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Abstact

Nystagmusisan eye movementdisodercharacterised by abnomal involuntary
thythmic oscilatonsofone orboth eyes, intiate d by a slow phase. tisnot
uncommon in the UKand regulady seenin paediatric ophthalmology and adult
generalstabismusclnics. hso me cases,toccursinisolation, and in others,it occurs
aspartofa mulisystem disorder, severe vi sualimpaimentorneurlogicaldisoder.
Simiafdy, in some cases, visualacuityca nbe nomaland inotherscanbe severely
degraded. Futhemore, the impactonvisbngoeswe Ibeyond static acuiy alone,
israrely measured and may vary on a minute-to-minu  te, day-to-day ormo nth-to -
month basis. Forthese reasons, managementofchid ren with nystagmusin the UKis
valned, and patientsreporthugely diferentexperi  encesand investigations. h this
review, we hope to shine a lightonthe cumrentman agementofchidren wih
nystagmusacmssfive specialstcentresinthe UK inorerto present, forthe fisttme,

a consensusoninvestgation and clncalmanagemen t
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Intoduction and demogrmphics

The estimated prevalence of nystagmusin the UKis 24 per10000(1).tcanbe
broadly grouped into hfantie Nystagmus Syndrome (INS) and ac quired nystagmus.
The onsetof NSis usualy within the fist6 mont hsoflfe (average age =

1.9 months)(2). NScan be idiopathic, associated w ith abinism, retinaldiseases such
asachmomatopsia, congenialstatonary ni ghtblindness (CSNB) oreaty onset retinal
degenenrations, low vision in infancy, and a varety ofothersyndromesand
developmentaldiseases (foran exhaustve Ist,see Leigh and Zee [2006])(3). The
mostcommon formsof NSare diopathc NSand NSassociated with albinism or
retinaldiseases. The mostcommonfom ofnon-NSn ystagmusinchidhood, is
FusionalMaldevelopment Nystagmus Syndrome (FMINS, p  revio usly Manife st Late nt

Nystag mus MLN).

Chidren with nystagmuscan be severely visualyimpaired orcanhave almost
nomalvisualac uty (VA), depending on the undery ing disease. However, VAisnot
a globalmeasure of visualfunction and Nystagmuso fanytype canassociated with
sig nific ant visualloss(4) beyond thatofacuityal one,and accordingly, both
nystagmus and abinism are cited askey prortes inthe arrea of Chidhood-Onset
Disoders,asdetemined by the Sightloss and Vision Prio ity Se tting Partne rship in

2013.

Despite much research into nystagmusovermany year s,there are stlmany
unanswered questonsaboutdiagnosis, teatmentand brad management.
Consequently, many clniciansare lesscomfortable managing c hidren with

nystagmusthan otherconditionsand managementvarn eswidely. hthisreview, we
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seekto claify the cumentstate-of-play regarding diagnosis, management,
teatmentoptonsand the use ofvarousinvestgat ionsin managing thiscomplex

group of chidren.

Basic_clinical assessment

Patie nt hstory & e xamination

Whe n asse ssing the infant/c hid with nystagmus, att  hough NS (with/ witho ut
associated oculardisorders) ismore common, itmus tbe bome in mind thatsome
infantsand young chidren wilhave ‘a cquied’ nystagmus with an unde tying
neurlogicalcause. hdeed, some olderchidren and /oradultswilhave previously
undiagnosed NSornystagmusassociated wi theatylackoffusion (FMNS) or, less
commonly, nystagmussecondaly to severe ac quired visualloss. History and c linic al
examination are both imporantin tailorng the man agementpathwayto alow
appropilate investgatonsand/orteatment. Snce NSisassociated with a wide
range ofunderying disorders, the presence ofnyst agmusin an infant/c hid sho uld
stimulate a comprehensve searchfora cause. Table 1 summailsessome ofthe

importantquestonsto be included ina thorough hi story.

The clnicalexaminaton beginsbefore the chid entersthe mom, pattic ulaty
obsewing forsignsof: photophobia, eye mbbing fo rretinalstimulation, head
postures (varable/alte mating/consistent) and/orhead shaking (both often, butnot
alays, afterl yearofage), skin/hairtone particulaty in relation to otherfamiy

memberspresent,aswellassignsofasso ciated systemic and neurnlogicalfeatures.
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The examinaton canthenbe spltinto two pats:eye movementsand ocular(+/-

syste mic ) e xamination.

Ocular& syste mic e xamination

Anocularexamination should be pedf omed wih the bestage-approprate
equipmentavaiable, specffcaly looking forocula rsignscommonly associated wih

nystag mus, which may include:

Comea -—size (e.g.microcomea associated with coloboma, orbuphthalmic eye
associated with glaucoma), epithelopathy (e.g. ass ociated with PAX6 gene
disoders)

Anterorchamber —structure (e.g. anteriorsegmentdysge ne sis)

Iis : ks stucture (e.g. aniidia, coloboma), iistr ansillumination (e.g. albinism orsome
PAX6 related disorders)

lens —cataract,aphakia (congentalacquied), intaoc ularlensimplantfollowing
previoussumgety

Vilreous —clarnty (e.g. virroushaemonhage)

Retina and Optc Newe —stucture e.g.colboboma, disc anomales(e.g.
papioedema, hypoplasia,coloboma orsmalcup see ninabinism), retinal
hypo/hypempigmentaton and orpigment, fo vealstucture (e.g. hypoplasia, atophy

from c ongenialinfe c tion).

Oculardisoderscommonly associated with NSare summarn zed in Table 2.
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Where there isany concemthatthere isanassocia ted systemic orneurlogical

disorderbased on eitherthe eye examinaton orthe overalassessmentofthe chid,

the infant/chid should also be review ed by a paediaticianorpaediatic

neurolo g ist.

Re d fag signs

Red flag signsare featuresin the history and exam ination whic h should ale it the

clnicianto acquired pathology thatrequies futhersyste mic investgatonssuch as

neumimaging.

Famiy history

Taking an accurate famiy history isan imporantp

artofthe inttialevaluaton forall

c hidren with nystagmus. fa clearfamiy  history of nystagmusis noted, id e ntifying

the stucture ofthe pedigree (famiytree), inadd

6

ition to information aboutthe
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clnicalcharacterstc softhose affected, iskey. Sometmesitwillbecome apparent
thatthe nystagmusin olderrlatvesseemsto be i solated and, inothers, is
associated with othervisualdisoders (suc hasretinaldystophiesoraniidia) or
systemic disorders (such asataxia inthe ca se ofspino-cerebelarataxia syndromes).
Asking the degree ofvisualdisabity an d teatmenthistory forthose affected can
help to differentiate these groupsofdisod ers. hothercases, the history may include
apparently non-oculardisoders (such asrelativeswith stikingly pale skn and ha  irin
contrastto the famiy contextin albinism disorder s)oroculardisorde rswitho ut
nystagmus (such asunexplained low vision fom a yo ung age inolderrlatvesor
nightblindness). tistherefore importantto ask aboutany medicaldisodersin
relatves, whetherthey seemto be related to nysta gmusornot,and inalcasesto
draw a famiy pedigree inomerto namow the search forpotentialhereditary causes
(and reduce the numberofinvestgatonsneeded in manycases). hmanycases,
especialy where fulcoopemntionisdiffcultina  young chid, examining parentscan
yield diagnostic information (such asiistransii  uminatonin parentsasa clue to
abinism asan underying cause). Fgure 1 showsho wto draw a pedigree diagram

and includesa keyto remind clinicianshow such di agramsare constucted.

CLNICALTP :Whendrawing a pedigree diagram, statwiththe p mband (the
presenting patient) and workhorizontaly before ve ticaly where possible. Also
include namesand datesofbith when avaiable (an d accoring to localdata

protecton polcy) and oldersiblingsto the lefta nd youngersiblngsto the rg ht.

Fgure 1.
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Otthoptic e xamination

Orthoptic examinaton ofalchidren presenting wi  th nystagmusis essential, notonly
forthe comprehensive assessmentofvisualfuncton and VA throughoutthe citic al
perfod ofvisualdevelopment, butalo forinvestg ationofocularaignmentand
binocularvision(5). Thisisrequired due to increased prevalence ofstabismus in the
presence ofchidhood nystagmus, reported asbetwee n 16 and 52%(6, 7). Chidren
with idiopathic NSare lesslikelyto develop stabismus, whereasthose with
congentalretnaldystophiesoralbinism are ati ntemediate sk, and those with

biateraloptic newe hypoplasia ar e atpartic ulaty high risk(6).

