WHDOPMAIS 3A:

HaumenoBanue Ha 3a0oasBaHeTO

CnuranHa Myckyiana arpodus (CMA) tun 3 i

Onpenesienne Ha 3a60/19BaHETO

Cnunanmaute MyckyinHu atpodpuu (CMA) ca rpyna HacieACTBEHH 3a00IIBaHA A, o0ycioBeH:
OT JieTeHepanusl Ha JBUrATENHHTE anda-MOTOHEBPOHM Ha IpbOHAYHUSA MO3BK H MO3BYHHSA
creon. Knacmpummpar ce 6asara Ha pasnpeldeleHHETO Ha MYCKYJ lata  cnaboct
(mpokcuManHa, xucTanHa M OynbapHa), KakTo M Ha HayMHa Ha yHacnenssane (AJl, AP, X-
CBBpP3aH).

Haii-yecrara ¢opma, oTroBopHa 3a Hax 95% or cmydaure csc CMA, ¢ ic AP tun Ha
yHacjeqiiBaHe U ce NBDKH Ha XOMO3HTOTHH jenenun Ha SMN1 (survival motor neuron) rena
Ha xpoMo3oma 5q13. Ocrananute dhopMu, HeCBBp3aHU ¢ MyTanuu B SMNI1, u3BecTHH Karo
He-5q CMA, ca MHOTO peiKH, FCHETHYHH Y KIHHHYHH XE€TEPOreHHH CHHIPOMU (Tabmuma 1).
HJucranaute CMA (nCMA) ce xapaxrtepusupar ¢ mnpeobGiamasaina AUCTaliHa MYCKYJIHA
¢1abocT, KaTo c€ NPHIOKPHBAT C HACICACTBEHHTE MOTOPHY HEBPONIAaTHH (BYDK. HACHEICTBEHH
MOTOPHH HEBPOIIATHH).

Yerupunudpen kox Ha 3a60aaBaneTo mo MKB-10 (ako TakbB e HAJMYEH)

Gl2.1 :

Kog Ha 3a0onsBaneTo mo Orpha code

ORPHAR83419




EnuaeMuoIOTHYHE JAHHH 32 32060/15BaHETO B Peny6anka buiarapus
Hait-uectara dopma Ha CMA, o0ycoseHa OT MyTaluu B SMN1 rena, e cbc 3ab0neBaeMOCT
1/6000-10 000 XWBOPONEHH JeL@, KaTo YeCTOTaTa Ha HOCHTEJICTBO B nonynauusra ¢ 1/40-
1/60 qoBexa. B Buarapus 68 mauuenTa csc CMA 06sxa perucTpupany B rno6anuus TREAT-
NMD peructTop.
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Haii-yecrata popma na CMA, o6ycnosera ot MyTauun B SMN1 rena, e cbe 3aboneBaeMOCT
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OueHKa HAa CHOTBETCTBHETO HA 3a60.1sBaHeT0 ¢ AepHHHIHATA 32 pAAKO 3a0onsBane
chriaacao § 1, T. 42 oT JONBJIHHTEIHHTE pasnopentu Ha 3aKoHa 32 3(pPaBeTo

3a60nmsBaHETO OTrOBAps HA KPUTEPHUTE 3a PAAKO 3aboJisBaHe.

Kpurepun 3a JHATHOCTHIHPaHE HA 3200/19BaHETO

JIHarHOCTHYHH KPUTEPHU:

1. Hauanoto Ha 3a6011BaHETO €

A/ ot paxpanero no 6 mecen npx CMA Tum [
B/ npeau 18 mecen npu CMA Tun 11

B/ cnen 18 mecert npu CMA tun 111

I'/ nayano 2-3 nexana npu CMA tun IV

2. Xox Ha 3a00JI1BaHETO

Jenara ce¢c CMA tun I He Morat ja cemar 6e3 MOAKpena, HE 3ambpXaT IjlaBata CH,
HAIHIE ca TEKKAa XMIIOTOHHMA, BAla mapamm3a M cnal Iulay; IOHAKOra ce YCTaHOBfBA
XHIIOTpOodHs Ha e3uKa U (HaclUKyJIaLuH;

Jlenara ¢cs¢c CMA tun Il He npoxoxnaar, HO Morar Aa CeIaT caMmocToaTeaHo. Hamume e u
¢uH TpeMOp B rOpHUTE Kpal{HUIIM. YCTAaHOBABAT CE 3aTPYJHEHO OTKAILISHE H IpErIbIIaHe.
PasBuBa ca mporpecupaina cKojiHo3a, Hajlaraua Xupypruyiy HHTEPBEHIHH.

IManuenture cbc CMA tun III u Tun IV passuBat cnoco6HOCTTa 3a XOAEHE, BIIOCIECICTBHE
B Pa3MYHA BB3PAcT Ce HOSBsBa CIabOCT B IPOKCHMATHHTE MyCKy/IH Ha KpaliHunure. Muoro
YecTo Ce pa3BHBa CKOJIMO3a ciiaj 3arybaTa Ha CaMOCTOSATEHA II0XOAKa.

IIpu CMA Ttan [ cMBpTTa HACTBIIBA NIPENH 2 T., BCIL. Ha OynbapHaTa M AMXarelHa cnaboct

IMpu CMA tun II - Han 2 r.; [Tpp CMA tun Il 1 IV - B 3psna Bb3pact.

3. CuMeTpr4Ha MyCKyJIHa cl1a00CT B Tpyna U KpalHUIMTE (IPOKCHMAIHUTE MYCKYJIH Ca
N0-3aCEeTHAaTH OT JHCTAIHMTE, JOJHHMTE KpallHMIM ca MO-3acerHaTH oT ropHure). JImmcear
CEeTHBHH HapyIICHHUS.

4. KO®K e mosumena no 10 neTH Hag HopMara.

5. EMI nanHu 3a aGHOpPMHA CIIOHTaHHA aKTHBHOCT - (HOpHIIAIMH, IO3HTUBHHM OCTPH
BBJIHH, (aclUKyIALKHA; IOBUIIEHA CPENHA NPONBIDKUTEIHOCT H aMIUIMTYAa Ha aKIHOHHUTE
MOTEHIHAIIH

6. XHCTONOTHYHOTO M3CAeABaHE [OKa3Ba IPYNH OT aTpodHYHH BIaKHA SLT JIBaTa THIA H
XunepTpoduyHy BiIakHa OT THN |

7. MosekynspHO-TEHETHYHUAT aHAIH3 ycTaHOBABa MyTauuH Ha SMN rena BBpXY

5q12.2-q13, nait yecto menenus Ha ex3oH 7. OnpenpentHero Ha SMN2 komusTa onpenen
TEXECTTa Ha 3a00JIIBaHETO.
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Ilpe3 mocnexuure romuum dopMara ¢ Hadano ciex 18 r., KoATO He BONY IO IMXATEIHHU
HapylieHHs, ce xaacupunupa kato CMA tum IV.

