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Strabismus Made Crazy Easy
Second Edition

Preface First Edition

Strabismus is a topic often thought of as difficult.
This book was written to simplify strabismus
concepts and make therirazy EasyOn one hand
this is a board review book with questions
intersperseahroughout the text, yet it is also a
complete and comprehensive strabismus text usef
for the serious student of strabismus. | have
included some corny jokes and weird comments inf =
weak attempt to make the lesson more fun. Itis my—
sincere hope youirid this text both informative and &
enjoyable.

Oh Yesfi KI G Q& ¥ ®anantzMiferiayerific strabismus surgical mission.

Kenneth W. Wright, MD

Preface Second Edition

| have beerstudying and workingn the field of strabismus for over 30 years and continue to
love my work. When your work is your hobdyou love your work.Strabismus affects our
patients in many waysTheycan lose vision from amblyopisiifferfrom double vision]Jose
depth percepion, and developaninferiority complex because of the way people react to their
appearance Treating strabismus is vemgwardingas inmany patientst islife changing. The
goal of this book is to presesbmprehensiveeviewof strabismusn a clearand concise
manner, emphasizing the understanditg fundamental principles. The book has questions
interspersed throughout the text to help solidify principles and also to helppass your
boards. The most important goal of the book and the reasamote it is tohelp youhelp your
patientswith strabismus.

Respectfully,

Kenneth W. Wright, MD
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Chapter 1JAnatomy of Eye Movemenis X X X X X X X X X X X X X X X X X X X X X X X X X X X X

Chapter 2 Laws of Ey#ovementsX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X
Chapter 3 Introduction to StrabismdEX X X X X X X X X X X X X X X X X X X X X X X X X X X X X
Chapter 4 Binocular Vision and Sensory Adaptations to StrabmuX X X X X X X X X X X X X ® n
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Chapter 6 Accommodative and Acquired ESotropl X X X X X X X X X X X X X X X X X X X X X X ¢
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Chapter 10 Restrictive and Paralytic Strabisl§ X X X X X X X X X X X X X X X X X X X X X X X &
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Addendum:
. vdzSadA2ya XEKRXXEKHKKIEEEKXXXXXXXXXXXXXXXXXXXX

Il.  Surgical NumberX X X X X X X X X XXRKRKRKLKX X X XXX XXX XXX XX XXX XXX D

. Wright Grooved Hook X X X X XXX X X X X X X X X X X X X X X X X X BX X XX X X
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Mechanics of Eye Movements
The eye i\ sphere that rotates around thresxes(see figure A and B)

A) Zaxis for horizontal movements
B) X axis for verticahovements
C) Yaxis for torsional movements

[ A ailAy B evrtidalplang Satansects the X and Z axasd passes through the center
of the eye (figuréd).

il
A Listing's Plane B

True torsion occurs around the Y axis as shovwBiahove and is usuglicaused by oblique
muscleoveractionor under action

[ A&l A yAleye mévéments, (i.e., horizontalertical, and obliquedan be achieved by
rotationsaround the X and Z axeso® A lj dzS Y2 @SYSy (ta adzOK Fa adzld |
Ayé O2Y0AYS K2NRT 2y dlf 0% | F&x» 1.5 &EMER QI §
[AaGAYy3QE LXFYySo £

DondelQ & : Obligue rotations2 Yy [ A & G WKichQ&a L

combine horizontal and vertical rotationgll inducepseudo

torsion. Note the oblique rotation shownrighe y [ A & G A
planeinduces a twist in theed crosswhich ispseudotorsion as

it is not truerotation around the Y axis Pseudo- torsion



Clinical Eye Movements

Duction: Ductonsare monoculaeye rotationsand are evaluated by covering one eyed
observing the range of motion of the fixing eylemited ductions indicate either restriction or
muscle paresis or both/ersionsare binocular eye movements that allows comparison of the
movements of the two eyes (see P. 25).

o>
Horizontal Ductions T @m
1 Adductiong eye turns in to the noséN) (tomidline) Adduct

1 Abductiong eye turnstemporal (T)to the ear (away from é
midline) T N

Vertical Ductions
1 Infraduction¢ eyemoves down

Infraduction  Supraduction

91 Surpraductiorg eye moves up |
t =~

Torsional Movements (a twisted movement)

 IntorsioncmHYnn 2Q0f 201 LRAAGAZ2Y Intorsion Ay
L~

Abduct

 Extorsonc¢12nn 2QO0f 201 LRaAdAizy N

Extorsion
OphthalmoscopyThe rormal location of the foveasing

direct ophthalmoscopés between the mid disc and inferior

pole ofthe optic disc (see figure righand indicates no

significant torsion|f the fovea is higér than the center of the } Lower 112 Disc
disc this is intorsioyand if the fovea is lower than the inferiol

pole of the optic disc this is extorsion.

Normal

Question: Fundus photodirect viewright shows

Intorsion

Extorsion

Normal¢ No torsion
Pseudetorsion

B wn e




Answer : This is a left eye and is intorted because the fovea is above the middle of the optic
RA&ZO® ¢tKS MHYnn 2Q0ft201 LR&RGA2Yy Aa NRIOFGSR

Anatomy of the Extraocular

Muscles

The orbitsand vertical rectus muscles are
divergent bein@23 degreeslivergentfrom the
central sagital plane The divergence of the
orbits gives us a tendency for the eyes to drift
out (exadeviation). When the extraocular
muscles are relaxeslch as during sleep, deej
anesthesia, owhen you areboredfrom
reading thisstrabismugeviewthe eyes will
take a position of rest in the divergent
position. Note that we keepour eyes on
target by convergence that counters the
natural tendency to diverge.
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Extraocular Muscle Fibers

Striated etraocular musle fibersare made up ofactin and myositfilamentswhich overlapto
contract and shortethe muscle.Extraocular musclébers aremore variable in size, are
considerably smaller, and contract more than 10 times faster than other skeletal muscle.
Extraocular mude fibers are innervated at a high nerve fiber to muscle fiber ratio of almost
1:1,in contrast toother skeletal muscléhat haveup to 100 muscle fibers for every nerve
fiber. This rich innervation, teamed with a fast muscle reaction time, contributéseto
precision, accuracy, and control of eye movements. Another distinction of extraocular
muscless the presence of twauscle fiber types: fast muscle fibers and slow muscle fibers.

Extraocular Muscldibers

9 Fibrillenstruktur - thin and fast
M Felderstruktur - slow or tonic



Extraocular muscles

There are six extraocular musclésur rectus musclgand
two oblique musclegsee figures rightiew from above
and below.

9 Four Rectus Mscles
o Horizontal medial, lateral
o Vettical- superior, inferior
1 Two Oblique Muscles
0 Superior
o inferior

EOM Innervation
39 Nerve-
Superior divisior SRand Levator
Inferior Divisiorg MR, IR, and 10
6" Nervec LR
4t Nervec SO

Rectus Muscles:

Therectus muscleare40 mm long Rectusneans
straightandthey coursestraightfrom the annulus of
Zinn (apex of orbithnteriorlyto inserton scleraseveral
millimeters from thelimbus The twovertical rectus
muscledollow the orbit andapproachthe eyeat a
divergentangle of 23 degrees temporal to tivisual
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FROM BELOW
axis(drawings right). Rectus muscles pull the eye postergwa detached orost rectus
muscle willallow the eye to move forward anchuse relative proptosis. A rectus muscle
resection (muscle tightening proced)rcan causglobe retractionproducingrelative
enophthalma. Thenervesof the rectus musclsenter the muscle bell2/3 posterior to the
insertion orat approximately 15 mm from the annulus of Zinn.



Arc of Contact

The arc of contact is the areamwiusclethat isin contactwith the
globe(see red in drawing right Because of the divergence of the
orbits, the lateral rectus has the longest arc of contact of the rectus
muscles at 10 mm ashis towrap temporally around the globe.h& T
medial rectushasthe shortestarc of conaictat 6 mm.The oblique
muscleshave a longearc of contacthan the rectus muscles with the
SO 12 mm and IO 15 mm.

Question:
Which rectus muscle has the longest arc of contact to the globe? FROM BELOW

Medial rectus
Lateral rectus
Inferior oblique
Superior oblige

Hwn e

Answer: The answer i# 2, lateral rectus muscleNote the oblique muscles hawedonger arc
of contact but the question is whialh NJB O (i dz& not\Wvhigh @xtrabéular musclesobe
careful out therewith board questions

Insertion Notes:

The medial rectusnuscleinsertion is closest (5.5m),

and the superior rectumsertion isfarthest (8.0mm)

from the limbus This is the basis dhe spiral of
Tillauxwhichrepresents thathe rectusmuscle

insertions are progressively farther from the bos

starting with the medial retwis. Note: the center of MR
the insertion is closer to the limbus with tlemdsof

the insertion (the poles) being more posterior thus

giving a heseshoe shape insertion line.

1 Remembethe horseshoe insertionasre
galloping to the cornea.

1 Note the muscle insertions are only 7 mm apart on average dowisig strabismus
surgeryit is easy to hook the wrong muscle if not careful.

1 Note the insertion width is about 10 mm



Question:

When hooking the mediakectus mustke in surgery it is necessary to pass the hpo&terior

to the limbus by at least

1. 3.5 mm
2. 45 mm
3. 5.5mm
4. 7.0 mm

Answer: Because of thorseshoe configuratiorof the rectus muscle insertions,hen
hooking a rectus muscle one must pass the hadé&w millmetersmore posteriorthan the
distance of the center of the insertido the limbus(the standard numberswe memorize for
the board exam) Since the limbal to center of insertion distang®.5 mmfor the medial
rectusto hook behind the insertion poles you have to pass the hook at least 7 mm as¢he

answer ist 4.

Table of EOM Measurements

TABLE 8-1. Extraocular Muscles.

Approximate

muscle Anatomic Tendon Arc of Action from

length insertion length contact primary

Muscle (mm) Origin (mum) (mm) (mm) position
Medial rectus 40 Annulus of Zinn 53 4 6 Adduction
Lateral rectus 40 Annulus of Zinn 7.0 8 10 Abduction

Superior rectus 40 Annulus of Zinn 8.0 6 6.5 Elevation
Adduction

Intorsion
Inferior rectus 40 Annulus of Zinn 6.5 7 7 Depression
Adduction

Extorsion

Superior oblique 32 Orbit apex above From temporal pole 26 12 Intorsion
annulus of Zinn of superior rectus Depression
to within 6.5 mm Abduction

of optic nerve

Inferior oblique 37 Lacrimal fossa Macular area 1 15 Extorsion

Elevation
Abduction




Medial Rectus Muscle (MR)
Action¢ Pure Adduction

The MRis the only extraocular muscle that has
attachment to othemmuscles So the MRis most difficult
to retrieveif inadvertently lost during surgetyecause it
retractsposteriorlybehind the glde.

Medial Rectus - Three Shortest:
1 Shortest arc of conta¢é mm)of rectusmuscles
1 Shortest endon(4 mm) of the rectus musclé
1 Shortest distanc€5.5 mm)to limbus
*Note: The inferior oblique has the shortest tendon of all extid@ac muscles at 1 mm,
however, the MR has the shortest tendon of tteztus muscle. This distinction can be
important for boardquestions.

Lateral Rectus Muscle (LR)
Actionc¢ Pure doduction

1 A ligament connects the LR mustde
inferior oblique musclénsertion. This is
important as dost LR can be found at the MR
IO insertion.

1 Longest arc of contadf the rectus
muscles

From Below

Question:
If lost during surgery which rectus muscle is most difficult to find?
1. SR
2. IR
3. MR
4. LR



Answer: Alost MR musclés most difficult to find so 8 is correct.Since he MR has
no attachment to other musclesvhen lost itwill retract posteriorly offthe globeand
end up in the orbital fat The other rectus muscles have dataehment to an oblique
muscle,so if detached thegan be found attached to their obliqysartner. When
looking for a lost MR muscle look in the muscle sleeve in the orbitaBatareful not
to follow the sclera posteriorly more than 10 mfnrom the MR insertiorbecause the

next structure you will find is the optic nerve.

Vertical Rectus Muscles z Superior and Inferior
In contrast to the horizontal rectus muscles that have @ction, the velical recti have three

actions:

1 Primary actioris vertical
0 SR Elevator
0 IR-Depressor
0 Secondary action
A SR Intorsion
A IR- Extorsion
o Tertiary action
A SR and IR bothadduction

BNV"Id IVLLIOVYS TYHINTD

Thediscrepancy between the musdeisandthe
visual angle is why vertical rectus muscles have mo
than one function.The vertical rectusmuscle axis is

23 degrees temporal to the visual afsee drawing
right). Note:when the eye is abducted 23 degrees the muscle axis and visual axis are

alignedand the \ertical recti have one functionnferior rectus¢ depression and
superiorrectusc elevation.

Question:
When do the vertical rectus muscles have a single vertical function?

The eye adduct&3 degrees
The eye abduct&3 degrees

In downgaze
Thevertical rectus muscles always have secondary and tertiary functions.

»wnpe



Answer: When theeyeabducts23 degreeshe
verticalmuscleaxisand visual axis will be
aligned and the vertical rectus muscles then
have one vertical functiord{agransright). The
answer is# 2.

SIXV TYnSia

ANV TVLLIDVS TvHINID

Visual
axis Musclie

Superior Rectus Muscle (SR)
Actions Primary- elevation,Secondary intorsion,
Tertiary- adduction
The superior rectus muscig mnnected to superior oblique
muscle below and levator muscle abddeawing right)
Recessiomf SR can cause upper lid retractasthe upper lid
moves posteridly with the superior rectus muscle

FROM ABOVE

Inferior Rectus Muscle (IR)

Actions Primary- depression
Secondary extorsion

Tertiary- adduction

The IR muscle i®onected to
inferior oblique muscldelow by
Lockwood® liganent (drawing
right). Recession or slippage of Ik
resultsin lower lid retraction.Find =~ OS

a lost IR muscle by finding the 10 Tt

muscle as the IR will be attached

G2 GKS Lh YdzaOf Sntoe [201922RQa tA3lIYS

T= tarsus, CPRapsulgalpebral fasciaDS= orbital septunf, [ [ 201 622 RQa f A:
|O= inferior oblique, CPH= capspl@pebral headIR=inferior rectus



Question: Patientin photo righthad bilateral lower lid
blepharoplastywith a complication left eyeWhich best
describes why the left eye is up and out, and toeer lid
is retracted

1. Scaring of inferior orbital fat

2. Scarrimg for the lower lidskin ingsion

3. Traumatic disinsertionfdR nuscleg lost muscle
4. Transection oSER muscle

Answer: This patient had the surgical complication of
disinsertion of the left IR muscleith posterior retraction
of the IR muscle. HE answer is # 3The IR muscle is a
depressor and adductor, so if the IR is disinserted the e
goes up and outBecause the IR connected to the lower e { 3,
idoe [ 201 2 2 k&lawerlidra&ract agidl 2 A/
disinsertediR muscleetracts posteriorly.Photo right shovs patient afteryour author
retrieved and advanced thiest IR muscle. Notenprovement

of eye and lid position. re
Il
1, 3
NG L
Obligue Muscles: (Inferior and Superior Oblique ) Trochlea

1 Primary actioris torsion¢ SO intorsion, 10 extorsion
1 Secondary actiors vertical

0 SO- depression

0 10-elevation
1 Tertiaryaction¢ Bothabduction

Obliqgue muscles have araxis that i50 degrees nasal to the
visual axis which gives the obliques torsion as their primary
action. The SO intorts as the top of the eye is pulled nasal, wh
the 10 extorts as the bottom of the eye is pulled nasal (see
drawings right) The posterior temporahsertion of the oblique
muscles isvhy they have seemingly paradoxical vertical functio T
with the SO being a depressor and IO an elevator. The SO pu
the back of the ey@ andup to the trochlea so the front of the
eye goes dowmand out The 1O pulls the back of the eye down
and in towards the lacrimal crest, thus rotatitige front of the
eye upand out

Lacrimal
Crest

FROM BELOW

10



Oblique Notes: (see figure righ t) Trochlea

1 Obliguemuscles underlie their vertical
rectus partners

1 SO tendon posterior fibers insert close
to the optic nerve (6nm).

1 10 muscle inserts close tbe inferior
temporal vortex vein andhacula. 10—

1 The SO has the longest tendon (26 mr
and the 10 the shortest tedon (1 mm)
and that is generous!

Vortex vv.

LR and IO
connection

Macula

Question:
Whichextraoculamuscle group has the longest and shortest tendons?

Horizontal rectus muscles
Vertical rectus muscles
Obliqgue muscles

None of the above

»wnNpe

Answer: Longest Tendon = Superior Obliqugs mm, and theshortest tendon is the
inferior obliqueg 1 mm, so the answer % 3, the oblique muscledNote medial rectus has the
shortest tendon of theectusmuscles.

Question:

What is wrong with thelrawingright from a B! ‘Mgw
popular anatomytextbook? (BTW- not oneof h“ e
my book3? :

1. Inferior obligue muscle should be under
the inferior rectus muscle.

2. SO insertion should extend posteriorly
close to the optic nerve

3. Bothland2

4. The drawing is fine It was publishedn y :
a textbookso ithas tobe correct Permission bfimothy Hengst, MA

11



Answer: The correct answer is3 The SO tendon insertiond@awn too small It actually
has abroad insertion thaextends from the superior rectus insertioto 6 mmfrom the optic
nerve. Also the drawing shows the n@isclebetween the sclera and the iRuscle The IO
muscleshould be under the IRwusclelike the drawing at the top of the page

Remember The oldique musclesre a little oddg the superior is a depressaandthe inferior
is an elevatarand theyunderlie heir rectus partnes.

Inferior Oblique Muscle (10)
Actions: Primary- extorsion, Secondary elevation Tertiary- abduction

The origin of thenferior oblique musclés the lacrimal crest located at the inferior anterior
nasal aspect of the orbit. The IO musmbeirses posterior temporally to insert behind the eye
near the maculaWhen operating on the 10 muscle watch out for the inferior temporal
vortex vein as it is close to the 10 insertion.

Inferior oblique muscl®veractionis a common type
of strabismus Itcauses extorsion, uphoot(shown
in figure righ}, and abduction.

Inferior oblique surgery:  Inferior obliqueoveractioncan be
reduced bysurgicallymovingthe 10 insertionnasally towards
A Gofigin thus slackening the musdalled anO recession
Also noving the 10 insertion anterior teardsthe equator (0
changes the 10 from an elevator to more of a depressor anc
thissurgeryis calledO anterior transposition

Note: The ciliary nerve agses with the IO nerveAdeep posterior hooking of thED muscle
during surgerycantraumatize the ciliary nerve thus causitige complication opupil
dilatation and reduced accommodatioivoid this byusing direct visualization of the
posterior border of the IO muscknd hook right at the posterior border of the 10 muscle.
AZ 2 A R hiindé$&statiorpassing of thénookwhich can traumatize the vortex vein and
ciliary nerve

12



Neurovascular Bundle: A neurovascular bundle attaches to
the posterior aspect of the 10 muscle. If the pasir fibers
of the IO muscle aranteriorized to the level of the inferior
rectus insertion this wiktretch the neurovasculasundleand
cause: G W¢ PRSI 20NIddclé @ee drawing right).
The tight neurovascular bundétached to the 10 muschwill
pull the eye down and limit elevation (ardlevation). A
better surgical technique is to keep the posterior muscle
fibers posterior to @oid antielevaion, unless some limitation of elevation is desired such as
the case of treating dissociated vertical deviation (see chapter 7.p 88)

LR
‘neurofibrovascular
bund}e

Superior Oblique Muscle (SO)
Actions Primary- intorsion, Secondary depression,Tertiary- abduction

TheSO tendoris the longest(26 mm) of the ettaocular muscles anitlcourses from &
anatomicalorigin above the annulus of Zinn through the
trochlea toinsert broadly orscleraalong the temporal
border of the superior rectus musclerhefunctional origin

of the 8O musclas the trochleanot the annulus of Zinn
Anterior tendon fibers (in red) are responsible for intorsion
while the posterior tendor{white and blackproduces
depression and abductiofsee diagramight).

Trochlea

The SO muscle arits nerve (fourth nerve) courses outside
the rectus muscle coneThis is whgretrobulbar injection
of anesthetic will typically not anesthetize the SO muscle.
Often the only movement afteretrobulbar anesthesia is
slight depression, slight abduction asmnificant intorsion
as the SO is the only extraocular mussti# functioning.

From Above

The superior oblique nerves exiite midbrain posteriorly close together thus closed head
trauma that causes a shift in the brain vaften result in a bilateral superiablique palsy.

13



Trochlea
Thed N2 OKE SI A& | aldz t Séé¢ O2YLI2AaSR 27F IO NIAT | 3¢
the functional origirof the SO muscle dke
vector of SO muse force pulldowards the
trochlea. The superior oblique tendois
connected to surrounding cartilage by
connective tissue. The muscletendon
transition occurs in the area dfie trochlea.

The photo right shows a cross section through
the trochlea and shows the caedge that
surrounds the musckendon (T=tendon)

Harada-Ito Surgery

91 Haradalto proceduretightens the
anteriortendonfibersthusintorting the
eye Note thediagransright show the
anterior SOtendon fibersare pulled
temporallytowards thelateral rectus
musclethus producingintorsion.

1 Haradalto is used to corretextorsion
such as seen with superior oblique

palsy

Question:
Fundus photograph direct view of right eye in a patient with strabismus.

A. Which muscle could beeak?
1. SO

2. 10

3. IR

4. None of the above

B. Whichsurgical procedure would helgrrectthis
strabismu®
1. SR recessio®D
2. IO recession OD
3. SOHarada Ito OD
4, #2 and #3

14



Answer:

A) This is a right eyeThefovea is below the inferior pole of the optdisandicating
significantextorsion. Since the SO muscluses intorsiora weak SO muscle would cause
extorsion. The answer is #3D. Note the IO and IRusclesare extortessso if they are weak
intorsion would occur.

B) Extorsion can & corrected by strengthening the anterior fibers of the SO teniderthe
Haradalto procedure orby weakening the 10 with an 10 recessgmthe answer is #.

Question: FRundus photodirect viewon the right
suggestsvhichmuscle or muscles are overacting?
(Couldbe more than one answer)

1. I.O.
2. S.0O.
3. LR
4. S.R.

£

Answer : This is aiight eye. The fovea is above the middle of the optic disc which indicates
significantintorsion. Both the SO and SR musclesiatorters, so if they overacdhis would
induce intorson. The answer B2 and#4. Note the IO and IR are extorter mussl

15
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¢ Sy 2y Qaundetlidsithdzfor§unctiva. is a
connective tissu¢hat covers the sclera
musclesand separates theye from orbital fat
¢tKS StlFadAld yl idz2NBE 27
eyetoNR G 0 S FNBSTt & wlassified
by its loation. htermuscular sptum (IMS)is

the tissue between th anterior aspect of the
rectus muscles (see drawing right). téaor

¢ Sy 2c3hSuteis between the limbus and
rectus insertions. At the\l Y 0 dza = fube8SY 2 y sz a

Tenon's Capsule

tt20a

with conjunctivafor3mm. SOl dzaS G KS O2ya2dzy OGA Gl FyR | yiSNA

at the limbus, alimbal incision will cut through both tissues and gain access to sclera with a
single cut. Fornix incision requires two cudgyain access to sclera, one through conjunctiva

and a second through intermusculseptum AnteridNJ ¢ Sy 2y Qa OF LJalazft S | YR A\

septum can be safely cut during strabisnsusgery to gain access to tlselera and EOMs
without complication.

Posterio O 4 AT T 1T & (extendsgosierior o the rectus muscle insertioasd separates
orbital fat from the sclera thus allowing the eye to rotate fre@dge drawing below)In

contradi G2 |y d SNA2NZEBYNNWON ©F LB Hddted Bwirig R Y 2 {

surgery as this can cause orbital fat to scar to theraqfat adherence causingestriction of

eye movementgsee below.

Posterior e T .
Tenon's capsule o 1encn s

Muscle sleeve (AKAmuscle pulleyis contiguous ‘ capsule

gAGK LR aGSchfsedbitadgnmmgR ™ \ “ouen [ Conuncive
around the muscle thasupports anccontrols the | ‘
muscle trajectory to the eye. It &soa fascial —
barrier that keeps orbital fat posterior to the musclhk =——7—=
insertion. Violation of the muscle sleeve can result Q\ -4

fat \-/E

\ Fused anterior
_Tenon's and
< conjunctiva

in exposure of orbital fat andcaring of fat to the wiecons!
muscle or sclera (fat adherence) causing restrictio Medial rectus

muscle
of eye movement.
y Post Tenon's

Capsule

16



Fat Adherence Syndrome

Crosectional dawinga ! shows

normal rdationship between sclera,
muscle, and fatNote that posterior

¢ Sy 2egpSude separatfat from A
the muscle and sclera. Rupture of
LI2A0GSNAR2NI ¢Sy2y Q2
fat and casue fat adlence to muscle

or sclera. Perteation of muscle _ Fbrous scar
sleeve AKA ply, can alsoxgpose Flbrous scal o Ny
and traumatize fat and cause fat >
adherence to the muscle. Drawing B
a . Bowsscarring and fat fibrosis to
sclera and muscle. These adhesions
will restrict ocular rotation and cause
restrictive strabismus.

e Eone-a”ci‘uﬁ? o Periorbita
=0 =

o O° 4]

Posterior
Tenon’s capsule

Intermuscular
septum

Muscle

Question:

The surgical photaght shows the lateral v
rectus muscle hooked and 2 small hooks unddl
a white tissue above and below the lateral
rectus muscle Which of thetissues can be cut
without causinghe complication of fat
adherence?