Clinicalrcommendationsforthe othop tic assessment, addiionalto those
discussed in othersectionsofthispaper, are summarsed in Table 3;the specfific

inve stigation ineachcase wildepend onthe age a nd co-operation of the patient.
Additonalclinic alinve stgations may be requied depending on findings and clnic al

judge ment.

Giing time and relaxing the chid asmuch aspossi ble so thatthey are comfortable
durng the orthoptic assessmentmay give the bestp erfomance and improve the
responsesrecorded, asbothanecdotalre ponsfrom patientsand expelme ntal
studieshave reporned thatthe nystagmusin tensity ncreaseswihincreased effortto

fixate and decreaseswhenrelaxed (8, 9).

h the presence of nystagmus, the covertestwilb e more difficultto pefom assmall
movements to take up fixaton can be impossible to distnguish. Obsewation for

asymmeticalcomealrefectons may therefore be r eled upon. Caution should be

8
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taken as a significant associaton hasbeen found b etween a positive angle kappa

and clinicalsignsofalbinism in patientswith NS  (10).

CLNICALTP :The involuntary head nodding oftenseenin NSca nbe distnguished
from thythmic head movementdue to a more sinister cause;ifthe chid can

vo luntarly stop the head movementwhen asked, iti scaused by the nystagmus.

Nystagmus examination

A simple, methodicalclnicalassessment ofa chid’snystagmuscanprovide key
information in orderto directfutherinvest igatons. kcan sometmeside ntify the type
of nystagmus, butitcan also mle out, oratleast reduce the lkelhood of, some
nystagmusaetiologies. Even if the nystagmustype ¢ annotbe identfied, tis
impornantto documentisfeatures. There are diffe rentdiagrmammatc schemesfor
descibing the nystagmusin the medicalno tes, butconsistency isimpotant. Using

words, whistvebose, doesavoid ¢ onfusion.

The intialand crucialtaskisto lookfornystagm usinallgaze diections, notjust
primaty posiion (usualy the nine cardinalpoints) . There may be nystagmusin far
eccentic gaze,whichcanbe easilyoverdooked ina nuncooperative chid, so
perseverance isrequied. The axisofoscil ation, whetheritis horizontal, ve ttic al,
torsional, cicumrmtatory (ie. cicularorelipti cal),ora mixture, should be noted at
eachcardinalpoint. Doesthe nystag musappearsimiarin each eye (ie.
conjugate), oristhere an asymmety? fthe nystag musappearjeiky, documentthe
direction of the fast phase, othemwise note thatit appearspendular. Note the

frequency (how fast) and ampltude (how big).

9
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10

tisalso imporantto examine the nystagmusdurin g monocularviewing to lookfor
AVINS, which isrelatvely common eitheras the sole nystagmusorin c onjunc tion with
othertypesofnystagmus (usualy NS). h sole AIMN S, the nystagmusis conjugate,
horzontal, and in pimaty postion, beatsinthe d irection ofthe viewing eye. Thatis,
the nystagmus reverses with atemate occlusion. Th e nystagmus also inte nsifie s with
increased abduction ofthe viewing eye and dampens (sometmescompletely) in
fuladduction. Thus, IMNSisusualy bestid entfied by atemating oc clusion with the
eyesinfarlateralgaze, asthiswilbring outth e biggestchange in intensity. Patc hing

may sometimesbe preferable to anoccluderinthe y oung uncooperatve patent.

Typically, NSishorzontaland remainsso inelev ationand depression. The nystagmus
oftenhasa nulregion (a diecton ofgaze inwhi chthe nyssagmusdampens) and

increasesin intensity, becoming jetkierfatherfr om the nul

Gaze evoked nystagmusisthe mostcommon acquired n ystagmus. tis usualy
caused bycerbelarlesions/malformations ordmug toxic ite s (e sp. antic o nvulsants).
The nystagmusisevoked onlateralgaze bu tabsentin prmary posiion. kbeatsin
the diection ofgaze, simiarto FIMNSbutisunaff ected by monocularocclusion.
There may (ormaynot) be downbeatnystagmusinlat eralgaze ordepression. h
elevation, there may (ormay not) be unsteadygaze orupbeatnystagmus.
Horizontalsmooth pursuitisalmostalwaysquite sa ccadic, whichisone way to

differe ntiate tfrom end point nystag mus.

fFthe nystagmusisdownbeat, upbeatorasymmetic, thena neumlogicalcause

should be considered, athough NScannotbe exclud ed. Perodic Alte mating

10
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Nystagmus (PAN) descrbesa horzontaljekk nystagmusthatreversesdirection evelty
few minutes. PANcanoccurasanacquired neumnlogi calnystagmusorasan
aspectof NS (often raising suspicion ofalbi nism asthe underying aetiology). To test
forPAN, the nystagmusshould be examined fora rev eralindiection foratleastb
minutes. kisimpornantto keep the gaze inprmary postion, othemwise a spurous
reversalcould occurdue to a gaze evoked nulshift. Such prolonged obsewatons
canbe difficutforyoung ornon-complantpatient s.fthe nyslagmusbeatdirection
(orAHP) isdifferentthan indicated in previousno tesorrepoitsbycarers, then PAN
should be suspected. When associated with NS, PAN hasno sinisterimplic atio ns b ut
may be a containdication forstandard AH Psumgery asitimplesspontaneousnul

shifting .

CLNICALTP :Fora more detaled, practcaldesciptonofhow to examine
nystagmus and othersupranucleareye movementsinc hidren (and inteppret
findings), see: ‘Supranucleareye movementsand nys tagmusin chidren: A review of
the iterature and guide to clinicalexamination,i ntempretaton offindingsand age-

approprate noms. Bye. 2019;33(2):261-73" (11)

Specialised clinical asse ssment

OptcalCoherence Tomography (OCT) n NS

OCTimaging hasbeen establshed asa toolthatcan streamlne diagnosisofthe
aetiology of NS.(12-32) Forinfantsand yo ung chidren who cannotcooperate wih
standard table-top OCTs, a hand-held spectaldomai n OCTimaging (HH-SDOCT)

device canbe used, which hasbeenshownto be relable inthe presence of

11
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nystag mus(33). By ide ntifying the presence orabsence oftypicaloratypicalfoveal
hypoplasia (c onthuaton ofthe nomaly ab sentinnerretinallayers (RLs) ac rossthe
fovea) and the presence of otherabnomalmompholog icalfeatures, tispossble to
divide NSinto fourdiagnostic categories: (1) typ icalfovealhypoplasia; (2) atypical
fovealhypoplasia; (3) abnomalfovealmomhology a nd (4) nomalfoveal
momhology (Fgure 2)(32). hthisway, conditons suchasalbinism and PAX6
mutations, whic h are usualy associated with typica Ifovealhypoplasia (Fgure 3A),
canbe distnguished fom otherconditionssuchas achromatopsia, whichis
charactersed by atypicalfovealhypoplasia (Fgure 3B), orretinaldystrophies, which
are typicaly associated with abnomalfovealmomph ology (Fgure 3D). Futhemore,
the seveirty of fovealhypoplasia canbe graded (Fgure 4), and thiscan potentaly

be used asa visualprognostic indic ator.(34)

Fgure 2
Fgure 3

Fgure 4

CLNICALTP :There are frequenty movementanefactsinmacula rOCTsfrom

p atie nts with NS. When attempting to diagnose fove alhypoplasia, obtain a
macularvolume scan, ensuing that (a) the optc ne e isvisble asa landmartkand
(b) there isa minimum of five unintenupted Bscans (i.e. witho ut re fixatio ns or b links

on etherside ofthe centalfovealBscan).

Bye movementrecordingsin NS

12
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13

BEye movementrecording (EMR), if avaiable, provide sa meansforobjectvely
visualsing the detailsofoculomotorphen omena thatare notvisble to the naked
eye oroccurtansiently. EMRcan also pr ovide a pemanent quantitatve record for
longitudinalcompailsonsto monitordisease progres sion orremission. EMR is

partic ulary valuable forpatients with oscilatory eye movementsasitcan revealthe
undelying nystagmus wavefom thatdistnguishesva roustypesofnystagmusand
saccadic oscilatons. EMRrecoring can also detec tabnomalsmooth pursut,
saccades, OKN, and vestbularresponsesdepending o nthe type ofequipmentat

hand (35).

