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Inngangur og forsaga

Breki 14-062 fra Gilsbakka var hratur i eigu Olafs Magnussonar, bénda & Gilsbakka. Hraturinn var
notadur a 25 ar @ baenum veturinn 2014. Vorid 2015 feeddust undan honum 52 16mb, 32 hrutar, 19
gimbrar og eitt af dpekktu kyni (ekki skrad, télur séttar Ur skyrsluhaldinu). Lomb tzaeplega 20 kinda
syndu strax vid faedingu einkenni tauga-/v6dvatruflana, pad gat tekid pau a annan sélarhring ad komast
a lappir og fara 4 spena og purftu pau pvi mikla hjukrun fyrst um sinn. Sum urdu fljétlega sjalfbjarga
en onnur fengu 6dru hverju krampa par sem pau lagu reigd (opisthotonus) i svolitinn tima en lagu svo
edlilega. Einkennin voru a misalvarlegu stigi milli einstaklinga og entust mislengi. Sum lI6mbin voru
afram tinandi i hreyfingum pratt fyrir ad hafa nad sér ad mestu.

Vid rekstur um haustid sa enn 4 sumum lambanna, eitt peirra lagdist endilangt eins og pad geeti ekki
farid lengra en kom svo pegar pad hafdi jafnad sig. Samkvaemt skyrsluhaldi i Fjarvis foru 42 af 52
faeddum 16mbum vorid 2015 i slaturhds um haustid. 5 eru skrdd daud a saudburdi, 2 drapust um
sumarid, 1 ad hausti og 2 vantadi 8 heimtur. Medalfallpungi pessara 42 lamba var 16,7 kg en medaltal
busins pad haustid var 16,9 kg.

Lbhi fékk upplysingar um hratinn og fékk hann til rannsékna um haustid. Sérfraedingum Lbhi potti
ahugavert ad kanna hvort haegt veeri ad bera kennsl 4 galla sem erfdist fra hrdtnum til afkveema hans.
Akvedid var ad halda undir hann 6 4m og rannsaka afkvaemin sem kaemu Gt Ur pvi.

Breki var undan Salamon 10-906 (Mynd 1), Ut af kynbétahrdtum sem hafa verid mikid notadir 4
saedingastédvum. bad potti pvi dstaeda til pess ad kanna hvort moguleiki vaeri a ad arfgengur galli
geeti hafa dreifst um stofninn.

Mynd 1 brir pekktir kynbdtahritar eru ettfedur Breka 14-062



Lysing a Breka, skodun og krufning

Breki var fallegur og vel gerdur hrutur, en hafdi lent i slagsmalum & tilhleypingatimanum svo sa &
honum, annad augad hafdi skaddast og komid syking i sarid. Ekki var ad sja a honum nein hreyfiglop
eda 6nnur taugaeinkenni, en pegar taka atti Ur honum saedissyni hinn 7. jantar 2016 var hann fljétur
ad maedast, atti erfitt med ad fara a ana og var honum légad 12. jandar. Krufning leiddi i ljos, auk
augljésra averka i andliti og auga, sleema graftarlungnabdlgu og brjésthimnubdlgu auk barkakylisbdlgu.
Heilinn var tekinn til ndnari skodunar, engar stdrsaejar breytingar saust 8 honum en vid smasjarskodun
kom i ljés vaeg, langvinn bdlga i sedaflaekju heilahola. Orsok bdlgunnar i sedaflaekju var ékunn, en
Oliklegt var talid af meinafraedingi Keldna ad hudn hafi valdid einhverjum einkennum i hrdtnum (sja
vidauka ).

Vodvasyni og seaedissyni voru tekin til vardveislu til pess ad eiga moguleika & ad greina erfdaefni ef
tilgata keemi upp um erfdagalla sem maetti greina med slikum adferdum.

Afkvaemi Breka vorio 2016

Undan 6 &m sem haldid var undir Breka faeddust 11 lifandi I6mb & timabilinu 3.-10. mai 2016. Af 13
[6mbum sem faeddust voru 2 [6mb daud (15.4%), sem er mun heerra hlutfall en medaltal busins, sem
var 1.5% daudfaedd 16mb. Ovist er um tengsl lambadauda vid sjukdéminn, enda er Grtakid mjog litid
og pvi ekki haegt ad alykta hvort mogulega sé magnbundinn erfdagalli pess valdandi ad 16mb faedast
daud i einhverjum tilfellum. pad er pvi alls dvist ad hzerra hlutfall sé annad en tilviljun. Medalfaedingar-
pbungi Brekaafkveemanna var 3,9 kg sem einmitt var medalfaedingarpungi lamba a Hesti petta vorid.
Faedingarpunginn var 3,2-4,9 kg (sja vidauka Il), og dreifdist jafnt i Idmbum med (4,0 kg) og an einkenna
(3,9 kg).

Einkenni vid faedingu

Sex l6mb af 11 lifandi feeddum (6/11=55%) voru
jafnveegislaus eda jafnvaegislitil vid feedingu, skodud af
bandunum & Hesti, sem enn fremur téku myndbond af
[6mbunum. Pessi sex l6mb voru samsteaedir tvilembingar
undan premur am. Nyfsedd lagu pau & hlidinni, gatu ekki
reist sig vid og sprikludu ut i loftid (Mynd 2). Hausinn var
reigdur svolitid aftur svo minnti dneitanlega a einkenni
lambablédsottar en pd ekki eins ykt. Broddur var
mjolkadur og nyfaaddum I6mbum gefinn broddur 4-5x a
fyrstu klukkutimum. Lombin voru mjog 6flug vid ad sjuga
og drukku vel. Fljétlega voru 16mbin komin & feetur, po
talsvert dstyrk og med smaskjalfta og volt & fotum. boldu
minna rask, t.d. ef hitt lambid gekk utan i pad veika st66
bad varla a fjérum fétum eda datt nidur. Lombin foru i
hépstiu med maedrum sinum pegar pau voru um 2-3

Mynd 2 Lamb nr. 11 Id nyfeett i hlidarlegu, sprikladi  sélarhringa gdmul og ekkert peirra syndi nein einkenni.
6dru hverju ut i loftid dn pess ad komast a lappir



Einkenni vid 2-8 daga aldur

pegar |6mbin voru skodud af CO og EE hinn 11. mai (sja vidauka Il) voru 16mbin 6ll 4 fétum og gatu
komist um og a spena. Ekki var beitt blindri skodun par sem 6ll Brekalémbin voru saman i hdpstiu med
madrum sinum og pvi erfitt ad halda algjoru hlutleysi. Notast var vid skodunaratridi sem lyst var af
Brown og fl. (2015), sja Fig. 1 i vidauka Ill.

Hvert lamb var tekid, skodad hvort augntin (nystagmus, stodug hreyfing 4 augum pé hofdinu sé haldid
kyrru) veeri til stadar, lambid ad pvi bunu audkennt med halsbandi og sett 4 lappirnar. Likamsstada var
skodud, hvernig lambid hélt h6fdinu, hvort pad geeti stadid éstutt og hvort pad styddi i alla faetur.
Afturfotaeinkunn var gefin eftir pvi hvort hreyfanleiki lida vaeri edlilegur (einkunn 2) eda litill (1). begar
lambid hreyfdi sig var fylgst med pvi hvort pad gat gengid 5 skref eda meira an pess ad velta eda setjast.
Samhaefing hreyfinga var skodud og ad sidustu var lambid fengid til ad stiga yfir 10 cm hda hindrun.
Myndbdnd voru tekin af ldmbunum, peim fylgt eftir i um 30-60 sekidndur og pau rekin afram ef pau
stoldrudu vid. Vid nanari skodun og areiti saust hja nokkrum I6mbum mjog veegar visbendingar um
lélega samhafingu, svaga hakla og eitt lamb datt & hlaupum en pad gat allt verid tilfallandi. Einnig
tinudu 3 16mb i kyrrstédu.