Tissue A

Tissue B

Both tissues A and B

None of the labeled tissues

HwnN e

Answer: InGKS &dzNBAOFf LIK2G2 (GKS GAaadzsS tFr6StSR a!
muscle is intermuscular septum and can cargfbe cut without complicatiomwf fat

adherence. It should not biacisedmore than 5 to 8 mm posterior in order tovaid cutting

p2 & 0 SNA 2 NJ ¢ SeyrRy xS O i SHteRpard of the nluscle sleeAKA

pulley) This isvhere the lateral rectusnusde coursing posteriorlpenel NI 1 Sa ¢Sy 2y Qa
capsule and becomes suroundedibyra and extraconal fat. iglation ofthis tissue exposes

orbital fat and can cause fat adherence to the muscle. Avoid surgiceinaéon of posterior
¢Sy2yQa OF LladAZ S FyR Ydea Ot S at SSgSo ¢CKS Fyags
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Anterior Segment Circulation -. !
Thetwo long posterior cilianarteriesand | % Ant. ciliary aa.
the anterior ciliary arteries supply ciutation
to the anterior segment. Each group
contributesabout 50% of the anterior y _
segment blood flowdrawing right) The MR — 227 LR
anterior ciliary arteriegourse with the - ; :
rectus muscles The MR, SR, and Ruscles
having 2 arteies andare major suppliers
while the LR has one artery and contributes |
little to anterior segment circulation. IR

Long post.
ciliary a.

1 Major suppliers = MR, SR, and IR
9 Minor contribution = LR

Removing a rectus muscle will permanently disruptiheod flow fromthe corresponding
anterior ciliary arteries and #harteries do not recanalize.In children the long posterior
ciliary arteries can maintain engh flow, soeven if althe rectus muscles wenemoved the
child will not getanterior segment ischemia in senior adults, however, the posterior ciliary
supply can be compromised from small vesiséase and remongthe 3 major supplier
rectus musclegi.e, MR, SR, and IBanresult in anterior segment ischemid.he rule of
thumb is to preserve at leasine major supplieto prevent anterior segment ischemia.
Anterior segment ishemia can causeveitis, hypotonia, and corneal edema. Anterior
segment ischemia igsually transientasting a few weeks to a couple monttwever,
severe cases can resuitvision loss Treatment is low dose topical corticosteroid drops.
Anterior segment ischemia has been reported to occur 10 to 20 years after strabismus
surgery.

Question:

This is an iris angiogrataken after strabismus
surgerythat removed 3 rectus muscledVhichof
the followingdescribes theectusmusclethat was
left intact.

Elevator, dductor and intorter
Depressor, adductognd extorter
Pure abductor

Pure adductor

»wnNPE
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Answer : The inferior iris is showingerfusionwith hypo-perfusionabove indicatingn intact
inferior rectus muscle with intact ciliary vessels. The inferior rectus muscle is a depressor,
adductor and extorter so the answer is # 2. Note¢c®a rectus muscle is removed its ciliary
vessels are permanently destroyebh childrencollateral circulatiordevelops but in older

adults anterior segment ischemia can be persistent. Because of the risk of anterior segment
ischemia, it is recommendedthat strabismus surgery should leave at least one major vessel
supplier rectus muscle (e.g., MR, SR, or IR) intact.

Scleral Thickness
The sclerbthicknessehind the rectus muscle insertion is extremely thmmeasuringonly
0.3mm. Because of the thisclera, perforation into the globe is a significant risk during
the scleral needle pass when suturing the muscle to sclera. The risk of perforation can be
reduced by proper needle selection. The two basic types of needles are vertical cutting
(FigureA below) and side cutting or spatul@igure Boelow). The prefrred needle for
strabismus surgery is thepatula (side cutting) needlbecause ihas a flat top andlat
bottom. The flat bottom reducethe chance of inadvertent perforatiodeep into the
globe and the flat top preventsutting intothe roof of the scleral tunnel above. The
vertical cutting needle with the sharp pointed up or down can either penetrate too deep
or cutthroughthe roof of the scleral pass above.

Spatula
Needle

Vertical cutting Side cutting
needle needle
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Eye Movement X !
\ 3

. Muscle axis—»!

- I

The force of eye rotation is proportionate to the length of the \\
lever (moment armimé) and themuscleforce. The longer the A
lever (m) and the stronger theuscleforce the greater the
rotational force. The rotational force can bdeminished by
shortening the lever and by weakening the muscle.

Rotational force=m X F

Length Tension Curve

A muscl@ ability to generate force is proportional to the
tension or muscle slack. The more a muscle is slackened
the weaker the muscle. Threlationship is termed the LENGTH TENSION CURVE
length tension curveé { 0 | NX A No@ Mhatthe | &1
curve is not linear but exponential. Towards the end ¢
the curve (to the right in the chart) a small increase in 8
muscle slack causes a great reduction in muscle force 2

Strabismus surgeryThere aretwo basictypes of
strabismus surgery: Xgcessiorthat weakens a muscle
by creating muscle slack, a@diresection or plication
that tightens the muscle. Reducing the moment armglmaingingthe direction of muscle pull
can also be used to correct strabismus

.

Muscle Slack

Rectus muscle recession: Thediagramright shows a retus
musclerecession.Thisis a weakeningrocedurethat corrects
strabismus by slackening the muscle to diminish muscle force.
Because of the large arc of contact of tieetusmuscles, a
standard rectus muscle recession does not change the momer
' NY 06&SS RAI I réctuNdnBddelrecassioasy ¢
work by creating muscle slack noy changng themoment arm.
Weakening effect increases when the egéates to the recessed
muscle as the slack increases

original
insertion

recession

20



Resection

Rectus muscle resection: A rectusresection tightenghe muscle
by removing a segmemf the musclethen advancing the muscle -
to the original insertion. Tightening effect increases when the e)' ,
rotatesaway from the resected muscle because the mugeles
tighter).

Wright Rectus M uscle Plication has the same effect as Rectus
resection: it ightens the muscle. Sutures are attached to the Plication
muscle posterior to the insertiothen passes through sclera
anterior to the insertiondrawing right A).The sutures are
pulled up to fold the muscle (drawing right B). Plication
tightensthe muscle wihout the need formuscledisinsertionso
it is safer than resectianPlication spares the anterior ciliary
vessels thus reducing the risk of anterior segment ischemia. =
The rectus plication was inventday your humble author (KW) durirgs fellowshlp and
publishedin 1991. | like to call it the Wright plicatiomtbstill waiting for that name to catch
on ¢ Darn!

Wright Central Rectus muscle plication

is a modification of the full plication
where only the ceter of the muscle is
plicated @rawings right).Used for small
deviations and corrects about 6 to 8 PC
for each rectus muscle plicated.

Faden Operation
Faden is German for suture or twine and this procedure involves suturing the muscle to sclera
behind the equator, approximately 14 mm posterior teetrectus muscle insertion. With the

eye in primary position (center figure) the suture does not significartigy arc of contact so

the moment arm(m) is unchanged and there is no
significant change in muscle slad®n rotationtoward
the faden muscleéhe muscle cannotelease from
sclera and the momerdrm (m)is shorened (figure
right). Thus the faden procedure only reduces
rotational force when the eye rotates ¥ard the

faden muscle. Fadenused to weaken rotational
force inthe direction of he fadenwithout having a
significant effect in primary positiaThe faden is most
effective when the fadened muscle is also recessed.
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Muscle action vs. Field of action

Muscle ation is thedirection the eye rotates awalyom primary position when a single
extraocular muscle contracts. The muscle actowhat isclassicallylescribed irthe tables
in texts on aatomy and is summarized here:

Primary Secondary Tertiary
SR¢ Elevation intorsion adduction
IRC Depression extorsion adduction
SO¢ Intorsion abduction  depression

IO¢ Extorsion abduction  elevation
LR¢  Abduction
MR¢ Adduction

©O O O O O O

Field of actionis the msition ofgaze where an
extraocular muscle is the primary mover of tage
This positioris where you move the eye to teah

S E i NJ 2 Odz flindtibnY Tizde§) {08 Bcle
function have the ptent look up and nasaté€d circle
drawing right) To test SRauscle function the patient
looks up and temporaly€llow circle draving right)
Field of action is the basis ftire cardinal positions of
gaze as shown in the drawing right.

mwo =z

Field of action

Question: The primary muscle action and field of action are in a similar direction for all of
the following muscles except:

MR
IR

SR
SO

pwnNPE

Answer: Primary action and field of action are in a similar dil@ctfor all the rectus muscles,

but the oblique muscleare different. ¢ KS {w Ydza Oft SQa LINAYI NB | OGA 2
action is up and temporal so they are similéoth up. The obliqueY dza Of SQ& LINA YI NB |
torsion (10 extortion and SO intorsion) and field of action is up and in for 10, and down and in

for the SOmuscle so they are differenThe correct answer #4,the SO muscle.
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SEAOOCETI ¢cOI 160 , Ax 1T &£ 2AAEDPOT AAT )T 1T AOOAOQEI
{ K S NNXIghn3tatesyhatdvhen an eye moves there isagonistmuscle that contractso

move the eyeand an opposingntagonistthat relaxesallowing unopposedree rotation. For

example o adduction the MRnusclecontracts and the LRwsclerelaxes { KSNNA Yy 3G 2y Qa |
relates toductions, which is a single eye movement.

Agonistg Antagonist Pairs

E ZFF: II"F?' wSYSYo SHI Fheféngton is forSingle eye!
T S.O.-- 1O

The diagrantight shows physiology of

{ KSNNX y 3 2elet@dmybdraen (EME)A
electrode is attached to each of the horizontal rect
As the eye adducts, there is increasedervational
activity of the MRmuscleand inhibition of the LR
muscle(red area). Note the baseline activaythe
LRmuscleis extinguished by inhibition during
adduction.

EMG TRACING

W\‘p‘mw MR

gttt e

Question:

Whatis thebest explanation for the EMG right? M A
1. b2NXIf LIKeaAazfz23de 2
2.1 @A2fLGA2Y 2F { KSN
aberrantinnervation with LR inappropriately
contracting on adduction. LR
3. The MR and LR shaigns of neuromuscular

disease
4. A2t 0A2Y 2F [A&GAY

m
P

(@]

(D)

EMG TRACING

NR G G
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Answer:
This EMG shows aberrant innervation with the MR and LR musc  pyane's Type |
co-contracting at the same time as the eye adducts (see red area
diagramin the questior). The LR muscle is inappropriately
contracting on adductionit should be inhibited.This is a viation

2F {KSNNAy3IG2yQa I go ¢KS |y o) ¢ K
GeLIAOIE 2F 5dz2ySQa a@yRNRYS: \ YISYA
nerve and nucleus with misdirection of part of the MR nerve (3rd LR\ MR
nerve) to innervate the LR muscle (see drayight). As the
patient adducts the MR branch of the third nerve stimulates both A
MR and LR oscles causing econtraction. I__

|}
Typeland3 dzt YSQ& A8YRNBYS SEKAOAI | ) RdzO 4 A
nerve palsy), globe retraction and lid fissure narrowing on :

adductiond b23GS Ay LK2G24 08t26 A ™ ] 4 ysos
showing limited abduction left eye with lid fissure widening and left

lid fissure narrowing on adductiorGlobe retraction and lid fissure narrowiog adductionis

caused by the coontractionof MR and LR musclésat pulls the eye back posteriorly.

Duane's syndrome left eye: See left eye has limited abduction
and on adduction there is lid fissure narrowing.

SR
Synergists C T
Synergist muscles are simphuscles that move the eye

in the same direction. For example:

1 Supraduction- S.R. & 1.O(Red oval above) LR

1 Infraduction - I.R. & S.O(Red oval below)
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Versions
Versions are binocular
movements. They are Dextroversion
used to determinénow p ) '
well the eyes move !

Supraversion

together. Mild muscle
palsy or restriction could
be missed on duction
testing but is seen on

Infraversion

version testig where youcancompare eye movementOblique musle overactionis

also seen on versionmut not seen on ductions.

(AOET C60 ,Ax 1T £ 91EA
| SNAY 3IQa f tesionoécrdsé & 2 | &
musclesrom both eyeseceive equal innervation
so the eyesnove together- O | ynOvié just one
eye Yoke nusclesare agonists and antagonsst
that move the eyes in the same direction. For
example; on detroversion the left MR and right LR

are yoke agonists muscles. The left LR and right ~

are yoke antagonist muscle®iagram right shows
dextroversion as thgokeagonistmuscledeft MR
muscleand right LRontract(red)while the
antagonist yoksleft LRand right MRmuscles relax.

Remember: ThdH in Hering has two vertica

lines linked together by a horizontal bigke the
two eyes that are yoketbgether.

OK L I 3 NI Shing maykekind of Eame, but
that is the best | could come up with!
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Dextroversion
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Quantitation of Ductions
Limitation of ductions can be quantited on a scale of O t@l. -2 Limitation
Minus1is minimal limitationand-4 is severe limitation of
ductions with the eye nomoving past midline (see drawing
right). This scale is a rough subjective estimation.

-4 Limitation

Quantita tion of Versions
Abnormal ver®ns can be quantified as/eractionor under actionon a scale of + 4 severe
overaction to - 4 severaunder action Obliqueoveractionis only seen on version testing.

ObliqgueUnder action ObliqueOveraction

-3 +3
Inferior @:’c@ Inferior ® @
Oblique Oblique I
Superior Superior @3 @
Oblique @ﬁ@ Oblique .

Question: Which muscle or muscles mbhg
dysfunctionalin this patient looking up and right

Left IOoveraction
Left SQunder action
Right SR weakness
Right IR restriction
All of the above

a s wbdE

Answer: The photo shows abnormal versions with ansipot of the left eye in right gaze.

At first look this appears tbe a left IO muscleveraction and yes this is a possibility. Per

{ KSNNAyYy 32y Qa | ¢ muBcleb tHe2agpharanilOvergcioncowdialtobe y A a i

due to a left S@inder action Another possibility is thieft eye upshootcouldbe seconday

to limited elevation of the right eye in right gaze. If the patient fiwéth the right eye and it

has difficulty elevating the eye in abductionjghvould cause a secondawyeractionof the

yoke left IO muscle. As the right SR muscle works harbt@ up and out the left IQ/oke

of the SR) also gets owtimulated and overshoots. Rememb&dS NJ | SNAyYy 3IQa g &2
muscles get equal innervation. Causes of limited elevation in abduction are either a weak SR

muscle (field of action is up and out), atight IR muscle. The answe#i§,all of the above.
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Motor Fusion - Vergence Eye Movements

Motor fusion is anechanism that keeps our egéocked on target. btor fusion invokes
correctional movements callegkrgencemovements that keep our eyes from drifting off
target and for following an approaching target or a target moving away. There are three
vergence movements: convergence, divergence, and vertical vergence.

When a target approaclswe use convergence hying the
eyes together on the targgdrawing right). When atarget
goes away we usdivergenceo separate the eyes keeping ol
alignment on the target Vertical vergence keeps our eyes
from drifting verticallyoff target

The diagrantight shows an EM®acing of both MR /-\:/_\
muscles contractingred) at the same time in the act of

O2y @SNEBSyYyOS® b3S GKIG @¢ I SN.
yoke muscles used for versions. You can demonstrate

convergence byixatingon the tip of a pencil then bringg \ MR R
it in to your nose and divergence by moving the pencil

away. Note our convergence is much stronger than '
divergence and vertical vergence is almost nonexistent. ww RS

>

\

Vergence Fusional Amplitudes Convergence

Convergene 25 PD, Divergence 8 PD, afaitical 12 PD

Question: Which of the following are true about convergence?
1. Corrects for our innatéendencyfor the eyes to diverge

Abidesbyf KSNNAy 32y Qa [ ¢

+A2fF3Sa I SNAy3IQa [ ¢

Strongest vergencamplitudes

All of the above

a e

Answer: Convergence corrects our natural divenge so # 1 is correct. During convergence

the medial rectus muscle contracts and the lateral rectus muscle relaxes consistent with

{ KSNNR y 3 2y Qantagoris(S BrEingle By2)y6d #2(is correct. Convergence

involves contracture of MRmu&k 2 F S OK SeS aAydz GFyS2dzatesr
yoke muscles so # 3 is correct. Convergence is our strongest version so # 4 is correct. The

answer is #b, all of the above are true.
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Saccadic Eye Movements

First eye movementsazuring 1-2 weeks after birth

Fast 250 deglec

Ballistic- preprogrammed contraction with no visual feedback
Foveal vision suppressed

Need good muscle function

= =4 4 -4 A

Saccadic eye movements deesstdart likeprimitive
movements. They are ofirst eye movementandare

why newborns have jerky eye movements.contrast to
smooth pursuit eye movements, saccadic eye movemen
are notcontrolled by visual feedbadsthere is foveal
suppressiorduring a saccadeA saccade ikallisticlike a
football thrown by a quadrback After the ballleavesthe

j dz NJi S Nb khéttajacioryéahngtRe changed. The
job of asaccadas to movethe eyesfast andclose to the
targetthen smooth pursuitaccurately zeros in on the
target. Approximately 7Go 80%of muscle strendt is requiredto generate a saccade so the
presence of a saccadic eye movement indicates good musatédan Inability to perform
saccades a sign oéxtraocula muscle paresis.

You can experience saccadic foveal suppression by looking as fast as you caleftigintup
¢down. Note your vision extinguishes during the saccade.

Question: A patient has an eye with limiteabduction. The eye moves rapidly from
adductiontemporaly then abuptly stops at the midline The limited abduction is caused by
lateral rectus muscle palsy. True or False?

Answer: The ability to generate a saccade indicates good muscle strength, so the fast
abduction movement indicates good lateractus muscle function not muscle palsy, so the
answer is false. The reason for the limited abduction is restriction, not a muscle palsy
Restricted abduction can be due to a tight medial rectus muscle or a scar to the eye ball that
restricts rotation
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Smooth Pursuit Eye Movements
1 Slow accurate eye movements to follow a target < 30 deg/sec
1 Requires foveal fixation
1 Develop after 2; 3 months of age

Smooth pursuit eye movements aséowaccurde movements used to fixate arfdllow a
target. Smooth pursuidevels after saccadic movemends around 2 to 3 months of age.
Theyrequire foveal fixation angisual feedbak to keep the eyes on targetn contrast to a
saccade which is a ballistic unguided movemsntpoth pursuit movementare analogous to
a laser guided missile and locks on the targevor fixation and imprecise following of a
visual taget can indicate poor visian

OKN Optokinetic Nystagmus

This is the reflex of the eyes following a slow moving target with smoothugiunstil the end

of excursion then rdixation with a saccade as the next target comes into view. OKN drum
spinning slowly will stimulate smooth pursuitone direction then a saccadm the opposite
directionto re-fixate on the next target.The gze movement recording below shows normal

saw tooth pattern of OKN stimulation. The acute vertical up and down line tracings are the
fast saccades and the gradual up horizontal tracings are the slow smooth pursuit movements.

ey

OKN Drum Normal OKN Tracing
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Question: Patientin photohad leftmedial rectus
surgery and developed a larga exotropia(left
eye turns outymmediatelyafter surgery. Left eye
showslimited adduction,the eyeadductsslowly,
andthere is no adduction saccade

Which is most likely

1. Rectus muscles weak caused by the surgical complication of a lost muscle.

2. Left lteral rectus muscle is tiglehusing restriction anthe medial rectus function is
good.

3. Surgical complication of scarring and restriction

4. # 2 and #3are correct

Answer: Lefteye hasslow adduction and no adduction saccaddicatinga weak medial

rectus muscle. The weak medial rectus is responsible for the exotropia. It is likely that there
was the complication of a lost medial rectus muscle at the time of suigetige answer is¥#

The medial rectus muscle is the muscle most commonly lost during strabismus surgery as it
has no connection to an oblique musclehe limited adduction is secondary to a weak medial
rectus muscle not restriction so answers B and C are wrong.

Dolls Head Maneuver

If an infant or child is uncooperatiy®u canexamine

ocular rotationsby the dolls lkadmaneuveror by

spinning the child. Move the head to one direction

and the eyes will move to the opposite directiohhis — —
movement is based oregtibular stimulation.See D
drawing right that shows & baby being moved to the — >
ol oA | yR GKS Se& Bgat I3mere (

was a right & nerve palsy the right would show

limited abduction.
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(F) areon target and this is termearthotropia ® (o)
(drawing upper right).

Orthotropia
Strabismuds defined as eye misalignmeunt a

tendency for an eg to drift so one fovea is off
target. Strabismus can be horizontagriical,
torsional, or a combination of the three.

Tropia
Tropiameans the eyeare misalignedvith
one fovea on target (fixing eye) and the othe

fovea off target (@viated eye). @ 4O

0D Fixing F

Esotropia (ET) the deviatedeye turns in so Esotropia

the image falls on nasattina (drawings

right).

Exotropia (XT)- the deviatedeye turns out so

the image falls on temporal reting@rawings 0D Fiing F F
nght)- @ Lo

Cyclotropiameans the eye is twisted: Exotropia

extorsionmH 2 QOf 2 O intdr8iori L2
MH 200f201 VYIalfo

Hypertropa (HT)- the deviated eye turns up

so the image falls on superior retinalypotropiathe eye
turns down so the image falls on inferior retinslote with
the left eye fixing (upper drawing) there is a right
hypertropia (RHT) and when the right eye fixates theie it
left hypotropia. This is the same deviation. By conventit
we usually use the hypertrop(@T)term to describe vertical tropias.

31



Phoria oD
While atropia is a manifest deviation,ghoria is a
latent deviation held in check by binoculaisfon. It
is a tendency for an eyte drift off target but
binocular fusional vergence holds the eyes in
alignment. The diagram right depicts an esopaori
Figure Ashows eyes alignecho deviation as the
patient is fusing. Figuredhows covering the fe
eye tobreakbinocular fusion. Once fusion is
suspended theccludedeyeturns in and thdatent esophoridbecomes manifestlf the

fusion is stronghte eye must be occluded for several seconds to disrupt fusion as a quick
coveruncover will notmanifest the foria. When the occluddas removed the patient will

diverge and regaialignment and binocular fusiorVirtually every normal person has a small

phoria that is held in check with binocular fusion. Exophoria is most conbeceuse our

orbits diverge 23legreesand convegence keeps alignmentA phoria may spontaneously

become manifest and turn into a tropia if the patient is tired, run down by illness or takes a

sedative like valium or alcohoBe careful, alcohol can bring out deviant tendencie®dr s

have beentold y AYUGSNNYAGOSY(d GNBLAF A& y20SR o0& LI NE
intermittent exotropia is written X(T).

Cover-Uncover Test (Tropia Test)

Coveruncover test is usetb detect asmall tropiawithout disrupting binocular fsion

0SOldzaS ¢S R2y Qi gyl (2 oOoNAYy3 2dzi0 I LKZ2NAI @
Coveruncover testings not needed for large tropias as threpia will be obvious.

PerformingCoverUncover TestBriefly cover then
uncover theeyethat is presumed b be fixing If there is
no re-fixation movement,then cover-uncoverthe other
eye. No refixation shift from either eye indicates

orthotropia. Drawing right shows a micro rig&fT. Note
that covering thefixing lefteye causes a fBxation and @; c@
both eyes move right so theght eye cones to fixate

Esotropia 8 PD

20K SeéSa Y2@S (2 GKS NA:=
Bottom diagram now shows the right eye fixing and a
small left esotropia.

Note: Brief coveruncoverfor one to two seconddoes not disrupt fusion angreventsthe
manifestation of a phoria Cover too long (> 3 seconds) and you will break fusion and
manifest a latent phoria.
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Alternate Cover test (Phoria Test)

Alternate cover test suspendssion so the fultleviation is neasured- both phoriaand

tropia. Binocular fusion is disrupted by covering one eye for several seconds then quickly
mowving the cover to the fellow eye so the patient does not have time to regain fusidre
alternate cover teskeepsbinocular fusiorsuspendedas

one eye is always covered. £ C@

Diagram righshowsanesophoria. Pawind da! € a

orthotropia patient fusingp a. ¢ aKzga f B. @ & T 2 NJ
several seconds arttle eye under the covatrifts in

because fusion is broken G/ ¢ &AK2dkly OF

moved over the right eye which causes the left eye to

move to the left to pick up fixation. Note the right eye C.

dzy RSNJ 6 KS O2@SNJ I taz2 Y20¢€ 'F 1S
G5¢ akKz2ga GKS O2@0SNJI NBY2(¢ sy i N
fusionas the right eyalivergesto restore alignment D. @ _(Q)

Question:

The patient right showsovering left eye for 10 seconds then removing
the cover. This patient is showing

: 3

Orthotropia
Exophoria
Convergence
Binocular fusion
All of the above

aprwbdE

Answer: This is a photo series of a patient with a large exophorap T
photo shows orthotropia as kichberg light reflexes are centered each
eye. Right middle photo shows covering left eye whidaks fusion.
The cover isemoved (lower photollisclosing hat there isalarge exophoriavhich had been
controlled by fusional convergencd he ability toalign the eyes bgonvergeindicates
binocular fusion is presenfThecorrectanswer is # 5 as all are corredt.the exadeviation
spontaneously becomes médestthe strabismus is cordered an intermittent exotropia;
however, the term exophoria also applies.