Modem eye tackersare mostly video-ba sed and provide non-intusve accurate

recoringswith high resoluton forhorzo ntaland vettcaleye movements. Hence,
they are capable of providing objectve evidence fo rthe presence and type of
nystagmus, butalso forthe absence of nystagmus. N ote thatthe majoity of EMR

systemsdo notrecor torsionaleye movements; for this, highly specialse d

equipmentisneeded.

h a busy clinicalsetting, itisusualy notpossi ble to perform a standardised battery of
eye movementrecordingswih each pati ent. hstead, and where avaiable, eye
movementrecoringscan help addressou tstanding clinicalquestionswhere other
examinatonisequivocal Forexample anaccelrati ng slbw-phase isvitualy

pathognomonic of NS, regardlessofage and any undetying sensoty defect(36).

Bye oscilatonscan occurintemitently, ei therasa post-saccadic phenomenon,or

asa burstofoscilatonswih no apparentpredisp osing factor. The diffe re ntial

13
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diagnosisforthese phenomena iswide in cluding parxysmal epieptic nystagmus,
organic ocularflutter, opsoclonus, psycho genic flutter, square wave jerks, and
saccadic dysmetia. Theirtmansient nature canlead to diffic ulty in theiride ntific ation,
butare neaty awaysresolved by EMR. EMRcan also pmovide usefulinfomation
aboutothereye movementabnomaltes, whetheror notnystagmusisalso present.
Forexample, saccadic disordersare notorously dif fic ultto visualise clinicaly and
varousabnomaltessuch asdisodersofspeed,a ccuracyand tiggerng abiity can
be missed. Futhemore, approximately 1in 20 people canvoluntary induce a high
frequency, low ampltude ocularoscilaton(37) cal led psychogenic futter,
sometmesincomectly refemed to asps ychogenic/voluntary nystagmus. This
phenomenonisnota fom ofnystagmus,as itconssstsofbackto-backsaccades
with no slow phase. tisnotanuncommon rasonforpresentationto the paediatric
eye clinic and mustbe differentiated fr om nystagmusoropsoclonus/ocularflutter

whic h requires more exte nsive inve stig ations.

Favaiable, EMRcan also be usefulforsumgicalp lanning and moniorng resuls, e.g.
thomugh documentaton ofthe presence orabsence of PANand/orthe nulzone
posiion and pre and post-surgery wavefo ms. See Fgure 5forsome clinic al
examplesilustatng when EMRcan be part iculady usefulin dictating subse quent

investigaton and managementforch idrenrfemred wih nystagmus.

Fgure 5

14
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Be ctodiagnostics

Visualelectodiagnostcsare teststhatas sessthe function ofthe afferentvisual
pathway fom retina to cornex. Retinalfunction is assessed using the
electortnogram (ERG) and the postretnalpathwa vy using visualevoked potentals
(VEP). Paediatic ERGsand VEPs are non-invasive, 0 bjectve teststhatdo notrequie
any anaesthesia, sedaton ormydiasis. Th e testsare relatvely quic kto perfom (30-
40 minute s) with immediate accessto resutsand ar e performed according to a
modified, combined paediatic protocoll 38). Adults with nystagmus should be

inve stigated using the standardsand ecommendation softhe htematonalSociety

forClnicalBectrophysiology of Vison (ISCEV)(39 ).

Acommon cause fornystagmusinchidrenisretnal dystophy,and in manycases,
a fleeting posteriorsegmentexaminatonis nomal These patentsneed ERGsand
VEPsto assessretinalintegiity and isolate cone a nd rod function: severe retinal
dystophy such aslebersamaurnsis, resuts inallERGsbeing attenuated whereas, in
achrmmatopsia,cone-mediated ERGsare attenuated bu trod ERGsare nomal
Alteration in the ERG wavefom thatresultsin a ne gative configuraton (better
presewved ERG ‘a’ wave than ‘b’ wave)iscommonlys eeninan X-inked CSNBand
X-inke d retino sc hisis. Pigmentary retho pathiescan also be associated with a
numberofsystemic and neuometabolc condiionsthatmay presentwith
nystagmus: ERGsare degraded withrod responsesoft enmore severly affected

intia ly with laterinvolvementofthe cones.

The concumentrecording of pattem VE Psdeteminesthe extentof macula
involvementand providesan estimate ofthe levelo fvision. A patentcould have

extinguished flash ERGsbutpresewved pattem VEPS, indic ating retinaldysfunction
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primaily involving the exta-maculararas, wherea spattem VEPsare degraded in
patie nts with cone dysfunction. VEPs should be reco red to a mnge of diffe re nt size
pattems: blackand white checketboard pattem thatisalte mating (pattem reversal)
orappeating and disappearng (onset/offset VEPs). Patie nts with nystagmus have
degraded pattem VEPscomesponding to th eirdecreased vision. However, if ERGs
are nomalbutVEPs are degraded to allpattem sz es,thena post-retnalproblem
needsto be excluded. Neurmlogicalcond tionssuch asoptic newve hypoplasa,
gllioma, craniopharyngioma and ac hiasmia may present with nystagmus, and the
VEPs in these patentscanbe abnomalnotonlyin wavefom, butalso in distibution
acrssthe occiput. Midlne and lateralsc alp electodesare used to enable the
recording ofthe contibutonsofeachoc cipitalhemisphere to the VEP. f the
occipitaldistibuton showsan asymmetry thatiss imiarforthe two eyes (uncrossed
asymmety) then hemispheric dysfunction isindicate d; ifthe asymmety for
stimulaton of one eye reverseswhen the othereye isstmulated (crossed

asymmetry), thena chiasmalanomaly isindicated.

Abinism and itsassociated excessive decuss aton of chiasmalfbresmaylead to a
crossed VEP asymmetly. The asymmetyis more conspicuouson monocularflash VEP
testing in infantsand becomeslessconspicuousin olderchidren and aduls, where i
isbetterseen using pattem reversaland onsetsti mulaton. Previously, a crossed
asymmetry wasbeleved to be a prerequiste forthe diagnosisofalbinism. However,
tiscommonto see chidren wih genetically confi med albinism butno crossed
asymmetryy. kseemsthat, forchidren with  more severe albinism phenotypes (typic al
fovealhypoplasia, iis tmansilumination, sk in and hairsigns), crossed asymmetry is
commonand clar(and aguably unnecessary forthe clinicaldiagnosisanyway),

howeverforthose with hypomormhic (ess obvious) abinism phenotypessuch as
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OCAlb,crossing isfarlessrelable and assuchit sl inalbinism diagnosisisoften

imite d.

Young infantswith NScan presentwith large ampli  tude pendularnystagmusthat
re sults in the infantappearng to have m ving eyes. Bectodiagnostcsare essental
to establsh whetherthere isa visualpath wayproblem aswellasto gain an insig ht
into the levelofvision. Vetticaland torsionalny stagmus, aswelasnystagmusthatis
asymmetic when compaiing the two eyes, isstongly associated with neurnlogical
disease. However, such atypicalnystagmusisseeni n retinaldystro phies, CSNB,
abinism and idiopathic NS(40), indicati ng thatakthough neurmimaging canbe
necessary in such cases, non-invasive, electodiagn ostic studiesremain imporant

and should be camed outin allsuch chidren.

tisimportantto note thatthe mle ofel ectodiagnostcsin chidren with nystagmus

goesbeyond thatofinitaldiagnosisalone (see fi gure 6).

Fgure 6

Diagnostic wo rkflow

When seeking a diagnosisforchidren with nystagmus, tisimportantto rec ognise

the imitatonsand inconsistentaccessto clnical equipment. Forexample, a 4-
month-old infant who hasnystagmus, butfo rwhom no otherclinicalinformation is
avaiable, may have profound visualloss, a signiffi cantneumlogicaldisorder, albinism
ormany otherdisorders. The degree of phenotyping (clinical

assessments/desc fiptions) dictatesthe abil ity to namow the search forthese groups
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ofdisorders. Some clnicaldiagnostic toolsare fr eely available (suchasdiect
anteriorand posteriorsegmentexaminaton) and som e are scarcer(such ashand-
held OCTorelctodiagnostics). Mostdiag nostic workflowsused in practice have
the aim of steamlining the diagnostic processfor asmanychidrenaspossble by
relying on the mostfreely avaiable diagnostic tes tsand seeking the mostumgent
diagnosesasa prioity. However, the inconsistency inapproachhasled to

signffic antvarationsin clnicalpractice, someti mesincluding unnecessaty invasive
tests (such as Magnetic Resonance (MR) neuroimaging often requiing general
anaesthesia) and a lackofresuting diagnosisfor many infants/chidren. h practce,
mostdiagnostc workflowsseekto identi fy which ofsevencommon patentgroups
chidren refemed with nystagmus falinto asthey broadly guide subsequent

managementorfutherinvestigation (see Table 4).