Juarrosara ce mocraBs Bb3 OCHOBAa Ha KnuHHYHMTE ocobenoctd, CPK, EMI" m3ciensane,
MyCKyJHa OHOICHA M TIEHETHYHO H3clenBaHe. IIpeABMA Hampenbka Ha MOJEKYISAPHO-
TCHETHYHHTE U3CIE/IBaHMs, MYCKyIHaTa 6HoncUs uMa Bce HO-Majko 3Hadende. [Ipw EMIT
H3Clie/iBaHe MPeJMMHO B IPOKCHMAIHHTE MYCKYJNH Ha KpallHHIIWTE Ce€ YCTAaHOBSBA TEXKA




YyacTHYHA JeHepBallus, Karo MPOKCHMMAIHHTE MYCKYJIM Ha PBUETE Ca IO-JICKO 3aCCrHaTH.
OtBexpaT ce $acUuKyNauy. bpoar Ha JBUraTeHUTE CAUHUIN € peAynupaH. IIpu Boneso
CBKpaIeHHe MOTEHIUATHTE Ca C YAbJDKEHA MPOABDKATEIHOCT U IO-BHCOKH aMILIHTYIH.
EMI™ mscienpamero xokasea mpenHoporoa yBpena. CPK B cepyma € HOpMalHA HIH
HOBHMINIEHA IO 5 IHTH Hax HopMata. OT XUCTOJOTHYHOTO H3Cie/IBaHEe Ha MYCKYJI C€ OTKpHBa
JieHepBalMOHHA aTpodHs ¢ MAJIKU IPYNHPAHH, aHTYJIHPaHy €03UHO(UITHI MYCKYJIHH BJIaKHA.
MoneKy/IpHO-TeHETHYHOTO M3cineABaHe BKmousa Multiplex ligation-dependent probe
amplification (MLPA) u PCR, a B ciyd4auTe, [Ipd KOHTO C€ yCTaHOBABA JEJELHs CaMO B
emmaus SMN1 re ce Hajlara ¥ IMPEKTHO CEKBEHHpPaHe Ha KOJHMpAIaTa 9acT Ha reHa. Ilpu
95%-98% ot Gomuute chc CMA ce ycraHoBsBa Jenenus Ha €k30H 7 or SMNI reHa B
XOMO3HTOTHO CHCTOSHME, a PU OCTaHaymTe 2-5% ca ABOMHH XETEPO3UIOTH 3a ICJICHMS B
SMN1 reHa ¥ TOYKOBH MYTAaLUH, MaJKM JEIEIHH WIH HHCEPIMH, BOACIIM N0 KOHBCPCHS Ha
SMN1 B SMN2.

Judepennuania muarsosa. B nudepeHnuanso nuarsocTader wiad 3a CMA THI Inllce
o6¢wxnar Apyru 3aboisBaHus, MPOABABALIKM Ce CBC CHHAPOM Ha ,,BAJIOTO 0ebe” karo
BPOJICHH MHOTIATHH ¥ BPOJEHH MYCKY/IHH AUCTpodHH, KOHTeHHTAIHA popMa Ha MHOTOHHYHA
micTpodus TN 1, KOHT€HUTENHN MHACTEHHHM CHHAPOMH, MeTabONMMTHH Muonutuu (Gonect
Ha Pompe), HacnexCTBEHH CETHBHO-MOTOPHM IIOJIMHEBPONATHH, KaTO KOHICHHTAIHA
XHIIOMHENHHM3anuns, Apyre He 5q CMA, cunnpom Ha Prader- Willi, xunotonuana ¢opma na
mercka nepebpanna napamusa. CMA tun III u IV cnensa aa ce nugepenuupar ot [IM/] tun
Jliomren ¥ bexep, BpOAEHH MHONATHH, METabOTUTHY MHONaTuH, Apyrd He 5q CMA ¢ KbCHO
Hayalo, neuuT Ha XekcozamMuHunaza A (GM2 rasrnuo3un03a), JareparHa aMHOTPOGHYHO
CKJIEpO3a.
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Nusinersen (SPINRAZA) e MoauduIMpan aHTHCEHC OJIMIOHYKIICOTHI, KOMTO ce CBBp3Ba C
HHTDOHa, CiejBall ex30H 7 B mnpe-HHpOpMalMOHHATA PHK ma SMN2. Ilo TO3M Ha4MH
momynupa crutaiicurra Ha nPHK, 3a fa Bmoun €K30H 7 1 3a a ce CHHTe3Hpa I0-TOJIIMO
KoymuecTBo MbaHoBepwkeH SMN npoteus. Tosa € eMHCTBCHHAT MEANKAMCH ', ofobpeH 3a
neuenue Ha Bewuxkh dopmum Ha 5q CMA (mpes nexemspu 2016 ot FDA- F}od and drug
agency u mpes Mait 2017 or EMA- European medicines agency). IIpenoppuuTeiisara 1o3a Ha
MeauKaMenTa e 12 Mr. (Bcekd duakoH e 5 Ma/12 Mr), IPHIOKEHH uHTpaTexanHo. TepamusTa
3amo4Ba ¢ YeTHPH HATOBapBall¥ JO3M- TpH Ipe3 14 JHH K 9ETBBPTaTa 30 num knex Tperata.
Cires; TOBa TIOXbPXKAITHTE JIO3U CE IPUIAraT Ipes 9eTHpH Mecena. [Ipn npecuMuTOMaTHIHO
3amoyHaTo JiedeHue npu 6onuu ckc CMA THI ce HaGNoaBa IBUTaTeIHO PaspUTHE, 6nu3Ko
IO TOBa Ha 31paBM jeua. [Ipu ApyruTe KIMHUYHY IPOYYBAHHS JICNATa HA TEPAITHs MOCTHraT
CTATHCTHYECKH 3HAYAMO NONOOpEHHe Ha NBHMraTeNHHTE QYHKUHH CIIPAMO ﬁham rpynara.
HabmonaBa ce CTaTHCTHUECKH 3HAYMMO MOBHIUICHA IPEXUBIEMOCT Ha MAlHEHTHTEC CBC CMA
TUn 1.
Hait-yecTHTe HEXXEJAaHH JIEKApCTBEHH peaKkIMH ca HHGQEKIMH Ha TOpPHHTE H JOJHHTE
JIAXATENHA HTHNA, KOHCTUIAIHS, 6e10ApOoCHH areleKkTasH, NPOTCHHYPHS.
Kpurepuu 3a 3anousafe Ha Tepanus ¢ Nusinersen
. ITaupeHTH ¢ FeHeTHYHO nokasa 5q CMA, Beir. mytanuu B SMN1- rena
. TTanueHTH, IPH KOKTO Ce IIpAyiaraT cTanaapTuTe 3a rpxu npu CMA
B KXII e nocoueHo, 4e MEIHKAMEHTHT € 0N0OpeH 3a BCHUKH (HOpMH Ha 3aGOIBAHETO.

. AHaMHe3a 3a 3a 3a00JIgBaHe Ha LEHTpalHaTa MWiIA nepudepHara HEpBHAa CHCTEMA,
KOeTOo 6M 3aTpyAHUIO HHTPATEKAHOTO MPHIIOKCHHE

. Texxka CKONHO3a, KOATO OH 3aTpyAHMIA WHTPATCKAJIHOTO NPHIIOKCHHE Ha
MeIUKaMeHT g

. AHaMHe3a 3a UMILTIaHTUPAH IIBHT

. VuacTre B KpUHHYHO npoyuBane 3a CMA |

. Hapymenwe B KPHBOCHCHPBAHETO, Koero On HampaBHIO IIPRJIOXKEHHETO Ha

MeIUKaMeHTa ONacHo 3a OONHHS ;
ITpocnensBaneTo Ha ed)eKTa OT JIEYSHHETO CIIEABa a CE IPaBH Ha BCCKH 6 mec.