Note: the terméR A & & 2 theleyes Means to break binocular fusion.
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Positive Angle Kappa

Line of sight is the line between the visual target and th~
fovea. If the fovea idisplaced temporally in the

newborn infant the eye will adapt by turning out so the
fovea aligns with the visual target. The eye will look
exotropic, but on cover testindnere is nare-fixation
movementas the foveas are aligned on the target
Diagram right shows a positive angle Kappa with the
right fovea displaced temporally. The right eye is
oriented in a divergent position so the fovea can align
with the visual targefE). Note that even when the left
eye is covered the right eye stays divergent as this is t
position where the fovea is aligned on the target.
Prematurity associatedevereROP and temporal
dragging of the fovea is a common cause of a positive araglpaK

Negativeangle kappais whenthe fovea is displaced nasathe eyeturns into align with
the target Negative angle Kappa is rare. The eye looks esodeviatéddoatis no re
fixation shift on cover testing.

Note: Strabismus goes away whgou cover one eye (as long as ductions are full). Angle

Kappa is not strabismus as it does not go away when an eye is covered. It is an ectopic fovea

from a retinal problem.
Question: Photos right; Themost likely diagnosis:is

Exotropia

Exophoria

Intermittent exotropia
Orthotropia history of ROP

»wnNpE

Answer: There appears to be a lefixotropiain upper

photo. Lower photo shows right eye covergét the left eye
stays in a divergent positiorA monocular divergeneye
indicates a positive anglKappa, not an exotropia This
patient has a history of prematurity and ROP. Fundus exa
showstemporal dragging othe fovea left eye The best
answer ig# 4asthe patient is orthotropic with gositive angt
Kappa.
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Prisms

Prisms bendight to the base of the prismThe deflection of
light is measured iprism dioptersPD)where one prism
diopter equals about ¥z a degree.

Prism Neutralization

Prisms can besed to neutralizeor correctstrabismudy directingthe images so they land 0

both foveas. The prism that neutralizes the deviation is the measurement of the deviation in
prism dioptergPD) Prism neutralizationan be donéy placing the prism over the deviated
eye or the fixing eye.

Prismover deviated eye: Placingprism over

the deviated eyaneutralizes the strabismus by A. B.

deflecting the eccentric image onto ttievea.

FHgure A(right) shows aresotropiawith the left

eye turned in and the image falling nasal to ths

fovea (F). The right eye is fixing on the target \

the image is on the foveadn figure Ba20 PD

base out prisnplacedoverthe deviatedeft @
eyeto deflect the imagento the foveathus F . :

F
correcting or neutralizing the esotropid his is
a 20 PD esotropia

To neutralize a deviationrignt the prismsothe apex poins in the direction othe deviated
eyeas seen in figure B above

1 ET apex points nasahnd base ou{BO)

1 XT apex poirsttemporaly and base irn{Bl)

1 Hypertropiaapex poinsup and base down (BD)

1 Hypotropia apex points down and base ()
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Prism OvelFixing Eye:

One can prism neutralize a strabismus by platiegprism over the fixing eye to shift the
eyesinto positiondza A y 3 | S. ND¥awirg®(Beloyv)shéws a left esotropiwith right eye
fixing. Figure B shows the prism placB@over the fixingight eye whichdeflectsthe image

off the fovea onto temporal retina. The patient sees the image has moved. Figure C shows
the patient refixating on the target to place the image back on the fova@#e fixing eye

initiates the refixation, moving nasallynd the nonfixing eye simultaneously moves in
tandemtemporallyd SOl dza S 2 F | S NA y 3 Nate irf figuée Chdth eged hdve Y dza Of
to the left (evoversion) and now both retinal images are drefoveassothe deviation is
neutralized. Placing a prism over the fixing eye will cause both eyes to move in the direction
of the apex.

A. B.

Question: Photo top right shows patient with an
esotropiafixing right eye because the left eye imbl.
Bottom photo shows base out prism ouée fixing right
eye.

Which of the following is true regarding this patient?
1. Left eye is fixing
2. BO prism over right eymovesboth eyes left per
| SNAYy3IQa I ¢
3. BO prism inducesornvergence
4. Itis wrong toplace the prism over fixing right eye
for prism neutralization
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Answer: Top photo shows right eye fixing and the blind left eyetesmc, so # 1 is wrong

In the lower photograph a base out prism is placed dwengright eyewhichinducesa
versionmovementtotheleft¢ KA & A& | SNAY3IQa f I gboih&lkesi LINE RdzOS
move to the leftwhenthe prism is placed over the fixing right egyeanswer#2,l SNAY 3Qa f I ¢
is correct Thisisa version movement, it isot convergence movemerso #3 is wrong.

Placing theprism over thegood eye (i.e., fixing eyés an excellertnethod for measuring

strabismus associated withldind eye (sensory strabismusp# 4 is wrong.Measure the

deviation by increasing the prism over the fixing eye until the deviated eye comes to midline.

Hirschberg Test

Alignmentcan be estimatedbya KA YAy 3 | € A 3K gt Jh GASY (!
eyes to create a light reflex in the pupitirawing right) Tre /

reflex is sometimes called the corneal light reflex, but it is
actually the first Purkinje image which is a virtual image of th
light located a couple millimeters behind the pufihe
HirschbergTest is only done at near. The Hirschberg test
camot be done at the distance as it is npbssible for the
examiner to see the light reflex location in the pupils when th
examiner holds the light in the distance (20 fedt)s best to
have the patient look at an accommodative target placed ne;
to the lightas shown in the figure right

If the reflexes are centered in the pupil to a slight symmetric
nasal deviation (8 degrees) the eyes are in normal alignmer
calledorthotropia (see drawing right)The slight nasal
displacement is normal and callptiysiologic positive angle
kappa. Temporal deviatio of the reflex means esotropia
nasal deviation of reflex indicatexotropig and vertical
displacemenimeans hypertropia

R HYPERTROPIA
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Estimate of the deviation by eflex displacement:
One can make a rough estate of the size of the deviation by observing the location of the

light reflex in the deviated eye.
Photo right shows the light reflex left eye is ﬁ ﬁ

at mid iris so the deviation is estimated at E|
60PD.

1 Pupillary nargin 30 PD
1 Mid iris 60 PD
1 Limbus 80 PD

Krimsky Light Reflex Test

The Krimsky test uses tliest Purkinje imageeflex like the Hischbergtestbut adds prism
neutralization to measure strabismus. With the Krimsky test a prism is placed over either the
fixing eye or the deviated to center the reflex in the pupilse Tigure below shows the
Krimskytest placing the prism over the fixing eydtgure A shows left esotropia with

fixation right eye. Aightisplaced next to a fixation target and is directed to both eyes. Next
as shown in figure B a prism is placed in front of the fixiglyt eye which moves both eyes by

| S N svAczéntetthe light reflex. Various prisms are used until the light reflex is
centered. This is similar to neutralizing the deviation by placing the prism over the fixing eye
as described in detail abowand shown in the question on page.36

Light
Reflax

T Had
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Prism Alternate C over Test

Prism alternate cover test is usedhiceak up fusion in order to
measure the full deviatiarphoria and tropia. One eye is always
occludedso fusion is suspended thus tplaoria will become
manifest. Dagramright shows an esotropia. I&ce a prism over
the deviated eye and alternatthe cover b see if there is a
refixationshift. Increase the prism until there is no shift
alternate covering of the eyeand this prism ishe measure of
the deviation. This is usually the measure tharovides the basis
for the amount of strabismus surgery.

// Deviation ET 40PD

Simultaneous Prism Cover Test
Thistest is like the cover waover test becausesdipurpose igo examine the tropia only,

without manifesting gohoria. The difference is the Simultaneous Prism Cover Test

simultaneous pris1 cover test actually meases size of ET10"
the tropia, whereashe coveruncover test just e
identifiesthat atropia is present. The kay to only » F’
briefly cover the fixing eye ambt to break fusion. e

Diagram righshows (A) left fixing eye covered

simultaneously with a 5 PD prism BO placed over the ’7
deviated right eye. Figure (B) shows 5 PD was not  °® @
enough as right eye refixates. Figure (C) shows —
increasing the prism to 10 PD BO and again prism ar Undercorrected
cover are simultaneously placed with prism over the

deviated eye, and occluder over fixing eye. Note they ¢ 10 i
are left in place for only one to two seconds then )
removed so to not break fusionFigure (D) shows ther¢

is nore-fixation movementwith 10 PD BO so the tropig

A

measures esotropia 10 PD. Once the tropia is D (——
measured by simultaneous prism cover test then the ‘9‘

full deviation phoria and tropia can be measured with ——
prism alternate cover test as described aboWote: Neutralzed

The diagram exaggerates the appearance of the esodeviation for demonstration purposes.
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Question: If simultaneous prism cover test measures @saation5 PD and prism alternate
cover test measures edeviation20 PD the fulesadeviation is25 PD. True or False?

Answer: The prism alternate cover test measures the full deviation tropia and phoria
together so the full deviation measures 20 PD not 25 so the answer is false. Simultaneous
prism cover test measures only the tropia so the trapi& PD. The phoria is 15 g
deviation20 PDminus the tropia5 PD) Operate for thefully dissociated deviation of 20 PD.

Primary vs. Secondary Deviation

Strabismus associated with limited eye movement can be caused by either restriction of

ocular rotation or extraocular gdzad Of S LJI

NBaiAao

fixeson the target and the secondary deviation when the eye with limited movement
forced toprimary positionto fixate. The secondary deviation is larger than the primary

deviation. The seondary deviation is greater because it
takes great effort for the eye with limited ductions to get
G2 LINAYINEB LRaAbGA2yd . SOI
receive increased innervation so the good eye will yea
overshoot (see figures A and.B

Figures Aand B (right) show an esotropia caused by a
paretic left lateral rectus musclged shading)

Figure A (right3hows the primary deviation with the right
G322R SeS¢ FAEAYIMnmgrR |
innervationis needed tdhold the good eye on targf in
primary position Theleft eye is tuneda little because of

the weak left lateratectusmuscle.

Figure Bright) shows the secondary deviation with the
paretic left eyeforcedinto primary positionin order to
fixate on the target Since the left LR muscle is weakra
innervationis required toabduct the left eye intgrimary
position Becaus€ ¥ | S NA y 3 Q &ghtftMR fmusdlek
also receives extra innervati@and since it is stronghe

right eye turns way iidouble arravs)causing a big
secondaryesotropia(ET 50 PD)
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Measuring Primary vs. Secondary Deviation

Figures Aand B shova left lateral rectus muscle paresis causing a left esotropia with the good
right eye fixing.
A. Primary Deviation ET 25
Primary Deviation: Figure A (right) shows @
measuringhe primary deviatiorby placing a
base out prism over the paretieft eye. Since
the prism is over the paretic eythe paretic
eye can stay deviated in its position of rest so
muscles receive minimal innervational activity
and the esotrpia is small. Measure the primary
deviation by placing the prism over the paretic
eye.

L- LR Paresis \
+

Fixing Eye

Secondary DeviationFigure B showsieasuring

the secondary deviation by placing a base out  B. Secendary Deviation ET 40 PD
LINAAY 205N ibfode tiiePaedicR ¢ )
eyeto abduct and move intprimary position "
LIS NJ | S NJNgta thefightteye gnust turn
way in in order force theveak left lateral rectus
muscleto abduct andoringthe left eyeto fixate
on the target A large prism must be placeser
0 KS & 3 acfdrcetBedpSréticleft eyeinto
primary position. The secondary deviation is
larger than the primary deviationMeasure the
secondary deviation by placing the prism over
0KS a322R Sé&S¢o

L-LR Paresis \

Remember
1 Primary deviation (Small) When the good eye is fixing ameutralizingprismis over
paretic eye

1 Secondary deviation (Large)When the eye with the paretic muscle is fodd® fixate
in primary position. Neutralize with prism over good eye.
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Pl . b |

Question: This 5 year old in phos right hasan esotropia
secondary to @ostviral 8" nerve palsy.Note that the
esotropia is greater when right eye is fixif\gwer photo)
All are true except:

1. Right & nerve palsy

2. Neutralize deiation with base out prism

3. Primary deviation iseutralizedwith prism over
right eye

4. Secondary deviation is neutralizedth prism over
left eye J

5. Limited abductiorleft eye

Answer: First determine which eye has th& @erve palsy. The deviation is greater with the
paretic eye fixing. Since the bottophoto with right eye fixing shows the larger deviation

there is a right 8 nerve palsy. Yes you neutralize an esotropia with a BO prism, apex pointed
in. Neutralize the primary deviation by placing the prism over the paretic right eye, so it stays
in the position of rest. Likewise the secondary deviation is neutralized by placing a prism over
good left eye, which forces the paretic eye to fight come to primary posifidre answer is #

5, limited abduction left eye; as the left eye is the normal eye

Comitant vs. Incomitant Strabismus
If a strabismuss the same in all fields of gaze the strabismus is teromeditant as shown

below.
Right Gaze Primary Left Gaze
Comitant- ET 20 ET 20 ET 20

If the ductions are limited then thdeviationwill be different in different fields of gazend

the deviation idermedincomitant. The drawing below shows an incomitant esotropia with
the esotropia greatemi left gaze, caused by limited abduction left eyen |€ft gaze the left
eye does not move out and the right eye turns in fully causing an ET greater in left gaze.

R Primary L
- o
Incomitant - Esotropia @ @ @ @ @ @%
ET 10 ET20 ET 60
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Question:
Drawing(right) shows a patient fixing right eyand K

trying to looking up. The right eye has restricted
elevation because thmferior rectus muscle is @ @

entrapped in dloor fracture
Which is correct?

1. Left hypertropia is comitant

2. Left hypertropia is incomitant and is greater in downgaze
3. Left hypertropia is incomitant and is greater in upgaze

4. Drawing show the primary deviation

Answer:

The restriction of elevation right eye causes a left hypertropia increasing in upgaze, thus the
hypertropia isncomitant and increases in gpze so M is correct. As the right eye tries to

elevate against the restrictidgh 0 KS y2NX I f f SFG Se&S 20SNEK22Ga
restricted right eye is fixang so the drawing is showing the secondary deviation so # 4 is

wrong.

Prism Note: When using prisms to measure or neutralize a deviation do not stack them on

top of each other if oriented the same direction. For example to neutralize an ET 40 PD do not
place two 20 PD prisms BO on top of each other over one eye. Split them 20 PD BO each eye.
You can, however, stack vertical and horizontal prisms. For exampl&(REIT20 can be
neutralized by 10 PD BD right eye andPZD BO right eye.

Prisms can be ground into glasses to corssutll ange strabismus Usuallya maximum of 10
PD for each eye can be usedctrect a deviation up to 20 PDAnother type of pgm is a
Fresnebr épressone prism. This is a plastic sheet thwtsa series of small prisms in parallel
whichcan be appliedo glassesPresson prismscan correct up to 40 PD each eye; however,
larger amounts of prism carldr vision and the patientsften complain. Pressn prismscan
be valuable as a temporary meas while waiting forecovery of a paralytic strabismus.

When prescribing prism glasses usually split the prisms between the two eyes, and document
the orientation bythe base.So towrite a prescription fodiplopia caused bgn ET 16D

write: RE 5 BO, and LE 5 B®@r paralyticor restrictivestrabismuseutralize the primary

deviation by placinghe prism over the eye with limited duction$or a right & nerve paresis

with anET20 PDleft eye fixingplace a20 PD B@resson prism over the right eye.
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Binocular Vision and Corresponding Retinal Points

Normally, retinhdimages from both eyefsise together to givels
binocular vision wittstereoacuity. The merging of images occurs as
axons from nasal retinaf one eyecrossthe chiasm to join axons from
temporal retina of the fellow eyeCorresponding retinal points are
specific areas of nasal and temporal retthat are linked in the
O2NISE® ¢Noknal Rétidal Qbr&bIvrSdRcaBiagram
right showsthe eyes fixing on aK straight aheagwith a six pointed
starto the left. Note that the staprojects to nasal retina left eye and
temporal retina right eye.These are corresponding retinal points as
axons from these points joiby way of the chiasm, andteral
geniculate nucleut merge inthe occipital cortex where visual information is pessed into
binocularvision

Diagram(lowerright) showsa patient fixatingon astar. Thedarkdashedcurvedline that
goesthrough the staris the empirical horopter Objectsin this linewill project to
corresponding retinal points and be fusedas. Note pak YAE IS NA LIKSNgoh (G2 GKS
the empirical horopter so it projects to corresponding retinal points snfdisedas a single
image ¢ KS LAY {1 FNBI A& tlydzyQa FdzaArzylf | NBI @ ¢
horopter willstill be fused.Vieth-Muller's circle isa mathematicalcalculation using the
optical centers of the eyes to determinghere corresponding retinal pointshould be
located Sensory testingasshown Vieth Empirical
. .. Horopter
Muller's circle to be wrong. Thempirical
horopter demonstrates the nofinear aspect  panum's i, A

of vision as central retinal receptive fields are fusional area
smaller(high resolution while peripheral '

receptive fields are larger (lovesolution). Vieth-Muller !
circle T
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Question: Why do we have a chiasm?

It gives us binocular vision arglereoacuity.
It givesus consensual pupillary response
So we can be quizzed onWfand's knee
All of the above

P wDd PR

Answer: The chiasm allowsorresponding retinal points from nasal retinamfe eyeto
cross andoin temporal retina othe fellow eye thus giving usinocular vision andtereo
acuity. Answer# &/ 2 y 8I8zi/# dlgb dorrect and come to think abousit isanswer

# 3. Neuro-ophthalmologists love to bug wbout Wilbrand's kneeThe answer is# 4,all of
the above.

Physiologic Diplopia
2 KSy |y 202S00 Aa 2 dznihk ébict RilFstiniulaty may Qa FdzaA 2y | f
corresponding retinal points and cause double vision termed physiologic diplopia. miagra

(right) shows the patient fixatingn a

black dot in the center of the enmucal A

horopter. Object A is distéd the \'
empirical horopter so & image is "
projected to binasal retinahat are non
correspondiry points Object B is Empirical
proximal to the empirical horopter anitis " potopter
image stimulate®i-temporal retinathat " /

are also noncorresponding points Panum's P> e ‘ X | ; -
Stimulation of the norcorresponding fusional area |
points will cause diplopighysiologic
diplopia.

You can experience physiologic diplopia
looking at a distanobject across the

room. Now holda pencila few inches in
front of your nose. Whal you focus on

the distant object you will see twpencils

at near. Close your right eye and tleét
image disappears indicatirggossed diplopia.
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Normal Binocular Fusion
There are two types of binocular fusiamotor and sensory.

Motor Fusion: As described in chapter 2 we use vergence
movements toadjust eyepositionand maintain proger
alignment This mechanism is called motor fusiofhe
stimulus for vergence movement is when the image move 8
off of corresponding retinal pointsWe use convagence

for an approaching targgdrawing A)divergence for a

target moving awaydrawing B), and vertical vergence to
control vertical drift (drawing C). Motor fusion also can
control a small strabismus keeping the eyes aligned. A
strabismus controlledy motor fusion is called jghoria. c

Normal Vergence Amplitudes
Convergence = 25 to 30 PD

Divergence = 6 to & PD

Vertical= 1 to 2 PD

Sensory Fusion: Three dimensional obj¢s

will not lie directly on theempirical horopter P

as part of the object will be in front and Al

behind the line.Thus three dimensional

objects willstimulate norcorresponding

retinal points. As long as these

noncorrespondingetinal pointsare within

t I ydzyQa 7Fdza A 2 helfusedandNE

stimulate three dimensional stereoscopic / lrjj Qj
I

Panum's
fusional
area

vision. This fusion that gives us stereoscopic
vision is sensory fusiorDrawing right shows o
each eye has a different angle of view and a ™ Sterooscopic

Image
different retinal image of the visual target ﬁj’ @
. . T -~
(the cube).Inter-pupillarydistance
determinesstereo acuityas the farther apart
the eyes the more disparate the images and the greater the stexguos perceptionStereo

acuityrequires good eye alignment and strabisntarger thanl10 PD will eliminatstereo
acuity. Normal stereo acuity= 40 seconds arc
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Question: As a visual target moves to distance thera i®duction instereo acuity True or
False?

Answer : As an object moves away the difference in visual angle diminishes and the images
to each eye become more similar. The reduction in image disparity results in a reduction in
stereo acuityas an object moves away so the answerugt Visual targets farther than 20

feet (6 meters) stimulate very little stereopsis. You can experience this phenomenon. Place
your hand a few inches in front of you. Close one eye then the other and note that each eye
has a different view of your han Now look at a distant object across the room and note

each eye has a very similar view.

Diplopia (Binocular)

Acquired strabismus in older childrén 4to 5yrs) and adults
causesinoculardiplopiaor simply termed diplopiaYoung
children have the ability to cortically suppress the second image ’
and typically do not experience diplopi®iplopia occurs asne

eye fixes on the target with the fovea (central image), wimiage @

in the deviated eye fallsn periplreral retina ands perceived as a

second imagén the peripheral visual fieldDiagram upperight T _ten comer _rion
showsesotropia and theed filter test, with the red filter over the * =
deviated eye The left eyeisfixingon the target and theight eye “Biviopia.

is deviatedso theimage fals on nasal retina Snce nasal retina
projects to thetemporal visual fieldthe patient seesincrossed
diplopiawith the diplopicimage(red) seen to b&n the same side
as thered filter. It is interesting that the foveal image from the
deviated eye isartically suppressed and the image from peripher:
retina is perceived as the diplopic image.

Diagram lower righshows an exotropia with the image of the
target falling on temporal retinaf the deviated eyavhich projects
to the opposite visual field anchusesrossed diplopia

Left Center Right

Remember: B,
Sin eSo is for same sideuncrossed diplopia i

Xin eXo is for a cross crossed diplopia
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Vertical diplopiaO | dza S & & 2 LILJ2 dhk kiySeétropR Bylelivilk deghthe intage lower

and the hypotropic eye sees the image high€orsional diplopiah & | f & 2éwih2 LJLJI2 & A G S
SEG2NEA2Y LISNOSAOGSR a | G6A&a0SR AwWh@dAS 6AGK 0
intorsion perceived & G KS ™ pdsitionrotated Gempoaly.

Monocular Diplopia

Monocular diplopia is not related to strabismus, but is double vision because the image is
opticallysplit within one eye. Causes of monocular diplopia inclinyeeye, corneal opacity,

large astigratism, cataractscroll of posterior capsule, or a displaced IOL. Note retinal folds
and macular pucker will cause metamorphopsia, but not monocular diplopia. The image must
be opticallysplit in front of the retina to cause monocular diplapiWith monocular diplopia

the second image is very blurred anften seen as a ghost image. A pin holengliates

monocular diplopia. In general unless specified the term diplopia refers to binocular diplopia.

Confusion
Patients with binocular diplopiecortically suppresthe image fronthe foveaof the deviated
and see twadentical imagesone from the fovea of the fixing
eye, and the same image from the periphery of the deviatec
eye. Rarely, howevean adult patient with acquired
strabismus will coplain of seeing twalifferentimages
superimposed on each other, rather than diplopia. This is
called confusion, and is caused by simultaneous perceptio
from bothfoveas Figure right showthe red filter test ona
patient with exotropia and sensorgonfusion. The patient
simultaneously perceives images from béblweasand

therefore sees thdight superimposed on the skieConfusion L e
IS sometimes seen in patients with end stage glaucoma anc £
acquiredstrabismugdue to a large implant blebThese end Z

Confusion

stage glaucoma patientsave tunnelisionso they are forced
to use bothfoveas

Question: A patient complains oferticaldiplopia so you place a red filter over the right eye.
The patient sees the red image to be down, and tilted withtheYln n = 2 QOf 2 01 L2 aA G A
Which muscle is we&k

1. Right Inferior oblique palsy
2. Left inferior oblique palsy

3. Right superior oblique palsy
4. Left superior oblique palsy
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Answer: [ SG Q& adl NI ¢ A ( Kfrotn2hdldEght 2ydshilted witk BelNB®R A Y I 3 S
2 Q O paditdhsubjectively nasal thus indicating anatomical extorsion. Which oblique palsy

causes extorsion? The superior oblique muscle intorts so a SO palsy causes extorsion

therefore possible answers are # 3 and # 4. Since the right exeorsesl the answer is

probably #3 right SO palsy. We can verify this. The superior oblique muscle is a depressor so

a SO palsy results in an ipsilateral hypertropia. Since the red image from the right eye is seen
down that means the right eye must be g right hypertropia. The answer is # 3 a right

superior oblique palsy.

Sensory Tests for Binocular Vision AT
Worth Four Dot Test Flash
Worth four dot tests for binocular fusiorDiagram right Light
shows the Worth four dot test. The patient wears red

green glasse then views a fladight with four lights one - 7 o

white light, one red light below, and two green lights to
either side. The red filter eye sees two ddtte red dot
and white dot appears red through the red filter. The
green filter eye sees three dotsyd green lights and the
white dot filters green. The single white light is the only

Green Filter 7 N RedFilter

light seen by both eyeso it is theonly binocular targt. " «’
The white lights fused resulting in aormal response of aﬂ’ ‘*ﬂ
seeing four dotstwo green and two red. The whitght V‘ ‘V
actually looks ind of pinkish because it is a fusionret
and green Patienswith diplopia see 5 dots, two red and L Center © R
three green.

& . &

Worth four dotflash lightis customarilyperformed at near e

(14 incheswhich subtends 6 degreeangle, or at disince Peroopt

Worth four dot light box20 feet)which subtends 1.25 degrees. Note as a visual target
moves away it subtends a smaligsualangle (it appears smaller). By coanjmg responses
from distance vsnear, Worth four dotcan estimate the size ofsuppessionscotoma(see
below).