Table 4

Asdiscussed intable 4, mostpatientsfolowing de taied clinicalwokup wilfalinto
one ofseven patientcategores. Howeve r, the processof prottising the
investigatons and the oderin whichthey are comp leted vare s sig nific antly, panly
due to the avaiabiity ofclnicalresource s. hHgure 7,we propose a diagnostc
wotkflow whic h formsthe basisofourclnic alpractce acrmssa numberofspecialist
paediatic nystagmussewicesinthe UK tisimpo rantto note thatthiswo kflow
focusseson the iniialroute to diagnosisonly,an d in many cases, additionalte sts wil
be required to suppotrtclnicalmanagement forexa mple VEPtesting inorerto

guantify visualpathway lesionsand visualprognosisin mostcases.

Fgure 7
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Genetic testing

Asdetailed above, genetic testing formsa parnofdiagnosisformany chidren with
nystagmus. hdeed, the ole of genetic testing has changed signific antly with the
recentadventof mulitgene testng panels forclnicaluse. Cunmently, a varety of
gene panelsare relevantto chidren with nystagmus (41, 42). Clnicalphenotyping is
a necessaty prerequiste inorderto selectthe app rmprate panel(e.g. a retinal
dystophy identfied clinically mightadvocate a re  tinal, ratherthan albinism, gene
panel). NHSEngland iscumently in a processofst andardising these panels, and the
geneswhich compise them in addition to widening a ccessto testing and
centralsing funding. Future appmachesmightdiffe  rfrom the cumentmodel, such as
imple menting much brmadergene paneltestng (such asthose including algenes
known to cause any eye disease) and using these as the fiststepstowardsdiagnosis
with subsequentphenotyping employed to prove ordisprove putatve genetic
diagnoses. These differing approachesar cumently the topic of muchdebate, and
clnicianswilincreasingly be required to underst and the imitatons of genetic testing
along with tschanging ol in diagnostcs,in man ycasesthoughcloser
colaboration with clinicalgenetcscoleagues. Fu ture diectionsare likelyto be
dictated by the costand speed ofgenetic testng b utwilawaysrequire detaied
clnicalassessmentinomderto confim orrefute p utatve genetic diagnosis (which
canbe numermuswhen many genesare te sted atonce)(43) and diectfuture

clnicalcare.

Teatments and ongoing medicalcar
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Re factive tre atme nt

Refractve comectionisa priornity when managing ¢ hidren with nystagmus. Contact
lensesmay be supetorto glassesin improving visu alfunction, due to a combination
ofoptimaloptcalcomectionina constanty movin g eye,aswelasan addtional
proproceptve effect(see Table 5). Contact lensescan be helpfulforpatients with a
significantrefractive emor and a significant AHP (assuch patientsothemwise tend to
be lmited by the fame oftheirglasses). Bothigid gaspemeable (RGP) and soft
contactlenses(SCL are able to comectverylage refractve enorsand signific ant
astigmatism (up to 15.00 DC with soft), althoughtr adiionaly RGPshave been used

in NS.

Pisms are an atematve form of refactve comec tion. By moving images, prismscan
be used to exploita convergence nul,bor nulpoint/zone with a smalassociated
compensatory head posture, eitherasshortterm pre -operatve assessmentor(far

lesscommonly in the UK) aslongerterm management.

To date, there are only two publshed mndomised tr ialslooking atrefractve
comectionin NS, and a futherl2 case reports/se res(summarsed in Table 5): eight

looking atcontactlenswear three atprism therap yand one por-hole teatment.

Jayaramachandran etal (2014)(44) reported a andomised, contolled cross -over
tialwith an intenton-to-teatdesign comparng s pectacls, SCLand RGP wear.
There wasa totalof24 pattcipants (12 diopathic , 12 with albinism). There were no

significantdifferencesin nystagmusintensit y orany nystagmusparameterwih either
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contactlenswearcompared with the basel ne ofspectacl wear. hfact, there was

a worsening ofnearvisionin both groups,despite a reduction in inte nsiy.

Theodorouetal (2018)(45) reported a plotrandom ised controltialcomparng fuly
comectve SCLwith plano SCLina group of38adultidiopaths. Despite the small
effectsize,there wasanimprovementinbe stcomected VA (BCVA)inbothgroups
along with animprovementin some ofth e waveform parameters, in keeping with
publshed data. However, due to the contrasting res ults,a lagerrmandomised contol
tialis required to c onfim/dispute the use ofcon tactlensesasa safe evidence-
based opton forteatmentin people ofallages,p attculaty in young chidren with
greaterplastcity in the visualc ottex.

h the authors’ experience,some chidren and young adultsreportgood outcomes
fom contactlenses, patticulaty where highrefac tve emorsare presentand, as
such,contactlensesshould be considered, paticul afly inolderchidren, but the
possble benefitshould be weighed againstisksof CLrelated complcatonssuch as

infe c tion.

Table 5

Me dic altre atme nt

Baclofen, Gabapentn, Cannabis, Me mantine, Aminopyr idinesand severalother
drugshave beenused inacquied nystagmus(46-48). Baclofen hasbeen shown to
be usefulin infantle Perodic Alte mating Nystagm us (PAN). Gabapentin (up to 2400
mg in divided doses) and Memantine (up to 40 mg in divided doses) have been

found to be usefulin educing nystagmus intensity in NSand in some patientsto
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increase VA(49). Both are usualy weltolerated f the dose isincreased slowly.
Pregabaln hasalo beenused insome cases,and Brinzolamide eye dropsare
gaining popularty woddwide butwih imited suppo tive evidence. Mo st syste mic
drugsused to teat nystagmus, whetheracquired or infantie, have significantside-
effectprofies, and tisnotclearwhich patents rspond best, and atwhatage, and
clearylamgercinicaltialsare needed be fore mostare included in routine clnic al
practice. tisalso woth noting thatthe aim oft ratmentvareswidely between
patients, forexample those with NSand no oscilopsia and an adult with ac ute
onsetnystagmus and disabling oscilopsia. Mostmedicalteatmentshave been

used in patentsoverl6 yearsofage.

Sumgic altre atme nt

Cumentevidence suggeststhatthe Kestenbaum-Ander sonprocedure isan effectve
teatmentto comectanomaloushead postures (AHP) occunng secondaty to an
eccentic nulzone in NS. Thisisachieved by cre ating a gaze paly inthe prefemed
diecton ofgaze. (50-52) The classicalpr ocedure wasmodfified by Parks(53) to the
welknown “5,6,7,8" procedure. Subsequently,t wasrecommended thatthe
classicalsugicalamountsbe augmented by 40% for AHPsup to 30° and 60% when
an AHP exc eeds 45((54-59), orthata greateramountofsymmetic surg ery be
perfomed(60-62). With these modifications, 72%to 100% of patientsachieve an AHP
of15° orlesspostoperatvely(54, 57, 59, 63-66). Smalersurgicalamountsare requied
to comecta vettcal AHP.(67) We recomm end the smplerapprmach ofperfoming
lage amountsof symmetic sugery, where po ssble (Table 6). Up to 43% of patie nts
achieve increasesin BCVA and up to a 60% reduction inrecorded recogniion

time s(59, 63, 68, 69) in some studies, butdebate s tillexists pattic ulafly egarding
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552 improvementsin VA. Up to 40% of patentsmayrequi r additonalsurgelry aftera

553 meanintevalof6 yearsforunderconections(70).