IIpu nanwenture cbc CMA Tunm 1 oueHkara Ha JBUTATENHHUTE dbyHKOMK crenBa Ada ce
M3BBPIIBA N0 CJACTHUTE CKAJIU:




(L)

. Children’s Hospital of Philadelphia Infant Test of Neuromuscular Disorders (CHOP

INTEND) |

. Hammersmith Infant Neurological Examination (HINE)

Ilpn mamuentare cb¢ CMA o 2 # 3 omeHKaTa Ha JBUrarenHuTe QYHKIMH C& H3BHpIIBA
es:

‘.Ip Hammersmith Functional Motor Scale Expanded (HFMSE) score

. Revised Upper Limb (RULM)

3a P3BIHEHAETO HA TE3H TECTOBE € HEoGXO0IMMO IPEIBAPHTEIHO 00y ICHHE.

OueHKa Ha BEHTWIATOPHHTE IIOKasaTeNH IIpH KBCHHTE dopmu upe3 GYHKIHOHAIHO

H3CIIeBaHe Ha AMINAHETO

Toappxane Ha muxaTensuTe dynkuuy. [Ipenoppysa ce NpoCHeAIBaHe Ha BCCKH 3-6 mec. Ha
nuxarenauTe (QYHKIAM dYpe3 M[POBEXAAHE Ha nonucomuorpadus, IMyJac-OKCHMETpHS,
H3MepBaHe Ha KPHBHHTE a30BE M OLCHABAHE Ha CIIoco6HOCTTA 33 OTKAUIIAHE IIPH IalHCHTH
¢ CMA tun 1. IlomucoMHorpadwmsra naBa BB3MOXHACT Ja CE€ OLCHAT JHUXATCIHUTE
HapyllleHHs 1O Bpeme Ha ChH, JIOPH [pH JMICA Ha CHMITOMH Ha XHMIIOBEHTHIALUA. KsM
JOTBIHUTETHATE CKPHHUHTOBH M3CIICJBaHUA CE OTHACAT pentredorpadusra Ha 61 Apob.
Ilpn mammentute cb¢ CMA Ttun II BaxkaT ChINMTE NPENOPBKH, KATO JONBIHHUTENHO CC
NPOBEXKAT CIHPOMETPHs H OLEHABAHE Ha MPOrPECHATA Ha CKOIHMO3aTa HPe3 NPOBEXKMAHC Ha
pentreHorpadun Ha rpp6uaden croab. llanpeHTATe CBC CMA tun III u IV no-paako
Pa3sBUBAT JUXATENHA HEAOCTATHUHOCT, HO M IIPH TAX PYTHHHO CE IIPOBEHKNIA CIUPOMCIPHAL. .
BaxHW MeEpONpHATHS, HPO(UIAKTHpauy JUXaTe/HATE HapyWCHHd H nozoOpsasamy
KauecTBOTO Ha KMBOT Ha mauuenTtute cb¢ CMA ca:

. MexaHHYHO B PBYHO MOANOMAaraHe Ha OTKalllITHETO

. HeunpasupHa BeHTHwiIanusa upe3 BiPAP nps mamueHTH C HOIIHA H/WIK JHEBHA
XHIIOBEHTHIAIMS

. [TpunoxxeHne Ha BAKCHHH ,,[IPOTHBOTPHITHA K ITHEBMOKOKOBH) ;

IpunoseHueTo Ha HHBA3HBHA BEHTHIAUMS IIPH NALMCHTH CBC CMA Tun | npcraBg penuua
€THYHH BBIPOCH.

OlleHKa Ha TBHITATENHHTE HApylleHHs IpH nauuentd ¢s¢ CMA Tun I ¥ mocraBsHE Ha
HazoracrpajHa WX Ha3oieloHalHa COHAa

®usnotepanns OCHOBHTE i IIEH ca 1a 3a0aBy HAMAICHUETO HA MYCKyIIHATa CHJIa M Maca, 1a
npodunaKTHpa pa3sBUTHETO HA CTABHUTEC KOHTPAKTypH M Ja nono6pH KauecTBOTO Ha XHMBOT
Ha 6onuuTe. PU3MOTEpaNMA CelBa Ja CE 3all0YHE HEMOCPEACTBEHO CJIEA MOCTAaBAHCTO HA
JHarHo3aTa. VI3mon3sat ce OpPTE3HH CPENCTBA 3a IPEBEHIH Ha CTABHUTE KOHTPaKTypH.
OproneauyHa XUPYprus Ha CKOJNHO3aTa NpPH 3aNasCHA  JHXATEIHH obemn 3abaBst
TIpOTpecHsTa Ha NUXaTeIHaTa ciabocT.
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AJTOpUTMH 32 pexaduymmranusa Ha 3a00J19BaHETO

Ilen Ha pexaOWIMTALMOHHATE MEPONPHSTHS- 1A c€ MaKCUMAaJM3Upa (QYHKIHOHATHUAT
KananuTeT, 1a ¢e YIBDKH MIH IOJIbpXKa HE3aBHCHMO (yHKIMOHMpAHe H MOABHKHOCT, Ja ce
IPEJOTBPATH MM IONTHCHE pa3BHTHETO Ha JeQOpPMHTETH M CBPAEYHO-0enonpoGHH
HapyIIEHH U [a C€ OCUTYPH JOCTHII 32 I'BJIHO HHTETPHpaHe B 06IIECTBOTO € JOGPO Ka4eCTBO
Ha %kuBOT. JleueHneTo e Haif-go6pe a ce M3BBPILIBA OT €KHII OT JIEKapH, cpm%oTepaneBm,
pabOTHH TEpaIeBTH, JIOTONEIH, COLMAIHH PaGOTHHIH, IICHXOJO3H M ApyrH. JleyeHuero e
IIeJIEHACOYEeHO U MHOTOCTPAHHO.

B T.4. HayyHm ny0JMKanMM OT HNOCJCAHHTE IeT TOAMHH H | NIPHJIOKEHA
ondsnorpadceka cnpaska

p—
.
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Heo6xomumu AcHHOCTH 33 NPOPMIAKTAKA HA 3a0onnBaHeTo (aK0 TAaKHBa ca
TIPHJIOIKUMH)
[ eHeTHYHOTO KOHCYITHPAHE M IIPEHATaHaTa JIHAarHOCTHKA BBHE damunEo 06peMEHEHUTE
ceMeiicTBa € OT M3KJIFOYHTENHA BXHOCT 3a poQuIaKTHKa Ha HOBH CIIyHau.
B T.4. HaydyHH Ny0JMKAUMH OT MOCJAEXHHTe NET TFOJMHH H IpPHJIOKEHA
oubauorpadcka cnpaBka
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AK, Schroth MK, Graham RJ, Kirschner J, Iannaccone ST, Crawford TO,
Woods S, Qian Y, Sejersen T; SMA Care Group. Diagnosis and management
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2018;28(2):103-115. doi: 10.1016/j.nmd.2017.11.005. |
5. Finkel RS, Mercuri E, Meyer OH, Simonds AK, Schroth MK, Graham RJ,
Kirschner J, Iannaccone ST, Crawford TO, Woods S, Muntorﬂ F, Wirth B,
Montes J, Main M, Mazzone ES, Vitale M, Snyder B, Quijano-Roy S, Bertini
E, Davis RH, Qian Y, Sejersen T; SMA Care group. Diagnosis and
management of spinal muscular atrophy: Part 2: Pulmonary and acute care;
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Diagnosis and management of spinal muscular atrophy: Part 2: Pulmonary and
acute care; medications, supplements and immunizations; other organ systems;
and ethics. Neuromuscul Disord. 2018;28(3):197-207. doi:
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IpenioKeHHsl 32 OPTAHM3AIHUS HA MEAHLHHCKOTO 00Cay’XKBaHe HA NAaUHMEHTHTEe H 32
¢HHaAHCHpaHe HA CHOTBETHHMTE AEHHOCTH, CbOOpaseHH ¢ AeHcrBamara B CTpPaHaTa
HOpPMAaTHBHA ypeada