Near stimulates peripheral field (Bgees
Distance stimulates central field (1.25 degrees)
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Bagolini Striated Lenses “/Q\_
Bagolini lenses are clear with a scratch that Bagolini Lens
produces a linear streak of light when the
patient viewsa light source. The test is
performed by placing a Bagolilens over each
eye, and having the patient fixate on a light
target. The striationsn the lenses are oriented

at 45 degrees off the vertical meridian so the LE RE P‘;frléfg;lgn
images are 9degrees to each otherDiagram

right shows Bagolini lenses used in a normal ><
patient with binocular fusion. Note each fovea

aligned on the light so a streak of light goes RE LE

through each fovea at 45 degrees, thus producing the perception of a cross. Bagolini lenses
are minimally dissociating because the lenses are clear and praidiatively unobstructed
binocularview.

Cortical Suppression

Cortical suppression is a defense mechanism to eliminate the confasitiplopia caused by
strabismus ounequal visual input froma unilateral blurred imageChildren under §ears

have significant neurplasticityand the immaturebrain actually suppresses neuronal activity

in the visual cortex that coesponds to the deviated eye or the blurred imag&appression is

why children with strabismus do not see double. Older children and adults lose the ability to
suppress so acquired strabismus results in diplofiemeadults, however, can learn to

suppress double vision, but it can take several monthsetry. Cortical suppression can

involve a large area of the visual field of the deviated eye (i.e. large suppression scotoma) or a
small central area (central suppression scotoma) if there is a
small deviation. 0S

Bagolini Lens:Diagram right shows the r@snse toBagolini lens
testingin a patient with a large angle esotropia alatdge area of
suppressiomight eye Note that he patient only sees the light
streak from the fixing left eye and totally suppresties image
from the deviated right eye
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Strabismus Induced Suppression
There are 3 patterns of suppression associated with strabismus.

1 Large regional suppressiomo fusion and netereo acuity

1 Central suppressionperipheral fusion(Monofixation Syndrome of ParRg some
fusion with low gradestereo acuity

1 Anomalous retinal correspondence (ARGuperimposition of images but no fusion
and nostereo acuity

Large regional suppression (no fusion)
Suppression areasriger than 5 degreegl0 PD) in general precludeeful binocular fusion
andstereo acuity Patients with large regional suppression are basically monocular when
they are tropic and cortically suppress visual information from the deviated eye. They do not
have diplopia. Patients with childhood intermittent strabismus can have bxtelkent

binocular fusion with high gradgtereo acuityand large regional suppression. When they are
aligned (orthotropia) they have excellestiereo acuity but when they are tropic the

cortically suppress the image from the de@dteye and have noeteopsis Thisability to
suppress and fusis seen in intermittenexotropia. hesepatients have excellerdtereo

acuityof 40 sec arc when orthotropic and fusing, but have largéred suppression and no
stereo acuitywhen the exotropia is manifegseeChapter 8, P6). Patients with large angle
constant esotropia will not fuse. Some with equal
vision willalternate fixation andsuppression, while
others have strong fixation preference for one eye,
and always suppress the same eye. In youngremld
strong fixation preference with constant suppression
of one eye is associated with amblyopia of the
suppressed eye.

Large regional suppression results in suppression of
both near and distanc&/orth four dotas the
suppression scotoma is larger tharethangle
subtended byworth four dot. Near Worth four dot is
shownfigureright ina patient with esotropia of 20 PD

and corresponding suppression scotoma of 10 L\‘ Cialas A"‘;\ Supprasson
degrees. Note the patient only sees dots in the fixin ®
eye and suppresses the two dots in ttheviated eye. ok

Binocular
Percoption

Remember: 1 degree = 2 prism diopter.
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Monofixation Syndrome of Parks

Patients with a small angle esotropia less than 10 PD can develop binfusiter of the
peripheral retinasyetsuppress the central fieldf the nonpreferred eye(seediagram of
Worth four dot below) This was first described bye late Dr. Marshal Parks. These patients
have motor fusiorandsome low gradestereo acuitypetween 60 and 3000 seconds arc.
Monofixation issometimes called the tropia phoria syndromethsse patients can have a
small tropia (<10 PD) and a larger phoria. This is diagnosed bywwwa@rer test that Wi

show a small esotropia, theaiternate cover testingliscloses largeresophoria. Patients

with monofixation syndrome often have ambilyia butit is usually mild.Hyperopic
anisometropic amblyopia can cause the monofixation syndrome with a central suppression
scotoma in the hyperopic eye

Worth four dot is an excellent way to diagnose s
monofixation syndrome. Diagram right shows e
monofixation syndrome witlperipheral fusion ané 4

degree central suppression scotoredt eye The

distance Worth four dot ibeingused thatsubtends

1.25 degreeand stimulates the central field\Note C'"“"

that the two red dots fall within theentral .‘ ® ooty
suppression scotoma so they are not seen. Only the

three greendots from the fixing eye are perceived.

Near Worth Four Dot

Diagramright showsthe near Worth four dot setor
subtending @legreesand simulating the peripheral ’ ’
retina. Note thetwo red dots are falling outside ¢ ’ .
suppression scotoma so the patient sdeur dots

indicatingperipheralfusion.

@

This pattern of suppressing the distance Worth four c
and fusing the near Worth four dot is virtually
pathognomonic for moofixation syndrome and is
often a board questio.

Binocular
® o Percept

Bagolini lenses: Diagram right shows the perception of a patient with
small esotropia withmonofixation syndromedgntral suppression and
peripheral fusiofexamined by Bagolini lenses. Naéhbe Bagolini line
striations are seen by both eyes indicating peripheral fusion,thed
missingcenter aspect of th@©D lineindicatesa central suppression
scotomaright eye.
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Conditions associated with monofixation syndrome

1 Small angle esotropia10 PDusuallyafter surgery for congenital ET

1 Anisometropic amblyopia

1 Primarymonofixation syndromeinknown causérare)

1 Foveal hole or scar has also bdwestoricallyincludedbecause these patients
have a central scotoma and peripheral fusion. Howewethe case ofoveal
pathology there is an absolute scotomaisiinot a suppression scotoma that
doesnot disappear when the dominant eye is occluded (famultative see
below) so foveal pathology probably should not be classified as monofixation

Facultative ScotomaA suppression scotoma is facultative. Thait isnly exists during

binocular viewing. Covering the fixing eye eliminates the suppression scotoma. Suppression
is present to eliminateéhe disparity produced by unequal visual inpérism strabismus or a
unilateral blurred image. You occlude theriixieye, you eliminate the competition, and you
eliminate the suppression. h€ diagrambelow left depicts monofixation syndrome with

central suppression scotoma left eye,tbe patient sees three green dots and suppresses the
two red dots on Worth foudot testing. Diagram below right showtkat occluding the fixing

eye (RE) eliminatabe central suppression scotontd the nondominant(LE)eyethus

causing thepatientto seetwo red lights.

Distance Worth Four Dot Distance Worth Four Dot - Preferred Eye Covered
RE LE 4°

A’ scotoma RE v
e
72

L Center R
e L Center R
Binocular
Percept
&
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Question:

Afive year old presents after having strabismus surgery at 8 months of age for congenital
esotropia. Cover uncoveest shows an esotropia 6 PD and alternate cover an esophoria of
12PD. Worth four dot would show:

Threedots at distance and near

Four dots at distance and near

Three dots at distance and four dots at near
Four dots at distance and two at near

pwnpE

Answer: Coverunoover test identifies esmall estropia of 6 PD. Rernate cover dissociates
fusion and brings otithe latent phoria so the deviation increases toRR The presene of a
small tropia and @horia indicates monofixation syndrome (peripheral fusion central
suppression).These patients suppress thésthnce Worth four dothat stimulates1.25
degreeghat is within the central scotontacaused by the tropia. h€ near Worth four dots

fused as it subtend8 degrees which is outside the central scotoma. The answer is # 3, three
dots for distance (central suppression) and four dots for near (peripliesain).

Retinal Rivalry

Different images falling on corresponding areas
of the macula result in patchy local suppression
of the image so there is no simultaneous
perception of different images. Diagonal lines
(figures! 9 . 0 LINB a Symadua U
oriented 90 degrees to each other produces
different images to corresponding retinal points.
This results in patchy cortical suppression of loc
areas of the macular visual field and is termed
retinal rivalry (figure C)Retinal rivalry requires
binocular fusion.

A

Normal Retinal Correspondence

Normal retinal correspondence (NRC) is the normal state whereislvahcortex recognizes
the fovea of each eye as the visual center and images fallingasal retina are cortically
fused with images on coesponding temporal retinalsee P. 44) A patient with NRC and
esotropia will see single if the image in the deviated eye is moved to the fovea either by
prism, strabismus surgery or a haploscopic device (see below).
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Haploscope Device

A haploscopic instrumerallows presentation of
different images to each eye (drawing right).
This virtually splits vision in half thus the term
haploscopic.The synoptophore (major
amblyoscopgand troposcope arbaploscops
and havemirrorsthat can beangled to project
images to eachye. The drawing right depicts
an esotropia of 40 PDbjectively measured by
alternate cover test. The patient subjectively
angles the mirrorso the dotis placed in the
center of the ring. If there is NRC angling the ® Oomeor - €T 408

mirrors will place the dot on one fovea and the s

circle on the other fovea wto make a bullseye.

In the drawing the mirrors are angled of 20 PD each mirror total of 40 PD. When the
subjective angle is the same as the objective angle this indica@sal retinal

correspondenceas the true foveas are used as the visual center. Anomalous correspondence
(ARC) the subjective angle will less, even zero because they use the pseudo foveaheot

true fovea of the deviated eye (see below).

ET 40" NRC

Anomal ous Retinal Correspondence

Some childrerwith strabismus develop a curious sensory
adaptation to eliminatediplopiaand confusion termed
anomalous retinal correspondencAR(. With ARC the

visual cortex adapts to strabismus by reorientation so the ET 20
visual center othe deviated eye moves from the true fovea
to a peripheral retina pointvhere thediplopicimage fak i o
called thepseudcfovea The drawing right shows a right g 2 o

/ A

esotropiawith the retinal image of the deviated eye falling
nasal retina. This patiettasARC so the brain has reoriente
making this nasal retinal poimthere the diplopic image
landsthe newvisual center, i.e. the pseudovea (P). The
pseudcfovea corresponds to the true fovea of the fixing eyt “ Leh  Center Right
so the patient does not see double. ARGgyats do not » Binocular
actually have binocular fusion. There is neither motor fusic

nor stereo acuity ARC patients just superimpose the image

from the pseudefovea and the true fovea to eliminate diplopia.

One Pink Light
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ARC and Paradoxical Diplopi#:the imageis movedoff the
pseudcfovea with a prismstrabismus surgergr a
haploscopic devicgou willinduce diplopia. Diagramght
shows thepatient with esotropia and AR@\ base out prism /
is placed over the deviated eye to move the retinal image

/
the pseudefovea onto the true fovea. This neutralizes the / N\
esotropia, but creates crossed diplopia becatiseimage is
now temporal to the pseuddovea Retina located temporal
F

to the pseudo foveds considered as fallmon temporal
retinaand will cause crossed dggia. Thisdiplopiais called

paradoxical diplopisbecausehe patient sees double when * | * Poroort
the deviation is corrected

P
Left  Center Right

Pseudo Fovea disappears during Monocular ViewigRGand

the pseudo fovegoes away when you cover the fixing eye as &

the patient wil now fixate with the true fovea. Covering one ,’ \\

eye eliminates the strabismus and need for a pseudo fovea. ,’ ‘\ Red Fte
ARC and the pseudovea are only needed to eliminate ;/"
diplopia during binocular viewing and disappear when you e \

cover one eye.

Hgure right showshe patient with ARC but thieft dominant
eyeisoccluded Occludinghe dominanteye causedhe
pseudcfoveato disappeamndthe true fovea now fixees.

Binocular
. Percept

One Red Light
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Haploscopic Device and ARC

A haploscopic devicean be used to study
ARC. The diagram below shows esotropia
with ARC. The patient directed to angle th
mirrors to put the red dot in the center of
the red circle. Because the patient uses th
pseudo foveainder binocular viewing and
the pseudo foveasin line with the target
(red circle) the mirrors are not moved. This
is the subjective angle and in this case is

zero. ¢
F P
The objective anglés measured by _ @ .

. . . . Binocular Subjective =0
alternate cover teshgand in this cases 20 R Objective = 20°
PD Alternate cover testing keeps one eye Rl

g _ P y ET 204 ARC
coveredso the pseudo fovea disappears ar (Harmonious)

the true fovea are used. Objective angle is
the true fovea to true foveaeviation

The difference between the subjectiamd objectiveangle is theAngle of Anomalyandisthe
measurement of the eccentricity tifie pseudo fovealf the subjective angle is zero this

means the pseudo fovea is in line with the deviated eye and objective angle will be the same
as the angle of anomalyln the exampleabove the angle of anomaly2€ PDthe same as the
objective angle and this termedharmonious ARCHarmonious ARC means the pseudo
fovealocation matches the deviationf the subjective angle is not zero then the pseudo

fovea location is not match the deviation and this is ternsettarmonious ARC

Note: Covering one eye forces fixation to the true fovea, keraate cover testing measures
the objective angle the true fovea to true fovealeviation If the mirrorsabove areangled
based on alternate cover testing te@utralize thedeviation they would
angle 20 degreesThis angulatiomovesthe circle off thepseudcefovea
to the true fovea andwvould cause crossed diplopia with tloércle on O -
the left of the dot as showmidrawing to the ight (paradaoxical

diplopia).
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Postoperative Paradoxical Diplopia : Surgical correction of strabismus in adwitish ARC
can result in paradoxical diplopidt. isthereforeimportant to test for ARC prior tadult
strabismussurgery £

Clinically the most useful teftr ARC and
possble postoperative diplopia is prism
neutralizationwith or without a red filter Filter Crossed Diplopia
(see drawing right) Measure the deviation '.i £
with alternate prism cover testing and

correct the deviation with the appropriate

prism. If prism neutralization redits in diplopa there is AR@nd it is likely the patient will
have postoperative diplopialf the patient does not see double with prism neutralization
thenit is highly unlikely theydwve ARC and tells us postoperative diplopia should not be a
problem.

Objective = 204
Angle

= Red

Even if paraloxicaldiplopiais found on prism neutralizatiomany patients are not bothered
by thisas they know which is the real imagad they ignore thaliplopic image.If not overly
bothered it is usually ok to proceed wiglirabismussurgery. Uncommonly pagnts will be
extremely uncomfortable with diplopia after prism neutralimat. If this is the case, it is
probably bettermnot to operate, andust refer this patient to your competition down the
street In any case, it is always prudent to adwdealt patients that they might see double
after strabismus surgerf§Oh- and document this in the chart)

Question: This40 year oldhas a long standing esotropia measured@tPDby prism
alternate cover testingWhat test result indicates
the patienthas ARC and will likely see double if the
esotropia is surgically corrected?

1. Prism neutralizatios0 BO causediplopia

2. Synoptophore angled for ESD PDcauses
diplopia

3. Red filter test shows no diplopia

4. Answers #1 and # 2

Answer: Both grism neutralizaton with 50 BQ andangling the synoptophoréa haploscopic
device)for ET 50 PIplaces thamages on both true foveas. If placing the images on the true
foveas causes diplopia thisLJI NJ- R 2 Hridi€ate$ the preséiitce of a pseftavea and

ARC Thesepatients will likely have post operative diplopia and the answerdsag both #

and #2 are correct.Answer is # 8 wrong asi0 diplopia with red filter could be ARE large
suppression, not specific for ARC
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A  Step 1 - Stimulate OD

Afteri mage Test
Afterimage tests$ based on tagging the trueviea of ot
each eyawith a bright strobe light that leaves an
afterimage This is done by occluding one eye and
having the patient look at a vertically oriented tubular
strobe light masked in the middle (see figure A

flash d the strobe creates a vertically oriented
afterimage centered on théovea.

Vertical

o
T
\
e 8

B step 2 - stimulate 0S

In drawing Bhe occlude is moved to the fellow eye
The strobe is novihorizontaly oriented to produce a
horizontal after image centered on the other eye
(Figure B).

Horizontal

Strobe
Light

g

s

Normal Retinal Correspondence (NRC): Figure C shows
the occlude removed and the subjective response of ¢

C Step 3- Remove cover

patient with NRC. Since the strobe has placed an

afterimage on each fovea, note that the patients with ==

NRC see a cross regardlesthef presenceor absence
of strabismusor if they are orthotropic. NRC patients

Percept

always orient their visual center to their true fovea.

NRC

Ortho,ET, XT, and HT

OO O | O

Anomalous Retinal Correspondence (ARC): Figure Dshows the

afterimage test on a patient with esotropia and ARC. Note that both

true foveasare tagged becaushe strobe was applied under
monocular conditions.When both eyes are opened the patient
regains the ARC and pseuftivea. Since the pseudovea is

consideedthe visual center, the tagged true fovea is perceived as

eccentric. Strabismic ptients withARC will never see a cross
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Question:
An adult patient hasanesotropia of 20 PD and prism neutralization with 20 PD BO gives the
patient crossed diplopia.Afterimage test is given and the most likely response is:

1. A cross afterimage 4’*

2. Lines of the afterimage side by sifkzossed) —
3. Vertical offset of the after image
4, Suppression of one of the afterimages

Answer: Since prism neutralization producedosseddiplopia(paradoxical diplopiahis
indicates the patient has AR@fterimageis stimulatedunder monocular conditions so each
fovea is tagged no matter what the eye alignment or sensory adaptabguatients with NRC
always see a cros®atients with ARGee the afterimages offsetdgausethe foveas are
tagged andafter taggingwith both eyesare opened sothe pseudo fovea becomeactive and
isthe visual center The taggedtrue foveaof the deviated eyéemporal to the pseudo fovea
thus the perception of side by side lineso#1 is wrongand # is correct. Answers #3 is
wrong as the deviation is horizontal and # &reng as the patient has ARC, not large
regional suppression.

Maddox Rod

Maddox rod(photo right)is a series of high power plus lenses
in parallel orientation thaproduces a line of light when the
patient views a light. The line of light is 90 degrees to the
parallel lenses. Thdaddox rod is the most dissociating
sensory test as the patient only sees a line of ligithout any
other fusion clues. It will difzseeven small phoriasDouble
Maddox rod can be used to diagnose torsion. The patient
rotates the lens so the line of light is vertically straight up an
down or straight horizontdy.

.St 26 FTAIANBE ! AK2ga NRA IK (y), igyreél RsNGwva doysiod MH Y i 2
with the lineverticaly paralle] and figure C showeach eye extorte®d degreedor atotal of
12 degree®xtorsion

10" Intorsion OD NovTvonlon 12" Extorsion



Dissociating Binocular Fusion

Sensory tests can break down binocular fusiordnysing asymmetric visualput, and these
tests arecalled dissociating tests. An occluder over one eye is most dissociating and is why
alternate cover test dissociates fusion and discloses a phoria. In the dark the Worth four dot
testis a very dissociating tedbecause theole binocular fusion clue is the oadite light

With the room lights on the patient can see through the red green glasses and see the room
content including the examiner which providesripheralbinocular fusion clues. Patients

with a phoria will ofen be dissociad with Worth four dot done in the darkexcept for an
occlude, the Maddox rod is thanostdissociating test as the imags distortedand all the

patient sees is atreak of light. Bagolini testing is least dissociating because thardaar
viewfor both eyes tlough the clear lens.

Question: An adult patient is complaining of intermittent horizontal diplopia. There is no
shift on cover uncover testing arslereo acunymeasures 40 seconds arc. What test or tests
would best help rake the diagnosis? g :

Bagolini lenses
Alternate cover test
Maddox rod
Answers #2 and #3

P wnpRE

Answer: The patient has good alignmerstereo acuityand no tropia by cover uncover

testing, but intermittent diplopia so there is a possibility of a latent deviati@n,a phoria. To

show a phoria we must break down fusion and this is done with dissociating tests. Bagolini
lenses are clear and are least dissociating so answer # 1 is wrong. Alternate cover testing and
Maddox rod testing are both very dissociatingtlse answer is # 4.

Horror Fusionis

Horror fusionis is the rarstrabismiccondition where there is an inability to fuse and suppress
so the patient has intractable diplopia. These patients lack binocular fasitimey cannot

fuse the imagesyet they cannot suppresso they havaliplopia. ©rrectionof the strabismus
with prisms or strabismus surgery results in superimpositibimagesbut the patient still has
doublevision

Clinically horror fusionisanoccur in adultsvith strabismusvho lose vision ithe dominae
eye (e.g., traumaticataract). Rhabilitation of vision is delayed (usually > a year) sathre
dominate eye is no longer suppressed and shares dominaiten the vision is restoreid
the dominate eydhe patientcamot fuse and cannot suppress so they ark Weith
intractable diplopiag horror fusionis.
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Anti-suppression therapyan also cause horrdusionis. Antisuppression therapiias been
used to treat childhood strabismus by reducsyppressiorand teaching tk childto use the
non-dominanteye. Antisuppression therapgctually trains patients to see diplopia.idt
usually done by placing a red filter of iresing density over the dominaaye until the non
dominant eye sees #ight. At this point the patient will see dowhlthe red light fronthe
dominanteye, and awhite light from the nordominant eye.Anti-suppression does not work
to correct strabismuand should not be used because of tenger of causing horror
fusionis.

Central Fusion Disruption

Patients with severeortical damage such as fromead trauma or cerebral vascular stroke
can lose bincular fusion potential and will bleft with intractable diplopigdermed central
fusion disruption. These apatientshavedamage to fusional areas in the brain so they lose
the ability to fuse and develop a variable strabismuh intractable diplopia

Treatment of Horror F usioni s and Central Fusion Disruption

Monocular occlusion is the only definitive treatment tbe diplopia. Prisms and strabismus
surgery to align the eyes can make the diplopia worse as the images are on top of each other.
In fact moving the images farther apart with prisms or even strabismus surgery can improve
the symptom of diplopia. Aftea trial of prisms this author actually operated to make the
strabismus worse to separate the images in a patient with horror fusionis with a happy

patient as the result.

Question: A 40 year old develops a dense cataract after trauma to his dominant eye. After a
year he develops an exotropia and is now fixing with the previouslydoominant eye.Red

filter test show crossed diplopia and diplopia persists with prism neutralizatvamu are

planning cataract surgery. What should you tell the patient prior to cataract surgery?

1. b2 LINRPO6tSY LQ3Surgeof  OS OIF F N» O
2. Thank goodness you came to me rather than to thiosersdown thestreet.
3. Can you pay cash?
4. There is a good chancewy will havepersistentdouble vision and in some cases it
does not go awagven after strabismus surgeoy prisms- YR G KA & Aa OF f f
CdzZaA2yAacod

Answer: This patient is at risk for horror fusiorasd diplopiaso the answer # 4. Note, the
otheranda 6 SNE | NBy QiioLa2 o6FR SAGKSNI
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Normal Visual development
At birth our vision ispoor. Clear
retinal imagesare required to 20/60
stimulatedevelopment ohigh
resolutionneuro networksn the
visualcenters of the brain.
Normally visuahcuity improves
rapidly in the first fewmonths of life 207800
called thecritical periodof visual . .

L

development. Birth 4m 8m

Vision Visual Acuity Improvement with Age

20/80

20/200

. s 4
L]

b _—

2m  lém  20m  24m —p 8y

Time Table of Visual Developme(dgee graph above)
¢ Critical periodof visual development = fir@ monthsof life.
1 Visualdevelopment most rapid first & 3 years but plasticitgontinuesup to 7 to 8
years of age
1 Extended plasticity though adulthood bistminimal

Disruption ofVisualAcuity development
1 Unilateralor bilateral blurred retinal image
1 Strabismuswith constant cortical suppression of deviated eye

Amblyopiais poor vision caused by abnormal visual stimulation during the sensitive
periodso that neuro networks in visual areas of the brain are damagédzhormal simulation
can be from a blred retinal imaggunilateral or bilateral)or from strabismus with constant
corticalsuppression of the nodominant eye. Amblyopia is usually defined atleast2 lines
difference in best corrected visualuty, not caused byan organic abnormalityguch as an
optic nerve disordeor retinal disease A childis most susceptible to developing amblyopia
during early infancybut amblyopia can occur up to 5 to 6 years of age.

A severely blurred retinal image either unilateral or bilateral (e.g. dense congenital cataract)
during the critical period can caugense amblyopia angdermanentvisual lossf not cleared

promptly.
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Pathophysiology of Amblyopia
Basic science studiésive shown pathological damage associated vaithblyopia involves
both the lateral geniculate nucleus (LGN) atdhte cortex.

Images right show arass
section ofLGN Left image is
a normal LGNith six nuclear j—“
layers. Center andght ;
images depict abnormal LGN
from dense pattern distortion ! :
amblyopiawith only 3 B T (R e -
nuclearlayersfrom the good © e 2 &l R
eye and they arabnormallythick. There imeuronal atrophyof 3 layersdrom the amblyopic
eye. (From Hibel & Wiese| Nobel Prize1981)

IGHT EYE LEFT EYE RIGHT EYE

1]

Imageright (A) shows th@ormal
zebra stripes of the striateortex
ocular dominance columns
Image(B) shows loss of ocular
dominance columns frordense
pattern distortion amblyopia
amblyopia. (From Horton and
Hocking 1997)

Question: Which statement is true?
1. Amblyopia is always unilateral
2. AYof @82LIAI A& &o NI Ay fréttaproEhd gisudl stimufafioa dzl f
3. Bilateral symmetrically blurred imagen infancydoes not cause amblyopia
4. The critical period of visual developmenthi® first year of life.