Tvo lélegustu ldmbin voru systkinin 10 og 11, pau hofdu verid jafnvaegislaus vid faedingu, og vid skodun
var lamb nr. 11 (tveggja sdlarhringa gamalt) tinandi, dettandi & hlaupum og med afturlappirnar undir
sér. Lombin voru undan lélegri 8, hin mjolkadi ekki vel, og akvedid var ad aflifa og kryfja Iélegra lambid,
nr. 11. Krufning fér fram 13.mai og fundust engar vefjabreytingar, hvorki storssejar né smasaejar (sja
vidauka V). Vefjasyni voru tekin til pess ad eiga moguleika a ad greina erfdaefni.

Einkenni a beit og vid smolun

begar [6mbin voru sett Ut med maedrum sinum saust einkenni krampa hja svarta hrdtnum nr. 10, sama
dag og féd var sett nidur & tun. Féd var flutt 4 kerru og um 2-4 kist eftir pad saust pessi einkenni. Lambid
reyndi ad elta médur sina sem var a hlaupum, en lambid kutveltist og gat ekki haldist a4 fotum (Mynd
3). Eftir svolitla hvild gekk petta yfir.

Yfir sumarid vard ekki vart einkenna hja [6mbunum enda
litid att vid féd a peim tima. Engin einkenni komu fram
vid fyrsta innrekstur og vigtun. Vigtun a atta l6mbum fér
fram 25.agust, 6.sept, 15. sept og 25. okt (sja Vidauka Il).
Medalpyngd Brekalamba sem vigtud voru i agust og 6.
sept var ekki frabrugdin medalpyngd hinna lambanna
sem vigtud voru pessa somu daga. Medalpyngd
Brekalamba sem vigtud voru 25. okt var meiri en
medalpyngd hinna lambanna sem vigtud voru pann dag,
en par munar pé mestu um tvilembinga (nr. 6 og 7) sem
eru talsvert pyngri en hin. Sé borin saman medalpyngd
Brekalamba med og 4n einkenna vid faedingu eru
visbendingar um ad l6mb med einkenni hafi pyngst
minna en [6mb an einkenna (sja Vidauka Il). Fjoldi lamba
Mynd 3 Lamb nr. 10 hélt ekki i vid médur sina 6 i hvorum hop er po of litill til ad draga megi alyktanir af

hlaupum heldur valt um koll og Id spriklandi i nokkra  pessu, en pad ma velta fyrir sér hvort vaeg einkenni séu
stund par til pad gat stadid d lappir d ny.



alltaf til stadar hja pessum gripum sem mogulega hafi hrif 4 4t og/eda pyngdaraukningu.

Greining vandamalsins
Til ad gloggva sig a pvi hvad geeti gengid ad pessum [6mbum voru eftirtalin atridi hofd i huga:

e Einkenni Brekalambanna virtust vera medfaedd, enda jafnan verst rétt eftir faadingu, og komu
fram vid areynslu, dlag og pegar |l6mbunum var brugdid.

e Alvarleiki einkennanna virtist vera einstaklingsbundinn, sem bendir til magnbundinna erfda, sé
petta arfgengur sjukdémur.

e baulémb sem syndu einkenni vid feedingu voru samstaedir tvilembingar, p.e. undan sému 4 og
pess vegna er mogulegt ad setterni eda arfgerd moédur skipti mali fyrir svipgerd sjukdémsins.

e Vid feedingu voru I6mbin ekki minni eda ryrari en 6nnur [6mb en hlutfall daudfeeddra var heerra
i pbessum hépi, pd pad sé dvist hvort pad orsakast vegna erfdagallans.

e LOombin virtust jafna sig med timanum, mishratt pd, og ef eitthvad er ad marka pyngd peirra
ad hausti uxu pau og proskudust likamlega 4 sama hatt og 6nnur [6mb, pé voru visbendingar
um ad Brekaldmb med einkenni pyngdust minna en pau sem ekki h6fdu einkenni.

Umraedur og heimildaryni

Taugasjukddmar i saudfé eru vel pekktir og eru flestir af voldum sykinga, eitrana eda skorts & dkvednum
nzaringarefnum. Hins vegar hefur litid verid ritad um medfaedda, arfgenga tauga- og vodvasjukdéma i
saudfé. Leitad var fangailysingum & slikum sjukdémum i 68rum dyrategundum, par 8 medal ménnum.

SkoOun a taugaeinkennum hja sauofé

Leitad var i birtum heimildum ad rannséknum a slikum sjukdémum, ekki sist til pess ad undirbua
nakvaema verklysingu um skodun taugakerfisins i pessum [6mbum. Morresey (2014) lysir helstu
skodunaratridum vid greiningu taugasjukddma hja foléldum, par & medal eru sjukrasaga, hugsun/heila-
starfsemi og atferli, sogvidbragd, starfsemi heilatauga (augnvidbrogd o.s.frv.), hreyfigreining og
maenuvidbrogd. Crilly og fl. (2016) fjiolludu um adferdir til pess ad greina I6mun og hlutalémun i
ganglimum hja saudfé og lysir greinin pvi vel hvernig skoda & saudfé med helti eda breytingar i
hreyfingum sem orsakast geta af taugakerfinu. Brown og fl. (2015) préudu skala sem notast vid ad skra
hreyfingarmynstur og 6nnur atridi vid rannsdkn a starfsemi hreyfitauga hja saudfé (sja vidauka lll). Vid
rannsoknina a Brekaldmbunum var byggt a pessum skala.

Flogaveiki hja ungum dyrum

Vid lestur heimilda um taugaeinkenni hja nyfeeddum og ungum dyrum rakst skyrsluhéfundur & nokkrar
greinar um flogaveiki hja ungum hvolpum og foléldum. | grein um flogaveikieinkenni i arabiskum
fololdum kemur fram ad einkennin sjast fyrst vid 2 daga til 6 manada aldur og hverfa af sjalfu sér vid
1-2 vetra aldur (Aleman og fl., 2006). Einkennin sem lyst er i peirri grein eru po 6lik peim einkennum
sem Brekaldombin syndu, en folldin syndu morg einkenni blindu, krampafloga, ofurskynnami auk pess
ad pjast af sjukdémum i 68rum liffeerakerfum (Aleman og fl., 2006). | grein Sprake og fl. (2013) er
fjallad um tauga-védvaeinkenni hjd [6mbum & fyrsta ari sem virdast koma upp vid hdan umhverfishita
og hatt umhverfisrakastig hja astrolsku saudfé. Einkenni pessara lamba voru vodvaskjalfti, sveigdur
hryggur, sperrtir afturlimir og har likamshiti. Einnig lagu pau gjarnan i hlidarlegu og hjéludu med
[6ppunum (Sprake og fl., 2003). Ekki virtist vera um erféapatt ad reeda eda adra sameiginlega pzetti en
umhverfishita og —rakastig pegar einkenni pessi komu fram i sex astrolskum hjordum.



