL OBJECTIVES
» Counsel the patient on the diagnosis and treatopitns
* Manage diplopia

» Inform the patient’s other health care providerthef diagnosis and treatment plan

BACKGROUND

PREVALENCE AND RISK FACTORS
The prevalence of subretinal neovascular membramésnacular epiretinal membranes is 2% for indiaiglu
under 60 years of age and increases to as mucpasat those over 783* Between 16% and 37% of those
diagnosed with epiretinal membrane or other maaitophave binocular retinal diplopi&**®With the aging

population, it is likely that retinal disease Wik an increasingly important cause of diplopia.

NATURAL HISTORY
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Within days to weeks of development of maculopathfoveal abnormality, symptoms of binocular retina

diplopia may develop, and this only rarely improessr time.

RATIONALE FOR TREATMENT

Diplopia warrants treatment.

CARE PROCESS

PATIENT OUTCOME CRITERIA

Treatment for binocular retinal diplopia includeésiohishing diplopia.

DIAGNOSIS
Binocular diplopia develops within days to weeksvofrsening maculopathy or foveal abnormality beeahg

foveal image in the two eyes becomes too dissirtuldinse.

History
A detailed medical history should include infornoation ocular conditions and specifically retinaledise

involving the macula.

Examination
An examinatin should include any history of retidedease affecting the macula of one or both &yédsll
orthoptic examination is warranted because a ptiapoof patients who have maculopathy and diplopia
have other forms of treatable strabismtis?rism alternate cover testing demonstrates eitbestrabismus
or a small vertical deviation. Any diplopia reliedm prism correction is most often transient, altgh in
rare patients it may be helpful. Metamorphopsia maydentified on the Amsler grid test and quaatifi
using M-Charts, and aniseikonia (unequal images)eadocumented and quantified using the Awaya test

(See Glossary.)

For dragged-fovea diplopia syndrome, the lightoffriést is pathognomonic. In this test, a smalitesh
on-black test letter is shown and, when periphfeisibn cues are eliminated by darkening the roantral
fusion allows the test letter to be seen singlyewthe room lights are turned on, peripheral fusion
reasserts itself, the images of the test lettearseép and diplopia resum&g This test is not effective unless
the entire room is darkened with no cues to pergdtfasion such as door frames or background lighti

on a computer monitor. An alternative to the ligbislights-off test for those who are unable ton@tiate
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all peripheral cues in their examination roomsis optotype-frame tedt/(See Glossary.) For the
optotype-frame test, the patient is requestedktdian isolated (uncrowded) Snellen optotype on an
illuminated monitor and to describe whether theeketself is single or double. Assuming it is dlghe
patient is asked whether the frame of the mon#t@ingle or double. If maintaining a single franagiges
diplopia of the letter, peripheral fusion has takeer and foveal diplopia syndrome is present.rifeo
peripheral fusion makes it impossible to maintantcal single binocular vision when foveal image

disparity has become too great.

MANAGEMENT

Monitor/Observe
The patient should be monitored/observed if symtane mild or occasional or if the patient is opgab

treatment.

Nonsurgical
Although cover testing in patients with binoculatinal diplopia often demonstrates small-angle
strabismus that is nearly always vertical, prismatisurgical correction of this deviation is natative
because it does not resolve the mismatch of distortacular images or the conflict between foved! an
peripheral alignment. Even so, intervention canetiimes reduce symptoms. Reduced diplopia awareness
has been reported with the use of prism correaidogging in some patient§®> Fogging the vision in one
eye, which eliminates the foveal conflict by proihgca central scotom’ has been the most successful.
Blenderm surgical tape applied to the spectacle lens has bsed,but Scotch Satiit tape*® or
Bangerter foil*® are generally better tolerated, or use of an @batucontact lenses. A small amount of

prism in addition to a Bangerter foil can providsitbr relief from diplopia in some difficult cas&S.