Answer: Abnormal visual stimulation during the early sensitive period causes brain damage
in visual areas and is the pathophysiology of amblyofiae answeis #2. NOTE: Answers

#1, #3, and #4 are wrong becausehilateral amblyopia occurs if both eyes have a severely
blurred retinal image during early visual development, and the critical period of visual
development ighe first 2 months of life.
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Clinical Forms of Amblyopia

There are 2 basic forms of amblyops#iabismic amblyopiacaused byonstant cortical
suppression of the deviated eye amattern distortion amblyopiacaused bya unilateral or
bilateralblurred retinal imagein young children.

Strabismic Amblyopia
Incidence

1 Congenital ET (40%)

1 Accommodative ET (25%)

1 Intermittent XT (2% same as
general population)

|

&

Strabismic amblyopia occuirs children with strong fixation preference for one eye and a
constant deviation of the fellow eyePatients whaalternate fixation willnot develop
strabismic amblyopiaNote that if the esotropic patient in the photapperright always
fixates with the right eye, theeviatedleft eye will develop amblyopia.

Pattern Distortion Amblyopia

Monocular blurred retinal imagecaninterfere with visual developmerdand cause amblyopia
The table below list causes of a monocular blurred image in childhdotometropic
amblyopia is the most common type of amblyopia with an incidence of 3 to 4 percem of t
generalpopulation It is caused by a refractive error in one eye.

Anisanetropic Amblyopa Media Opacity

Hyperopia> 1.50 (common) Infantile Cataract
Astigmatism > 2.00 Corneal €.g.,Peters anomaly)
Myopia >-3.00 (unusual) Vitreous hemorrhge

Bilateral blurred imagemaycause bilateral amblyopia. Ametropic amblyopia is bilateral
amblyopia caused by Hdyperopiausually over + ®0. Bilateral media opacity can also
cause bilateral amblyopia

Ametropic Amblyopia Media Opacity
Hyperopia> 5.00 Cataract (early onsgt
Astigmatism > 3.00 Corneal €.g.,Peters anomaly)

Meridional amblyopids the term for amblyopia caused by astigmatjsgither monocular
or binocular
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Sensory NystagmuesBilateral severe blurred retinahages during the critical period of
visual development will cause bilateral amblyopia and sensory nystaghiis.is most often
associated with bilateral dense media opacity such as bilateral congenital catdfacts
bilateral visually significant congigal cataracts are not removed and aphakic contact lenses
placed by 2 months of age, 90% of the patients will develop sévikteralamblyopia and
sensory nystagmusSensory nystagmus usually mega®r vision 020/200 OU or worse.

Preverbal Children

Forchildrenwho aretoo youngor too uncooperative to obtainra
optotype visual acuity, use monoculaxdtion testing toestimate
vision. Cover one eye and have tpatient fix and follow an
accommodativdarget. If the child cannotikate directly orthe
target orhas trouble accurately following a moving target this
indicates poor visionNote the child in the photo righis looking
at the target with the right eyeToas®ss vision rave thetarget
slowly observing how accurately the child follows the targiét J _.A_."7 :
the patient accuragly fixes and follows theision is goodaround 20/30 to 20/80, but ifixing
and followingis poor, this indicates decreased visionusually around 20/100 or worse

Eccentric fixatioris very poor fixation so the Sound Eye Amblyopia Eye
patient cannotlook directly at the target " ™
Eccentric fixationndicates dense amblyopia A “

with vision of 20/20 to count fingerand a poor " ‘i
prognosis It is associatkwith extrgoveal

viewing as foveal fation did not develop

DrawingA showscentral fixation right eye and

extrafoveal viewing associated with eccentric 5

fixation left eye Drawing B shows that even “
when the sound eye is covered thatgent still

cannot fixate with the amblyopitoveaand
continues to eccentrically view. Amblyopia - Eccentric Fixation LE

Note: The peudcefoveaassociated with AR@ndthe suppression scotomassociated

with monofixation syndromevill disappeamwhen the fixing eye is covered and the Ron
dominant eye willre-fixate with thefovea. This is not the case with eccentric fixation and
dense amblyopia. With eccentric fixatidoveal fixation never developed so the fovea
cannot fixate even when the dominat eyeis covered.
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Fixation Preference Testing .
Fixation preference testing evaluates the ability for the child to us :
either eye. It adds to the information obtained by monocular n 6
fixation testing. If the patient alternates fixation this means equal ;

visual preference and no amblyopia. Note patieghtialternates "

fixation indicating no amblyopia.
BTW- NoH L RheRige®li Ff AL

Some children will have a preferred eye but this does not k i
necessarily mean they have amblyopia as they may occasionally
alternate fixdion. To diagnose strabismicrélyopia occlude the domimd eye to force

fixation to the norndominant eye, then take the cover away. If the child holds fixation with

the nondominant eye for a few seconds, through a blink, or follow a moving targétre re
fixating to the dominane@ S G KSNBE A& y2 aAIYAFAOFYy(d | YOf &2 LIA
with the nondominant eye, and immethtely refixates to the dominaneye this indicates

significant ambtopia that should be treated.

1Y

Y

A

Question: The child belowshows preferencéor the left eye (left photo). You cover the
dominant left eye and force fixation to the nedominant right eye (center photo). dke the
occluder away and the patient immediately-figates back to the left eye (photo right).

Which of the following ee correct?
1. No significant amblyopia
2. Mild amblyopia left eye
3. Significant amblyopia right eye
4. | Lyy2ad GSttx tS0Qa ¢l AG dzydAat GKS OKAfR Aa

67



Answer: The photos above shostrongfixation preferencedor the left eye indicating
amblyopia right eye When the dominat left eye is covered (center photo), yes the right eye
will take up fixation, but as soon as the cover is removed the patient imnmediatéiyates to
the left eye (right photo). This inchtes strong fixation preference for the left eye and
significant amblyopia right eye so answer # 3 is correct.

Note: Early diagnosis and treatment of amblyopia is the key for obtaining good outcomes.
Waiting until the child can read letters (answbBrdelays treatment and is definitely the
wrong answer. That is the kind wfonganswer that can have you retaking the oral boards!

Vertical Prism Test (Induced Tropia Test)

Fixation preference can be evaluat@dpatients with straight eyely using a pism to induce
strabismus.Place a 10 to 15 PD prism vertically over one eye to induce a hyperthapia
evaluate fixation preferencelf the patientalternates fixation or can hoffixation well with

either eyethere is no amblyopiaStrong fixation peference for one eye indicates amblyopia

of non-preferred eye. '
Photoupperright shows a 15 PD base doypnsm over left |

eye The left eye is fixing through the base down prism so tlm ‘
eye moves up to pick up fixation. See that bothsaye up ,

per Herirg® law of yoke musclesrou can tell the left eye is
fixing because the eyes move in response to the prism. S,

In photolower right the base down prism imoved to he
righteye. Note that the patientontinues to fixate with the
left eyeas the left eye is looking straight aheathis patient
shows strong fixation preference for left eye and suggests
amblyopia right eye.
The vertical prism test works well for diagnosing amblyopia in patients with small angle
esotropia and straight eyesowever, patients with intermittent exotropia often have
strong fixation preference without amblyopia.

Personal Note: | developed the vertical prisgat with orthoptist Francis Walonkevhen | was
a second year residemat

Wright KW, Walonker F, Edean P. The Z@iopter fixation test for amblyopia. Arch
Ophthalmol 1981;99:12426.
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Diagnosing Amblyopia in  Verbal Children

It is important to obtain a visual acuity as young as possible. With pediatric optotypes visual
acuity can be measures as early as 2 years old. Be careful as to which pediatric optotype you
use as many do not actlig measure visual acuity which is ability to éistif two points are
separated(e.g, two point discriminatior). Many pediatric optotypes have obvious shape and
contrast clues that allow even a densely amblyopic child to see the figure. The Alles figu
have been used for many years but they have significant shapeamtihst clues so vision is
overestimated. Your author has develkeg Wright pediatric optotypes @pyright 2000) that
greatly reduce shape clues as thethd figures are rectangulaContrast clues are also

reduced as the figuresave equal blackness and parallel lines are avoided.

Allen figures seen right. Notdow you o

Ol 'y A RSY (i Ae¥ed whigrk S &

severely blurred(far right) & ’
iy

Wright Figuresseen right. Note that
they arenot recognizable when
blurred with a fogging lenghelow)

Wright Chart can be purchased P;l- III
1 wrightcenter2020@gmail.com r—
Proceeds go to the Wright Foundation a 501c3-puofit

Mocan MC, Najer&ovarrubias MWright KW Comparison of visual W& @

acuity levels in pediatric patients with amblyopia using Wright Figures = . :
Allen Optotypes, and Snellen Letters. J of AAPOS, Vol 9, N1, Feb 2~

pp 48:52. o

im g
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Amblyopic Vision
1 Amblyopiais defned as 2 or more lines @#frence in best corrected visual acuity

1 Crowding Phenomenontt is easier for amblyopic patients to see individual
isolated optotypes than see optotypes in the middle of a linear display. To best
identify amblyopiatest with a line of many optotypes rather than single optotype
presentation.This is likely because amblyopic eyes have poor fixation.

1 Neutral Density Filter:This filter reduces the transmission of ligitt it is
analogoudo turning down the lights Reducedllumination reducegentralvision
more thanperipheral vison. Since patients with dense amblyopiaaxsex-foveal
retina, reducing illumination reducesédtvision of the sound eye more @i the
amblyopic eye. So neutrdénsityfilters or scobpic conditiongeduce the
differencein vision between the sound eye and alydipic eye in patients with
dense amblyopiaScotopic conditions does not, however, improve amblyopic
vision.

Question: Visual acuity difference between the good eye and amblyopic eye is greatest
when vision is tested with:

1. Patient looking through a neutral density filter

2. Single letter presentation

3. Optotypesthat have shape clues like the tree in Allen Cards
4. A line of opotypes presented to the patient

Answer: Neutral density filters reduce light and create scotopic conditions that degrade
vison of the good eye but not the amblyopic eye so the difference in vison is less with neutral
density filters so & is wrong. 8pgle optotype presentation is easier for amblyopic eyes and
underestimates amblyopia so2#is wrong. Optotypes with shape clues like the Allen tree are
easy to see and underestimate amblyopia so # 3 is wr&ajter to use optotypes that
accurately testcuity like the Wright Figurdsvell duh) Optotypes presented in linear

fashion is difficult for amblyopic eyes because of the crowding phenomenon and accentuate
the difference between the amblyopic and sound eye. The answet & linear

presentaton is best for detecting amblyopia.
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Treatment of Amblyopia
Early treatment is critical as delay can result in permanent Visga. Treatment of
amblyopiais based on two fundamental tenets:
1. Clear the retinal image
2. Force fixation to amblyopieye if dminance is present by:
1 Patching
1 Penalization

Clear the Retinal Image:

The firststage in thereatment of amblyopia i$o provide a
clear retinal imagelf there & a refractive errog, correct it, if
there is a media opacity clearit. It makes no sense to patch
the good eye if the image of the amblyopic eye is severely
blurred. Amblyopia can often be treated by providing a clear
retinal imagewithout patchingif the treatment is initiated |
early and there is no strabismsgsch asn the treatment of
anisometropic amblyopia

Patching: Patch the dominat eye to force fixation to the

lines of the good eye or 20/40 anprovementof fixation.
Patients with fusion(i.e., anisometroph and ptosis) should have
part-time occlusiorto allow binocular fusion Full-time occlusion
is usually not needed but if usetheckthe vision of the good eye
Fd Ly AYyGSNBEIE 2F y2 Y2NB dok|
check for reverse amblyopia of the good elfer example, 2 e
year oldundergoing fulitime occlusiomeeds to be examined every 2 weeks to make sure the
vison good eye does not decrease.

LISNJ e S|

Penalization: This & a treatment of amblyopia based on hiung

the visionof the dominate eye by blurring the image with a foggin
filter or pharmacologically with atropineThe idea is to blur the
dominate eye and force fixation to the amblyopic eye. Atropine
not significantlyblur thedominate eyeunlessthe dominate eye is
hyperopic.Photoright shows a child undergoirgropine
penalizationfor a right amblyopia Aropine dropsare givenonce a
dayto the left eyeand leftspectacldens is removedThe amblyopic right eye is given full
optical correcion. Atropine isno better than patching and not often used by the author.
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Treatment of Specific Types of Amblyopia

Congenital CataractsEarly surgerys indicated in thdirst few weeks of life for monoculaor
binocular visually significambngenitalcataracts Postoperativelyaphakic contact leres

should be placed within a few days after surgery. Spectacles are necessary for back up to the
contact lenses. Initially monocular cataract patients shqaltththe good eye 50% of

waking hours.Your loyal author published that very early surgery for monocular congenital
cataracts first week of life can give excellent results and stemo acuity

Wright KW, Matsumoto E, Edelman PM. Binocular fusion and stereopsis associated with early
surgey for monocular congenital cataracts. Arch Ophthalmol 1992:110(11):160D.

Anisometropic Amblyopia:Givethe full correction first. If eyes are straight most will
improve without patching or penalization. If after prescribihg full optical corretion vision
does not inprove over 1 to 2 months then patime patchingof good eyas indicated.
Penalizations an option, but ihas not been shown to be superior to patching.

Strabismic Amblyopia:Patch thegoodeye to force fixation to amblyopic eyeéPatch until the
amblyopic eye can hold fixation wetly until vision has improved to within 2 lines of the good
eye

Ametropic Amblyopia (Bilateral highyperopia): Bilateral highhyperopia>+6.00 should be
treated with fullhyperopiccorrectionregardlesof the presence of strabismweven if
orthotropic or exotropic If the hyperopiais symmetrical then patching mot necessaryDo
not cut the plus as amblyopic eyes do notyfidccommodate and amblyopia wilbt improve.

Question: A 3 year old presents with orthotropia, has good stereo acuity and cycloplegic
refraction of OD +1.00 sph, and OS +4.00 sph. You should immediately start full time patching
of OD. True or False.

Answer: False Most children with orthotropia and anisonr®pia are fusing and will improve

with glasses alone. Full time patching may break down fusion. | would give OD +0.50 and OS
+3.50 and if vision did not after improve after 2 months then start part time patching. Take
0.50 off both eyes to avoidllrring the good eye.

Question: A 5 year old presents with 20/80 OU and a cycloplegic refraction of + 8.00 OU. You
should cut the plus and prescribe +4.00 QUrue or False?

Answer: False-Do not cut the plusBlateral highhyperopicchildren have bilateraamblyopia

and will not accommodate for the uncorrectégperopia Give the full plus!
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Prognosis of Amblyopia
The earlier the onsetthe more distorted the imageand the longer the duration, thevorse
the prognosis. Early intervention is key to a good outcome.

Monocular Amblyopia: In generaktrabismic and anisometropamblyopia can be improved

with treatment up to age 8 to 9 years. Rare cases of adults who go blind in their good eye will
show improvement of vision of the amblyopic eye slowly over tiniae presence of

eccentric fixationindicates a poor prognosis with vision around 20/200 or worse. Eccentric
fixation and dense amblyopia is commonly associated with late suedey2 morths of age

in patients withdenseunilateral congenital cataracts.

Bilateral Amblyopia Bilateral highthyperopia(> +6 .00 D) will cause bilateral amblyopia but
prescribing the full plus even in older children will dramatically improve vision usually to
20/30 or better. The presence of sensory nystagassociated with a bilateral lens or
corneal opacity, howevemdicates poowisualprognosis usually aroun@0/100 or worse.
One should not categorically give up on patients with sensory nystagmusilatetal
congenital cataracts amprovementcan occur eveim older children 8 to 14 years of age
with visual acuityresults as good &0/60 (Wright KW, Christensen LE, Noguchi BA. Results
of late surgery for presumed congenital cataracts. AJO 1992;114(4):409-415).

Question: A 6 monthold has a partiatataract right eye Which is the bestign thatthe
cataract isamblyogenic and visiopoor?

1. 3 mmin size

2. Orthotropia

3. Asymmetriaed reflex

4. Inability to accuratel follow a slowly moving target
Answer: A 3 mm cataract is not necessarily visually signifisartl iswrong. Orthotropia
associated with a presumed congenital catatiaessociated with a good visual prognosis
(see my reference below)An asymmetriced reflex isan excellent screening tefr a
problembut does not indicatenecessarily indicate poor visioso # 3 is wrong. A better
objective measure of the opacity is to use a direct ophthalmoscope. If yocieartysee
retinal detail then the opacity isot severe and very likely not amblyogenic. Answer # 4 is
correct agpoor fix and follow and the inability to accurately follow a slowly moving target
indicates poor vision and amblyopidf eccentric fixations present thisndicates poor vision
and denseamblyopia Remember diagnosing amblyopia in a preverbal child can be difficult.
Use the entire clinical picture including tuisy, fixation pattern, refractive error, density of
opacity,andnot justone factor to makeyour diagnosis.
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Near Response

When an object move®wards uswe invoke the near
response accommaodation, conveemce, and pupillary
constrictionto keep alignment on the target and increase ol
depth of focugdrawing right)

Types of Convergence
There are hree mechanisms that contribute to convergence.

1 Fusional Convergencdzusionaktonvergence requires
binocular fusion. Astarget appr@achesretinal images
move tobi-temporal retina(see drawing right)
Stimulation of bitemporal retina results ira fusionreflex
convergencdo eliminate diplopia and align the eyes on
the approaching target

Notein drawings A & B (righthat a .
base out prismalsomoves the image to n
temporal retina and alsinduces

fusional convergenceMeasuring how ,’l
much base out prism a patient can fust /~=

is how we measure fusional @
convergence amplitudesyou can test  F
convergence amplitudes at distance or near by usibgse out prism bar.ntrease
the BO prism until fusion breakghich is known whenanvergence stops so the eye

drifts out or the patient seedouble. Most normalpeoplecan fuse 25 to 30 PD of BO
prism.

Normal Fusional VergencAmplitudes
Convergence = 230 PD
Divergence=6-8 PD
Vertical vergence 4-2 PD
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1 Accommodative Convergencerfhis is convergence linked to accommodation. As the
lens accommodates to focus on a near object there is a simultaneous reflex
convergence. The relationship of amount of accommodation to amount of
convergence is the basis ftire AC/A ratio (see below). Accommodative convergence
occurs without binocular fusion.

1 Proximal Convergence (Instrument Convergencéyhenan object is neaour eyes
will naturally converge Thiss convergence induced by the perception of an object
being near is called instrument convergence axciturs when viewing through an
optical instrument such as a binocular microscope or an autorefractor.

Measuring the AC/A Ratio

Accommodation and convergence are linked, as a certain amount ofrecodation wil
produce a certaimmount of convergence. The ratio afammodative onvergence to
accommodation is termed thaC/A ratio The AC/A ratias measured by inducing a change in
accommodationthen measuring the resultardghange in convergenceAccommodation can

be changed by using a miniesms to stimulate accommodation, or a plus lens to relax
accommodation. Accommodation is also changed by changing the working disteace;
induces accommodation and distance relaxes accommodatidrhese two ways of changing
accommodatiorare the basis for the two methods to calculate the AC/A rafipLens
Gradient Method(uses lenss) and 2) Heterophoria Methofuses near VS distance)

Lens gradient method
The lens gradiennethod for determining lhe AC/A ratio changes accommodation by placing
a lensplus or minusn front of the eyes, then measuring thesultant change in convergence:
1 Minus kens: Induceaccommodation
1 Pluslens: Relaxeaccommodation Induced Hypermetropia

M
Minus Lens:Aminus lens diverges light and pushes the image ~ /| | —
U

back inducindnyperopia(drawing below left). Imesponseto the S U
blurredretinalimage thelens steepens to accommodate and
bring the image in focus on the retina (drawing lower rigl#).

minus lens inducesccommodation which wilesult in increased
convergence. X

N

Accommodation

wnC
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Hypermetro pia Viewing Near Target

PlusLens A plus lens wiltonverge light, thus

relaxing accommodatiomeeded for [f‘ Y\
hyperopiaandviewing a near targetThe two A ____{\.

drawings top right show the image is
projected behind the retina witlmyperopia
andwhenviewing a near target. Drawing
right middle shows accommodatioreeded
to focus theimage on the retina. @tom {
drawingshows a plus lens in front of the eye

to relax accommodain. Thus a plus lens

reduces accommodation imgtients who are Accommodation relaxed
hyperopicand for near viewingLess
accommodation results in less convergence.

Accommodation

{
N\

wCcr o

Lens gradientformula:

AC/A = Dev org. - Dev w lens
Lens power

1 Dev org= orignal deviation (PD) measured
without the inducinglens

1 Devw lens= deviation (PD) measuredth an inducindenseseither plus or minus

1 Lens PowefDenominator) =Inducinglens power in diopters

For AC/A formulasx@deviations are minus and efviations are plus

Normal AC/A Ratio 4 to 5 PD/D

Example: A patient hasa dstancedeviation ofXT 20without lenses. WheR3.00 lensesre
placed over botleyesthe patient accommodates 3 diopters inducing convergence so the
deviationnow measures Xb. The AC/A ratio is calculatéelow and is 5 PD/D
AC/A =-20PD- (-5PD) /-3D
-20PBY -3D

-15PD/3D =5 PD/D

Note the lengyradient method is measured at a fixed distance and accommodation is
changed by placing a plus or minus lens in front of the eyes. Because working distance is
fixed, theinter-pupillarydistance is not a factor, and not used in floeemula.
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Question: The 3 yr. old in the photos right has a cycloplegic
refraction of+3.00 Ol and the following deviation:
Nsc ET 40 Photo right top)
Ncct3.00 OU E 10 (Photo right bottom)

Note: Nsc=neardeviationwithout correction
Ncc=near deviatiorwith correction

Which of the follgwing are true about thAe AC/AA rgtio? X
1./ FyQu RSUSNNAYS dissaOdeatwh S
neardeviation to determine the AC/A ratio
2. The AC/A ratio is normal 5 PD/D.
The AC/A ratio is high0 PD/D.
4. Cannot determine AC/A ratio because iher-
pupillarydistance is required.

w

Near +3.00 ET 10 |

Answer: The plus +3.00 lemreducesnear accommodation b$ diopters, which results in
reduction ofconvergencédoy 30 PDas the esotropia charmgl fromoriginal deviation o#40 PD

to 10 PDO.e., ERO- ETL0). So for every diopter of accommodative relaxation there was a 10
prism diopterreduction of convergence gbe AC/A ratio is 10PD/D.

AC/A = 40P0D0PD/3D 40 PD/D- High AC/Aratio

The lens gradient method is calculated using deviations measured at a fixed distance and can
be distance or nearssanswer #1 is wrong. The AC/A ratiodalculated to belO PD/Dso

answer# 2 AC/A =normal 5 PD/Dswrong. Aswer # 3 is correctsathe AC/A ratio is 10 PD/D
which is high (normat 5 PD/D).Answer # 4 is wrong because timer-pupillarydistance is

not used in the lens gradient method.

Question: At nearpatient hasan XT 25hen you give2.00 lens Olh glasses. If the AC/A
ratio is 5 PD/D (normal) whalo you expecthe deviationis with the myopic correction?

ETS
Orthophoria
XT 15

XT 30

pwnNpRE

Answer: The minus lens will stimulate accommodation thus cause convergence and reduce
the XT. Since the AC/A ratio is 5 PD/D, there will be 5 prism diaptesguction of XT for

every diopter of myopia correctedMinus 2.00 is given so the XT is reduced ®¥D so the
deviationwithout correction X5 goes to XI5 with myopic correctiomnd the answer .
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Heterophoria Method

With the heterophoria method accommodation is changecchgnging the working distance:
comparing the deviation at distance VSane Moving the target fronopticalinfinity (>20

feet) to 1/3of a meter will induce 3 diopters @ccommodation The interpupillary (PD)
distance is important for the heterophoria calculation because we are comparing alignment
distance vs near. A patit with a wide PD will have to converge more for near than one with
a narrow PD. Note this is often a board topic and remember the PD is in centimeters not

millimeters.
_ AC/A=PD + Ndev-D dev
Heterophoria formula: (cm)

Acc change (D)

PD =nter-pupillarydistance incentimeters

N dev = neadeviation in prism diopters

D dev = distance deviation in prism diopters

Acc change accommodative change in diopters (D). Since no accommodation
is needed for distance fixation the acc change is simply the near
accommodation in diopters. Near accommodatin diopters is the reciprocal

of the patient to target distance. If the fixation target is %2 of a meter from the
patient the acc change is 2 diopters, and at 1/3 of a meter it is 3 diopters.

= =4 4 A

Question: Patient photos right has at ne&T 10 andta
distance an XT 1®D =50 mm
What is the AC/A ratio?

Answer: Use the Heterophorigéormula
5.0 cm + (20PD/2D)
5.0 cm + 10PD/D 5 PD/D

Remember:Accommodating to 5@mis %2 meter andequires
2 diopters of accommodation. Also remember fPBneeds to
be expressedinclh I YR pn YY Sljdz f a
esotropia is positive and exotropia is negative

Distance XT 1

Clinicallythe Heterophorianethod is virtually never used
Also | hate the name it makes no seridetero = Different, Phoria = latesirabismus
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Clinical AC/A Relationship

The late Dr. MarshBParks used the clinical AC/A relationship to quantitat distancenear

differences of esotropia Simply putif an esotropia increases by more than 10 PD going from

distance to near fixabin then theAC/Arelationship is highThis not a true AC/A ratio, but

clinically it is very helpful. If on your oral boards someone asks you how you calculate the

1/ k! NI}GAZ2 R2y Qi FNBIF{ 2dzio Wdza i ameé egdz LINB
the esotropia increases by more than 10 PD for near the relationship is high.