Arfgeng hreyfiglop

Einkenni pau sem lyst er i heimildum um svokallad ,familial episodic ataxia“, arfgeng tilfallandi
hreyfiglop hja ménnum voru hins vegar 6llu likari einkennum lambanna (Jen og fl., 2007). Lyst hefur
verid ad minnsta kosti sex svipgerdum arfgengra hreyfiglapa hja moénnum sem orsakast af
stokkbreytingum i genum sem eiga patt i flutningi jona og bodefna yfir frumuhimnur (Jen og Baloh,
2009).

Arfgeng hreyfiglép hjd saudfé

Mayhew og fl. (2013) lystu svipudum einkennum hja l6mbum sem faeddust & tveimur nysjalenskum
bylum, og voru undan einum hruti @ hvoru byli. Lombin voru af tveimur raektunarkynjum, en hruatarnir
tveir voru upprunnir 4 sama stad. Til pess ad rannsaka sjukdéminn voru hrdtarnir tveir notadir 4
oskyldar aer 4 rannsoéknabui. Hlutfall lambanna sem feeddust badum hrdtum syndu einkenni vid
faedingu. bau reigdu hals og h6fud, komust seint & lappir en komust yfirleitt fyrir rest 4 spena og urdu
meira og minna edlileg. begar rekid var a pau komu fram hreyfimynstur sem félust i dsamhverfum
gangi, gleidum og strekktum framléppum og undirsteedum afturléppum. Pau komust nokkra metra
med 6samhafdum hreyfingum, duttu svo a hlidina eda settust, og j6fnudu sig ad nokkrum mindtum
lidnum. Sum lambanna voru med augntin. Eftir pvi sem |6mbin eltust vard erfidara ad kalla fram pessi
einkenni og vid 6 manada aldur virtust pau o6ll edlileg. Sjukdémurinn var greindur sem rikjandi
tilfallandi hnykil- og andarkjarnahreyfiglop sem erfast med rikjandi magnbundnum erfdum, sem synir
sig i misgreinilegum og mismunandi einkennum. Krufning var gerd a Idmbum sem prifust ekki og syndu
mikil einkenni, og saust engar breytingar, hvorki stérsaejar né smasaejar, en vefjasneidar voru teknar a
ymsum stédum i midtaugakerfinu (Mayhew og fl., 2013).

Rikjandi erfdagallar eru dalgengir i bufjarraekt pvi einstaklingar med slika galla eru ekki notadir til
undaneldis. Undantekning fra pessu eru til deemis stokkbreytingar sem eiga sér stad i kimfrumum.
bessar stokkbreytingar koma greinilegast fram i afkvaamum karldyra med slikar breytingar, par sem
hvert karldyr eignast mun fleiri afkveemi en hvert kvendyr. Oft er minna en helmingur afkvaeemanna
med gallann pvi ekki hafa allar kimfrumur stokkbreyst. bessar stokkbreytingar hafa dsjaldan ahrif a
byggingarprétin frumnanna, medal annars protin i jonagéngum sem naudsynleg eru til pess ad mynda
bodspennu i taugafrumum (Jen og Baloh, 2009).

[ tilraunaraektun undan pessum tveimur hrdtum tékst Mayhew og samstarfsménnum ad fa 16mb med
somu einkenniog arin 4 undan (25% og 42% undan hvorum hruti), pé um alls dskyldar @r veeri ad reeda.
pad rennir stodum undir pa tilgatu ad um rikjandi erfdir sé ad raeda. Hofundarnir leida ad pvi likum ad
gallinn hafi ahrif 4 starfsemi spennustyrdra jonaganga, likt og lyst hefur verid i tilfallandi hreyfiglépum
i ménnum (Jen og Baloh, 2009). Buist hafdi verid vid haerra hlutfalli lamba med einkenni (um 50%), en
bad skyrist liklega af pvi ad ekki syna allir einstaklingar greinileg einkenni pé peir beri genid (Mayhew
og fl., 2013). pad ma pvi buast vid ad allt ad pridjungur lambanna beri stokkbreytinguna en komi
edlilega fyrir, og pannig geti gallanum verid haldid vid i reektuninni ef pau eru sett 4 sem kynbétagripir.
Hofundarnir greindu syni sem tekin voru Ur gripum i pessari rannsékn og vaentanleg er grein par sem
lyst er stokkbreytingu i prétini i jonagongum.

[ framhaldi af lestri greinar Mayhew og fl. (2013) var haft samband vid préfessor Robert Jolly, einn
hofund greinarinnar, til pess ad leita hja honum rada vardandi kliniska skodun, krufningar og synatdkur.
Syni voru tekin ur lambi nr. 11 samkvaemt fyrirmaelum hans. Ekki var radist i greiningar a erfdaefni i



pessum synum par sem greiningar nysjalenska hépsins a erfdaefni eru dyrar og dliklegt ad um sému
stokkbreytingu sé ad raeda i Breka. bvi er ekki talid timabaert ad greina islensku synin.

Arfgeng hreyfiglop hja Brekalombum?

Liklegt ma teljast ad Breki hafi haft stokkbreytingu i genamengi einhvers hluta af kimfrumum eistna,
sem eru médurfrumur saedisfrumna. bannig hafi viokomandi stokkbreyting borist yfir i pau afkvaemi
sem urdu til Ut fra golludum saedisfrumum. Pessi dlyktun er dregin af hlutfalli lamba med einkenni (yfir
50%), skorti & meinafraedilegum og vefjameinafraedilegum breytingum og einkennum sem voru lik
peim einkennum sem lyst var hja nysjalenskum [6mbum med slikan galla.

Lombin virtust hafa greinilegust einkenni rétt eftir faedingu, med timanum bradi af peim pd i
einhverjum tilfellum vaeri haegt ad framkalla einkenni svo sem samhaefingarskort og jafnvaegisleysi. Sé
um galla i jdnagéngum tauga- og/eda vodvafrumna ad raeda ma teljast harla dliklegt ad pau jénagéng
verdi edlileg med timanum, heldur getur verid ad einungis sé hluti jénaganga galladur, eda ad
taugakerfid adlagist peirri virkni sem jénagongin hafa pd. Ef rekid er & lambid, pad parf ad bregdast
skyndilega vié eda adrar adstaedur krefjast vidbragds getur pd verid ad jonagodngin radi ekki vid slik
krefjandi verkefni, ymist vegna faedar edlilegra ganga eda pess ad 6ll jonagong eru gollud og hafa
takmarkada flutningsgetu.

Pad m4d einnig leida ad pvi likum ad adrar taugar og voodvar starfi ekki ad fullu edlilega, svo sem i
meltingarkerfi eda 66rum innri liffeerum. Hefdi Idmbunum verid fylgt nanar eftir hefdi matt hugsa sér
ad kanna hvort [6mbin hefdu edlilegar haegdir, edlilegan hjartslatt og svo framvegis. Samkvaemt vigtun
a slaturdegi voru 16mb sem hoéfou einkenni vié faedingu léttari en pau sem ekki hofdu einkenni, en
athuga ber ad i sidari hépnum var adeins slatrad premur pann dag. bau tvo [6mb sem pegar hafdi verid
slatrad voru pé yfir medalvigt lamba med einkenni svo pad ma leida ad pvi likum ad pad sé munur a
pessum tveimur hépum. Medalvigt lamba med einkenni er pé haerri en medalvigt busins svo ekki er
haegt ad tala um ad pau hafi prifist illa.

Ekki voru tekin vefjasyni Ur [6mbunum vid slatrun, sem hefdi verid verdmaett til pess ad greina
erfdabreytileika i afkveemunum og bera saman vid einkennin. betta er naudsynlegt ad hafa i huga ef
afkveemarannsdknir af pessu tagi verda gerdar i framtidinni.