Surgical

If superimposition of the foveal images by synojtme or prism does not satisfactorily resolve or
diminish subjective diplopia, strabismus surgeryn$ikely to be successful. It may be considefed i
improved binocular alignment reduces symptoms irgetaly addressed by fogging or optical correction
alone, or if superimposition of the foveal imaggssinoptophore diminishes subjective diplopiais It
important to remember that some patients with abtimisregistration have treatable causes of diplagi
well**” . There is emerging evidence that peeling of fiieeénal membrane may be effective in addressing
binocular retinal diplopia in a proportion of patie®*® but retinal surgery for epiretinal membrane appear
to be a double-edged sword because some nondigapents become diplopic following this retinal

procedure>*

PROVIDER AND SETTING
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A complaint of diplopia normally prompts referrald pediatric ophthalmologist, orthoptist or neuro-

ophthalmologist, many of whom are familiar with tiagnosis and management of this perplexing proble

COUNSELING AND REFERRAL
Patients with binocular retinal diplopia are gefigraready under the care of a retina specidlisth whom
they are typically referred. While the underlyirgginal disease often needs ongoing care, surgeainhent
such as membrane peeling improves diplopia ongy/gnoportion of patients. The strabismus speciaiesy
need to discuss the potential benefits of membpaedng with the retina specialists. The potentéle of
prism improved refractive correction and strabismuigiery to reduce diplopia awareness in some chsedd
not be overlooked. The patient should be counséleggever, that this condition usually does not iover
spontaneously, and fogging of one eye may be that suitable long-term solution. The ophthalmologist
should discuss the findings, explain the diagnasis, discuss management options with the patiehtiag

caregivers.
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SECTION Ill. COMPLICATIONS OF PERFORMING
ADULT STRABISMUS SURGERY

INTRODUCTION

Although complications can occur as a result of sumgical procedure, the risk of sight-threaterdogplications is
particularly low with strabismus surge?y?*23>*The more common complications are minor, ofteflgalited, or

treated with topical medications. More serious clicagions are fortunately rare.

BACKGROUND

PREVALENCE AND RISK FACTORS
Severe complications from strabismus surgery haes festimated to be 1 in 400 (globe perforatioverse

infection, slipped or lost muscle and scleritisitmi in 2,400 resulting in a poor or very pooraarne3®?

CARE PROCESS

POSTOPERATIVE CONCERNS
The following postoperative concerns are commaahats as well as children after strabismus surgery

Postoperative concerns with a higher incidencéénaidult population are indicated.

Mild Concerns
These are best treated with observation or a sbarse of common supportive therapy and incitide:
» Foreign body sensation
* Corneal abrasion
» Allergic reaction
« Delle (2.2%-18.9%, higher risk in reoperations radspositionsy>*>°
e Subconjunctival hemorrhage
* Chemosis
e Mydriasis
* Reduced accommodation
» Conjunctival scar
* Visible muscle insertion

* Thin visible/dark sclera
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» Persistent injection over the surgical site

» Postoperative nausea

«  Pyogenic granuloma (2.198)

* Tenon’s prolapse

«  Epithelial inclusion cyst (0.25%

» Advancing plica semilunaris

» Significant conjunctival scar

Persistent Tenon'’s prolapse, pyogenic granulomthedal inclusion cyst, advancing plica semilursari

and conjunctival scar are sometimes addressedmiitar surgical intervention.

Moderate Concerns

Ocular Misalignment

Overcorrection or undercorrection (possibly treatetth additional strabismus surgery)
Limitation of eye ductions (possibly treated witlid#@ional strabismus surgery)
Loss of binocular function (may benefit from adalital strabismus surgery, orthoptic

intervention, or use of a prism)

Globe/Eyelid/Systemic Concerns

Globe perforation (0.08%—5.1%; although seriousstneases have no sequelae but place patient
at higher risk for retinal detachment, vitreous betmage, and endophthalmiti§}:*>°*3¢*Some
cases are observed, others are treated with retiyop

Altered eyelid position, common with surgery on thierior or superior rectus muscles and more
notable in patients with thyroid ophthalmopathy ¢sdiready may have eyelid retraction). If
persistent or of concern, may be addressed witlidesrgery.