554

555 Propernatvely, an AHP should be evalua ted by testing both with and witho ut

556 glassesatboth distance and near, monocu larand binoculaty, noting the diection

557 and degree of AHP adopted when maximalvisu aleffortisexerted. Of patticular

558 importance isthe identficaton of PAN, M NSorco-existe nt stabismus, in whic h the

559 rmrcommended sugicalapproachneedsto be altered. A standardised method for

560 the objective measurementofthe size ofthe AHPre mainsto be establshed, with

561 manysumgeonsmkeling onphotosand su bjectve estimates(71). Objective methods

562 thatcanbe used formeasuling AHP, incl uding using a cewnicalmange of moton

563 (CROM) device(72),orthopaedic goniometer(73),tort icolometer, Hams' wal(74,

564 75) and otherdevices. More recenty developed smar tphone applicatonsmay also

565 have a ol inthe evaluaton of AHP(76) butare no tin routine use c ume ntly.

566

567 AHP surgery during the pre-school years to optimigisual function and alleviate the cosmetic

568 defect prior to this critical developmental periatould be considered in children with significant
569 torticollis (greater than 20°), which can belmastly measured and is consistent across several

570 clinical visits(77).

571

572  Clinical tips:

573 As part of the pre-operative assessment of horizainAHPs, all patients should be observed for at
574 least 5 minutes to be certain one is not dealingnw?AN. Additionally, the authors would generally
575 advocate more than one repeat orthoptic examii@t and careful history taking regards head
576 posture direction. Where the possibility of PAN arises from either, EMRs should be considered for

577 confirmation. PAN has been noted to be common in albinism.
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578

579 In INS, the use of a dynamic target, such asdew, can elicit AHPs that may not be evident on
580 testing of static VA.

581

582 Table 6

583

584 hthe authorsexperence, significantductondefi citsare rarel seen using this

585 sumgicalparadigm and avoiding a non-anch ored hang-backtechnique in favourof
586 eiherdirectscleralsuture or anchored hang-backtechniques.

587

588 Ongoing manage ment

589

590 Due to the often-complexmedicalneedsofchidren wih nystagmus, continued
591 ophthalmic car isimpotant; paticulady fo  rthose with stucturaleye disorders, such
592 asrtnaldystophiesoranteriorsegmentdysgenes is, who mayneed htaocular
593 pressure (OP)checksorretnaltherapiesinaddit ionto managementofthe

594 nystagmus. Orthoptic folow-up ofchidren wih nystagmusisneeded to provide

595 timely identfication and teatmentofany associat ed amblyopia and management
596 ofstabismus. Coexisting stabismusand amblyopia should be teated

597 conventonaly,asapproprate foreachindividual, withoutspecific changesto

598 accountforthe nystagmus(83, 84). Refemalto paed iatic low vision sewicesis

599 rcommended ataneaty stage, so that low vison aidscan be intoduced with
600 training to use them. Ongoing accessto low vison and orthoptic servicesprovides
601 anopportunityto supportchidrenand parentsast heyface new challenges, such
602 asstatting nursery and fulktime school, in boththe provision of information and

603 updated managementoptonsdepe nding onthe chid’sneeds.
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A pattic ulary diffic ut tme forparentsand older chidrenisatdischarge fom
hospitaleye sewicesto the generaloptical sewice. lackofinformation transfening
with the chid often leads, atleast, to difficut  consultationsforoptometrsts, butmore
concemingly, to patientsfeelng thatco mmunity-based eye-care practtonersdon’t
understand theircondtion, losing theirtus tinthe care received. h some instances,
the lac k ofinfo mation transitio ning with th e patientleadsto inapproprate re-refenmal
and reinvestgaton due to conceming ‘n ew’ fndingsthatare long-standing but
unknown to the refemer. Cleardisc harge info mation givento the patientisadvised,
including: a desctription ofthe nystagmusand anya ssociated head posture, ful
diagnosisofthe type of nystagmusand as sociated conditons, resultsof spec ific
investigatonscaned out (e.g. genetc testng, E DTs, summary ofteatmentsgiven,
refactive comection, BCVA), and any cettficaton completed (Severely Sight
impaired /Sght mpaied). Patentand GPcombined ownership ofthisdischamge
reportwih clarsuppornt mechanismsforthe future are vitalin alowing patie nts to
have posiive experencesin subsequentpaticipati oninsociety and future eye

care.

Patie ntsupportand resources

hfomation

tishard to exaggerate the value of nformatona boutnystagmusand associated
condiion(s) to patientsand theirfamiies(85). Ge nemraly, patients' questions falinto
three categofes: why do they ortheirchid(ren) h ave nystagmus (cause), how wil i

affectthem (impact), and whatcanbe done aboutit (solution)?

25



630

631

632

633

634

635

636

637

638

639

640

641

642

643

644

645

646

647

648

649

650

651

652

653

654

655

26

Table 7

Knowing the cause hasmany benefisforpatents. A naccurate diagnosisempowers
famiiesto talkkaboutnystagmusand advocate fort hemselvesand/ortheirchidren.
h additon, the widerfamiy often wantsto knowt he probabiity ofothersbeing bom
with nystagmus. Moreover,an accurate di agnosiswilalow famiiesto assess how
future teatmentsmay ormay notbenefithem, pat iculady asteatmentsare

becoming more talored to specific undetying aeto logies.

Parentsespecialy wantto understand the impactny stagmushasontheirchid. Their
concemstypicaly include educaton,employment, d 1ving and relationships (see
Table 7). Aralstc assessmentofhow nystag musmay affecteach chid is e ssential
Without tt, parentswilstuggle to understand the rneedsand to make the necessaty
adaptatons. Parentsalso have a vitalrole inexplaining the impactofnystagmusto

teachersand othersinvolved ina chid’seducaton and development.

Overtime, mostpatientsacceptthat sumgelry and phamaceut icalscannotcure
nystagmus, athough they may help in some cases. No netheless, itisimporantthat
patie nts fuly understand the optonsavaiable,in cluding refaction and low vision

aids, whatwilhelp, whatwilnothelp and why.

Clinicians may sometmesfeelunable orlackthe ex perence ortime to answersome
ofthese questionssatisfactorly. kisimpornant to recognise thatnationaland local
omanisatonsexistto provide thissupport and reduce the stmain on health sewvices

(see Table 8).
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“Folowing the inttialshockand panic, we did asm ostparentswould do in this
stuation, and wentagainstmedicaladvice and cons ulted the intemetfor
infomation. Aftersc aling ourse vessily, we even tualy came acrossthe Nystagmus
Netwo k. ... We have found theirsupportand advice invaluable in helping usto
acceptand understand the diagnosisbetter.” (Comme ntto NN helplne publshed

in NN's 2013 annualrepot).

Table 8

The mlke of Cetificate of Vison mpaiment (CVl) registation

Based onanecdotalevidence to the authorsover30 years,issuing a chid oran
adutwho hasnystagmuswith a CVI(Cettifi cate ofVision mpaiment) isin most
casesa greathelp. Athough the concrete benefits mayappearimied, n practice,
having a CVlenablespatentsto accesssu ppottthey may othemwise be denied. For
instance, itisnow diffic utfora c hid with nyst agmusto getan EHCP (Educ ation

Health and Care Plan) witho ut fist having a CVL

A CVlalo helpsinaccessing spotsand entettainm entvenues, obtaining tavel
concessionsand using the DWP's (DepatmentofWork and Pensions) Accessto
Woikscheme. Very few patientsfind CVksa stigma. Patentscanchoose to revoke
theirCVl forexample fvisbknisgood enoughto applyfora diving icence atage

17.

“Having been spumed onbyyouradvice Imentoned the varousdiffic uliesto my

optician the nexttime lwent. She refemred me tot he localhospitalwhere Isaw an

27
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ophthalmologistwho immediately said Ishou Id be registered visualy impaied. The
processwasmuch easierthan limagined.” (Comment to NN helplne publshed in

NN's 2014 annualrepoty).

Patie nt perspe ctive

dealy, when patientsare discharged fom hospital they should have a re alistic
understanding ofthe impactnystagmuswilha ve onthem ortheirc hid. This should
extend beyond VA and include the nullzone, the dif ficutescaused by
clutter/crowding and movement, the additonaltme needed to see (slow-to-see
phenomenon), the vanabiity of vison and whether ornotthe nystagmusispartofa
progressive orlargely statc condition. Often simp le thihgscan have a greatimpact
suc h assiting chidreninclassina postion in whic h they can utiise, ratherthan be

penalsed, by theirnulzone.