Onnur tilfelli taugaeinkenna hja islensku saudfé

Krufningar 4 Breka og lambi nr. 11 féru fram 4 Keldum og voru pa raedd tilfelli fyrri dra par sem borist
hofdu [6mb til krufningar med slik einkenni. Meinafradingar Keldna halda skra yfir nidurstodur og syni
sem tekin hafa verid ur slikum tilfellum og er naudsynlegt ad halda slika skra svo rannsaka megi sidar.

Lamb 16-253 fra Gauksst6dum

Nokkrum manudum eftir krufningu 4 Brekalambinu kom inn & Keldur hratlamb a faeti til skodunar,
aflifunar og krufningar vegna taugaeinkenna. Petta var hrdtur 16-253 fra Gauksst6dum 1, sem var
krufinn ad Keldum 13. oktéber 2016 en eigandinn hefur 4dur ordid vor vid lik einkenni i hratldmbum
hja sér i fyrri argdngum med sameiginlegan forfédur (Viggi 08-058 fra Gauksstédum 1). Einhver peirra
lamba hafa verid krufin, ymist heima 4 bz eda 4 Keldum. Lamb 253 var skodad af dyraleeknum &



Keldum, pad syndi 6edlilegt hreyfimynstur (myndband var tekid 4 Keldum), m.a. létu framfaetur undan
pannig ad lambid datt nidur & framhné pegar rekid var & pad. Vid krufningu fannst m.a. vaeg tauga- og
taugaslidurshrornun i maenu, einnig stadbundid bodlgusvaedi i heila, veeg vodvahrornun og
vodvaryrnun; hugsanlega ,innervation atrophy“ en orsék dkunn, sja vidauka V.

f vidauka VI ma sja aettartolu fjdgurra lamba fra Gauksstédum 1 sem 6l syndu einkenni taugasjukdéms.
Ekki eru augljés eettartengsl milli pessara lamba og Breka fra Gilsbakka.

Lamb 47AB/172 fra Djapadal

[ oktéber 2015 barst hrutlamb fra Djupadal i Reykhdlahreppi til skodunar, aflifunar og krufningar vegna
taugaeinkenna (Vidauki VII). Vid faedingu hafdi pad synt mikil einkenni déedlilegrar starfsemi
taugakerfisins, par 8 medal att erfitt med ad standa, stifnadi upp og datt um koll vid areiti. Lambid var
tekid til umoénnunar sem heimalningur og einkennin h6fdu smam saman lagast. begar lambid kom ad
Keldum 14. oktdber 2015 voru einkennin ad mestu horfin, en unnt var ad framkalla litilshattar skjalfta
i hofdi og afturenda med miklu areiti. Eftir aflifun og krufningu var haldié til haga blédsynum,
vefjasynum til DNA einangrunar og fleiru. [ vefjasynum sem skodud voru ur litla heila voru visbendingar
um einhvers konar brottfall og breytingar a frumum, pd sjukdémseinkennin hafi ekki virst agerast med
timanum (framsaekin). Einnig sast i lambinu vodva- og hjartavodvabdlga med raudkirningaiferd. Ekki
fylgdu upplysingar um aettir pessa lambs.

Lokaord og alyktun

Skyrslu pessari er atlad ad vera samantekt a einkennum og eiginleikum arfgengs galla i afkveemum
tiltekins hruts og adferdunum sem beitt var vid rannsdknir a peim svo reynslan geti nyst til rannsokna
a likum taugaeinkennum i framtidinni. Einnig er henni zetlad ad skrasetja svipud tilfelli i islenska
saudfjarstofninum og halda saman upplysingum um pau.

[ skyrslunni er lyst arfgengum, magnbundnum galla i afkveemum Breka fra Gilsbakka. Liklegast ma telja
ad gallinn sé stokkbreyting i kynfrumum hrutsins, par sem hann syndi ekki einkenni sjalfur en stor hluti
afkveemanna gerdi pad. bad er naudsynlegt ad vera a vardbergi gagnvart slikum gollum pvi sé adeins
hluti afkveemanna med einkenni getur hann farid leynt og komist inn i stofninn ef einstaklingarnir eru
notadir til undaneldis. Ekki potti dstaeda ad sinni til pess ad greina nanar edli erfdagallans en vefja- og
frumusyni liggja fyrir ar hrdtnum og einu afkveemi sem greina maetti i framtidinni.

AJ auki eru hér latnar fylgja upplysingar um tilfelli taugaeinkenna sem borist hafa til rannsékna &
Keldum fra tveimur 6drum baejum. Alls dvist er hvort um sama eda skyldan sjukdém er ad raeda, en
astaeda potti til ad halda utan um pessar upplysingar & sama stad svo koma maetti ad notum vid
rannsoknir slikra einkenna i islensku saudfé.

bakkir

Framleidnisjédur landbunadarins (Préunarsjodur saudfjarraektar) styrkti verkefnid og feer bestu pakkir
fyrir. Eigendum hrutanna priggja sem sagt er fra i skyrslunni er pakkad fyrir veittar upplysingar. Helgi
Eli Halfdanarson og Snaedis Anna bdrhallsdéttir & Hesti fa bestu pakkir fyrir vinnu peirra vid verkefnid,
uménnun og eftirfylgni vid Brekaldmbin. Emma Eypdrsdéttir og Eyjolfur Kristinn Orndlfsson fa pakkir
fyrir upplysingar og alitsgjéf. Einar Jérundsson og Ol6f Gudrdn Sigurdardéttir, meinafraedingar &
Keldum fa pakkir fyrir rannséknavinnu og upplysingar.
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Vidauki I: Krufningarskyrsla fra Keldum vegna Breka
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Fjoldi syna: 1

Hvernig syni: Verkefni

Samsetning safnsynis:

Rannsékn Fjoldi  Nidurstodur Athugasemdir
Storsee skodun - 1 Meinafreedi - ]
liffeeri Barkakylisbodlga

Mottekinn haus og lungu ur hrat feeddur 2014. Hraturinn var aflifadur daginn adur
(Iyf i a0d). Mikil bdlga og drep var i barkakyli med sar og groft vinstra megin og i
midlinu (medioventral), & motum barkakylis og barka. Litid graftarkyli var basalt
upp vid tungu vinstra megin i munnholi og litid sar med greftri i munnkoki sému
megin. Haegra lungad var pakio pykku lagi af bjugfibrini og mikil bandvefsaukning
var i lungnahimnu med graftarbélgu- sveedi. Vinstra lungad var samfallid. A
sveedum i haegra lunga var fibrin a lungnahimnu sem var ad hluta samloda vid
himnuna. Ekki var greinileg bdlga i sjalfum lungnavefn. Rotnunarlykt
(fusobacterium) var af igerdarbdlgunni i liffeerunum. Vinstra efra augnlok hafdi
rifnad og var samgroid vid nedra augnlok. Mikil bandvefsmyndun var i undirslimu
med hnudamyndanir. Augad var infallid. Heilinn var an storsaerra breytinga.



Vefjaskodun af heila syndi engar sérstakar breytingar utan bolgu i aedafleekju
heilahola (choroid plexus). | sedaflaekju voru dreifd bolgusveedi med iferd af m.a.
plasma frumum og eitilfrumur. Einnig voru einstaka storar frumur af dvissum
uppruna. Nidurstada: Barkakylisbélga med saramyndun Alvarleg, medalbrad
lungnahimnubdlga Graftarkyli i munnholi Veeg, langvinn bolga i aedafleekju
heilahola Orsdk bolgunnar i eedafleekju er 6kunn, en dliklegt er ad han hafi valdio
einhverjum einkennum i hratnum.