Ha To3y eram AMarHOCTHKAaTa, MPOCIEAIBAHETO H PEeXaOHIMTANMATA IPH TE3U NAIHEHTH Ce
IOEMAT 10 KJIMHHYHH TBTEKH. H

Onucanne HA ONHTA ¢ KOHKPETHH NAIHEHTH CbC CHOTBETHOTO PSAKO 3aGossBane (aKo
HMa TAKbB)

HanuoHalHM peruCTpU 3a HEBPOMYCKYIIHH 3a00/I9BaHUs

Cr3nanen 6eme 6snrapckt/ TREAT-NMD peructsp 3a cieHATE TpH IPYIIH HEBPOMYCKYJTHH
3abonsBanug; IlporpecHBHM MycKyiaHM aucTpoduu TUn JlfomeH u Be:lep, CrnuHanHa
MyCKyJiHa aTpodHs H MHOTOHHYHM aucTpoduy, ¢ koiiTo bharapus y4yacTsa B eBponeiickara
TREAT-NMD wMpexa. HesposornuHa knuHuka KeM YMBAJI , Anexcanaposcka” ce
PETHCTPHpa KaTo KJIMHAYEH LEeHTHp B bbirapus B KoopAnHANMOHHHS NEHTHD 3@ KIMHHYHH
npoyusanus Ha TREAT-NMD kM MenunuHckus yHuBepcuteT BbB @paitGypr, I'epmanns.
IMonenBar ce nsa popmynspa — Mudopmanus 3a nanueHTa 1 HHPOPMHPAHO CBITIaCHE H
peructpanuoner ¢opMmyiasp B perucTpauuoHHus GopMyJIp c€ NONBIBAT) 33ABJDKHTEITHH
KPUTEPHH U IPENOPBHUUTENHH (HE3aXBIDKUTEIIHN) KPUTEPHH 32 BKJHO‘IBaHGILB peructepa. B
NPENOPBYATEHATE KPHTEPUH (UTypUpaT JaHHH OT pasiM4HH H3CIeBaHUs K QYHKIHOHAIHO
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@3cIeABale Ha JUIIAHETO MPH CMA).

Ciex TmoyyaBaHe Ha MOAPOOHA uropManys OT HAlIMs EKHIl 33 IETUTC Ha pETHCTHpa H
[IOIbJBaHE Ha CHOTBETHHTE (QOpMYILIPH 68 mammenta cbc CMA Osixa perdCTpHpaHd M
[OJyYHXa CHOTBETEH YHHKAICH MIeHTH(QHKAIMOHEH HOMED, C KOHTO Ja ObJaT BIUIIOYEHH B
rnobanns TREAT-NMD perucrbp. Y4acTHETO B rnobanmaus TREAT-NMD peructsp 1o
AHOHHMeH HAYMH TO3BONABA ANCHTH(GHWIUpPAHETO Ha IAIWUCHIH B bBarapus OT €KHna
OTTOBOPEH 33 PETHCTPHTE H CBOOpa3eHo ¢ THIA saGonsiBaHe ¥ regerudeH nedext. Tosa ce
OUAKBEA 1A CH3IAJC YCIOBHSA 3a MPOBEX/IAHE HA NIATOrCHETHIHO Tepanusl, KaKTo ¥ BKIIOYBAHe
Ha GBITapcKH AIMEHTH B KIMHMYHA NPOYYBAHWS 34 pasIMyYHH JpYrd BHIOBE TI€HHA
Tepanus. Y4acTHETO B KIMHIYHU NPOYYBAHHS 110 TC3H peIKH M TPYIHO JICUHMH 3a00nsaBaHHA
OTroBaps Ha OYAKBAHHMATA Ha NALMCHTHTE U TEXHUTE POHHIHH, HO Taka CHINO OH MpHOOIIHIO
GBirapckaTa HEBPOJNOTHA H TEHETHKAa KBM IOCTINCHHATA B TOBa HOBO M 00€IaBamio
HAIpaBJIeHHe B CBETOBEH Malap.

BeHuky perHCTpHPAHH NAIMEHTH Ce HH(pOpPMUpAT 32 HOBOCTHUTE IO OTHOIIEHKE Ha TEpanuiTa
H [POCIENIBAHETO Ha TAXHOTO 3a00BaHe. T[TepHOAMYHO B 3aBHCHMOCT OT CHCTOSHHETO HM
6omunTe cb¢ CMA Ce XOCIHTAIM3MpaT 32 MpPOCIEABaHE Ha CHCTOAHHETO H Tepanus B
Hesponoru4Ha KIHHUKA, VMBAJI ,AnekcanmpoBcka”, JleTcka HEBPOJIOTHYHA KIHHAKA
CBAJTHIIEB ,,Cs. Haym” u CBAJIIb ,JIpod. n-p ¥iB. Mutes”.
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Abstract

This is the second half of a two-part document updating the standard of care recommendations for spinal muséular atrophy published in 2007.
This part includes updated recommendations on pulmonary management and acute care issues, and topics that have emerged in the last few years
such as other organ involvement in the severe forms of spinal muscular atrophy and the role of medications. Ethical issues and the choice of
palliative versus supportive care are also addressed. These recommendations are becoming increasingly relevant given recent clinical trials and the
prospect that commercially available therapies will likely change the survival and natural history of this disease.
© 2018 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
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1. Introduction

This is the second part of a two-part document aimed at
updating the standards of care recommendations published in
2007 [1]. Included here is an update of some of the topics
included in the earlier publication, such as respiratory
management, but also topics that were only described briefly in
the original publication, such as acute care, other organ
involvement and ethical issues. Recent clinical trials [2,3] and
the approval in December 2016 by the United States Food and
Drug Administration, and subsequently in May 2017 by the
European Medicine Agency, of the first drug for SMA have led
to include a review of ‘medication’ in order to provide the state
of art on the medications that have been used in the last decade,
and a brief update on the new therapeutic approaches that are
becoming available. This update also takes into consideration
how the impact of new therapies is changing the attitude of
families and physicians toward a more proactive approach,

pecially in type 1 spinal muscular atrophy (SMA). As with the
first part, this update includes the results of dedicated working
groups of experts in each topic, who, after a thorough review of
the literature, used a Delphi analysis process to identify areas
where evidence could be extrapolated from the literature and
establish whether consensus could be reached among experts.
Details of the methodology used are available in the first part
and in a recent workshop report [4].

2. Pulmonary management

It is well known that spinal muscular atrophy has an impact
on the respiratory system that is dependent in large part on the
type of SMA or more precisely the severity of loss of muscle
function [5].