Oculocardiac reflex (67.9%) or asystole (0.11%})fhgsually brief and of no consequentg)y**

Major Concerns

Rare, but very serious complications include:
«  Endophthalmitis (1 in 30,000-1 in 185,088)°°
«  Subconjunctival abscess, preseptal/orbital ceufit in 1,100—1 in 1,908 3¢53%¢

«  Surgically induced necrotizing scleritis (1 in 400@nore likely in adultsf*
« Slipped muscle (1 in 1,508%

« Lost muscle (1 in 4,500; more likely in aduft§)

+  Pulled-in-two syndrome (1 in 14,000; more likelyadultsj>

+ Retinal detachment (1 in 10,000-1 in 40,585%’
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« Adhesive syndrome (fat adherence syndrdffie)

« Anterior segment ischemia (1 in 6,000; higher ris#h age vascular risk factors, and operating on
three or more musclesy

« Diplopia, rarely intractable (0.8%; more likelyaaultg™®

» Postoperative orbital hemorrhage (incidence unknaxoeedingly rare, potentially greater risk for

patients on anticoagulatiofi}="°

e Operating on the wrong eye or muscle (1 in 2,506)

PROVIDER AND SETTING
Diagnosis and management of complications fromtadrdbismus surgery requires the training, clinica

judgment, and experience of a pediatric ophthalgistar strabismologist.

COUNSELING AND REFERRAL
The ophthalmologist should discuss and explairfititéings and discuss management options with thienga
In some cases, treatment may be best managedhsitidtitional expertise of other ophthalmic collesgwith

advanced retina, oculoplastics, or immunology etkperas indicated.
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SECTION IV. TECHNICAL CONSIDERATIONS OF
PERFORMING ADULT STRABISMUS SURGERY

INTRODUCTION

Strabismus surgery in adults is often more challepthan in children for a variety of reasons. Alwleought
out surgical plan with preparation for the unexpdds important. Attention should be given to thkofving

special considerations.

CARE PROCESS

SURGICAL PLANNING AND MANAGEMENT

Anticoagulants
Many strabismus surgeons do not routinely stogaagulants for strabismus surgery. Temporary
discontinuation of anticoagulation medication megiuce intraoperative bleeding, but consultatio wie
physician prescribing anticoagulation is advisegagdns for anticoagulation differ and, in some gase
bridging therapy is indicated. Anticoagulation shiobe restarted immediately or shortly after the
proceduré’? It is possible to perform strabismus surgery otiepés who are on anticoagulanfs.
Absorbable gelatin sponges with or without thromiiay also be useful in difficult cases but arelyare

required for more routine procedures.

Adjustable Sutures
Adjustable sutures are often used by strabismigesus, particulary for adult patients, although ynan
surgeons achieve excellent results without theofiseljustable sutures. Advocates for adjustablereat
point to several advantages over fixed suturedydiireg a second chance at obtaining satisfactory
alignment, and the potential to minimize risk obpoperative diplopia. A variety of techniques (biew
noose, semiadjustable) exist, and the timing oftfjastment varies with surgeon preference, ranfjorg
immediately in the operation room, several houtsrahe surgery, and to up to several days follgvtire
procedure. This technique may be most helpful @apeeations and unpredictable cases, such as thitise w

restrictive or paralytic strabismg,54200.257:311.374.375

Microtropias
Surgeons will frequently encounter microtropias@tults. Small deviations (<8 prism diopters horiatig

and <3 prism diopters vertically) may prove clitigaignificant causing diplopia or asthenopia. 3ma
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horizontal or vertical deviations may be succe$gtobated using a tenotomy procedure (partialtredén

snip) to obviate the need for prism correctiGiy’’

Chemodenervation

At present, intramuscular injection of botulinunxitointo an extraocular muscle may be used alorie or
combination with strabismus surgery to treat negetuleviations, to enhance the impact of traditiona
surgery on large deviations, to address a resiierdhtions after prior strabismus surgery, andeatt
small-angle deviation®:"®393%3:37Botylinum toxin can also be used to prevent catara of an
ipsilateral antagonist muscle in cases of parabttigbismus while waiting the requisite periodiofe for
spontaneous resolution before recommending straisisurgery. A Cochrane Systematic Review found

that it was difficult to assess outcomes givenlithéed number of RCT&’®

Anesthesia

Retrobulbar or peribulbar anesthesia and monitsegthtion or pure topical anesthesia are possisiliti
adults having unilateral surgery, though generaktresia may be preferable in the case of reoparati

and complex, bilateral, and longer procedures.

Complex Strabismus

A higher percentage of adults have complex straibésas a result of scarring from previous strabismus
surgery, restriction from orbital trauma, or redtdn from other ocular surgeries including glauecseton
or scleral buckle surgery, the placement of orbitall implants after trauma, blepharoplasty,
dacryocystorhinostomy, pterygium excision or siauggery as well as myotoxicity from local
anesthesig®! (Many of these concerns are addressed in SedoStrabismus Associated with Other
Ophthalmic Surgery.) Scleromalacia may increasetmeplexity of both surgery and postoperative

recovery.