Afrit: Keldum, 29.1.2016
Olof Gudran Sigurdardottir



Vidauki ll:  Upplysingar um l6mb undan Breka vorid 2016



Brekalombin, pyngd og einkenni

Haustvigtun, kg

Lamb nr F20.pyngd, kg. |Ath. vid faedingu Fxd dagur |[25.4gu og 6.sep 15.sep| 25.okt [M.Fadir
1 3,6 3.mai 32 36 42 Nafar
2 4,5 Jafnveegislaus 5.mai 29 46 Bekri
3 4,3 Jafnveegislaus 5.mai 26 42 Bekri
4 3,2 Jafnveegislaus 5.mai 28 38 Gramann
5 3,4 Jafnveegislaus 5.mai 30 40 Gramann
6 4,5 6.mai 53 Snjaki
7 4,9 6.mai 57 Snjaki
8 3,2 8.mai 42 43 A borsti
9 3,3 8.mai 41 43 Rt borsti
10 4,3 Jafnvaegislaus 9.mai 27 40 Fleygur
*11 4,1 Jafnvaegislaus 9.mai & * * Fleygur
* lambid var krufié ad vori
*** slatrad i fyrri slatrun
Medaltal 3,9 31,9 44,8
midgildi 4,1
Medaltal busins 3,9 31 37 38,7
med einkenni 4,0 28,0 41,2
an einkenna 3,9 38,3 50,7




Brekalombin
Skodun 11. mai 2016

Edlileg I6mb til samanburdar - helsti sjaanlegi munur eru réttari afturfaetur og styrkari hreyfingar
R68 i skodun var: 3-2-4-7-5-1-6-11-10-8-9

Lamb nr Augu Stendur Framfaetur Afturfaetur - hreyfing **Aft.-eink. Pbungi a alla faetur Skrefafjoldi Samhzefing Hindrunarprof
1 i lagi Ja Adeins gleidir Stendur gleitt 2 i lagi >5 i lagi i lagi
2 i lagi Ja i lagi Adeins stifir 1 i lagi >5 i lagi i lagi
3 i lagi Ja i lagi, adeins kidfaett Gleidir, adeins stifir 1 i lagi >5 i lagi i lagi
4 i lagi Ja Adeins gleidir stirdir, ekki fullar hreyfingar 1 i lagi >5 i lagi i lagi
5 i lagi Ja i lagi i lagi - stendur adeins gleitt 2 i lagi >5 i lagi i lagi
6 i lagi Ja Adeins gleidir i lagi - adeins gleidur 2 i lagi >5 i lagi i lagi
7 i lagi Ja i lagi Gleidir, orlitid stifir 1,5 i lagi >5 i lagi i lagi
8 i lagi Ja i lagi stifir - réttir ekki ur 1 ekki alveg afturf. >5 Teep i lagi
9 i lagi Ja  |ilagi [ lagi 2 i lagi >5 i lagi i lagi
10 i lagi Ja i lagi réttir ekki alveg ur - kidfaettur 1 i lagi >5 i lagi i lagi

*11 i lagi Ja i lagi stifir - dstyrkir - kiofaett 1 i lagi >5 Taep i lagi

* Lambid var aflifad og krufid
** Afturfétaeinkunn: Einkunn 1=hreyfanleiki lida litill, einkunn 2=hreyfanleiki lida edlilegur

Lamb nr

Athugasemdir

=

Edlilegt vid faedingu -dautt 8 moti. Hleypur hiklaust - mjog péttbyggt lamb

Lendar siga adeins i kyrrstodu

Hnytur adeins & hlaupum, éstyrkt ad aftan, sveiflast i beygjum

Ostyrkar hreyfingar

Stendur upprétt, afturpartur tinar adeins a hreyfingu

Gleidur ad aftan, stutt skref, sigur i lendum & hreyfingu. Virkar haegur, adeins alappalegur

Setur lendina adeins nidur - hausinn sigur lika a ferd

Erfitt ad hlaupa, setur afturfeetur undir sig, lyftir fotum éjafnt. Beygjuleg

Ol |IN|O|Un|B|lwWN

Stjaklar adeins og virdist rida svolitid ad aftan v. Hreyfingu

[ER
o

Lélegt v. faedingu. Stendur nokkud sperrtur en stifur og dmarkviss i hreyfingum

*11

Lélegt vid faeedingu. Datt a hlaupum, setur afturf. undir sig. H6fud tinar talsvert




Vidauki lll:  Grein Brown og fl. med matskvarda um hreyfimynstur
saudfjar
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+ 0.431). The average score for all raters was within 1 point of the consensus score 100% of the
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ARTICLE INFO ABSTRACT

Key words: Background/Purpose: Research to cure paralysis associated with myelomeningocele (MMC) is ongoing using the
MYEIOIT'leningocele fetal sheep model of MMC. Despite decades of research using this model, no standardized motor function
spina bifida assessment exists. The purpose of this study is to develop a sensitive and reliable locomotor scale for assessing

fetal surgery
motor function
locomotion

the functional status of sheep.

Methods: Twenty lambs were used to develop and validate the locomotor scale. Lambs (n = 15) underwent a
surgically created MMC defect at gestational age (GA) 75 days, followed by repair with various methods at GA
100. One lamb underwent a sham operation (n = 1). Normal lambs (n = 4) served as controls. All lambs
were born via spontaneous vaginal delivery, and motor function was assessed for 24 hours. A locomotor rating
scale was developed based on behavioral observations of lambs. Inter-rater reliability testing was performed to
determine if the scale could be reliably applied by different raters.

Results: Observations led to the definition of 7 categories of locomotor recovery. A scoring system was developed
to rank these categories. The scale captured a wide variety of neurologic outcomes. Inter-rater reliability revealed
minimal variability between examiners (average standard deviation +0.431). The average score for all raters
was within 1 point of the consensus score 100% of the time.

Conclusions: The sheep locomotor rating scale is capable of capturing subtle differences in neurologic function
with minimal inter-rater variability. We propose a standardized rating scale for neurologic outcomes and believe

this is a critical component for assessing the validity of experimental treatments to cure paralysis in MMC.

© 2015 Elsevier Inc. All rights reserved.

The 2011 NIH/NICHD Management of Myelomeningocele Study
(MOMS) was the first randomized controlled clinical trial to compare
prenatal and postnatal closure of the myelomeningocele (MMC) defect
using skin closure repair [1]. The trial demonstrated that prenatal repair
was safe and improved associated hindbrain abnormalities, such as the
Chiari 2 malformation. Prenatal repair was also shown to improve lower
extremity motor function in some patients; however, 57% of children
treated in utero had no improvement in the level of neurologic function
and 58% remained unable to walk independently. While this study was
the first to suggest that the devastating neurologic deficits seen in MMC
can be improved, the disease is far from cured.

Research to improve distal motor function in MMC by augmenting in
utero repair with a variety of novel treatments is ongoing, and the fetal
sheep model of MMC is the most commonly used large animal model.
This well-established animal model has been used for decades, and
although the model represents a surgically created defect, the histologic

* Corresponding author at: University of California, Davis, Department of Surgery, 2315
Stockton Blvd, OP512, Sacramento, CA 95817. Tel.: +1 916 734 2724, fax: +1 916 734
5633.