3. Non-sitters
3.1. Assessment

The focus of the clinical assessment should be a physical
examination (Table 1). Screening non-sitters for respiratory
failure should include assessment with pulse oximetry and
capnography (end tidal CO2 (EtCO2) or transcutaneous CO2
(TcCO2)) when awake), and using sleep study or pneumogram
with CO2 recording when there is even minimal suspicion of
hypoventilation. Data from the literature and expert opinion
supports using a sleep study to confirm when a patient has sleep
disordered breathing or respiratory failure and needs to use
non-invasive positive pressure ventilation (NIV) [6].

Clinic visits are recommended initially for every 3 months
for non-sitting patients with SMA.

3.2. Intervention

Over the last decade, the approach to treating the pulmonary
manifestations of SMA has shifted from a reactive approach, of
starting treatment to support airway clearance and ventilation
only when there is a clear indication, to a proactive approach of
introducing these therapies earlier in the disease process [7].
(Fig. 1). A respiratory therapist should be involved to initiate

and support assisted airway clearance and fespiratory range of
motion therapy.

3.3. Airway clearance

Manual chest physiotherapy combined with mechanical
insufflation—exsufflation (e.g., Cough Assist® or VitalCough®)
should be the primary mode of airway clearance therapy and
should be made available to all non-sitters (Table 1). Because of
the importance of aggressive management of respiratory
illnesses [6.8-12], airway clearance techniques should be
introduced proactively in patients based on either clinical
assessment of cough effectiveness or by measuring peak cough
flow (not a routinely performed test in infants) [6]. When
initiating cough assist devices, the insufflation and exsufflation
pressures should be increased gradually to 30~40 cm H2O of
positive or negative pressure, respectively [10], or instead
increase them to the maximal tolerated pressure.

In the absence of significant parenchymal lung disease with
small airway obstruction and air trapping there is no significant
risk of pneumothorax in using the cough assist. While there is
the potential of aerophagia and gastric distention in using the
cough assist, this risk and the subsequent risk of aspiration can
be mitigated in GTube venting to preveint gastric distention.

While there are case reports suggesting the use of
mechanical insuffiation or NIV to hzlp prevent chest wall
distortion [10,13,14], there was less consensus whether this is
always a reasonable expectation and on the specifics of how to
best accomplish this (supplementary Table S1).

Oral suctioning with a mechanical suction pump and
catheter is a critical part of airway clearance in non-sitters and
should be used with any patient with an ineffective cough.

The high frequency chest wall oscillation (Vest) therapy
does not improve clearance of secretions in the setting of an
ineffective cough or improve clearance of secretions.

3.4. Ventilation

Non-invasive positive pressure ventilation (NIV) should be
used in all symptomatic infants [8—10,14,15], and in non-sitters
prior to signs of respiratory failuge, to be “prepared” for
respiratory failure, prevent/minimize chest wall distortion, and
palliate dyspnea.

Continuous positive airway pressure (CPAP) should not be
used to treat chronic respiratory failure, but may be used with
caution temporarily to help maintain resting lung volume
(functional residual capacity (FRC)) in younger patients who are
unable to synchronize with the ventilator in NIV mode, and who
are not markedly hypercapnic. This applies also to weak non-
sitters. It should be recognized that CPAP may fatigue SMA
patients and could interfere with weaning from full time use.

Interface selection and fitting to the patient by an experienced
clinician is strongly recommended; as was using at least two
comfortable interfaces with different facial contact points, and
using a nasal interface initially. In non-sitters there is strong
support for initiating NIV using clinical titration with focus on
correcting gas exchange and reducing the work of breathing.

Tracheotomy ventilation is an option in selected patients in
whom NIV is insufficient or fails, or if there is no effective
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Pulmonary assessment, intervention and management recommendations.

Assessment

Intervention

Care considerations

Physical examination

Support airway clearance

Physiotherapy/respiratory therapy should be

Nebulized bronchodilators in patients with

Physiotherapy/respiratory therapy should be

Nebulized bronchodilators in patients with

Customary immunizations, annual influenza

Non-sitters  Assessment of hypoventilation Oral suctioning
(End tidal CO2)
Sleep study or pneumograms in all implemented immediately:
symptomatic patients or to determine ita Manual chest therapy
patient needs to initiate NIV Cough insufflator/exsufflator
Clinical assessment of gastroesophageal Support ventilation with bilevel NIV in
reflux symptomatic patients
asthma or a positive bronchodilator
response
Customary immunizations, palivizumab
through 24 months, influcnza vaccination
annually after 6 months of age
Sitters Physical examination Support airway clearance
Spirometry (when possible depending on
age and cooperation) implemented immediately:
Sleep study or pneumograms in all patients Manual chest physiotherapy
with even minimal suspicion of symptoms Cough insufflator/exsufflator
of nocturnal hypoventilation Support ventilation with bilevel NIV in
Assessment of gastroesophageal reflux symptomatic patients
suspicion of asthma
and pneumococcal vaccination
Ambulant Clinical cxamination with review of cough Supportive care when needed

effectiveness and detailed search for signs
of nocturnal hypoventilation

Customary immunizations, annual influenza
and pneumococcal vaccination

Assessments should be performed at least every 3
months initially. then every 6 months

Supporting airway clearance with oronasal
suctioning, physiotherapy/respiratory therapy and
cough assist is critical to all non-sitters with
ineffective cough

Ventilation should be started in all symptomatic
patients, Some experts recommend using it before
documented respiratory failure to palliate dyspnea.
This shou!d be judged on individual basis

NIV should be initiated in observing the patient
clinically for adequate gas exchange or during a
sleep study.

NIV interfaces should be fitted by skilled
physiotherapists selecting two interfaces with
different skin contact points.

Mucolytics should not be used long-term

Assessments should be performed every 6 months
Supporting airway clearance is critical to all
patients with ineffective cough

!

Ventilation should be started in all symptomatic
patients. Some experts recommend using it during
acute respiratory illnesses to facilitate discharge.
NIV should be initiated during a sleep study or
observing the patient clinically for adequate gas
exchange.

NIV interfaces should be fitted by skilled
physiotherapists selecting two interfaces to
alternate skin contact points.

Mucolytics should not be used long-term

Evidence of weak cough or recurrent infections or
suspicion of nocturnal hypoventilation should
prompt referra! to a pneumologist

interface for providing ventilation. This should be a decision
focused individually on the clinical status, prognosis, and
quality of life based on discussion with the family.

3.5. Medications

Nebulized bronchodilators should be available if there is
suspicion for asthma. Nebulized mucolytics, 3% or 7%
hypertonic saline or dornase-o (Pulmozyme®) should not be
used long-term as there is no evidence to support its use.
Furthermore, if 3% or 7% saline is used beyond the therapeutic
need it can thin secretions of normal viscosity thereby increasing
secretion burden. Glycopyrrolate should be used with caution to
treat hypersalivation with great care to adjust the dose to attain
the proper effect, and avoid over drying of secretions, which may
contribute to the development of mucus plugs. There was no

consensus for the injection of bg’tulinum toxin into the salivary
glands or other methods to reduce production of oral secretions.
Palivizumab should be given during RSV season as determined
by regional RSV activity through the first 24 months of life, and
influenza vaccination should be administered annually after 6
months of age. Gastroesophageal reflux should be searched for
and treated when present.