A “stretched scar” (weak attachment between muanteglobe) is a common occurrence in adults who
have undergone horizontal rectus muscle surgechiidhood. Suggestive clinical findings include
increased deviation in the field of action of theypously operated muscle. It is important to digtiish
weak, non-muscular attachments from more robustladissue intraoperatively, as placement of ssture
in this non-muscular tissue will lead to early neeunce of the strabismus and further loss of musctee.
Slipped or tenuously attached muscle (which sonediappears like a stretched scar), and lost nwuaode
more common in adults and make surgical outconsssgeedictablé’® They should be approached with
great care. A meticulous technique is often reguiceensure a successful outcome. An experienced
assistant can be very helpful. Sometimes a sligpdaist muscle is readily retrieved by tracingritgural
path or by taking advantage of fine attachmentsoifyet severed, to adjacent extraocular musElms.

example, a slipped inferior rectus muscle may sdthin its attachments to the adjacent inferidiqole
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muscle. If the lost muscle cannot be found, waitingonth until likely adhesion to the globe mayilfete
recovery of the previously lost segment, as theaeusan now be hooked. High-resolution orbital ilngg
may facilitate surgical planning. If this proveshaically impossible, a transposition procedure oy

considered to replace missing functigfh?®3380-281

Intraoperative Issues

The surgeon should also pay careful attention ézifip intraoperative issues that are far more comin
adults. A second strabismus surgeon or skilledstsdi may be needed and ample time allotted.
Conjunctiva and Tenon’s are frail in the older plagion. Thin and delicate conjunctiva may make wbun
closure difficult. Amniotic membrane grafts may simes be used in extreme cases. Likewise, careful
technique is necessary to prevent pulled-in-twalsyme, in which the muscle belly is torn in two

fragments from too vigorous traction on weakeneda@cular muscle¥'®

Retrobulbar, intramuscular, and intraocular hemegehmay occur in adult strabismus surgery as dt refsu
the surgery or periorbital anesthe¥ta’***?Although rare, they are potentially vision-thresig

complications, and the surgeon should be knowldulggn their management.

Whereas children will have formed vitreous, ligedfivitreous is common in adults. Consequently,tadul
have higher risk for retinal detachment followimgdvertent scleral perforation of the needle. M&io

techniques such as short scleral passes may rédscesk.

PROVIDER AND SETTING
Diagnosis and management of adult strabismus regjthie training, clinical judgment, and experieote

pediatric ophthalmologist or strabismologist.

COUNSELING AND REFERRAL
The ophthalmologist should discuss the findinggla&xr the disorder, provide diagnosis, and discuss

management options with the patient and any caeegjiv
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APPENDIX 1.
Glossary

Awaya Test: A test of aniseikonia that has the patient com@atjacent calibrated halfmoons—one red and one
green—to determine the degree of difference in er&ge and appearance. The images can be presemaiey
meridian enabling quantification of vertical, han#al, and oblique aniseikonia.

Bagolini Lenses: Striated lenses used to test for suppression, ardai or abnormal retinal correspondence.

Kushner Semi-Adjustable Technique: A modification of the adjustable suture techniduat fimits
undesired excess recession over time by allowitgamodest degree of secondary adjustment toleamweise
fixed recession. (See referericd.

Loop Myopexy: A strabismus surgical procedure wherein sutureéidgffy nonabsorbable) is used to create an
adhesion between two adjacent muscles withoutiadditadhesion to sclera. Examples of common ugleeolioop
myopexy technique include loop myopexy betweersthgerior and lateral recti to treat myopic strahisrfixus,

and between the superior or inferior rectus mssafed the lateral rectus muscle to improve abduétidche

treatment of 8 nerve palsy or Duane syndrome

SR-LR (Superior Rectus-Lateral Rectus) Band: This band maintains a fixed distance between the
superior rectus and the lateral rectus musclesegsdourse posteriorly. Age or staphylomatous ¢jnaf the globe
can result in a medial shift of the superior re@nd an inferior shift of the lateral rectus as théand of connective
tissue fails.