E-mail address: erin.brown@ucdmc.ucdavis.edu (E.G. Brown).
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0022-3468/© 2015 Elsevier Inc. All rights reserved.

and clinical outcomes closely resemble the deficits seen in congenital
human MMC [2].

Despite worldwide acceptance of the fetal sheep model as a reliable
large animal model for prenatal MMC repair, no standardized locomotor
rating system exists with which to consistently analyze functional
results following delivery. In order to evaluate therapies that augment
in utero repair to improve distal motor function, a uniform scale for
locomotion assessment is essential. The Basso, Beattie, Bresnahan
(BBB) Locomotor Rating Scale is a well-validated and widely used
scale for locomotor testing in rodent spinal cord injury models [3]; it
has been successfully adapted for use in a porcine model [4]. In this
study, this locomotion rating system was adapted for use in sheep as a
comprehensive and reliable measure of distal motor function.

1. Methods
1.1. Subjects

Twenty lambs were used to develop and validate the locomotor
scale for sheep. A MMC defect was surgically created in fetal lambs as

previously described [5,6]. In brief, each ewe underwent a survival lap-
arotomy and hysterotomy at a gestational age of approximately 75 days.


http://crossmark.crossref.org/dialog/?doi=10.1016/j.jpedsurg.2015.01.002&domain=pdf
http://dx.doi.org/10.1016/j.jpedsurg.2015.01.002
mailto:erin.brown@ucdmc.ucdavis.edu
Journal logo
http://dx.doi.org/10.1016/j.jpedsurg.2015.01.002
Imprint logo
http://www.sciencedirect.com/science/journal/

618 E.G. Brown et al. / Journal of Pediatric Surgery 50 (2015) 617-621
LOCOMOTION
STANCE WITH HELP/ |STEPPING| FORLIMB-HINDLIMB
LIMB MOVEMENT ASSISTANCE Total # COORDINATION
HINDLIMB No Yes HINDLIMB None
Hip Knee Ankle Total Score Occasional
L R L R L R SPONTANEOUS 0 Frequent
0 0 0 0 0 0 Hindlimb weight support occ<50%
& 5 S S S S No Yes freq>50%
E E| E E E E L R L. CLEARANCE TEST
0=none S=slight E=extensive SPONTANEOUS :
0=0 points S=1 point  E=2 points Standing =5 Fail
Yes
Pass

Fig. 1. Locomotion Categories. The seven categories of locomotion were limb movement, stance with help, spontaneous hindlimb weight support, spontaneous standing, stepping, coor-

dination, and hindlimb clearance.

A defect was created in the fetal lamb (n = 15) by removing the dorsal
lamina of six lumbar vertebrae and exposing the underlying spinal cord.
The dura over the exposed cord was excised. Twenty-five days later, a
second survival laparotomy and hysterotomy was performed. A variety
of experimental treatments were used to repair the defect, producing
various gradations of motor recovery. Normal lambs (n = 4) without
surgically created defects served as controls; one ewe, pregnant with
one lamb (n = 1), underwent laparotomy and hysterotomy without
defect creation at gestational age of 75 days to control for any possible
effects of surgery on the lamb’s motor function.

Ewes were allowed to carry the pregnancy to term,; all lambs were
delivered via spontaneous vaginal delivery. All animals surviving to
term with spontaneous vaginal delivery and complete neurologic as-
sessment were included in the analysis. Any aborted fetuses or animals
euthanized prior to vaginal delivery were excluded. All animal protocols
were approved by the University of California, Davis Institutional Ani-
mal Care and Use Committee, animal care was in compliance with the
Guide for the Care and Use of Laboratory Animals, and all facilities
were accredited by the Association for the Assessment and Accredita-
tion of Laboratory Animal Care International [7].

1.2. Locomotor Testing
After birth, lambs were assessed in person at two time points by a

minimum of two examiners. Open field testing was performed in the
birthing pen shortly after birth. Lambs were then allowed to adjust to

the environment for 24 hours; after this time period, locomotor testing
was performed again. Lambs capable of spontaneous standing
and/or ambulation were allowed to locomote without interfer-
ence. If unable to stand spontaneously, lambs were first observed,
then assisted to stand by lifting the lamb into standing position
with all limbs in contact with the ground. Any ability to stand un-
assisted or ambulate after being assisted to stand was observed
without interference. Lambs unable to stand even after assistance
were evaluated by assessing movement in each joint of each
hindlimb. All voluntary hindlimb movements were recorded;
movements attributed to reflex stimulation or elicited by the examiner
were excluded. Each lamb was recorded for at least 5 minutes with a
video camera.

1.3. Scale Development

A preliminary checklist of motor patterns was developed from
adaptations of the rodent BBB Locomotor Rating Scale [3], the porcine
neurologic motor scoring system [4], and observations of locomotion
in normal lambs. Motor function behaviors were added, modified, or
removed after observation of all animals. Based on these observed
behaviors, the sheep locomotor rating (SLR) scale was compiled. An
assessment sheet was created to reflect this checklist and to facilitate
accurate documentation of motor function at the time of functional
assessment (Fig. 1).

Grade 0: complete paraplegia, no movement of any joints
E Grade 1: total of 1-3 points for joint movement
E Grade 2: total of 4-6 points for joint movement
{'}J, Grade 3: total of 7-9 points for joint movement
Grade 4: total of 10-12 points for joint movement
iy Grade 5: capable of stance with help, 24 joints with slight movement
= Grade 6: capable of stance with help, 24 joints with extensive movement
% Grade 7: capable of spontaneous hindlimb weight support, 24 joints with slight movement
8 Grade 8: capable of spontaneous hindlimb weight support, 24 joints with extensive movement
= Grade 9: capable of stance with help, capable of 1-4 steps
Grade 10: capable of stance with help, capable of 25 steps with no or occasional forelimb-hindlimb coordination
Grade 11: capable of stance with help, capable of 25 steps with frequent forelimb-hindlimb coordination
a Grade 12: capable of standing up spontaneously on hindlimbs, capable of 0-4 steps
§ Grade 13: capable of standing up spontaneously on hindlimbs, capable of 25 steps with no or occasional forelimb-hindlimb
coordination
Grade 14: capable of standing up spontaneously on hindlimbs, capable of 25 steps with frequent forelimb-hindlimb coordination,
not able to pass hindlimb clearance test
| Grade 15: capable of standing up spontaneously on hindlimbs, capable of 25 steps with frequent forelimb-hindlimb coordination,
g able to pass hindlimb clearance test
&
4

Fig. 2. 15-point Scoring system. A description of locomotor patterns attributed to each score ranging from complete paraplegia with no joint movement (0) to normal locomotion (15).
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1.4. Scale Validation

The validity of the SLR scale was evaluated by its ability to capture a
wide range of neurologic recovery. The ideal locomotor scale should be
able to distinguish the full range of motor function, from complete pa-
ralysis, through individual movements around the hind-limb joints,
weight support, standing, stepping, and coordination. Mild, moderate,
and severe motor deficits should be able to be clearly described, as opposed
to solely differentiating between ambulatory and non-ambulatory. Thus,
scores should extend across the entire scale range.

The SLR scale was also tested for reliability using inter-rater reliabil-
ity testing. After an initial training session reviewing the operational
definitions, the behavioral categories, and subcategories to be assessed,
all five raters reviewed videos for each animal. Any differences in scores
were discussed and a group consensus score was reached for each ani-
mal. Next, all five reviewers, blinded to treatment and live clinical

scores, independently watched 3 minute videos segments of 6 animals
with mild, moderate, and severe motor deficits. Each rater scored
each video independently. Scores were compared for consistency,
and the average score and standard deviation was calculated for each
lamb video. Inter-rater reliability was measured by calculating the
mean standard deviation for all scores and comparing average scores
to consensus scores.