1 High AC/A Relationship = Dsc ET 20 PD and Nsc ET 35 PD, Difference 15 PD
Dsc=distance deviation without correction, Nsc= Near deviation waiticorrection

Accommodative E sotropia
Accommodative esotropia is one of the most common types
strabismus. The onset rangésm infancy to late childhood
with most becoming apparent around ageyears. Usually the
esotropia is intermittent and small at first then increases ove
time. The cause issuallyhighhyperopiabut can be caused by
ahigh AC/A ratio. Because of theghhyperopiathe patient
must invoke strong accommodation to see clearly. Increase
accommodation causes increased convergence resulting is
esotropia. The girl right has an accommodatesotropia
(ET30) (upper photo). Heycloplegic refraction is5t00 OU
and she must accommodate 5 diopters to focus which cause
her to converge The treatment is to give fullyperopic
correction to relax accommodative convergence. When the
hyperopiccorrection is prescribed, accommodation relaxes a
the eyesstraightento orthotropia (lower right photo). Becausé
the eye straighteawith hyperopiccorrection thetreatment is
to give fullhyperopiccorrection not surgery.

i

Ncc +5.00 Ortho

Note: AC/A ratio is 6 PD/D by
lens gradient method (border
line high)

The vast majority of patients with accommodative esotropia
hyperopic usually greatethan +2.00. Only occasionally will a patient be emmetropic and
have a near esotropia due to a high AC/A ratio. Because accommodative esotropia is
acquired and the eyes aligned during early visual development, the prognosis for recovery of
binocular fuson andstereo acuityis relatively good Hyperopiatends to diminish over time

and about half ohyperopicchildren will grow out of their glasses in théeenage years.
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Characteristics of Accommodative Esotropia
1 Onset acquired in infancy to 5 yrs.yi. average)
i Variable angle acquired esotropia
1 Moderate to highhyperopia(+2.00 to +7.00)
1 Relatively good binocular fusion potential

Treatment of Accommodative Esotropia

Fundamental to treating accommodative esotropia is to prescribe théypkeropic

correction to reduce accommodative convergence and straighten the dygseropiashould
be determined by a cycloplegic refraction. Cyclopentolate 1% is the standard, however if a
patient is difficult to fully cycloplege then atropine 1% can be usexfragion is performed
30 minutes to an hour after dosing for cyclopentolate and after 3 days of two times a day
drops for atropine. In general ttyyperopiccorrection in patients with acquired esotropia if
the cycloplegic refraction is +2.00 or moreatients should wear correction all waking hours.
Most patients with accommodative esotropia require twperopiccorrectionfor many years
some for a life time Approximately 50% of patients will grow out of thiayperopiain their
teen age years.

If the hyperopicoptical correction straigtens the eyes to within 18D of orthotropia for
distance and near providing fusion no further treatment is needed. This is a pure
accommodative esotropia and is correctable with single vieigreropicspectacles.These
patients have a good prognosis for obtainlmigocular fusion andcuityas the esotropia is
acquired sdinocular fusion developed during infancy.

Example of accommodative esotropia:

2 yr. old with acquired esotropiand g/cloplegic refraction 24.00 Ol glasses are given.
Nsc ET 20 =T Ncc Orthotropia Stereo acuityp0 sec

Dsc ET 20 Dcc Orthotropia
N= near deviatiorD= distance deviatiorsc= without, cc= withcorrection
Note: Rull hyperopiccorrectionaligns the eyes andtereoacuityis achieved.

High AC/A Ratio Accommodative ET : Some patients have a high AC/A ratio and after
prescribing fulhyperopiccorrection the alignment is corrected for distance but there remains
a significant esotropia for near (ET > 10 to 15 PBé tfEatment for these patients who are
straight for distance but esotropic for near is bifocal glasses with a plus near ddgetbpic
(most are) givéull hyperopiccorrectionand a bifocal add usually a +3.00 (maximum near
add). The goal of the bital add is to provide binocular fusion at near. The AC/A ratio slowly
diminishes over time and most patients grow out of their bifocals @irtteerage years.
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Example High AC/A Ratio Bifocal Candidate : 5 yr. old with acquired esotropia
cycloplegic refraction i$4.00 Ol glasses are given.

Nsc ET60 Ncc ET 40 +3.00 add= Ncc bif ELO, stereo=60 sec
Dsc ET 40 Dcc Orthotrgia

D= distance deviation, N= near deviation, sc= without, cc=-wilrection

Note: With +4.00spectacles tle patientis orthotropic for distarcebut there is alarge
esotropia for near. A+3.00 bifocal adctorrects the near deviation to an esophoria with
stereo acuity NO SURGERYneeded- the treatment is bifocals

Photos right show the example patiewith a high AC/A ratio
wearingbifocals Note when lookingt nearthrough the upper
segmentthere isan ET 40 PQupper photo) however, when the
samenear target is viewed through the bifocal addwer photo)
the eyes are alignedThese patients typally put their chin up to
for near work and reading.

Question:
The4 year oldin photos above right isearingbifocals withfull hyperopiccorrection He is
orthotropia for distancehrough the upper segment. isinear deviation ibelow:
Nccupper segment =£T30
Ncc +3.00 bifocal add@rthotropia (fusingstereo acuitys0 sec arc)
N= near deviationgc= with correction

1) Use the lens gradient method to determine the/ACatio.
2) Is this patient a surgical candidate?

Answer:

1. Lens Gradient AC/A = Changa@ardeviation with +3.00 lens:
Change in deviation with +3.(RD = 30 PD
30 PD / 3.00 D #0 PD/D=high AC/A ratio

2. NOsurgerybecause the patienis orthortopia for distancevith hyperopic correctiorand
orthotropia for near with bifocal add. Importantly patient is fusing with g@dereo acuity

81



Miotics

There is a rarely used pharmacological treatment for high AC/A ratio accommodative
esotropia and that is topical miotic drops such as phospholine iodideg@leothiophate

iodide). The treatment of choice is bifocal glasses, however, if the child does not tolerate the
reading glasses then phospholine iodide drops once or twice a day is an option. Treatment is
temporary as most children will grow out of theghi AC/A ratio in their teenage years.

Miotics, such as phospholine iodide are cholinesterase inhibitors and increase the
effectiveness of locally released acetylcholine. Acetylcholine released in the ciliary body will
last longer and produce more accomnatibn for a given amount of innervational

stimulation. Thus, miotics reduce the accommodative effort to focus at near thus reducing
accommodative convergence and reducing the esotropia at near. Miotics truly reduce the
AC/A ratio.

Adverse Effects of Miotis Phospholine iodide, even when given topically, is systemically
absorbed and will lower cholinesterase activity in the blood for several weeks. Phospholine
iodide prolongs the effect of the succinylcholine and may prolong respiratory paralysis after
anesthesia. Succinylcholine anesthesia should be avoided if phospholine iodide has been used
within 6 weeks before surgery. Systemic side effects of miotics may include brow ache,
headadhes, nausea, and abdominal cramping. If the lower dose of phosphotindeiis used,
these complications are infrequenOcular side effects of phospholine iodide include iris
cysts along the pupillary margin in 20% to 50% of cases, occurring at any time from several
weeks to several months after treatment. Iris cysts témdegress after discontinuing
phospholine iodide. Phenylephrine used in combination with phospholine iodide may
prevent iris cysts. Other rare and unusual complications include lens opacities, retinal
detachment in adults, and angt#osure glaucoma.

Patially Accommodative Esotropia:

If a patient with accommodative esotropia still has a
significantesotropia for distancafter prescribing full ‘
hyperopiccorrectionthis is termedpartially accommodative '
esotropia. Thechild inphoto rightis an example of partially
accommodative esotropia as thereasesidual esotropiaf
25 PDfor distanceand nearafter wearing fullhyperopic
correction This chilchas a constant esotropia amdquires
surgery is to establish binocular fusion. Inge, surgery is indicated if there is a residual
esotropia of 15 PD or more for distan®&ifocal glases are not an option as they wlbt
correct the distance esotropia
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Surgery for Partially Accommodative Esotropia

Partially accommodativesotropia is a surgical disorder with the goal of establishing
binocular fusion. &gery is indicated fopartial if after giving fulhyperopiccorrection there
is a residual esotropia of 15 PD or méwe distance. Remember foboard exansand in real
life, it is important to repeat the cycloplegic refractiamd give fulhyperopiccorrection
before surgery The surgery of choice is bilateraledial rectus recessionskarly treatment
gives the patienthe best chance for obtaining binoculfrsion.

There are three@pproachego determine the amount of surgery or target anglied 2 NA I K Qa
Augmented Formula g ¢ { G I Y R NR Y 2 NXdziy t KA WA ! ARG @istedi A 2 v
formula was developed by your authoand te target angle is aaverage othe near

deviation without correction (largest), ardistancedeviation with correction (smallest).

Successful outcomes aaehieved irover 90%of cases operated usirthe Wright augmented
formulaand is mypreferred formula $ee reference below Thestandard formula uses the
distancedeviation with correctior(smaller awgle) as the target angle. This formula has an
unacceptably high incidence ohdercarections (25%-30%).

Wright KW, Brucdyle L. Augmented surgery for esotropia associated withhyigbéropia J Pediatr
Ophthalmol Strabismus 1993;30:1470.

Esotropia without correction Esotropiawith correction

Prism adaptationdetermines the target angle by placing
base out (BO) press prism for the full deviation on the
LJ- G A Sy ( @Roto Aghtshawis 8@ prism right eye
Then have the patient wear the glasses for a week to 2
weeksbefore remeasuring the deviationlf the deviatio
is thenincreases additional base out prism is applied. T
process is repeated until the deviation is stabilizadhis is
less popular because of the extra time and expense of
prism adaptation.
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Examples of Surgical Approach esto Partially Accommodative Esotropia

1. Augmented Formula 2 NA 3 K i Q& v 2.Standard Formula
Nsc ET 40 Ncc ER5

Dcc ET 20 Dcc ET 20

Target angle = ET 30 Target angle = ET 20

D= distance deviation, N= near deviation, sc= without, cc=-wilrection

3. Prism Adaptation
1 Preadaptation = ET 30 so 30 BO prism applied to glasses
1 After 2 weeks of wearing 30 PD prism deviation = ET 40 so 40 PD BO prism is
applied to glasses
1 After 2 weeks of wearing 40 PD the deviation has not changed so
Photo- Press on prism over OD
Target angle = ET 40

Question: A 4 year old has a recent onset intermittent esotropia measuring 30 PD for
distance and near. Clpplegic refraction shows4.00D OU What would you do?

1. Prescribe fulhyperopiccorrection+4.00 OU

2. Reduce plus so patient will tolerate glasgegve +2.00 D OU.

3. Surgery bilateral medial rectus recessions

4. Bifocal glasses

Answer: Prescribe fulhyperopiccorrection+4.000U so theansweris# 1. If the glasses

correct the distance and near deviation then we are dqrigasses is the treatment. If with

the full hyperopiccorrection the eyes are aligned for distance but a residual esotropia is

present for near > 10 to 150Pthen prescribe bifocal glasses with a +3.00 add. If there is a

residual esotropia > 10 to 15 PD with twiperopiccorrection for distance and near then

strabismus surgery is indicatetbilateral medial rectus @essions2 NA A K G Q& | dzZ3YSy (i SF
surgeryformula is preferredo determine target angleWright surgeryof course)

Question: 3 year old with an ET 20 PD distance and near after wearing +3.00 OU for 3
months. Multiple cycloplegic refractions verify a +3.00 sphere. Urgent surgery is indicated
True or False

Answer: True¢ Partially accommodative esotropia not fusing distance and near.
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Acquired Non -Accommodative Esotropia
Children: An acquired esotropia in childhood can occur without signifitespieropia
(<2.00 D). Inthese cases it igonant to rule out a neurological disorder. Check that
ductions are full to look for a sixth nerve paresis. An important symptom that indicates a
strabismus is acquired is the complaint of diplopia. Neurological disorders that can cause
tumor and hydrocephalus. In some neurological disorders such as AZh@d
malformationthe esotropia maye comitant with full ductions. Photo right shows child
i ad. Addiniadiaide
showed significanfrnold Chiari malformatiowith
large foramen magnum and herniation of brain.
but strabismus surgery was required. Unless there is - S
an obvious cause for an agiged esotropia such as higt
including MRbrain. Treatment of acquired comitant
esotropia is usually bilateral medical rectus recessio
sothe target angle should be slightly larger than the '
angle measured.

acquired esotrpia include myasthenia, Arnold Chiari malformation, cavernous sinus
who presented with a&omitant esotropia and MRI r " "
Neurosurgery resulted in improvement of esotropia |

hyperopia consider obtaining a neurological evaluati

These patients usually have binocular fusion potenti

Adults: A common type of acquired esotropia in older adults usually over 60 years old is
divergence insufficiency esotropia. This is an intermitesodeviation usually 10 to 20
prismdiopters for distance and orthotropia for near. Patients present with diplopia for
distance such as driving and watching TV which slowly becomes worse over many years.
Neurological work up is usually indicated unless the duration of symptoms is long term
and there are no signs of a sixth nerve palsy or other neurological signs. One theory on
acquired esotropia in older adults is progressive lateral rectus muscle laxity and drooping
of the middle of the lateral rectus muscles down, thus causing an essiaevgreater for

the distanceand often greater in downgazelnitial treatment is often prism glasses
especially for deviations < 10 prism diopters. Surgical treatment includes medial rectus
recessions, tightening of the lateral rectus muscles (plicdtow transposition surgery

moving middle of the lateral recti up.
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Question:

The3 year old patientn photo righthasan
acqured small anglentermittent esotropiaof
two monthsdurationand associated with
diplopia. Dolls head maneuver showsited
abduction left eye.

Cycloplegic refraction +1.00 OU
Fundus normal

Your management would be?

Prescribe glasses +1.00 OU then return in 6 months
Strabismus surgery to regain binocular fusion
Follow up in 6 months as strabismus often resolves
MRI of head

honNE

Answer: There are several red flags in this case! History of diplopia verifies the history that

the esotropia is acquired. The patient is mildiyperopicso may be accommodative

Sa20NRPLIALF o0dzii AGQ& dzy dza dzl dsotrapi@haveonlyk1ioa Sy G a &A (K
hyperopia A key red flag is limited abduction. Accommodative esotropia shoule tugiv

ductions. A&quired esotropia with dilppia and limited abductiomight indicate a acquired

6™ nerve palsysoabrain MRI brainscan isndicated to rule out a neurological etiology such
asintracranial massor Arnold Chiari
malformation The answer is # 4.

Note: MRI was obtained and showadumor
in the cavernous sinused arrow)consgstent
with a 6™ nerveparesis andimitation of
abduction left eye.
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#EADGAO CAHBIOADT PEA
In general iiis difficult to fuseesadeviatons and much easier to fuse edaviations. This is

because oumnate divergence amplitudes are wealeasuring only 6 to 8 Pénd our

convergence amplitudes are strong measuring 25 to 30 WBak drergence amplitudes

explain whyesodeviations tend to be constatropias often associated with amblyopia and

poor binocular visionwhile exodeviations are well controlled and asated with high grade
stereo acuity Majority of newborns have a small edeviation which is easily fused.

Congenital esotropid AKA infantile esotropidis defined as a large angle esotropia that
occurs in the fist 6 months of life (photeight). The exact etiology ofongenitalesotropia is
unknown. The deviation oftenncrease over time. Abductionmay be slightly restrictetfom
tight medial rectus muscles, but the abduction y
saccade is intact. Alternating fixation indicates equiz
vision- no anblyopia and patching not required
while strong fixation preference means amblyopfa
the deviated eyeand patching of the dominant eye is ﬁ
indicated. Congenitaksotropia is uncommon.

n

Characteristics

1 Onset: birth to six months
Large angle (> 40 PD)
Consant tropia
Moderate hyperopia(+1.00 to +3.00)
Poor prognosis for high gradstereo acuity
Uncommon

= =4 4 -4 A

Differential Diagnosis
1 Pseudoesotropia
Infantile hyperopicaccommodative esotropia (+3.00 or more)
Congenital Fibrosis Syndrome
5dzr ySQa {@yRNRYS
a 2 0 ASyz@r@me(sixh and seventmerve palsy)
Sixth Nerve PalsyWERY RARE (hydrocephalus, infantile transient

= =4 4 -4
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Four Motor Associations

There are four characteristebnormaleye movements associated wittbngenitalesotropia

listed below. Except for smooffursuit asymmetry which occurs in early infancy, these

motor abnormalitiedevelop later, usually aroun? years of ageThe top three of the four

listed below probably represent the effects of disrupted binocular visual development as they
are seen in ther conditions that disrupt binocular visual development such as unilateral
congenital cataractsSince the acceptance of early correctiorcohgenitalesotropia

promoted by your author (KW) these seqael are now less commamnd less severe

Motor Asscaiations of Congenital Esotropia

f DVD or DHID5Q to 60%)

1 Latent nystagmus (50%)

f  Smooth pursuit asymmetry (100%)

1 Inferior obliqueoveraction (60%- usually bilateral)

Dissociated Strabismus Complex:

Early disruption of binocular fusion causedissociated
type of strabismushat occurs relatively late after 2
years of age There are three compoms: vertical
(DVD), horizontal (DHD), and extorsidn.contrast to a
true hypertropia where there is a corresponding
hypotropiaon the opposite sid, DVD violates Heri®)
law as eacleye drift up ¢ thus the termcdia & 2 OA |
In the photographs on the rightote that with RE
coveed there is a right hypesind with LE coared

there is a left hyper Some patients will have mostly a
horizontal devation and this is termed dissociated
horizontal deviation (DHD).

Three components of DVD
1 Verticalc DVD
9 Horizontalc DHD
1 Extorsion

Treatment of DVDIf the DVD is a significant cosmetic issue surgery is indicdtésiusually
bilateral so bilateral surgery is usually needed.

1 Bilateral SR recessisor hilateral IR resections or plications
1 If IOoveractionand DVD coexists then 10 anterior transposition is indicated
(see Chpter1 top of page 13 and Chapt8rCblique Dysfunction)
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Latent Nystagmus
This is a horizontal nystagmus which is produced or worsened t P \ .
covering one eye. lItis characterized by the fast phase directed/. | I |
the fixing eye. This means the fast beat goes to the right when os\_

left eye is cogred, and to the left when the right eye is covered. :- | T
Patients can have manifest latent nystagmus (MLN) which meal ob- 4 '|
nystagmus is present to some degree even without covering on '
eye. The null point is in adduction so patients with MLN ad
a face turn sdhe fixating eye is in adgttion. Drawing upper
right shows the right eye fixing in adduction with face turn
right. The companion photograph shows a patient viithN
fixing with the right eye in adduction to improve vision (null
point), thus adopting dace turn to the right.

Smooth Pursuit Asymmetry

Infants normally have smoothupsuit asymmetry withmore accurate following when an
object moves temporal to nasaPursuits deficient andags behind whemn object moves
nasal to temporal.Thisasymmetry is only seen whame eyeis covered. With normal
binocular visual developmersimooth pursuit asymmetrgoes away and becomes
symmetrical by 6 months of ag®isruption of binocular visual development such as occurs
with congenital esotropi@r a monocular congenital cataracause permanentsmooth
pursuitasymmetry This abnormality is lfng but does not interfere with everyday life as it
only occurs under monocular conditions. The
optokinetic drum photograph righ}is a good tool
to demonstratesmooth pursuit asymmetry
Patients withsmooth pursuit asymmetrwill show |
poor or no OKN response when the drum rolls nay
to temporal and normal OKN response with i
rotation temporal to nasal.The presence of
smooth pursuit asymmetry in an ad child or
adult indicates disruption of binocular visual
development during infancy and is a marker for
infantile onset of esotropia.
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Inferior Oblique Overaction (IOOA)
Inferior obliqueoveractionis characterized by:
1 Up-shoot in adduction (photos rdg)

1 V pattern- more divergence in ugaze

1 Usually bilateral

Treatment: 10 weakening procedurelO myectomy, or 10
recession/graded anteriorization (see chapter 9)

ET with Cross Fixation (Ciancia Syndrome)

Some patients witltongenitalesotropia have a large deviation
(>60 PDcaused byery tight medial rectus muscles. Because
the medial rectus muscles are tight both eyes are stuck in
adduction and they adopt a face tuta fixate in adduction. If
vision is equal they will cross fiea Photo right shows cross
fixation. The right eye is fixing adduction with face turn right
then below the left eye is fixinig adduction with face turn left
These patients haveestriction to abduction but because lateral
rectus function is goothere is a good abduction saccaden
attempted abduction there isxaggerated endpoint nystagmus
as the patient struggles to abduct. Treatmémnsurgicat, large
bilateral medical rectus recessio(about 7 mm)

CianciaSyndrome Triad: 1) large angl esotropia, 2) face turn
with fixing eye in adduction and 3) abduction nystagmus.

Question:

A 40 year old presentsith a history of previous strabismus surgery elsewhere for crossed
eyes since birth. Your exam shows an alternating esotropia of 2QyBagmus when one
eye is occluded with fast phase to the fixing eyyRBer when RE covered anéhyper when
LE covered. Which one of tfa@lowing isunlikely?

Bilateral DVD present

Patient has latent nystagmus

Monocular smooth pursuit asymmetry withopr pursuit nasal to temporal
Patient has amblyopia

Patient is stereo blind

gk wbNPE
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Answer: This patient has the typical motor signsooingenitalesotropia, with bilateral DVD

and latent nystagmus soX¥and # 2 are true. The question did not specificalliestiae exam
findings of smooth pursuit asymmetry but because of ¢iv@&ence forcongenitalesotropia

smooth pursuit asymmetry is likely s@#s true. The answer is4#as the patient does not

have amblyopia because the patient has an alternating epidroAnswer % is true as the

patient has a residual esotropia greater than 10 PD and that precludes binocular fusion so no
stereo acuity

Treatment of Congenital Esotropia

In general strabismus surgefigr congenital esotropia isilateralmedialrectus recessiond
prefer very early surgery at around 3 to 4 months of age if the baby is hdakkywhy
below), but for the board exam best to answer around 6 morthage The exception to
bilateral surgery is if the esotropia is associated witlliad eye, then perform surgery only
on the blind eye.If the esotropia is associated with +3.00 Chgperopiaor more then
glasses mudbetried. If thehyperopicglasses straighten the ey&swithin 10 PD of
orthotropia thensurgery is not indicatedA residuaksotropia of greater thad0 to15 PD
after prescribing fulhyperopiccorrection is an indicatio for surgery

o

Photographs right shows a
6 month old with an
alternating 0 PD ET with

cycloplegic refraction +0.5Cﬂ ﬁ ﬁ 6. |

OU. There is no need for |

. | i
glases or patching, so i |
surgery is indicated.

Preoperative Considerations Full ophthalmic exam, plus:
1 Ductions¢ makesure full abduction or if slight restriction at least good abduction
saccade (use dolls head maneuver)
Versiong lookfor inferior obliqueoveraction
FixationPreference
0 Alternate fixation = no amblyopia
0 Strong fixation preference = amblyopia and need patchinig child can hold
fixation well with nondominant eye
Cycloplegic refraction (giviall plusif >+3.00
1 Fundus exam

== =4

=

Surgical Goal Alignment to within 10 PD of orthotropiay 6 months to 1 year of age to
obtain peripheral fusion (monofixation syndrome)
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Spontaneous Resolution of Congenital Esotropia

The NIH sponsore@ongenitaEsotropia Observational Stug@EOS) which yours truly KW
was Study Chair, showed that spontaneous resolutidargfe anglg>40 PDongenital
esotropia is rare Small angle or intermittent esotropia, however, has a spontaneous
resolution rate @ approximately 30%. Small or inteittent esotropia in infancyghould
probably be followed for at leadtO months before considering surgeargless the deviation
increases

Prognosis

Following standard dogma of performing surgery between 6 months to 1 year of age,
approximately 50% to 70% will develop some peripheral fusion withgiagdestereo acuity
(monofixation syndrome) if aligned to within 10 PD of orthotropia. With this apgrpa
however, high gradstereo acuityis virtuallyunobtainable

Rational for Very Early Surgery .
. oA 9 . 00r

Ly GKS wmdT Hdal andyicRelNophPrize 2  [RESEE

laureates,and Crawfod and von Noordeglearlyshowed 80" NORMALS

r

I17 4 BI
18 DAYS

strabismus irreversigldisrupts early binocularortical
visual developmentUsing an animal modehey
demonstrated tha even brief periods oésotropiain
newbornscausedpermanentloss of binocular cortical
neurons (figure right) Figureright shows thahormally ,
most of the occipital caical cells are binoculax . € A B R
figure ACA dzNB ad /dé. A K2yBR G KS OSy (i Nhas dirinishedffer 2 T 0 Ay 2 C
only 18 or20 days of prism muced esotropia. A multitude of basic sciestedieshave

verified these resultdn 1994, | your loyal author reportedinicalresults of very early surgery
operating at 3 to 4 months of age. 5/5 patients develogegteo acuity with 2 achieving

high gradestereo acuityof 40 seconds ara\(right KW, Edelman PM, McVey JH, Terry A, Lin M.