4. Sitters

4.1. Assessment

The focus of the clinical dssessment should be a physical
examination supported by clinical assessment of cough function.
For sitters and standers, there is consensus that all patients able to
perform spirometry should do so during each visit.
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There was no clear consensus on the value of peak cough
flow measurement or when a sleep study should be performed
in the management of sitters. A sleep study should always be
performed, however, in symptomatic patients or when there is
even a minimal suspicion of nocturnal hypoventilation to
determine when a patient has sleep disordered breathing or
respiratory insufficiency and needs to use bilevel NIV [6].

Clinic visits are recommended, every 6 months for sitters.

5. Intervention
5.1. Airway clearance

Manual chest physiotherapy combined with mechanical
insufflation-exsufflation (e.g., Cough Assist® or VitalCough®)
should be made available to all patients with an ineffective
cough. Tt should be introduced proactively in patients using
either clinical assessment of cough cffectiveness or by
‘xeasuring peak cough flow [6]. The issues related to settings

are similar to those described for non-sitters.

5.2, Ventilation

Similar to non-sitters, non-invasive positive pressure
ventilation (NIV) should be used in all symptomatic patients
[8-10,14,15]. The best approach is individualized to cach
patient’s need and quality of life. A sleep study should be used
to determine when a patient has sleep disordered breathing or
respiratory failure and needs to use bilevel NIV, and to titrate
settings [6]. (Fig. 1)

As reported for non-sitters, continuous positive airway
pressure (CPAP), with rare exceptions, should not be used.

The need for tracheostomy ventilation is less frequent than
in non-sitters but in some weak sitters bilevel NIV can be
insufficient or fail. As for non-sitters this should be a decision
based on clinical status and discussion with the family and
patient, if age-appropriate.

l !(espir{torycl‘inlta*i algorithin l

5.3. Medications

Nebulized bronchodilators should be available if there ishigh
suspicion for asthma or a clear clinical improvement after
administration. Nebulized mucolytics should not be uscd long-
term. Annual influenza and pneumococcal immunizations
should be administered per standard pediatric recommendations
for patients with chronic neuromuscular conditions.

6. Walkers
6.1. Assessment

Most ambulant patients with SMA type 3 have normal
pulmonary function, but with a small decline noted over a
4-year span in one natural history study [5,16]. Nonetheless,
the clinical assessment of these patients should include careful
review of cough cffcctiveness with an upper respiratory infection,
and search for any symptoms of sleep apnea or hypoventilation
(snoring, arousals, morning headaches, daytime somnolence).
The presence of any such concerns should prompt an assessment
by a pulmonologist with consideration of pulmonary function
testing and sleep study. Pre-operative assessment is also important.

6.2. Intervention

No pro-active interventions are indicated for ambulant
patients with SMA. Supportive care should be provided when
there arc specific concerns identified in the clinical assessment.
Immunizations are the same as for sitters.

6.3. Acute care management

Acute care for children and adults with SMA expands upon
the vigilant respiratory and multidisciplinary care recommended
for outpatient management. Individuals affected by SMA are
particularly vulnerable to acute respiratory decompensation,
related to community-acquired infectio?s, aspiration, and impaired

[ Clinical assessment

intervention !
1 Physical examination, pulmonary function,

]

cough peak flow, resp muscle streni-th

Inspiratory, explratory, bulbar muscle weakness,
scaliosis, chast wall abnormality

Chest radiology, sleep study. §
assessment !

Prevention: Influenza, pneumeococcal

vaccination, pallvizumab

Intervention: Physiotherapy, cough assist
devices. Consider glycopyrrolate, hypertonic
saline, bronchodilator if evidence of asthma.

Non invasive ventilation,

[ Swallowing dysfunction }

REM related sleep Ineffective cough
disordered breathing Cough peak flow
FVC<60% predicted <270/min
“NREM and REM related
sleep disordered breathing
FVC<40% predicted - ""[ Chest infection
Day time ventilatory
failure
FVC<20Y% predicted

Fig. 1. Respiratory clinical algorithm.
(REM: rapid eye movements; NREM, non-REM; FVC: forced vital capacity)

combination with cough
assist, percutaneous
gastrostomy feeding «
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secretion clearance [1.17,18]. Baseline diffuse muscle weakness
is often exacerbated during illness. Associated increased metabolic
demands with insensible fluid losses necessitate additional
consideration of appropriate nutritional support and avoiding
fasting [19-21]. Acute hospitalization may be required to
support those with SMA experiencing the range of routine
ilinesses (e.g., viral respiratory infection, gastroenteritis with
dehydration, and appendicitis among other acute processes),
unanticipated bone fracture management. labor and delivery
for women with SMA, and scheduled surgical procedures
(e.g., gastrostomy tube placement, femoral osteotomies, and
spinal instrumentation along with other preventative strategies,
supportive interventions, or symptom management). Extensive
consideration is required, whether admission is planned or
unanticipated at the individual’s primary neuromuscular care
hospital or other institution (Table 2). The following considerations
were devised mainly for non-sitters and sitters but some
aspects may also be applied to weak ambulant type 3 children
and adults who also often present some degree of respiratory
impairment or nutritional issues and are at higher risk during
acute illness (supplementary Table 52).

6.4. Assessment and management of acute illness at home

Individualized anticipatory care plans should be developed
and include review of vital signs (e.g., oxygen desaturation

Table 2
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and tachycardia) and symptom parameters and prompting
escalation of care with specific recommendations for airway
clearance, ventilation, nutrition, hydration, antibiotics, and
emergency contact measures (Table 2).

Patient-specific protocols should be created based upon
community resources, emergency medical services, and
hospital capacity to provide for children and adults with SMA
and other neuromuscular conditions.

When appropriate, families should be provided with
homecare technology for monitoring respiratory function and
providing related support, such as augmented secretion clearance,
bilevel NIV to prevent hospitalization, and to optimize
status prior to presentation. This equipment, when available,
should be, brought by the family for possible use during
transport.

As part of the anticipatory care, discussions with families
about the options for both chronic and acute respiratory care
should occur early in the disease course and written
anticipatory resuscitation statements prepared with the family
should be available for any professional involved in the
transport or in the emergency room. Similarly, families should
have a list of medical nceds and neuromuscular providers
including pulmonology/respirology.

Criteria for presentation to emergency care should include
severity of acute clinical signs ang symptoms in relation to
capacity and limitations of homecaré technology and providers.

"

Acute care goals, intervention strategies and management recommendations: Home care and transportation.

Home care setting Individualized anticipatory care plans should be
developed and outline:

airway clearance,

ventilation,

nutrition,

hydration,

antibiotics,

emergency contact measures

General assessment and review of signs and
symptoms

Criteria/thresholds for presentation to emergency

care

Communication for EMS and acute care providers

Community first responders
transportation

Community first responders

Modality of transportation

EMS triage

Hospital level

Personal medical equipment during transport

Augmented secretion clearance, bilevel N1V, and oxygen supplementation
should be provided to prevent hospitalization and/or optimize status prior
to presentation

Local emergency services should be made aware of the individual's
needs in advance.

Respiratory assessment and support sh‘ uld be of highest priority
independent of hospitalization indicatipn

Criteria should include severity of clinjcal signs and symptoms in
relation to capacity of homecare providers (nursing and family),
limitations of homecare technology (support and monitoring)

Families should have a summary of medical needs, list of primary
providers, care protocols, and written anticipatory resuscitation statement
available.

EMS should be provided by staff with advanced cardiac life support or
equivalent certification and who have the capacity to provide noninvasive
and transtracheal ventilation for typeg I and 11 individuals.