Patie nts should also be aware ofthe po tentialsocialimpactsofnystagmus. For
instanc e, researc h(86) suggeststhatthe cosmetic ¢ onsequencesofnystagmus
(abnomalhead posture, fic kering eyes, diffic uty making eye contact) are under

estimated and contrbute to feelingsofisolaton, low seff-esteem and depression.

The chalenge forclnicians, ata tme when we are  stilleaming aboutthe impacts
of nystagmusand how to measure them, isknowing wh ere to strke the comect
balance. Onthe one hand, patientsshould notbe dischamged thinkihg “nystagmus
isthe end ofthe world”. Onthe otherhand,theys hould notleave a hospitaleye

de partme nt thinkihg nystagmus wilhave no impacta tal
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Summaly

Chidre n with nystagmusare notuncommon in paediat ric ophthalmic practice.
De spite this, investigation and clnicalmanagement canvarywidely acmssthe UK
and beyond. tseemslkely thatthisisdue to a p otentcombination of clinical
concemregarding ugentunderying causes, subtlet yto the clinicalexamination,
varabiity of clinicalpicture and imited unde rst anding ofthe mechanismsinvoled
in causalty. Herein, we hope to provide some infor mationto clniciansonhow
chidren with nystagmus are cumenty mana ged inspecialstcentresinthe UKand
hig hlig htthe view of patentsand theirfami  les. We hope thatthiswilhelp usmove
towardsimproved healh equity across UKcentresfo rchidren with nystagmus and

demystify whatisoften a relatvely staight-forward, me thodicalapproach.
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Question

Clinical elevance

Pregnancy, mate mal
medicaton/dmug use and bith
histo ry

Matemaldmug exposure and pre matuity
have been associated with nystagmus.

Famiy history of
eye/neumlbgical
disease/systemic dise ase

Many eye movementdisorders have a
hereditary c omponentwith diffe re nt
inhertanc e patte msindic ating whic h
genesmaybe involed.

Pigmentation in skin and hai
compared to restof famiy

Abinism isa common unde tying
associated disorder, butsometmes
without a definite famiy history.

Specific questionsaboutvisual
behaviours—e.g. nyctalopia or
photophobia

Photophobia and nystagmusare
common findingsin disordersofcone
function and albinism. Hgh frequency low
ampltude nystagmuswith photophobia is
more common in cone dysfunction.
Nyctalopia sa common symptom inrod
dysfunction.

Open questoning aboutother
visualbehaviours

Parentswilofteneporna very detaied
description of visualb e havio urs, whic h
candiectclnicalexaminaton such asa
¢ hid with chin depression and vetic aly
‘wobblyeyes (commonly seenin
downbeatnystagmus), or
pushing/mubbing eyes fimly forretnal
stimulaton in blind babies/chidren.

Doesthe chid experence
oscilopsia?

lackofoscilopsia inthe presence of

invo luntary eye movementssuch as
nystagmusin an olderchid suggests eaty-
onset. hfequentepisodesof oscilo psia
despite a constant nystagmusisalo seen
in e afly-onset nystagmus. Co nstant
oscilopsia suggestsanacquied disorder.

fFoscilopsia srepored, isit
when stationaty orwhen
moving ?

Oscilo psia, whic h isonly pre se ntduring
head movement, implesa vestbular
pathology.

Are there associated speech
orswalowing proble ms?

Possble brainstem pathology or
myasthe nia gravis

Are there associated
coordinaton proble ms?

Possible cerebelarpathology

kthere associated heailng loss
ortinnitus?

Possble perpheralvestbularpathology




kthe patentonany Many medic atonscan cause
medic atio ns? abnomaltesofeye movement, most
commonly antre pieptic medic ation.

Are there anyconcemsabout Bye movementabnomaltesfom a patt
any otheraspectofthe chid’s | of many mutisystem syndromesand can

develbpmentorhealh be the presenting feature.
besdesthereyes?

Atwhatage did the NSistypicaly noticed in the fist 4-6
parent/carernotice the monthsofife butit stypicalonset(when
nystag mus? seeking itin atrisk patie nts) is

1.9 mo nths(2).

Table 1 : Hstory taking in an infant/c hid pre se nting with nystagmus




diopathic NS Sometimesfamiy history (typic aly X-inked). Conjugate,
typic aly horizontal nystagmus, may dampenon
convemgence, +/- head shake, +/- one/altemating nu |

point, in an othemwise we linfant c hid with noma leyes

and syste mic examination.
Oculo- Often famiy histoty, typicaly lesspigmentation in hairand
cutaneous/ skin, hypopigmented iis pigment e pithelium (o ften

o transiumination) and retinalpigme nt e pithe lum, tite d

oculrabinsm discsand fovealhypoplasa. BEvidence of c hiasmal

misro uting .
PAX6 gene Ofte n family history, comealepihelopathy, eaty onset

lensopaciy, varying degresofiishypoplasa (n ear
nomalto aniidic), fovealhypoplasia. No evdence of
¢ hiasmal miso uting .

disoders

Ac hro mato psia Often family histoty, photophobia, educed/absentc olour
visio n, nystagmustypic aly ‘fine orshimmeing’ gr ossly
nomalmacula appearance (may have retnalpigment
epithelium (RPE) c hanges/ato phy).

Table 2 : Classic presentaton of common ophthalm ic condionsassociated with NS
key points



Clinical Te st

O

e scilpton

Head posture € Presence and degree ofany Anomalous Head Posture ( AHP)
should be recoded — including a descripton forbo th near
and distanc e fixation, with and idealy witho ut any refrac tive
comecton.

€ Anychange wih visualdemand should be noted.

€ Presence or absence of any involuntary head nodding
should be recomded with activity in which thsoccu .

VA € Wihrfactve comecton—-botheyesopenand mon oculaty

€ A note taken asto whether measured with or witho ut head
posture

€ Nearusing prefered reading distance and distance

€ Record method of occlusion, e.g. opaque occluder/ high
pluslens

Covertest € Wih and without refractive comecton

€ Wih and without AHP

€ Nearand distance fixation

€ Note presence or absence of nystagmus, any change in
ampltude and/or directon of nystagmus on covelng one
eye.

Bno c ular € Wihrfractve comrectonand any AHP

single vision € Sensoty, motorfusionfornearand distance fixato n

€ Presence or absence of stereopss -stereoacuity when
possble
€ Note AHPadopted to achieve binocularresponses.

Ocular € Testing of ductons and versions in nine postions of gaze for

move me nts near fixaton, with descrpton of nystagmus in pi mary and
secondaty posiions.

€ VOR (veticaland horzontal) —presence/absence
€ Optoknetc nystagmus (OKN) — prsence/ absence /
abnomal(expected orinvered response)
€ Smooth pursuit—hoizontaland vertc al
€ [fordetaiofmethodsoftestng, see Osbome eta |, 2019(5)]
Convemgence € Wih refactve comecton with AHP — noting abiit y to

convergence and change in ampliude and/orfequency of
nystagmus




Me asure me nt € Fpossble, using atemating prism covertest—w ith efactve

ofdeviation conection, with and witho ut AHP

€ Nearand atdistance —prmary postion, sscondary posiions
ifindicated to documentchange fom prmary posti on orto
confim concomiance

€ hdividualreading postion fdifferentfom above

Table 3 : Orthoptic assessmentin c hidre n with nystagmus




Patentcohott

e scliption

dio pathic hfantie
Nystag mus
Syndrome (INS)

Seenin patentswith no apparentcause fornystagm us
eithersystemicaly orafterdetailed ocularexamin aton.
Typicalclnicalfeaturesinclude onsetbetween 4-6 months
ofage, horzontalnystagmus, staying horizontalin  vettc al
gaze, beatng inthe diectonofgaze,dampening o n
convergence and associated with nulzonesand head
postures. Typic aly, futherinvestgaton would in  clude
electrodiagnostics, OCTand genetic testng butnot MRI
brain imaging.

Nystag mus due to

Clnicalfeatuesmayinclud e photophobia, nyctalopia,

inheited retinal and very low VA. The nystagmuscan be multplanara nd

dystro phy often high inte nsity (fastand smallampliude). Ty picaly,
futherinvestigaton would include electodiagnost ics, OCT
and eitherretinalgene paneltestng oradditional retnal
phenotyping butnot MRIbrain imaging.