2. Results
2.1. Animal Outcomes
Only lambs surviving to term and born via spontaneous vaginal de-

livery (n = 20) were included in this analysis. The average gestational
age at birth was 145.6 days (range: 133-153 days). All lambs survived

for 24 hours. Immediately following delivery, newborn lambs often
demonstrated weakness and lacked coordination; this improved signif-
icantly within 24 hours for lambs with mild neurologic deficits. One
lamb became significantly weaker over the course of 24 hours. Twelve
lambs required bottle-feeding due to an inability to nurse. One lamb
sustained a tibial fracture associated with trauma during delivery that
was discovered after euthanization. There were no other complications.

2.2. Scale Development

Motor function was scored using a 15-point rating system (Fig. 2).
Group discussions were used to derive the final features used to de-
scribe the range of motor function exhibited by the cohort of observed
animals. The scale assessed seven categories; these categories were
ranked by order of clinical importance during recovery (Fig. 1). For ex-

ample, extensive joint movement was scored higher than slight move-
ment, and the ability to stand spontaneously was scored higher than
standing with help. Scores were based on the best performance for
each lamb. For most animals, best performance was demonstrated at
the second time point, twenty-four hours after birth.

The first category assessed bilateral hindlimb movement. This cate-
gory was sub-divided into assessments of movement at each joint for
each limb: hip, knee, and ankle (Fig. 3). Joint movements were charac-
terized as no movement, slight movement (defined as movement of
the joint through less than half the range) or extensive (defined as
movement of the joint through greater than or equal to half the
range). Slight movements were awarded 1 point per joint, while exten-
sive movements were given 2 points per joint for a maximum possible
12 points. Starting positions must be considered because a slight

Fig. 3. Lamb joint movements. Drawings of full range of motion for the lamb hindlimb
(A) and open (left image) and closed (right image) position for each individual joint:
hip (B), knee (C), and ankle (D) joints. Extensive movements were >50% of the joint
range of motion; slight movements were <50% of the joint range of motion.
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Distribution of Scores Among Lambs

Number of Animals Receiving Score

1 2 3 4 5 6 7

8 9 10 1 12 13 14 15

Locomotor Score

Fig. 4. Locomotion score distribution. Experimental lambs (n = 16) displayed an extensive range of locomotor recovery with a wide distribution of locomotion scores.

movement may result in a fully closed or opened joint if the initial posi-
tion was partially bent [3].

The next behavioral categories (in order of progressive motor func-
tion) assessed the ability to stand with help, to demonstrate spontane-
ous hindlimb weight support, and to stand spontaneously. Standing
with help was defined as the ability to stand unassisted for any length
of time after initially being assisted by the experimenter. Spontaneous
hindlimb weight support is defined as support of the body through
the hindlimb as evidenced by the ability to lift the hips off the ground.
Of note, an animal lifting its hips off the group with the exclusive
use of its forelimbs is not considered to be capable of hindlimb
weight support.

Stepping, or the ability to ambulate, is the next category assessed.
Lambs capable of standing (either with help or spontaneously) were
evaluated for their ability to step. A step is defined by weight support,
forward limb advancement, followed by re-establishment of weight
support. The total number of steps taken was counted; steps do not
need to be continuous to be counted. Lambs able to walk 5 or more
steps were evaluated for the frequency of forelimb-hindlimb coordina-
tion and were scored as none, occasional (<50% of the time), or frequent
(=50% of the time). One forelimb advance for every hindlimb advance
when moving at a constant speed is considered normal coordination.

Lastly, animals capable of spontaneous standing and ambulation >5
steps with frequent coordination were further discriminated by the
hindlimb clearance test. To perform this test, animals were observed
walking over a 4”x4” wooden bar in an open field as described by
Navarro et al. [4]. Ability to walk over the bar qualifies as a pass. If the

Motor Function by Category

@
S
B

50% | - - —

40%

30%

20%

10%

Percentage of Lambs per Category
o
ES

Severe (0-4) Moderate (5-9) Mild or None (10-15)
Neurologic Deficit Category

Fig. 5. Distribution of motor function deficit severity. Scores were classified as mild,
moderate, or severe neurologic deficit. Five lambs (31.2%) were categorized as severe
motor deficits, 6 as moderate (37.5%), and 5 as mild or no deficit (31.2%) for an even
distribution of scores.

animal is unable to clear the bar, the test is failed. Based on these obser-
vations, each lamb was scored using a 15-point rating system.

2.3. Scale Validation

Scale validity was evaluated by the ability to capture a wide range of
neurologic recovery; a valid scale should utilize the entire breadth of the
rating scale without clustering animals around certain scores. All nor-
mal lambs without a surgically created defect (n = 4) were capable of
ambulation and demonstrated normal locomotion. However, in one
lamb the clearance test was not performed (average clinical score of
14.75). The remaining sixteen lambs demonstrated a wide range of clin-
ical scores ranging from 1 to 15 (Fig. 4). A score of 0-4 represented a se-
vere motor deficit, a score of 5-9 was associated with a moderate deficit,
a mild motor deficit was characterized by a score between 10 and 14,
and normal locomotion was defined as a score of 15. Five lambs
(31.2%) were categorized as having severe motor deficits, 6 as having
moderate deficits (37.5%), and 5 as having mild or no deficits (31.2%),
demonstrating a fairly even distribution of scores (Fig. 5).

The standard deviation of scores from all examiners was calculated
to estimate inter-rater reliability. The mean standard deviation for all
individuals was 4 0.431, demonstrating the reliability of the scoring
system among trained examiners. Furthermore, the average score for
all raters was within 1 point of the consensus score 100% of the time.

3. Discussion

The MOMS trial showed exciting promise that disease outcomes in
MMC can be improved with fetal intervention and ignited hope that re-
search will be able to improve distal motor function in children born
with MMC [1]. The standard large animal model used for such research
is the fetal lamb model of MMC, which has been extensively character-
ized and shown to exhibit histologic and neurologic deficits comparable
to those seen in congenital MMC in humans [2,5,6,8]. Despite decades of
research using this model, a means of consistent functional assessment
is lacking.

Several studies have reported performing thorough neurologic
exams in the fetal sheep model, but the reported data focus on the
incidence of paraplegia [9-13]. While the ultimate goal of MMC
research may be to cure paralysis, the gradations of functional recovery
are more complex and require more nuanced categorization than
simply ambulatory versus non-ambulatory. Functional recovery should
be analyzed and reported completely and consistently so that small,
but important, improvements in distal neurologic function are not
overlooked. Furthermore, the grading scale should be uniform in order
to facilitate generalizability and data interpretation. This study proposes
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a standardized system for locomotor scoring for this disease model that
is capable of capturing subtle differences in distal neurologic function.

The importance of a standardized, complete neurologic assessment
is undeniable. Participants in the MOMS trial were evaluated using
two standard systems for assessment of neurologic function- the Bayley
and Peabody motor scales [1]. These scales facilitated the discovery that
children repaired in utero were more likely to exhibit a level of function
two or more levels higher than expected given the anatomy of their
defect, were more likely to be able to walk without assistance, and
had better parent-reported mobility. While the majority of these
children were unable to ambulate, their neurologic improvements
were still significant. Even small improvements in motor outcome
may drastically reduce morbidity for children with MMC.