Mode of transportation between home and acute care facility should be
considered on a case-by-case basis

Presentation to the closest facility should be considered based upon the
individual’s degree of iliness, distance from a tertiary care facility,
availability of pediatric transport team, environmental considerations, and
goals of carc.

Children and young adults with SMA I or I should be hospitalized at a
tertiary care center, whether scheduled or emergent.

The family should bring home equipment (e.g., NIV, cough assist device,
mask interfaces, suction machine, oximeter, gastrostomy adaptors) for use
during transport.

(NIV: non-invasive ventilation (bi-level positive air way pressure, not continuous positive airway pressure): EMS: emergency medical services, SMA: spinal

muscular atrophy).
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6.5. Transport from home to a medical facility considerations
and emergency department evaluation

Hospitalization care considerations should include site or
level of care, degree of illness, and goals of care including need
for respiratory protocols, nutrition and hydration. Non-sitters
and sitters should be triaged to tertiary care centers with SMA
expertise. Presentation to the closest facility should be
considered based upon the goals of care, distance from a
tertiary facility, availability of pediatric transport tcam, and
other aspects such as environmental considerations.

Engagement of the neuromuscular team providers during
acute care is critical.

Emergency medical services should be provided by certified
staff who have the capacity to provide the most appropriate
level of ventilation and cardiac and respiratory life support.

Mode of transportation between home and acute care facility
should be considered on a case-by-case basis involving the

euromuscular team.

6.6. Medical care site/hospital capacity considerations

Respiratory assessment and support should be of highest
priority [22-25] (Table 3). Management should include
proactive measures including optimizing use of bilevel positive
airway pressure (i.e., NIV, not CPAP) respiratory support witha
backup respiratory rate (delivered via noninvasive measures,
tracheostomy, or endotracheal tube) and augmented secretion
clearance prior to empiric oxygen supplementation.

Oxygen supplementation should not be provided empirically
in the absence of NIV or without monitoring CO2 gas
exchange. Oxygen supplementation should not be withheld, but
weaned to minimal provision prior to extubation and not
employed in lieu of positive pressure ventilatory support.

The multidisciplinary team (neuromuscular and respiratory)
should be contacted to assist with acute care protocols,
involving the physician, generally the neurologist or pediatric
neurologist, who is aware of the disease course and potential
issues [26,27]. Family should be involved [28,29].

Table 3 .
Acute care goals, intervention strategies and management recommendations: Hospital, and sedation/anesthesia. '
Hospital Goals of care Goals of care, including resuscitation status, health care proxy (when age appropriate).

indications and role of tracheostomy tubes, and other interventions, should be specified
prior to the need for acute care.

If not, the consultant teams should be engaged to facilitate discussion with the acute care
team and family.

Oxygen supplementation should not be provided cmpirically in the absence of bilevel NIV.

Early and aggressive respiratory protocols should be implemented. Emphasis should include

proactive measures, noninvasive supports use of positive pressure and augmented secretion

clearance prior to empiric oxygen supplementation.

Augmented secretion clearance should be the priority during acute respiratory illness.

Noninvasive respiratory supports should be instituted early.

Acute care providers should contact consultant providers (e.g., neuromuscular, respiratory)

1o assist with acute care protocols.

Threshold for endotracheal intubation should be established at the outset of an admission.

Difficult airway status should be considered based upon mandibular contractures, limited
neck mobility, positioning restrictions and other factors.

' Extubation criteria If pulmonary consolidation was demonstrated on radiograph, re-expansion should be

established prior tv extubation. NIV should be implemented as transitional support

following extubation. Oxygen supplementation should be wpaned to minimal provision prior

to extubation and not employed in lieu of positive pressure ventilation.

Sedation and anesthesia should be provided at a tertiary caxle center familiar with SMA

management. :

Consultation with respiratory providers, consultant team, afd an anesthesiologist familiar

with SMA should be obtained prior to sedation or general anesthesia.

Discussions should include options of noninvasive and invasive airway support.

A low threshold for deferring elective/non-emergent sedation/anesthesia should be

considered during intercurrent illness across all SMA types.

Cardiology screening. polysomnograms, and nutritional assessment might be considered as

part of a pre-anesthetic evaluation

Respiratory supports (i.¢., NIV and cough assist) might be introduced prior to sedation and

anesthesia to optimize preprocedural standing and for desensitization.

A monitored setting should be considered.

Monitoring should include capnography.

Aggressive secretion clearance measures (cough assist when intubated and extubated)

should be integral to post-anesthetic care.

Excessive oxygen supplementation in lieu of positive prdssure and extubation to NIV

should be avoided.

Opiate-based analgesia should be considered as part of routine post-procedural

management. Regional analgesia might be considered for all SMA types.

Respiratory Care Protocols

Augmented secretion clearance
Respiratory support in the Emergency Room
Role of the consultant team

Endotracheal intubation

Sedation and Pre-anesthetic/sedation evaluation

Anesthesia

Pre-anesthetic studies

Sedation/anesthesia

Post-sedation and anesthesia management

Analgesia provision

(NIV: non-invasive ventilation (bi-level positive air way pressure, not continuous positive airway pressure); SMA: spinal muscular atrophy).
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As reported in the Nutritional Care Section, during acute
illness, fasting should be avoided to prevent metabolic acidosis,
hyper/hypoglycemia or fatty acid metabolism abnormalities
[20,21,30-32). Adequate hydration and electrolyte balance are
imperative.

Attention should be paid to the risk of aspiration, when
orally feeding a weaker child during illness.

Criteria establishing the threshold for endotracheal
intubation should be established taking into account several
factors including limited neck and mandibular mobility, and
positioning restrictions and patient and family preference.

Extubation criteria and procedure should be established (see
supplementary Table S3).

There is no clear evidence to support empiric use of
antibiotics or volume resuscitation (except for sepsis management
in the general population) during acute illness or to guide viral
testing or other diagnostics. For these issues, providers should
consider presentation characteristics, the presence of indwelling
devices and history of recent surgical interventions, and recurrent
antibiotics.

Integration of physical and occupational therapy,
psychosocial services, speech-language pathologist, palliative
care services and Endocrinology consultants can contribute to
other aspects of care such as skin care or bone fracture risk.

6.7. Hospital discharge considerations

Discharge planning should begin shortly after admission to
identify goals with the patient/family, inpatient team, and
primary care providers. Planning should consider threshold for
discharge, need to augment outpatient services, follow-up care,
and indications for urgent re-hospitalization. Threshold for
discharge based on medical status will depend on the comfort
and skill of family and outpatient medical care team.

6.8. Preprocedural screening [33], anesthesia/sedation
consideration [34,35] and pain management

Polysomnograms and nutritional assessment may be
considered as part of a pre-anesthetic evaluation. Cardiology
screening is not recommended, unless there is a concern for
cardiac dysfunction in older individuals or conditions unrelated
to SMA. Difficult airway status should be considered based
upon mandibular contractures, limited neck mobility,
positioning restrictions and other factors. A low threshold for
deferring elective/non-emergent sedation/anesthesia should be
considered during intercurrent illness across all SMA types.
Opiate-based analgesia should be considered as part of routine
post-procedural management with anticipation of providing
appropriate NIV and cough assistance.