Nystag mus with Often subtle signssuggesting a group of unde rying

abnomalocular
findings (not retinal

disoderssuch asiistransiu minaton orfovealhypoplasia
suggesting hypomoiphic formsof PAX6 gene disease,

dystro phy) mutatonsin SLC38A8 oralbinism spectum disorders. Futher
inve stigation would typicaly include addiionaloc ularor
non-ocularphenotyping, VEBP and OCTorbespoke gene tc
testng and not MRIbrain imaging.
Fusion Caused by eatylossofbinocularty and seenvety
Maldevelopment commonly in stabismus, congenitalc ataractand any
Nystag mus cause ofeary visualloss. Typicalclnicalfeatur esinclude
Syndrome (AVINS, horzontalnystagmus which beatsin the diectono  fthe
previo usly MLN) viewing eye with monocularocclusonand whichdamp ens
inadduction of the viewing eye. Typicaly, no fut her
inve stigation isrequied.
Ac quied Asthese casesatre rarely caused by tue congenital
nystagmus orthose genetic disorders, mostwamant systemic, investga tonin
with sig nific ant the fistinstance. Clnicalfe aturesmayinclude anolder
oscilo psia patent (orchid olderthan 6 months) withrecent onset
nystagmus, notbeatng inthe directon ofgaze and
associated with oscilopsia. Typicaly, MRneurmima ging
would form an eaty pattin futherinve stigation i naddiion

to electodiagnostics.

Nystagmusin a
pate ntwith very
poorvision fom
infancy (not retnal
dystro phy)

Asany cause ofpoorvison ininfantscan cause a stmulus
depivation nystagmus (such ascongenitalcataract or
optic newe hypoplasia). Clnicalfeatuesmayincl ude
obviousclnicalsignsand very poorvision with nystagmusof

varlying forms. Rutherinvestigaton would be diec  ted by
the findingsand typicaly include electodiagnosti csto
assess post-retinaland c hiasmalintegrty aswel aslevelsof

visio n.

No n-nystag mus e ye
movementdisoders

Such asabnomalsquare-wave jerks, psychogenic flu tter,
opsoclonusorocularflutter. These disorderscanb e

misdiagnosed asnystagmus buthave differentaetol ogies

and investigation pathwaysaccoring to findings.




Table 4 : Sevenofthe mostcommon patentcohottsinto whi ch mostchidren
pre se nting with nystagmus fall. These cohontsbmad Iy dictate the nextline of
investigaton of management, and clnicalinvestga tionwoikflowsare designed in
orerto anve atone ofthese broad di agnostc categotiesformost patients.



Tide Author, Study & Inte ve ntion Re sults
Year
Contact lens Hale 1962 | Retrospective case series:
application in four four patients with INS
cases of
congenital Intervention: Contact lens
nystagmus
Prism Exploitation of | Dell'Osso Study design: Case series All four adults had
Gaze and Fusional 1976 (four patients 27-41yo0) prisms prescribed
Null Angles in to provide a shift in
Congenital Interventions: Refraction the null zone, with
Nystagmus correction with an improvement in
spectacles and prism binocular Snellen
VA.
Role of contact Allen 1983 | Retrospective case series 13 eyes: «1line
lenses in the over 7 years. Eight improvement, five
management of patients (10-43 yo) with eyes <3 lines
congenital INS (three associated improvement
nystagmus albinism). No
randomisation or masking.
Interventions: Contact
lenses: Some initially soft,
all patients ended with
hard contact lenses
The port-hole Sasso 1986 | Case series: 38 children Improved VA and
method in the recordings
treatment of Intervention: Port-hole
congenital treatment (peripheral
nystagmus occlusion) for five years
The application of Golubovic Retrospective case series: 210 contact lenses
hard contact 1989 112 patients with were fitted in 112
lenses in patients nystagmus with either patients. VA
with congenital myopia or mixed form of improved
nystagmus astigmatism significantly in the
79% who with
Intervention: Hard correction of
contact lens wear refractive error with
CLs. Well tolerated
in all.
Intermittent Abel 1991 | Case Report (one patient Stable image with

Oscillopsia in a
Case of Congenital
Nystagmus,
Dependence Upon
Waveform

with INS, 14 yo), two visits 2
weeks apart

Interventions: Contact
lenses and anaesthesia

contact lenses
(with/without
anaesthesia). Drift
velocity was
<4°/sec and
foveation duration
was >100 msec.




Congenital Saffran Case report (one patient, Patient
nystagmus: 1992 20 yo) with INS experienced
rebound transient dizziness
phenomenon Interventions: Contact attributed to
following removal lens wear (90 minute trial) oscillopsia
of contact lenses following
intervention.
The use of contact Biousse Prospective case series. Improvement VA
lenses to treat 2004 four participants patients (mean BCVA 20/
visually (18-64 yo) with INS (two 64 to 20/40),
symptomatic associated albinism) contrast sensitivity
congenital and VFQ-25 scores.
nystagmus Interventions: SCL wear Several parameters
(versus spectacle wear) of nystagmus
showed no
change in two
patients
participants,
worsening in one
patient and
improvement in
one patient.
Soft Contact lenses Rutner Case report (1 patient, 18 Results:
to improve motor 2005 yo). IN associated with Improvement in
and sensory albinism. Snellen and Bailey-
function in Lovie VA 1 week
congenital Interventions: SCL post SCL wear.
nystagmus (CooperVision Preference Reduced
Toric) amplitude and
frequency with SCL
Intervention: Spectacles v (increased with
SCL v SCL with anaesthetic) -
anaesthetic (1 week) persistent
reduction in
amplitude after 1
week.
Combined gaze- Serra 2006 | Case report (two patients, Improved NAFX at

angle and
vergence variation
in INS: two
therapies that
improve the high-
visual-acuity field
and methods to
measure it

only one optical
intervention)

Intervention: Base out
prisms (convergence null)

null, and
broadened null
region




Preliminary Tang 2013 | Case series (28 children, 4- | 1/28 lost to follow
observation on the 20 yo, residual AHP post up. Improvement
effect of pressing surgery) in VA (not
triple prism in Intervention: Pressing triple | statistically
correcting residual prism. significant), and
compensatory AHP (statistically
head posture after significant) in 26/27
congenital - 18/27 had
nystagmus surgery. resolution (<5
degrees).
Effect of Rigid Gas Bagheri Prospective interventional RGPs fitted in 16
Permeable 2017 case series: 16 participants.

Contact Lenses on
Nystagmus and
Visual Function in
Hyperopic Patients
with INS

participants with INS and
hyperopia more
than/equal to +0.50 D
and astigmatism more
than -1.00 D

Intervention: RGP for 3
months

Improvement in
VA, contrast
sensitivity and
motor indices of
nystagmus.

Table 5 : A summary of literature on the use of contact lenses in adults and children

with nystagmus




Horizontal AHP

Abducting eye

Adducting eye

A minimum dosage (in mm) on each eye of 2/3 the AHP (ind

egrees) is recommended.(78)

Mild 240to 3@

LRc(-) & MRs(+) 8.0 to 10.0m

m MRc(-) & LRs(+) 8.0 to 10.

Moderate 3@ito 361

LRc(-) & MRs(+) 10.0 to
12.0mm

MRc(-) & LRs(+) 10.0 to
12.0mm

Severe >36

LRc(-) & MRs(+) 12.0 to
14.0mm

MRc(-) & LRs(+) 12.0 to
14.0mm

Graded Anderson

Lateral Rectufkecession

Medial Rectus Recession

Minimal 1% 10.0 mm 7.0 mm
Mild 2Q0to 251 11.0 mm 8.0 mm
Moderate 3@ 12.0 mm 9.0 mm

Moderate to Severe 3b

(300to 400

10.0to 17.0 mm

13.0 to 15.0 mm

In the presence of FMNS or a tropia, surgery should be performed on the fixing eye, with s
for any residual heterotropia performed on the non-fixing eye.(55, 79)

Vertical AHP

Superior Recti BE

Inferior Recti BE

A minimum dosage (in mm) on each eye of approximately 1/4 of the amount of

elevation/depression (in degrees) is recommended.(78)

Chin-up 32ito 400

IRc(-) 8.0 to 10.0mm?*

Chin-down 3#2to 400

SRc(-B.0to 10.0mm

Chin-up >40

IRc(-) 10.0 to 12.0mm?*

Chin-down >40

SRc(-) 10.0 to 12.0mm

*Bilateral inferior rectus recessions may cause A-pattern dBon because of weakene
adduction in down gaze. The inferior rectus may be transposed nasally to avoid creating

pattern.