The rating scale described here provides a comprehensive analysis of
motor function for lambs. The scale is reliable, accurate, capable of cap-
turing a wide range of neurologic outcomes, and able to distinguish sub-
tle differences among lambs. Furthermore, the entire assessment can be
performed in a matter of minutes. In this study, no animals with scores
of 11-13 were observed. While this is a large group for a study using
large animals, the number may be too small to observe all scores.
Additionally, it is possible that improvements in treatment efficacy
will increase the number of animals in this mild deficit range.

Prior research in the model has demonstrated various degrees of his-
tologic improvement with different experimental treatments [2,14].
While spinal cord preservation is an important component of disease
treatment, the ultimate goal is improved neurologic function regardless
of the appearance of the spinal cord. For this reason, motor outcome was
the major focus of this study. An area of future investigation will be to
correlate histologic appearance with functional outcomes.

In conclusion, this study has further characterized the established
fetal sheep model of MMC by developing a reliable clinical assessment
tool for distal motor function. The SLR scale can capture subtle differ-
ences in locomotor function and has minimal inter-rater variability.
The neurologic deficits seen in the lambs in this study are similar to
those previously described; however, the SLR scale provides a more
complete assessment of locomotor function. A complete, standardized
grading system for neurologic outcomes in the fetal sheep model is

not only feasible (as demonstrated here), but is critical to advancing
research toward the ultimate goal of curing paralysis in MMC.
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Vidauki IV:  Krufningarskyrsla fra Keldum vegna lambs nr. 11
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Vidauki VII:  Krufningarskyrsla fra Keldum vegna hruts fra Djupadal



Svar vid rannsoknarbeioni

Sendandi: Keldur/Verkefni
(Tengilidur)

Heimilisfang:

Postfang:

Eigandi: Keldur/Verkefni
(Tengilidur)

Heimilisfang:

Postfang:

Numer Keldna: 2015100028

” . ) P 15-384. B 20/15 Leifur Samuelsson, Djupadal, 380
Onnur numer:

Reykholahreppi
Dagsetning
synatoku:
Dagsetning mottoku: 14.10.2015
Dyrategund: Sauofé
Tegund synis: Hree
Fjoldi syna: 1
Hvernig syni: Sjukddmsgreining
Samsetning
safnsynis:
Rannsokn Fjoldi  Nidurstodur Athugasemdir
Krufning - saudfé, I6mb 1 Meinafreeddi - Vodvabolga -
Bl6Smeinafraedi 1 ag)r?;‘zlinafraeél - sja toflu

Mottekid lamb, heimalning, sem hafdi synt sterk taugaeinkenni vid faedingu (atti
erfitt med ad standa, stifnadi og datt um koll vid areiti). Einkennin héfdu sma
saman lagast og pegar lambid kom ad Keldum voru einkennin ad mestu horfin;
litils hattar skjalfti & h6fdi og afturenda kom i ljés eftir mikio areiti (sja
myndaupptoku). Lambid var aflifda med sprautu i @d pann 14. oktéber og krufid
strax a eftir. Fyrir aflifun var tekin bl6dprufa og maenuvokvi. Bl6dmeelingar voru
framkveemdar & blodsyninu, buffycoat hirt og DNA einangrad og fryst.



Maenuvokvu og sermi voru einnig fryst. Lambid var med lambamerki nr.
47AB/172, var i midlungs holdum og v6 26.5 kg. Fremur litil fita var i kvidarholi
en edlileg fita var i kringum kransaedar. [ aftari lungnablédum voru einstaka 1-2
mm stérir hnadar undir lungnahimnu. [ védva i heegra hjartahdlfi, upp vié
hjartaloku, var eitt litid ljost sveedi um 1 mm i pvermal. Eiltar undir lend
(sublumbar) og i garnahengi voru fremur storir, sérstaklega aftasti asgatmareitil
Ekki voru greinilegar breytingar i heila po6 ad litli heili vaeri hugsanlega minni a
hlidum og fellingar i stora heila hryggleegt heldur flatar. Tekin voru syni Ur helstu
liffeerum i vefjaskodun; einnig barki (vidmidunarsyni), heiladingull, skjaldkirtill,
nyrnahetta, voovasyni (M. quatriceps vastus med. og M. biceps), eitlar (garnahengi
0g upp Vid nyrnahettu), heili (11 sneidar) og maena (6 sneidar). Blodmeinafreedi:
Nokkur edlileg bl6dmynd; vaeg aukning i hlutleysiskyringum (stafir) og
einkjornungum (monocytes). Vefjaskodun: [ litla heila virtist vera nokkud brottfall
af og hrérnun i sumum perutaugafrumum (purkinje cells) en 6énnur 16g i littla heila
virtust edlileg og engin vidbrogd saust. | maenu voru veegar blaedingar (eftir
maenustungu) og hrérnunarbreyting var i einni stérri taugafrumu. | hjartavodva og i
rakottum vodva, einkum M. biceps, var fjdlhreidra blondud bélga med iferd af
eitilfrumum, atfrumum og raudkyrningum. Einnig einstaka bolgusveedi i
hjartahimnu og eitt stort bolgusveaedi i hjartapeli i tengslum vid hjartaleidslufrumur
(purkinje cells); & pessu svaedi var einnig steinefnadtfelling og einstaka storar,
fiélkjarna frumur (syncytia?). Einstaka holdmaerur voru i vddvunum en an
bolguvidbragda. Lungun voru samfallin, med medalstorar eitilfrumupyrpingar i
kringum aedar og berkjunga. Veaeg iferd var af eitilfrumum og raudkyrningum i
lungnablédruveggjum og einstaka rykeetur i lungnablédrum. Mikil pykknun var i
sléttum védvum. | nyra var vaegur proti i pekjufrumum i nyrahnodrahylkjum.
Einstaka mjog litlar pyrpingar af eitilfrumum voru i nyrunum. I mjégérn og
risitilloku var midlungs bélga med miklum fjélda af raudkyrninum. Einstaka
hnislar voru i slimhadinni. i ristilloku var einnig ofvoxtur af kirtlum (hyperplasia).
Eitlar voru virkjadir og med mikinn fjlda af raudkyrningum. [ milta voru
medalstorir eitlingar og yst i peim voru kyringar medal eitilfruma. | einum eitling
var stor pyrpingar af kyrningum (raudkyrningum?). Engar sérstakar breytingar voru
i skjaldkirtli, nyrnahettu eda i heiladingli. Litil blodmyndun var i beinmerg utan
orfarra raudkyrninga. Nidurstada: Hrornun i litla heila? (cerebellar abiotrophy ?);
sjukdomseinkennin voru po ekki framsaekin (progressive) Hjartavodva og
voovabdlga med raukyrningum (mixed, eosinophilic myocarditis & myositis) Veeg
garnabdlga; hugsanleg hnislasott/onnur snikjudyrasyking) Veeg
millivefslunganbdlga (eftir lungnaorma?)

Afrit: Keldum, 6.4.2016
Olof Gudran Sigurdardottir



	01 forsida-87
	02 titilsida-87
	skýrsla 87
	Viðaukar
	Viðauki III Brown.pdf
	Development of a Locomotor Rating Scale for Testing Motor Function in Sheep
	1. Methods
	1.1. Subjects
	1.2. Locomotor Testing
	1.3. Scale Development
	1.4. Scale Validation

	2. Results
	2.1. Animal Outcomes
	2.2. Scale Development
	2.3. Scale Validation

	3. Discussion
	Acknowledgments
	References