High gradestereo acuityafter early surgery for congenital esotropia. Arch Ophthalmol4;,292:913

919). The combination of the animal studies and our clinical experience strongly suggests that
very early surgerthat obtains orthotropia can result in binocular fusion and stereo acuity

60

KWNote- Patients with intermittent strabismus who hastaight eyes at times and have
intermittent binocular fusion will maintain their fusion somost casethey do notrequire
urgent correction of the strabismus.is the patient with a constant tropia and no fusion that
require urgent treatment. Patients with congenital esotropia almost always present with a
constant esotropia no fusion.
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Question:

This 9 montlold presents with an esotropia @5 PDsince birth.
Patent alternates fixation, duodns are full anatycloplegic
refractionis +1.000U. Which aremost likely to be true?

DVD is present

Amblyopia present

Excellent prognosis for high gradiereo acuity
Hyperopicglasses are indicated.

Esotropia will spontaneously resolve.
Surgery is indicated and sensory outcome is probatdgofixation with peripleral
fusion

o gk wnNpE

Answer: DVD develops later usually after 2 years of age so # 1 is viratignt is alterniing
fixation so no amblyopia and #2 is wromtjghgradestereo acuityis rarely achieved with
congenitalesotropiaunlesssurgery is done before 6 montlse # 2 is wrong. Glasses are
indicated if>+ 3.00 so answer # 4 is wrong. It is rare that a large asglkeopia willresolve
so #5is wrong. The correct answer i6#s monofixatdn is likelysensory outcome

Question:
All of the following are true regardingongenitalesotropia except:

1. Preoperative patching the dominant eye is indicated if there is strong fixation
preference for one eye.

2. Esotropia is common in normal newborn infants

3. Normal reading ability even though smooth pursuit asymmetry is present.

4. Surgery should be performed arousdnonths of age to obtain peripheral fusion.

Answer: #1 is true as strong fixation preference indicates significant amblydyévborns
are often exdropic, butrarely esotropicso #2 is wrong sahe answeris #2. Children with
congenitalesotropia fave persistent smooth pursuit asymmetry with abnormal nasal to
temporal pursuit; however, this is only seen when one eye is occluded. In normal life with
both eyes open there is no pursuit asymmetry so reading is not affecte®ss tfue.
Binocular fion is obtainable with early surgery around 6 months of age4s#rue.
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Infantile Accommodative Esotropia
Infants 3 to 12 months of age can develop esotropia
because they arbyperopic usually +3.00 or more. This
is called infantile accommodative esotropia and is in t
differential of infantile esotropia. Because the esotrop &
is acquired they have a better prognosis than congeni® )
esotropia and there is less chance that they depelo
DVD or latent nysgmus. The treatment is to prescribe
the hyperopiccorrection based on a cycloplegic
refraction. If the glasses align the eyeswithin 10 PD -
of orthotropia,then glasses is the treatment and strabismus surgery in not needed
Thebaby in the photo above rightas acycloplegic refractioof +5.00 OU. Full
hyperopiccorrection was given which resulted orthotropia so no surgery needed. If
there is a residual esotropia of greatiian 10 to15 PD then this is termed partially
accommodtive esotopia and surgery is indicatedf amblyopia is present then treat
before surgery. Surgery iddieral medial rectus recessions with target angle for
slightly more than the residual esotropia with glassBg sure to inform the parents
that gasses will still be requidkafter surgery.

Question:

After wearing fullhyperopiccorrection +5.50 OU for 8 week
the infant in photo right (my son) has an ET 25 to 30 PD fo
distance and near with full ductions. We were patchiigit
eye?2 hours a dy and he nowvholds fixation well each eye
What did | do next?

Obtain MRI scan of head
Increase patching right eye to 4 hours a day
Trial of bifecals
Urgent bilateral medial rectus recessions

5. Refer to an optometrist for vision therapy
Note the brightred reflex from the deviated OS (positive Bruckner test)

=\ e
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Answer:

First answer is incorrect as patient has full ductions, and Iygleropiathat partially corrects

with glasses so the diagnosis is infantile onset partially accommodative esotropia andino M

is needed. Answer 2Zis incorrect as previous patching has resulted in good fixation with

patient holding fixation with either eye indicating that the amblyopia has resolved. Answer #

3is incorrect because there is a significant esotropia distandenaar bifocals only works

fornear. BTW2 S dzadzr t €t @ R2y QiU 3IAOS4iscorfedtandrgenti 2 Ay F I
surgery is what | ditbr the best chance to establighnocular fusion. Wait too long and

fusion potential is lost foreveAnswer Ss ridiculousg no way.

Note: Thepatient shownabove is my youngest of 5 children. | did the surgeygelfg

bilateral medial rectus recessions using my augmented surgery formula (see chapter 6) when
he was 5 ¥2 months old. Thank goodness he did grstaér wearing full hyperopic correction
since infancy he grew out of hiyperopiain high school.Now 25 years after surgehe is
orthotropic atdistance and near and has perfetereo acuityof 40 sec arc. Rito below

shows my son and me hts graduation from the US Marine Corp boot camp. He was one of
the best sharpshooters of the graduatest OKA L] 2FF (G KS 2f R of 201 Hé

BTWNo L RARYQUO 2LISNIGS 2y Yeé az2y edzaid 4?2
LQY y20pldKFG OKSI
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Physiologic Exophoria

Our orbits are divergent so the normal eye position of rest is divergentsaradl exophorias < 10 PD
are considered normal. Innate fusional convergence is strong 825°D) so fusing small
exodeviations igasy Over70% of normal newborns have a small exodeviatitich resolves within
a few days to weeks.

Intermittent Exotropia

Intermittent exotropia is thepresence of dargeexophoriathat can be fused because of our natural
large fusional convergen@mplitudes but becomes ananifestexotropia at timesespecially when
the patient is tired or day dreaming. Intermittent exotropia is by far the most comtyyos of
exotropia. The exotropia usually measures between 20 to 40 PD.

Photo right shows a child with irrmittent exotropia
and straight eyes because the deviation is fulkgd
convergence (phoria phase) the stereo acuity normal
40 sec arc.

Theright photo is taken moments later when the
patient lost concentrdbn so fusion broke and the
exdropia hasbecame manifest (tropia phasé)hen
exotropic the patient has no stereo acuity and
suppresses one eye.

Patients with intermittent exotropidnave perfectstereo acuity(40 searc)when aligned (phoria

phase), but nestereo acuitywhen tropic because thpatients suppress the image from the deviated

eye (tropia phase). Rarely patients will see dowslbave AR@nhen tropic. Often patients will squint

toOf 2aS GKS RSQOAFGSR S@&S 06 0Kdza Typicaly ingérinident v+ YS F2NJ a
exotropia(X(T)pecomes manifest when the patient is fatigued, daydreaming or takes a sedative.

Alcohol is a depressant so imbibing an alcoholic beverage can bring out a latent exophoria. This is why

the cowboy saw douke after drinking in the saloon!
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Covering one eye will break fusion and manifest an intermittent exotropia (see 3 photos below).
Photo below left shows a patient with intermittent exotropia fusing with straight eyes. Middle photo
shows covering left eye, and right photo shows theluwaer removed and left exotropidProlonged
alternate prism cover teghgis used tadissociate theeyes and bring out the full edeviation.

.
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Question: Which of the following may cause the exotropia to become manifest in a patient with
intermittent exotropia?

e

Covering one eye

Severely blurring vison of one eye

Taking a sedative like diazepam

Taking a few shots of whiskey

Attending a boring strabismus lecture by KW
All of the above

ook whE

Answer: Covering one eye or severely blurring vision of onevejlebreak binocular fusion so

answers one and two are correct. Answers three, and four are also correct because diazepam and
alcohol are sedativest 5is correct as one of my boring lectures makes one sleepy and will manifest a
latent deviation. | catell which resdent has intermittent exotropiavhen | try to explain ARCthey
immediatdy manifest their exotropia So the answer is6t all of the above.

Lateral Incomitance

It is well known that exodeviations are often incomitant with the exotr@decreasing in side gaze

termed lateral incomitance. Older literature suggests reducing the amount of surgery if there is
significant lateral incomitance, however, this practice has been mostly abandoned. The reason for the
smaller exotropia in laterajaze is probably due to the normal orbital end point of abduction. On

lateral gaze the exodeviated eye will hit the lateral end point of abduction before the adducting eye
thus collapsing the exotropia in lateral gaze.
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Key Points on Intermittent Exotr opia

1 Onset:usuallyafter 2 yearsof ageto teen age- or even occasionally adult onset
Exodeviation can be fused but intermittently becomes manifest
Excellentstereoacuityduring phoria phase (4€ecarc)
Suppression during tropia phase (diplopia or ARE)
Do not have amblyopia

= =4 =4 =

Note: Patients with intermittent exotropia do not get strabismic amblyopia because they have
intermittent binocular fusion with high gradstereo acuitythat provides binocular visual stimulation.
Strabismic amblyopia occaivhen there is a constant tropia and constant cortical suppression of one
eye such is the case in infantiésotropia with strong fixation preference for one eye. Patients with
intermittent exotropia can have anisometropic amblyopia with the same imzideas the general
population.

Question: Regarding intermittent exotropia which of the following is true?

Bifoveal fusion with high gradsereo acuity40 secarc
Cortical suppressio

Amblyopia rare

Onset usually afte? years of age

All of the above

o s wN e

Answer: All are true so % is the answer. Remember when the eyes are aligned there is excellent
binocular fusion and high gradtereo acuityout when the exotropia is manifest there is cortical
suppression. Binocular fusion stimulates visual develapnof both eyes and prevents amblyopia.

Treatment of Intermittent Exotropia

For the most part the treatment of intermittent exotropia is surgical. The indication for surgery is
poor fusion control. Small tmoderate exodeviations (X20 PD that arewell controlled do not need
treatment. Most large deviations over 20 PD will eventually need surgery as they are difficult to fuse
and the natural history is that the deviation usually increases over time -shgical treatment can

be used as a tempoiiry method for small ang$ but is rarely effective in the long term. One

exception is convergence insufficiency as the preferred management is convergence exercises.
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Non-Surgical
In general norsurgical treatment is not effective except for thenveigence exercises for
convergence insufficiency. Below are rgurgical options.

1 Over minus glassed he idea is to reduce the exotropia by stimulatatmgommodative
convergence byprescribing additional minus lenses over the refracti@uerminus is not
well tolerated because itequires the patient to constatly overaccommodate.lt is wsually
tried for small anglexotropia (1615 PD) associated with concurrent myopia. Increase
myopic correction by2.00 to-3.00 over existing correction

1 Convergence exerciseBencil puskups or other convergence exercises can improve fusional
convergence for near. It is useful for convergence insufficiency, but will not reduce the
distance exodeviation.

1 Monocular occlusionPatching the dominant eye for 2 to 4 hours a day can in some children
reduce theoccurrence of the deviatianWhen the patching stops the deviation recurs.
Monocular occlusion of the dominant eye works as-angpression therapy. If there is equal
preference then alternate patch. | use monocular occlusion as a stalling method if the parents
R2y QO o6l yld &dzZNASNE 2NJ AF GKS OKAfR Aa (22 &2dzy

Surgical Indications

The most important indication for surgery is poor fusion control. If teeation is difficult to
control and becomes manifest more than 50% of waking hours then surgery is usually
indicated. In general it is preferable to operate after 4 years of age. This is because a small
consecutive esotropia often occurs afurgery ad young children have the ability to
suppressso theycan caus@levelopamblyopiaand losestereo acuityafter surgery Operate

on children under 4 years old only if the exotropia is worsening and the deviation is not
controlled. Older children with dviations greater than 30 PD are difficult to fuse and can
cause eye strain so these patient should be considered for surgery.
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Surgical Plan

The procedure of choice for intermittent exotropiadsgateral lateral rectus recessions
Monocular recess/resa procedures induce incomitance and cause diplopia in side gaze. A
small consecutive esotropia 4B PD) immediately after surgetydesirable as late

recurrence of the exotropia is common. Téensecutiveesotropiawill cause diplopia but will
usually resolve in a few days. Patients should be warned that they may havepsrative
diplopia. The standard surgical number charts have this small overcorrection built in. The
pattern of the deviation is important fadetermining the surgical plan. Below is a
classification based on difference of deviation distance vs ngaeAppendix lof surgical
numbers.

Classification of X(T)
1. Basic X(T)
2. Convergence Insufficiency
3. Divergence Excess X(T)
a. Pseudo
b. True

l. Basic X(T)
About 60% of intermittent exotropia patients have a similar deviation distance and
near and are called Basic X(T).
Dsc X(T) 30
Nsc X(T) 35
TARGET ANGLE = XT 35 Bilateral LR recessions

I. Convergence Insufficiency Exotropia

Patients with weakonvergence have an exotropia greater for near. If the eyes are straight for distance
it is best to avoid surgery and treat with convergence exercises (e.g., pencilpsish Convergence
insufficiency is the one strabismus that can be helped by exarcise

Dsc Ortho

Nsc X(T) 30

CONVERGENCE EXERGCMESURGERY

NOTE: If there is a significant XT (>15PD ) in the distance then consider bilateral lateral rectus
recessions for about 5 PD more than the distance angle. Patients will usually require coogerge
exercises after surgery for an exotropia at near.
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[1l.  Divergence Excess X(T)
Divergence excess is wiéhe exotropia is larger fatistancethan near by at least 10
PD. Divergere excess exotropia is tltemmon pattern.
Near XTL5
Distance XT 30

There are two types of divergence exsegermittent exotropia:
1 Pseudo common(90%) tenacious fusional convergence
1 True - uncommon(10%)- High AC/A ratio

Tenacious fusional convergence is near convergence that persists for several minutes after
monocular occlusionPatients withpseudaedivergence pattern intermittent exotropihave
strong tenacious fushal convergence thaliminishes the near deviatiorPatching one eye

for 30 to 60 minutes will break tenacious fusional convergence. If the neail@xation
increases after the patch test this indiea pseudedivergence excesdf the near

exodeviation does not increase with the patch test, this inthsarue divergence excess and

is associated with a high AC/A ratio.

Note- Patients with divergence excess exotropia should have the patch test to
determine pseudo VS true divergence excess.

a. Pseudo-Divergence Excess ¢ Patchingone eyeincreaseghe near exodeviatioto
be similar to the distance deviatiprand ok to operate for the full dissoiated angle
Dsc X(T) 30
Nsc X(T) 15 mp  Paich test Nsc X(T) 30
TARGET ANGLE = 30-PBilateral LR recessions

b. True Divergence Excess - If after the patch test the near deviation remains small
the surgical target should be somewhere between the distance and neatubevi
around 20 to 25 PD in theasebelow.

Dsc X(T) 30
Nsc X(T) 15 mp Paich test Nsc X(T) 15
TARGET ANGLE =25PD- Bilateral LR recessions

NOTEPatients with true divergence excdsave a high AC/A ratio amday need bifocal
glasses after surgery f@an esotropia fonear. True divergence excess can be a nightmare
because of the high incidence of persistesbtropia and diplopia at near after surgery.
Because of thitell patient that bifocals and more than one surgery is likely.
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Question: 10 year old with intermittent exotropia manifest most of the time. Cycloplegic
refraction is plano OU.
Dsc X(T) 40
Nsc X(T) 20
The most appropriate treatment plan:
Convergence exercises
Prescribe glasse8.00 sph OU
Bilateral lateral rectus recessions for XT 40
Bilateral lateral rectus recessions for XT 20
Perform patch test to determine surgical target angle

aprwdE

Answer: Patient has divergence excess pattern with the distance deviation larger than near.
The patch test is needed to determine the surgical target angle so the answer is #

Postoperative Management

A smaliinitial postoperative over correction (E2F6
PD) is desirablesthis my reduce the chancdsr the
exotropia to recur.Largeconsecutive esteviations
will often require further surgerguch as seen inthe | =
photo on the right in this patient who is postoperative
bilateral lateral rectus recessions

Asmall consecutive esotropi@an be initially observed as the esotropia usually resolves ofaw a

days to acouple ofweeks. Children under 4ears, however, can rapidly develop amblyopia so

consider alternate patching-2 hours a day to prevent arhfopia if the esotropia is constant and

persists for several days. For a persisi@sotropia after a couple week®nsider prescribig base out

prism glasses to eliminatee diplopia and preserve binocular fusion. Give just enough prism to allow
fusionwhile leaving a smadisophoria to build divergencdf after 4 to 6 weeks the esotropia persists

then additional strabismus surgery should be considered. Either advance the lateral rectus muscles or
recess the medial rectus muscles. Consider the pitiggiof a slipped lateral rectus muscle if

abduction is limited and the esotropia is greater for distance. If the lateral has slipped resect the
stretched scar and replace at the intended recession point.
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Question: Your 15 year old patieritas apoorly controlled intemittent exotropia.
Preoperative measurements:
Dsc X(T) 35
Nsc X(T) 10Patch test = XT35
What do you want to do?
1. Patch for amblyopia
2. Prescribe bifocal spectacles
3. Bilateral lateral rectus recessions for XT 35
4. Bilateral laterafectus recessions for XT 10

Answer: Intermittent exotropia is rarely associated with amblyopia sbig false.After

patch test the near deviation increased to the dista deviation so this is pseudiivergence
excess and surgery for the fully dissded deviation is indicated (XT 35 PD). Note the exo
deviation is poorly controlled so surgery is indicated so the answer is #3.

Question: An 8 year old presentsith a history of having surgesisewhere forntermittent
exotropia six monthaga Thechild hadiplopia at near since the surgery.ourexam:
Ductions full
Dsc Orthotropia
Nsc ERO
Which ismost likelytrue regarding this case?

Patient has a high AC/A ratio

Preoperative diagnosis was true divergence excess exotropia
Bifocalglasses will help the diplopia

All the above

P wnNpRE

Answer: The patient most likely had high AC/A ratio anttue divergence=xcessxotropia
prior to surgeryas theeyes are straight for distance and there igasistentesotropia for
nearso #1 and #2 arecorrect. he patent will benefit frombifocal add to correct the
consecutive esotropia at neap # 3is also corregtand the answer is all of the abovel#
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Exotropia and Oblique dysfunction

Inferior Obligue Overaction (Also see chapter 9)
Exotropia and inferior obliqueveractioncan coexist. Bilateral inferior obliquw&eraction
gives a V patterfgreater XT in upgazed patients adopt a downgaze preference and chin
elevation to avoid the large exotropia in upgaze. Patient in photd hgh ICoveractionOU
and a V patterrso he adopts a compensatory chin elevation to aid in fusioe. igkbt from
Beverly Hills The V pattern is associated with an-sipoot of the
adducting eye on lateral gaze causing a LHT in right gaze and ¢
in left gaze(see composite photos below).

Treatment: If there is significant I©veractionand V pattern of 1@0 15PD or more

weaken the IO muscles at the time of the horizontal surgery. In general do not change the
horizontal amounbf surgery because of the 10 muscle surgery. Inferior obligue muscle
weakening procedures performed at the time of the exotropia surgery have good outcomes.

104



Superior Obliqgue Overaction (Also see Chapter 9)

Bilateral superior obliqueveractionis assciated with an A patterifincreased XT in down
gaze)and patients adopt a compensatory chin depression to keep the eyes in upgaze where
the exotropia is diminished. The composite photos below showv@actionleft >right with

an A pattern (Lambda subtype)

Treatment: In general try to avoid superior oblique weakening procedures in patients with
intermittent exotropia as postoperative SO palsy frequently occurs causing\aatioal

diplopia. Instead displace the LR down to help correct the A pattern. If thezgasesSO
overactionand a large A pattern greater than 15 to 20 PD, then use a graded SO weakening
procedure such as Wright SO silicone expander or a split tendon elong@&hapter 9 P 123)
Agraded weakening procedurs preferredasit reducesthe risk of consecutive superior
oblique palsy.

X Z Pattern Exotropia
Patients with long standing large exotropia can have a X
pattern with the exotropia increasing in upnd dowrgaze.

Example:
XT 30

XT 25

Muscle axis

XT 30

The X Pattern is thought to be caused by tight lateral reci
muscles that flip the eye up and down on vertical gaze as
shown in the drawing rightThere ioften associated mild
pseudo 10 and SQveraction The X pattern disappears
after bilateral lateal rectus muscle recessions.
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Question:

A 28year oldophthalmology residenpresents withpoorly controlledintermittent exotropia
and a chin elevationPatching one eye eliminates the chin elevatidn.addition to bilateral
lateral rectus recessionshich of the fdlowing is likel§

Need bilateral SO weakening procedure

NeedlO muscle weakening OU

Need reck surgery

Chin upisbecause the patient is so proud that he/she understatigsconcept of
ARC

P wnNpRE

Answer:

A chin elevation in a patient with exotrapis most commonly due to bilateral IO muscle
overactioncausing a V pattern. The patient adopts a chin elevation to move the eyes down
where the exotropia diminishedt is actually an inferior gaze preference manifesting as a
chin elevation.Answer # is correct as weakening the 10 muscles is indicated for correcting
the IOoveractionand V pattern. Answer #is wrong because S®eractioncauses an A
pattern and the gaze preference is up and chin is doWnis is not a neck problem as
patching oneeye eliminates the chin posturing s@#s wrong.# 4 is also wrong because the
patch eliminated the chin elevan thusthe chin elevation is due to an issue with binocular
fusion,not an attitude issuéhaha)

Note: Patching one eye is a useful waydetermine if afaceturn or head tiltis secondary to
incomitant strabismus and the head posturing is to find a gaze pogaiobtain binocular
fusion. fa patch eliminates face posturing then incomitant strabismus is the cause of the
compensatoryface posuring. Also a patch test can be used to determine if eye strain is
caused by difficulty obtaining binocular fusion, i.e.poria. If patching one eye makes the
eye strain betterthen the phoria is contributing to the eye strain.

Sensory Exotropia
Sensory strabismus means the strabismus is caused by

of vision and therefore lossf binocular fusion. Because
our orbits are divergent our position of rest is divergent =
a blind eye will often drift out which is called sensory | f

exotropia (photo right). If blindness is congenital or occl w

in infancy, esotropia may occur. The indication for surge i !

for sensory strabismus is based on cosmetic appearanc
Surgery is isolated to the poor vision eye: either a regess
resect or reessg plicate procedure.
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Congenital Exotropia

Congenital exotropia is a large angle constant XT
present at birth- with no fusion (photo right). It is
extremely rare and mst ophthalmologists will see
only one or two cases during their career.
Congenital exotropia is often associated with
systemic disorders such:ggematurity, craniofacial
anomalies, ocular albinism or cerebral palsyhe
treatment for congenital exotropia is bilateral latera
rectus recessions, which should be performeckaft
6 months of ageThere isa relatively poor prognosis
for fusionsimilar toinfantile esotropia It has a much higher incidence of amblyopia than
intermittent exotropia, with the incidence of amblyopia being similamfantile esotropia
(20 to 40%).

Question: Patients with which of the followingonditionswould you expectto haveequal
vision and excellendtereo acuityof 40 se@
1. Infantile esotropia
Sensory exotropia
Intermittent exotropia
Congenitakxotropia
None of the above

Ok wn

Answer: Infantile esotropia # 1 is wrong as onset is at birth or first few months the esotropia
is constant and disrupts binocular fusion. Typically they have gteoeo acuity

monofixation syndrome, and have an incidence of amblyopia of 40%. Sensory exotropia is
drifiy 3 6 SOF dzaS 2F | 0f ktgréeo ali®ys® # 2i8 wranél Indermitteny” Q (i
exotropia #3 is correct as these patients can fuse the exotropia with innate convergence and
have straight eyes much of the time, thus providing binocular stimulat®atients have high
gradestereo acuity40 sec, equal vision, and intermittently become tropic especially when
fatigued. Congenitakxotropia likeinfantile esotropia is a constant onset at birth so it

disrupts binocular development and associated witior stereo acuityand amblyopia of 20%

to 40% so # is wrong.
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A and V Patterns

A horizontal deviation (ET or XT) that changes when the patient looks up and down is termed
an A or V pattern.

A pattern
More convergence in gaze and more divergence in downgaze by at least 10 PD. Drawing

right show an A pattern esotropia.
A pattern ET
A Pattern ET A Pattern XT
ET 30 XT 10 C v L&D
ET 20 XT 20 . ]
fnma
ET 10 XT30 @ '1"
PG>
More divergence in upgaze and more convergence in downgaze by at least 15 PD. Drawing
right shows V pattern esotropia. V
pattern ET
V Pattern ET V Pattern XT
Sy rauell e Lronslla up
£T 10 XT 30 @ » <&

ET 20 XT 20

ET 30 XT 10 @}-_""“‘““’@
B
Causes of A and V patterns

A and V patterngre often associated with obliqueveractionor underaction, but can be
idiopathic without oblique muscle dysfunction.

V pattern

X pattern: This less common pattetis usually seerin exotropia with increasingivergence
in both up and downgazdésee Chapter 8)It is probably caused by tight lateral recti and
resolves after bilateral lateral rectus recessions.
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Question: [ N\, e

What pattern is seen in the photos right?

Orthotropi;'
1. A pattern
2. V pattern
3. X pattern
4. No pattern
Answer: Orthotropia in ugaze, a small esotropia primary
position that increases in downgaze is a V pattern so # 2 is
correct.

Treatment of A and V patterns
If the pattern is small, not affecting
fusion and not causing a compensatory

LR
head position then it can be observed. / MR
significant pattern associated with \ / / \
oblique muscle dysfunction is treated by \ f /‘ ’\
correcting the oblique muscle, such as MR
LR

inferior oblique weakning procedure for
a V pattern associated with inferior
obligue muscleveraction

For the basic patterns without significant oblique dysfunction, you can transpose the
horizontal recti in the manner shown in the drawing right. The medial recti aneethto the

apex and the lateral recti are moved to the wide part of the letter. For a V pattern esotropia
(no oblique dysfunction) perform bilateral medial rectus muscle recessions and move the new
insertions down. In general move the muscles % tendiath (5 mm).