Torsional AHP

Ipsilateral eye to tilt

Contralateral eye to tilt

Torsion 18 or less

Induce excyclotorsion

Infraplacement of MR &
Supraplacement of LR %2 TW

Induce incyclotorsion

Infraplacement of LR &
Supraplacement of MR %2 TW

Torsion 1%ior greater

Induce excyclotorsion

Infraplacement of MR &
Supraplacement of LR 1 TW

Induce incyclotorsion

Infraplacement of LR &
Supraplacement of MR 1 TW

Oomm

urgery

head

an A



PAN(80-82)

Right Eye

Left Eye

LRc(-) & MRc(-) 10.0 to
12.0mm

LRc(-) & MRc(-) 10.0 to
12.0mm

MRc(-) = medial rectus recession, LRc(-)terdd rectus recession, MRs(+) = medial rectus

resection; LRs(+) = lateral rectus resection, SRc(-) = superior rectus recession, IRc(-) = infer

rectus recession, BE = both eyes, TW = tendon width

Table 6 : Smplfied guide to AHP surgety in NS

ior



Enquiie s (phone, emailand social

media) to Nystagmus Netwok Number

helpline 2015

UKgenemlpublc enquiies 495

Overseasenquiies 127

Enquile s fom Kprofessionals 271

Ad ministratio n, fundraising,

vo lunte e fing 293

Total 1186

UKgenemal public enquiies by

categoly Number
Genemlsuppott & information 233
Research &teatment 70
Educ ation 64

Be ne fits & disc imination 47

Ac quire d nystagmus 29
Employment 18
Diving & tanspott 18
Other 16
Total 495

Table 7 : Asingle yearofenquiiesto the patentsuppoit ¢ haity, Nystag mus Netwo Kk
(NN), in 2015. Source: data prepared forNNannual report2015and presented at
NN AnnualGeneralMeeting, Bimingham,7 t© May 2016.



Name Region Ve bsite

Al inism Fe lo wship Natio nal hitp://www.albinism.or g.uk/
Aniidia Ne two Kk Natio nal hitps://aniidia.o g .uk/

CViSociety (Cerebral Natio nal https://cvisociety.omq.uk/

Visual mpaime nt)

LOOK Natio nal hitp://www.lb o k-uk.omg/

Nystag mus Ne two k Natio nal h _ttps://nystagmusnetworkomy/
RNB Natio nal https://www.mib.omg .uk/

VICTA Natio nal https://www.vic ta.o g .uk/

Table 8 : Examplesofnatonalsupportgroups. tisimport antto note thatmanylocal
supportgmoupsare also anexcelentsource ofinfo mation and supportforchidren
with nystagmus and the irfamilie s.




Figure Legends

Fgue 1 :Howto draw a pedigree diagram whisttaking a fa  mily histoty. This
pedigree is consiste nt with X-inked inheri tance with varable penetance in females
(typicalin FRMD7 gene related NS).

Fgure 2 : Algoithm forthe diagnostic use ofOC Tin NS(Adapted fom Potentialof
handheld optcalcoherence tomographyto detemine cause of NSinchidren by
using fovealmomhology. Ophthalmology; 2013 Dec ;12 0(12):2714-24.)

Fgue 3 :Fovealtomogramsobtained fom chidren, whichde monstate some of the
diagnostic featuresseenin NSon OCTimaging. (Ad apted fom Pediatic Optic al
Coherence Tomography in ClnicalPractce -RecentProgress)(17). (A) Typicalfoveal
hypoplasia, where there iscontinuaton ofthe nom aly absent RLs (outined in

white) in a case of albinism. (B) Atypicalfovealh ypoplasia inachromatopsia where,
in addition to fovealhypoplasia (RLsoutined in white), there is hnerSegment
Hipsoid band (ISE) disupton and a hypo-reflecti ve zone (white cicle). (C) Nomal
fovealmomhology. (D) Retinaldystophy co nsisting of: absentrod photoreceptors
and ISE (smallwhite amows), ONLthinning and abno mallamination of the inner
retinallayersseenina case of micocephaly ymph oedema and chororetnal
dysplasia.

Fgure 4 : Algorthm for grading foveal hypoplasia on the ba sis of OCT findings.
(Adapted from Stuctural grading of foveal hypoplas ia using spectmaldomain
optcalcoherence tomography a predictorof VA)(34)

Fgure 5 : Examplesofthe use ofeye tacking inclnicalc ases. (A) Schematic of
idealised horizontaljek nystagmuswavefo msshowing (top ow) accelerating slow
phases (ASP’s) thatare almost pathognomonic forin fantie nystagmus (NS), and
bottom ow decelerating slow phases (DSP’s), which are typicaly seen in AMNS and
acquired gaze evoked nystagmus. (B) Example foma 6yearold boyrefemed wih
apparentrecentonsetofgaze-evoked nystagmus. Ug entbrain MRiIwasnomal
and there were no otherneurlogicalsigns. EOMrec ording revealed a conjugate
horzontaljek nystagmusin lateralgaze wih clearASPs (top panel). h pimatry
postion, nystagmuswasnotevidentclinical ly,butrecodingsshowed a vely fine
nystag mus with frequent ASPs (bottom pane ). Conclusion was NSsince infancy that
had beenundetected due to broad nularound primar y posiion, and MRIwas had
notbeennecessary. (C) A 15-yearold female presen ted with spasmsof oscilo psia
and blured vision thatwere comelated with c linic ally visble flutte rlike episodes.
EOMrecording showed sporadic bustsofback-to-bac ksaccadic oscilationsthat
were predominantly horzontal Episodes wer notpostsaccadic oscilatons, as
typicaly seenin ocularflutter, butwere associated with spontaneousconvergence
and conjugate depression. Upon questioning, patent demonstrated abiity to
generate voluntary nystagmus with convergence atwi |I. Precautionary brain MRI
and chest X-ramy were nomal Conclusion was‘involuntary’ voluntary nystagmusor
‘eye movementtics (4).

Fgure 6 : Dagram summarsing the mle of paediatic visuale Ik ctodiagnostc wo k-
up in nfantsand chidre n pre se nthg with  nystagmus, of note thsgoesbeyond the
nitialdiagno stic wo rkflow



Fgue 7 : Adiagnostc workfow thatformsthe basisofourclinicalpractce acrossa
numberofspecialstpaediatic nystagmussewices inthe UK kisimpotantto note
thatmostcaseswilrequire additional evaluation forvisualprognosisand/or
monitofing (e.g. electodiagnosticsinthe case wit h optic newve hypoplasia) and this
pathwayismeantasa guide to seeking anintiald iagnosisonly.
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Infantile Nystagmus Syndrome

Foveal Hypoplasia
Yes No
Typical Atypical Abnormal Normal

Morphology Morphology
(Category 1) (Category 2) (Category 3) (Category 4)

Albinism/PAX6 Idiopathic

Isolated Foveal Achromatopsia Retinal Dystrophy Manifest Latent

Hypoplasia Nystagmus
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Management of nystagmus in childreneview of the literature and current

practice in UK specialist services

*Self JE™2 Dunn MJ, Erichsen J¥, Gottlob f, Griffiths HP, Harris &, Lee H, Owen §,
Sanders”) Shawkat E Theodorou M°, Whittle JB°, Nystagmus UK Eye research group
(NUKE).

Abstract

Nystagmus is an eye movement disorder attarised by abnormal, involuntary rhythmic
oscillations of one or both eyes, initiateddglow phase. It is not uncommon in the UK and
regularly seen in paediatric ophthalmology and tageheral/strabismus clinics. In some cases, it
occurs in isolation, and in others, it occasspart of a multisystem disorder, severe visual
impairment or neurological disorder. Similarly,some cases, visual acuity can be normal and in
others can be severely degraded. Furtherntioeempact on vision goes well beyond static acuity
alone, is rarely measured and may vary onrauteito-minute, day-to-day or month-to-month
basis. For these reasons, management of childtemystagmus in the UK is varied, and patients
report hugely different experiences and investigatibmthis review, we hope to shine a light on
the current management of children with nystagatross five specialist centres in the UK in order

to present, for the first time, a consensnsnvestigation and clinical management.
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