Optotype Frame Test: This is a test of central versus peripheral fusion. The patient is requested to fixate
an isolated (uncrowded) Snellen optotype on amilated monitor and to describe whether the I@ttetf is single
or double. Assuming it is single, the patient iseswhether the frame of the monitor is single aulde. If
maintaining a single frame causes diplopia of #teet, peripheral fusion has taken over and fostgdbpia
syndrome is present. This is a disorder whereongkr peripheral fusion makes it impossible to r@insingle
binocular vision centrally and occurs when foveadge disparity is sufficient to disrupt centralius

Sagging Eye Syndrome: Some cases of divergence insufficiency may be seassociation with an age-
related degeneration of the superior rectus—latecdlis (SR-LR) connective tissue band. The strabs is often
accompanied by mild ptosis (or a history of tregitasis) and loss of periocular fat common withnggi

Divergence insufficiency is common and sometimeselis associated, modest, vertical misalignmetttetyes.

Synoptophore: An instrument that measures the manifest strabisangke in all planes and allows stimuli to be
presented to both eyes at once. The misalignneanbe “fixed” by the device and the ability of hatient to fuse
the superimposed images can be tested. This deaitalso be used for orthoptic training, exergdirsional
vergences and for predicting whether strabismugesymmay result in binocular fusion.
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APPENDIX 2

Algorithm for approaching adult strabismus based on presentation of deviation
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APPENDIX 3.
LITERATURE SEARCHES FOR THIS PPP

Literature searches of the PubMed and Cochranéaksta were conducted in February 2017; the setatbgies
were as follows. Specific limited update searcheseveonducted after June 2019.

"divergence insufficiency" OR "divergence insuffiocy esotropia” OR "divergence insufficiency pattédR
"divergence insufficiency pattern esotropia” ORv&ligence insufficience”

(convergence[tw] and insufficiency[tw]) OR (("ogergence insufficiency" OR "convergence insufficdgmand
excess" OR "convergence insufficiency and readindyscirs group” OR "convergence insufficiency syamp" OR
"convergence insufficiency symptom survey" OR "cengence insufficiency symptom survey ciss" OR
"convergence insufficiency symptom survey questaira’ OR "convergence insufficiency symptom sursegre”
OR "convergence insufficiency symptoms" OR "coneaige insufficiency treatment” OR "convergence
insufficiency treatment trial* OR "convergence ifigiency treatment trial citt investigator groupR
"convergence insufficiency treatment trial cittdfigroup” OR "convergence insufficiency treatmeiat £xecutive
committee" OR "convergence insufficiency treatmeat group” OR "convergence insufficiency treatmeial
study group" OR "convergence insufficiency type" @Rnvergence insufficiency type intermittent expia"))
(superior oblique palsy) OR (("fourth nerve"[twROtrochlear"[tw] OR "fourth cranial nerve"[tw] ORranial
nerve iv'[tw])) AND palsy[tw]) OR ("superior oblige palsy"[tw] OR "superior oblique paralysis"[twROfourth
nerve palsy"[tw] OR "fourth nerve paralysis"[tw] ORochlear palsy"[tw] OR "trochlear paralysis"[tWR "cranial
nerve iv palsy"[tw]
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APPENDIX 4

RELATED ACADEMY MATERIALS

Basic and Clinical Science Course
External Disease and Cornea (Section 8, 2019-2020)

Focal Points 2018
Module: Adult Strabismus

Clinical Statements — Free download available at kp://one.aao.org/guidelines-
browse?filter=clinicalstatement.
Adult Strabismus Surgery - 2017

Preferred Practice Pattern® Guidelines — Free dowmad available at www.aao.org/ppp.
Amblyopia (2017)
Esotropia and Exotropia (2017)

To order any of these products, except for the finaterials, please contact the Academy’s Custoraesi& at
866.561.8558 (U.S. only) or 415.561.8540 or www.aigsstore.

Orge FH. Strabismus stimulator. 2015; https://wva@.arg/interactive-tool/strabismus-simulator. Acszs August
13, 2019.

Complex Strabismus Simulator

Oct 24, 2018by Faruk H. Orge, MD; K. David Epley, MD

This simulator expands on the basitrabismus Simulator, allowing the exploration of more compleye
deviations such as the alphabet patterns, craerakn.

Interactive / Tool
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