Question: Patient has an esotropia with the deviation shown right. There is no oblique
dysfunction. What surgery is appropriate?

E15.@D
Bilateral medial rectus recessions with supraplacement @

Bilateral medial rectus recessions with infraplacemen

Bilateral lateral rectus resections with supraplacement @:El' 20 (ﬂ)

Bilateral medial rectus recessions without vertical
transposition

5. Both2and 3 @Er 42@)

»wn e
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Answer: This is a V pattern esotropia. The answerisa# both 2 and 3

are correct. One can either weaken timeedial recti by recession or MR
tighten the lateral recti with a resection or plication to treat the \ /
esotropia, and address the V pattern by transposing the medial recti \ /‘
the apex (infraplace) and the lateral recti opposite to the wide part of

the V (supraface.) LR

Oblique Muscle Dysfunction

Obligue muscles can be dysfunctional and can egeunderact. Oblique musctysfunction

can occur in isolation or associated with horizontal strabismus. Since there are 3 actions of
obliguemuscles, obliqgue over amder actionwill affecthorizontal, vertical and torsional
alignment in the field of action of the muscl&or example, superior obliqum/eraction

produces a downshoot in adduction (see drawugger righ, excessive abduction in
downgaze (A patterngnd intorsion worse in
downgaze. Remember the field of action of the
superior oblique is down and in, and inferior oblique
isup and in.

Test for oblique muscle dysfunctidey versions Have the patient look in lateral gaze, and
observe the adductingye. It is helpful tocover the adducting eye with an occluderbreak
fusionto allow manifesttion of oblique dysfunction. Hold the occluder at an angle so you
can peak behind the occluder to see the adducting eye. Drawing right stghwanferior
obliqueoveractionbehind an occlder.

Oblique muscle dysfunction including oblique muscle
palsy is a common cause of vertical strabismus. Thin}
possible oblique muscléysfunction in patients with a
hypertropiaof otherwise unkown etiology.

Oblique Muscles @
Field of Action @ @

110



Bielschowsky's Head Tilt Test

The Bielschowsky head tik used to diagnose oblique ardrticalrectus muscle palsies. It
should be used on patients with a hypertropia of unknown etiology. No need for a head tilt
test if the diagnosis has been madech as in the case of a hypertropia secondary to thyroid
related strabismus or a floor fracturd he Bielschowsky head tilt is most useful for
diagnosing obliqgue muscle palsies specificallyperior oblique palsyClinically over 90% of

significantly pgsitive head tilt tests are associated with a superior oblique pdtsg.only
Tilting the head to the side stimulates the

useful fordiagnosingan isolatedsinglevertical or
obliquemuscle paresi

vestibular leveling system of the eyes. Vertical ‘?’ \ Q)
rectus and oblique muscles have cyebrtical . - '

functions connected to the vestibular system and keep our eyes aligned when we tilt our
head. A weak cycleertical muscle will cause an imbalance of cyadical forces causing a
vertical deviation that ineases on tilting the head. Photos upper right show a positive head
tilt with a right hypertropia greater on right head tilt in a patient with a right SO palsy. A

positive head tilt test of 5 PD or monedicates a strong possibility thatvertical rects or
oblique muscle palsy is the cause of the vertical strabismus.

The drawing right shows the reason for the positive head tilt /%;;
/4

associated with a right superior oblique palsy. On tilt right the rigt sr % [ /
eye intorts to keep the eye level. The SO and 8Responsible for > \
intorsion so they are activated to intort, but there is a SO palsy. (&% \

&) <

Since the SO (a depressor) is weak, the SR (an elevator) is stron = L )
unopposed, so the SR pulls the eye up causing a right hypertropie (,-j
right tilt.

Interpreting Hea d tilt

Dr. MarshalParksdescribed the classictiree step testfor diagnosing a cycleertical muscle
palsy. | have found a modification that K dzY 6% RRA DK {402 stepdao@sss
simpler. Step 1: Do the head tilt test first. If the hypertropia increases on head tilt to the
side of the hypertropia this indicates an oblique muscle palsyif the hypertropia increases
opposite to the hypertropia it is a rectus muscle palsStep 2: Test horizonal gaze to see
where the hypertropia is greatest and match to the field of action of the eyettical nuscle
in question from step 1.
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Example of Oblique Muscle Palsy - LHT in Primary

Step 1.Head Tilt- LHT increasing on left tiltan oblique pé&syeither:
Left SO palsy
or
Right 10 palsy
Step 2.Horizontal gaze
If LHT increases in right gazeel(f of action of the left SO)I=SO palsy
If LHT increases in left gaze (field of actiothefright 10) =R-IO palsy

Example of Vertical Rectus Muscle Palsy z LHT in Primary

Step 1.Head Tilt- LHT increasing on right tilt = a vertical rectus pelyer:
Left IR palsy
or
Right SR palsy
Step 2.Horizontal gaze
If LHT increases in right gazeliof action of the right SR)R=SR palsy
If LHT increases in left gaze (field of actiothefleft IR) =-IR palsy

Question:
Patient sen in the composite photos belolasa RHT Q in primary position. DIAGNGSI

1. Right SR palsy ; N

2. Right IR palsy . -t

3. Right SO pals ho, ¢

3 RightSOpalsy  R.gaze [ RHT25 [ Ortho) Y |- gaze

Left SO palsy - : g -
» = - -
i " e &l ~» >
Ortho RHT 10 RHT 20

Answer: Step 1:Do the head tilt test first. Patient shows a positive head tilt with right
hypertropia increasing on right tilt. This indicates an oblique muscle palsy so the rectus
muscle answers (& 2) are wrong leaving answers 3 and 4 (rightefr SO palsy). Since there

is a RHT and a weak right SO muscle causes a RHT the ansBvegig 0 palsy. Note: the

head tilt test narrows the choice to an oblique muscle SO or 10. Since there is a RHT the weak
muscle must be either the right S@dak depressor) or a left 10 (weak elevatdgtep 2:The

RHT increases in left gaze the field of action of the right SO (left gaze) so this indi&@es R

palsy.
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Note: If you are confronted with a positive head tilt (i.e. board examelinical practie) and
you forget the rules because you are too nervous and you have to guegeere is a
hypertropia that increases on head tilyou will be right most of the time if you guess SO
palsy on the side of the hypertropia.

Question:
Patient in photosight has a LHT 10 in primary that increases to LHT 25 in left gaze.

Head tilt: Right LHZ, Left LHT 18

Which muscle is paretic?

Left IR muscle
Left SO muscle
Right 10 muscle
Right SR muscle

honNE

Answer: Do the head tilt first!
Step 1.Head Tilt- LHT inaeasing on left tilt = oblique palsy either
Left SO (weak depressor)
Right IO (weak elevator)
Step 2.Horizontal gaze
LHT that increases in left gaze (field of action of rightI®)O palsy, answer 2.
Yes this is that rare case of isolated IO palsy,be careful out there.

Inferior Oblique Overaction
Inferior obliqueoveraction(IOOA) is a
common form of strabismus. It can be
primary (idiopathic), or secondary caused by
superior oblique palsy (SORVith primary
IOOA head tilt is negative and with SOP head tilt is posﬂl’he photo aboveshows a+ 2 left
IOOA with left upshoot on righgjaze (dextroversion). Right eye is fixing allowing the
adducting left eye to elevateBilateral IOOA is assoctat with a V pattern.The V pattern is
because the inferior oblique muscles are abducteith the field of action in ugaze.
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Primary IOOA

Primary IOOA is usuallyldteral but often
asymmetrical.lt is often associated with
horizortal strabismus buit can occuron its own
Primary IQoveractionis often associatedith
infantile esotropia (60%gjeveloping around 2 to 3
years of age. Photo upper right shows the classi
up-shoot right eye of I@veraction

Signs of I@veraction
1 Up-shoot in addiction
1 V pattern (Y subtype)
9 Extorsion on fundus examination

The V pattern associated with primary d@eractionis a Y
subtype with little change in the horizontal deviation from
downgaze to primary gaze, then divergence from primary t
upgaze. Phatsright shows a patient with & pattern
esotropia. Note the eyes are straight in gze and there is
an esotropia in primary and dowaze. This patient had an
upgaze preference and adopted chin down postutiog
obtainbinocularfusion (upper right phota)

Secondary Inferior Oblique Overaction (Superior Oblique Palsy)

Secondary IOOA is most commonly due tmdateralcongental SOP Since the SO muscle is
a depressor a weak SO muscle cause an ipsilateral IO@#d hypertropia in primary A
bilateral SOP will have canceling hypertropias so typically there is a small or no hypertropia in
primary position. Thekey sign of SOP is hypertropiith the hypetropiaincreasingn tilt to
the same side as the hypertropi@nd hypertropia increasingn holizontal gaze opposite to
the hypertropia (see above)lofacilitate binocularfusion patients with a unilater&OP will
adopt a compensatory head tilt opposite to the side of the SOP, (eSQFRcompensates
with a tilt left). With primary I00Ahe hea tilt is negative. Extorsion can Been on fundus
exam. Patients witlicquired SOP will experience torsiodalopiathat can be measured on
Maddox rod testingHowever, patients with congenital SOP do not haauéhjective extorsion.
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Unilateral S@ Bilateral SOP

A Hyper in Primary Large >5P Small <5 PD
A a+x¢ t I G30SN¥hal<10PD Large > 10 PD (Arrow Pat.)
A Maddox rod Extorsion< 10 deg. Extorsion > 10 deg.
A Head Tiltest Hyper increases on RH tilt R and LH tilt L
tilt to the side of the palsy

Congenital SO Palsy

Congenital SO is usually unilateral with a
relatively large hypertropia (1680 PD) which is |
intermittently fused solhe eyesappear well
aligned Typically there is a compensatory head
tilt and face turn awsg from the hypertropia to
facilitate binocular fusion. Facial asymmetry is
common with the smaller side dependent and
oppositeto the SO palsy. Phot@ht shows a
teenage patient with a right congenital SOP.
Note there is a head tilt left, face turnft§eyes
right) and left face is smaller than right

These patients have exaggerated vertical fugimplitudes, and can fuse large hyper
deviationsup to 25 to 30 PD, wherea®rmal vertical fusion amplitudes are punya8 PD.
Patients usually havexeellentstereo acuity The hypertropia will become manifest when the
patient is fatigued, much like patients with intermittent exotropM/hen tropic, patients
usually suppress diplopia but some will note double vision. Thesuglly significant IOOA,
with minimalunder actionof the SO.The etiology of angenital SO palsy is unknowwut

some cases have been associated with a lax or absent SO tgaden Since patients have
control over the deviation, they may presentdagven as senior adults. Check early childhood
family photos to document longstanding head tilt.

Note: Often patients vith congenital SO palsy are mliagnosed and receive multiple
consultations, CT, MRI scans, and even neck surgery for the torticadiistarusually make

the diagnosis on clinical groundk fact you can usually make the diagnosis as you enter the
exam room. A patient with a head tilt, and facial asymmetry, and a long standing history of
intermittent vertical strabismus has a congeh SOP until proven otherwise!
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Key Finding of Congenital SOP

Large vertical fusion amplitudes
Ipsilateral IGoveraction

Positive head tilt (hyper on tilt to the hyper)
Torticollis compensatory kad tilt oppositeto SOP)
Usually minimal or noiglopia
No torsion on Maddox rod
Facial asymmetry

> > > > > D> >

Composite photaight shows left —
congenital SO palsy with large LHT i f

primary withthe LHT increasing on
head tilt left and in rightgazéL- =
IOOA) Note the mildunder actionof | .|
the left SO muscle.
Al
.

Traumatic SO Palsy

Traumatic SO palsy is caused by closed head trauma. It is almost always bilateral’as the 4
nerves exit the brain close together so both nerves get traumatized with a traumatic shift of
the tentorium. Since the strabismus is acquired patients complain of torsional, vertical, and
horizontal diplopia worse in downgaze (SO field of acti@®cawse both SO muscles are

weak the verticals cancel each other so there is minimal to no hypertropia in primary position.
These ptientshave significantorsional diplopia because there is bilateral extorsion which
can be seen on fundus exam andMaddox odtesting They seehe fingers of the Snellen

0 A 3 as@l&Engup because etinal images are inverted so extorsiorseen as slanting up

The pattern of strabismus for bilater8IO palsy is reversiiypers 1) RHT onilt right and

LHT ontilt left, 2) RHT in leftgaze and LHT in righzeand a V pattern with esotropia in
downgaze (seeneasurements beloyv

Tilt R-RH 12 L-LH 10

Example Bilateral SO Palsy R- gaze L- gaze

Ortho

LH 8 RH 4 RH10

ET 10
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Arrow Pattern of SO Palsy (type of V pattern)

Bilateral superior oblique palsy hascharacteristic V pattern
that is anarrow subtype. Since the SO muscles are abductor
downgazehilateral SOP causes laakabduction in down gaze
thus causing an esotropia downgaze. This causes détause
most of the eseshift occurdrom primary position to downgaze

.i
andis called ararrow pattern (ID)_ The @mposite photos right |
show big eseshift from primary position to downgaze typical o T35 m
an arrow pattern associated with bilateral SO palsy. The arro \

pattern is virtually pathognomonic fdoilateral SOP.

Fallen Eye z Superior Oblique Palsy
GCLftfSy S@éSé¢ paicht®witNBEOPpHEferyo fixate Bithe paretlc eye Photo
right shows deft fallen eye associated with a ' :

right SOP. e right(paretic) eyeisfixing as it
moves inb itsfield of action- down and in.
This movement requires greaffert because
the SOmuscle is weak. P&rSNA y 3 Qa
yoke muscle the lefinferior rectusalso
receives increased innervation but it is
healthy, so it pulls the eyway down causing
0KS FLEEKSYf S&QNBS ¢t STlG KeR2INRBLAI A& (GKS aFl ff

AYKAOAGAZ2Y tlfae 27T (skSmpleR ghd Minrhoking$end: € ! yal 32y
however, it occasionally turns up on board exams. | will try to explais.reallysimilar to
0KSEI &f Safit d®aurS & the paretic eye is fixinfhe yokef the weak superior oblique
mugcle is the ontralateral inferior rectus muscléWhen the patient looks into the field of
action of the weak SO (nasally), the SO muscle receives increasedgaition to keep the eye
R26Y @ t S NJhé GmNdlafemalinferidr tediuBlsoieceives increaseihnervation,
YR LISNJ { KS NMiitagahist2hg cpatraiferal guperidr ie€@us muscle wittceive
increased inhibition. Increased ibition of the contralateral superior rectus muscle givles
appearance that theontralateralsuperior rectus is paretjéi K dza (i RnBibitiorSPERYy ofa
the Contralateral Antagonist In the fallen eye photo above thers aright SOP but the left
superior rectus musclappears pareti@s there is a large left hypotropia in levoversion
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Masked bilateral superior oblique palsy

A bilateral asymmetrical superior oblique paresis can look like a unilateral superior oblique
paresisas only one eye shovesgnificant IOOAthis is termedmasked bilateral superior
oblique paresisThe presence of a-pattern and bilateral extorsion on fundus examination
also suggest bilateral involvement in patients with a presumed unilag®dt In these cases

of masked Bateral superior oblique pasgs, if surgery is performed on one eyfeg
contralateral superior oblique paresis will become evident postoperatively.

Question: The fundus photokwer right are most consistent with which of the following?

Bilateral SQalsy

Bilateral ICoveraction
Masked bilateral SO palsy
All of the above

WP

Answer: The fundus photos show bilateral extorsion with the foveas below the lower pole of
the optic disc. The answer is # 4 as allassociated with bilateral fundus extorsion.

Question: The strabismus seen in the
composite photos right has:
Head Tilt RRHTS, L- LHTLO

This strabismus is most consistent with:

Bilateral inferior oblique palsy
Unilateral congenital SO palsy
Primary 10overaction
Traumatichilateral SO palsy

HwnN PR

Answer: Head tilt test is positive therefore most likely a SQRere arealsoreversing
hyperson head tilt RHTon tilt right and LHOnN tilt left, and lateral gaze = LHT in right gaze,
RHT in left gazeith an arrowV pattern so this is classic for a bilateral SO palsy, answer # 4.
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Primary Superior
Obligue Overaction

(SOO0A)

Primary superior oblique
overactionis idiopathic and
usually bilateral. As seen in the =S
composite photos right the
hallmarkof SQoveractionis > N
downshoot in adduction and

downgaze (arrows) and A pattern (lambda gype). Patients adopt a compensatory chin
depression for binocular fusion as the eyes agstlaligned with the eyes in gaze. Fundus
exam can show intorsion. Kei IOoveractionthe head tilt test is negative. Onset is from birth
but patients can present in adulthood. Patients usually have good binocular fusisteand
acuity. Superior obligueveractionmay be seen in esotropia, exotropia and occasionally
without any horizontal strabismus. Antagonist inferior oblique function often is normal but
there may be limited elevation in adduction, which is secondary to a contracted tight superior
obliqgue muscle.

Lambda Pattern (type of A pattern)

The superior olijue (SO) muscles are abductors with field off : |
action in downgaze so overacting SO will cause divergence | , "
downgaze producing an A pattern. The A pattern is actually
lambda ( ) subtype as most of the exshift occurs from
primary positon to downgaze. See the composite photos rig .,
that show the lambda A pattern associated with superior h
obligueoveraction(taken from composite above)Note that
the exodeviation significantly ineases from primary position
to downgaze.This pattern is vertually diagnostic for bilateral '\
SOoveraction Just likethe arrow V pattent is diagndis of ? -
bilateral SO palsy.
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Inferior Oblique Palsy (Secondary SO
Overaction)

Inferior oblique palsy is rarand can be congenital or
acquired. Congenital forms are idiopathic and almost
always unilateral. Like congenital SO palsy, patierate o

large vertical fusion amplitudes and may present in a
adulthood. There is an ipsilateral hypotropia or

contralateral hypertropia in primary that increases on till '\
to the side of the hyper andn gaze to the side of the hyper. So a right 10 palsy hef$ a

hypertropia, that increases on head tilt left and in left ga@ften patients havea

compensatory head tilt opposite to trede of thehypertropiabut ipsilateral to the 10 palsy

Versions shovimited elevation in adduction ansecondary S©@veractionwith a downshoot

in adduction. Photos aboweght show a rignt 10 paresi€ausinga left hypertropia that

increases in left gaze, associated with rightit@er actionand right S@veraction Limited

elevationin adductionOF' y f 221 € A1 S,0.dNIRP AWQa NP SAERNENMES Y RNER Y ¢
SOoveraction(. NB gsyn@rame se€hapter 11 P 150 A description of how to diagnose 1O

palsy with head tilt test is presented above, see Wiikile didl an example with composite

photos are on page 113 in the question

Note: Rght upper figure (lower of the pairshowsright eye downshoot from S@veraction
andpseudoptosis. The apparent ptosis is because the right eye is hypotropic andithe li
follows down. Note that th@seudaptosis goes away when the right eye moves wpper
photo crossed out arrow).

Surgery for Oblique Muscle Dysfunction

Inferior Oblique Weakening K ,,-~—'\
Inferior obliqueoveraction both primary and secondary, can ( ’5 k

be treated by weakening the 10 muscle. The three most \ 4 ,__7
\\‘ - ' =

frequently performed procedures to weaken the inferior

-
oblique muste include inferio oblique A) ngectomyc remove ? s \{%‘4@

a segment of muscle, Byeessiorg move insertion towards \./ z
the origin to slacken the muscle, andadjeriorization¢ move \¢ w?
insertion anterior to equator to change the vector of forcess ¢ s

the 10 is no longer an elevatqiit is more or less vertically (8 J\“

neutral. If the IO is placed anterior to the inferior rectus -
\\m—m/_,/

insertion then the 10 will pull the front of the eye down and
cause limited elevation. This is calted yeli@vation.é It is a complication of placing the
inferior oblique too anterior but can be used to treat DVD.
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Question: The 8 year old patient : x!
had surgery for infantile esotropia at 3

age 2 years. Now has strabismus 7e ‘%'
seen in composite photos right and

no diplopia. N ?!
5

Primary: Orthotropia il | R .
Head Tilt: ROrtho, Lc Ortho -
1) Diagnosis?
1. BilateralSOP
2. BilateralprimarylOOA
3. Bilateral SR palsie
4. Masked bilateral SOP

2) The most appropriate surgery:
1. Bilateral inferior oblique recessisn
2. Bilateral inferior obligue myectomy
3. Bilateral inferior oblique anteriorizatian
4. All of theabove

Answer:

1) First off the head tilt test is negative so this is not a vertical rectus or oblique muscle palsy
therefore answers #, #3, and #4 are wrong and by process ofreination the answer is # 2
bilateral primarylOOA Note that the composite photos show bilateraDloveractionand V
pattern. Actually the atternis a Y subtype because in primary the eyes are orthotropic and
there is an XT in upgaaad this is indicative of primary IOOA

2) A weakening procedure of the IO musd the treatment, either 10 recession, myectomy or
anteriorization so the correct answer is # 4. Anteriorizat®aften used by the author batvoid
ant-St SOF A2y o6& (SSLIAYS3 GKS Lh YdzaoOofS H YY
deformity by keeping the IO posterior fibers poster(see Chapter 1 P 13)

Superior Oblique Tightening

Two procedures that tighten the SO tendon include full tendon tuckHacda Ito procedure
which is a tightening of the anterior tendon fibers by a patiiek or advancement of the
anterior tendon fibers.
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Superior Oblique Tuck

Extorsion associated with acquired SO palsy can be
treated by tightening the anterior SO tendon fibefie
anterior SO tendon fibers are responsible for intorsion '
while theposteriorfibers cause depression and abductio |
TheSO full tendon tucKdrawing right) tightens the
tendon by pinching and folding the entire tendon. This
results inintorsion, depression and abduction. It can be
used in cases of a lax SO tendon causing a B@te. full
tendon tuck ismadetoo tight it will cause limited
elevationworse in adductiordue to tightening of the
pogerior tendon fibers, termedatrogenO . NB gy Qa

N

Harada-Ito

TheHaradalto procedure specifically corrects extorsionagy

the anterior tendon fibers are tightened so there is little depress
2NJ F o RdzOGA2Yy STFFSOG® LI aNR3
Harada Ito is the proakure of choice to correct extorsion without
significant vertical strabismus. Drawing right shows the Hatema
as the anterior fibers in red are pulled temporally toward the
lateral rectus muscle thus to intothe eye as shown by the red
arrow. (Yes did that drawing myself)

There are two ways to perform the Harada: &)
remove the anterior 1/3 of fiber and advance

temporallytowards the lateral rectus, dB)leave
the tendon insertion intact but split the anterior
fibers and pull thentemporallytowards the lateral =
rectus muscle (plication).

Question: Patient witha history ofclosed head trauma and torsional diplopiBouble
Maddox rod is shown in photo right.
Primary- Orthotropia

Head Tilt R RHT 10, -ILHT 8
The most appropriatéreatment is:
1. Prism glasses
2. Bilateral superior rectusecessios
3. Bilateral SO full tendon Tuck
4. BilateralSOHarada Ito
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Answer: The double Maddox rod shows bilateral extorsion. Most likely diagnosis is bilateral

SO palsy causing extorsioRrisms do not correct torsion so #1 is wrongarada Ito, # 4 is

the best procedure as there is pure extorsion withawignificanvertical deviationn

primary position. Aull tendon tuckis an option buOl y Ol dzAS Al GNRBISYyA O . NR

Superior Obliqgue Weakening

Superior oblique weakening procedures can be used to treat superior oldgractionor a

GAIKG &dzZLISNRA2NJ 20f AljdzS Ydzadt S (SyRz2y O2YL} SE
most commonly used procedures include: tenotomy, tenectomy, Wright silicone tendon

expander, and split tendon elongation. Beware of performing SO weakproegdures in

patients with binocular fusion as peeperative SO palsy can result in intractable cyclo

vertical diplopia. Patients with intermittent exotropia have excellent binocular fusion, so if

there is coexisting S@veractionit is better to infraplace the lateral rectus muscles than

weaken the SO muscles unless thedv€ractionis severe.

Superior Oblique Tenotomy: Berk described the

superior obliqueenotomy as shown right to weaken the

SO muscle. The tenotomy is performed nasal to the SR

muscle. This is an effective procedure, however, it can

result in SO palsy. Some including one of my mentors Dr.

David Guyton advocates placing a suture bridgeveen

the cut tendon ends to keep them from over ) )
From Berk RN. Tenotomy of the superior obliq

separating thus preventing a secondary SO palsy. T| ., hypertropia. Arch Ophthalmol 1947: 38:605
suture bridge is affectionately called a chicken stitch.

Superior Oblique Tenectomy: Is removal of a segment @Otendon. This procedure has a
high ircidence of causing a secondary SO pagl/is not used often

Wright SO Silicone Tendon Expander: The SGilicone tendon expander provides a
graded slackening of the SO tendon. A 4 to 6 mm segment

of a 240 o0 silicone retina band is placed between the

cut ends of the SO tendon to elongate tlenton (see

drawing right). Théncision is performed temporab the

SR muscleut the silione segment is placed nasal to the

superior rectus Your author developed this procedure and

is the procedure of choice in patients with binocular fusion

to prevent a secondary SO patgecificdly for Browr@ Wright KW. Superior oblique silicone
syndrome (Chapter 11) expander for Brown's syndrome and

superior obliqueoveraction J Pediatr
Ophthalmol Strab 1991;28:16107.
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