Regional analgesia may be considered for all SMA types
and may allow for lower amounts of systemic analgesics with
subsequent effects on respiratory drive and intestinal motility.
Practical consideration must be taken into account when evaluating
for epidural catheter placement in context of pre-existing
scoliosis. Monitoring during procedural sedation and anesthesia
should include capnography to complement oximetry, as apneic
or hypopneic oxygenation should be avoided.
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Additional recommendations not addressed in the Delphi
survey include consideration of delivery of novel gene-targeted
therapies and other interventions for individuals with SMA.
For example, provision of repeated intrathecal drug therapies
such as recently approved antisense oligonucleotides will require
extensive planning for developmentally appropriate and safe
care, including procedural sedation, interventional radiology
support, and potential orthopedic considerations. The anticipated
emergence of gene replacement with viral vectors and other
disease/symptom modifying agents may also require extensive
acute care supports. Understanding that the natural history of
this condition and recognized phenotypes will be altered should
prompt all providers (acute, chronic, hospital-based, or
community) to engage accordingly in informed discussions
and adjustment of the acute care paradigm.

7. Medication, supplements and immunizations

Until recently no drug treatment had proved to be able to
influence the disease course of SMA. A Cochrane review
published in 2012 reported six randomized placebo-controlled
trials on treatment for SMA using creatine, phenylbutyrate,
gabapentin, thyrotropin-releasing hc;)rmone, hydroxyurea and
combination therapy with valproate and acetyl-L-carnitine
[36,37]. None of these studies showed statistically significant
effects on the outcome measures In participants with SMA
types 2 and 3. Others have reported using other possible
therapeutic approaches, such as albuterol. a beta-adrenergic
agonist that showed promising functional improvements in
open label studies [38,39].

Despite the lack of evidence from randomized placebo-
controlled trials, some of these drugs, especially albuterol, are
often used in some countries in clinical practice in sitters and
ambulant patients.

Antibiotics or medications/supplements for bone health,
such as vitamin D and calcium and bisphosphonate, or drugs
for gastroesophageal reflux, were recommended with the
exception of vitamin D, rarelygused prophylactically, and
mainly used if needed/deficient. These are discussed in the
sections dedicated to bone health'and nutrition.

Annual influenza and pneurhococcal immunizations, as
reported in the pulmonary section, were strongly recommended.

At the time the consensus prd)cess was completed, none of
the drugs involved in clinical trial had completed the regulatory
process and were commercially available. Nusinersen
(Spinraza™), an antisense oligonucleotide that had completed
phase 3 clinical trials in both type 1 and type 2 SMA
[3,40,41], received recent approval both by the United States
Food and Drug Administration and by the Agency for Medicines
Agency in Europe for the treatment of all SMA types and has
become commercially available,’in several countries. While the
early patient and family clinical outcomes have been very
favorable, because nusinersen is intrathecally administered,
there is a required institutional infrastructure to provide
administration and post-procedural monitoring in a reliable
way. In addition the cost of the medication has made long term
insurance company approval uncertain.
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Olesoxime, a neuroprotective drug, has completed a phase 3
trial in patients with type 2 and 3 SMA, but the primary
endpoint was not met. Secondary endpoints and sensitivity
analyses indicate that olesoxime might maintain motor function
in patients with SMA [42]. Other approaches, such as small
molecules aiming to increase SMN protein level or SMNI gene
replacement using viral vector, are also being used in clinical
trials with promising preliminary results [43] and in the next
few years the scenario is likely to rapidly change.

8. Other organ system involvement

SMA is primarily a motor neuron disease but the deficient
SMN protein is ubiquitously expressed in all cells throughout
fetal and post-natal development [44-46]. Therefore, there is
ongoing discussion as to what extent other tissues might be
affected in patients with SMA. Several animal models and
some case reports or small case series report involvement of

cher organ systems, such as peripheral nerve, brain, muscle,

eart, vasculature, and pancreas (for review see [47-50]). While
the involvement of other tissues might have implications for
therapeutic approaches, only a minority of patients with SMA
show clear clinical manifestation of other organ involvement.
Hemodynamically relevant cardiac defects have been
reported in very severely affected infants with SMA type 1.
Recent reviews of the literature [50,51] identified a number of
cases with congenital heart defects such as atrial or ventricular
septal defects. All of these patients showed the severe neonatal
onset, also indicated as type 0, with respiratory distress at birth.
They all had only a single copy of SMN2 [51]. In long-term
survivors with type 1 SMA receiving ventilatory support, |5 of
63 patients (24%) had severe, symptomatic bradycardia,
suggesting a possible concomitant autonomic dysfunction [52].
Cardiac involvement in contrast is much less frequent in
types 2 and 3 SMA. There are some reports of heart rate
abnormalities in type 3 SMA [53,54]. Recent studies performed
in types 2 and 3 SMA, suggested that there is no need for

qlegular cardiac surveillance in type 2 and type 3 patients as it is

ighly unlikely that these patients will develop obvious clinical,
ECG or echocardiographic signs of cardiomyopathy [33,55].
As reported in the part on nutritional carc, occasional cases
of pancreatic dysfunction including diabetes and alterations in
glucose metabolism have been reported in SMA patients [56].
Hyperleptinemia has been identified in SMA patients with
types 1, 2 and 3 [57]. Mitochondrial dysfunction has been
described in patients and human neuronal cell lines [21,5 8,59].
There was consensus among the experts that specific
surveillance testing for other organ involvement should
generally be based on clinical symptoms and is thus not
necessary in most patients. Possible exceptions are the
exclusion of cardiac defects in severely affected infants with
SMA type | and monitoring of glucose metabolism in all types
of SMA. Despite immobilization of many patients with SMA
prophylactic anticoagulation is not deemed necessary in the
absence of additional risk factors.
As intrathecal administration of nusinersen principally targets
motor neurons [40], concerns have arisen that other non-central
nervous system tissues may subsequently demonstrate symptoms
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or signs of dysfunction due to deficiency of SMN protein.
Motor impairment may be alleviated while other symptoms
arise. It is recommended that patients treated with nusinersen
be monitored for these potential systemic concerns.

0. Ethical considerations

The application of palliative carc along with its attendant
ethical challenges was the focus of an international
interdisciplinary group that included clinicians, bioethics
researchers, parents and patient representatives, and pediatric
palliative care specialists.

The previous version of the standards of care guidelines [1]
highlighted the lack of consensus and the controversies on
palliative versus interventional approaches. In the absence of
therapy a number of families perceived the interventional
approach, especially tracheostomy, as placing quality of life in
conflict with duration of life, prolonging suffering rather than
relieving the burden of disease [26,52.60.61]. The previous
committee reached consensus that while there was no moral
imperative to any therapy, there was g deep responsibility to
present care options in a fair and balanced manner, providing
accurate information that the choice for palliative or interventional
supportive care was not an exclusive binary choice.

The update of the literature review rgrovided little additional
hard evidence and no consensus regarding standards of
palliative care as applied to SMA [62-65]. The working group
was, therefore, still unable to establish a consensus for palliative
care and could only acknowledge the substantive ethical issues
that must attend care decisions in the context of SMA, now also
in the light of the most recent therapeutic approaches. The
group identified 3 key areas for future analysis: 1) The concept
of palliative care as applied to SMA, 2) Patient management
and decision-making, 3) Managing expectations.

Although the concept of palliative care has been defined and
re-interpreted many times there is a need to regard this as an
ongoing reflexive process especially when applied to contexts
like SMA that are not static [66]. SMA in all of its degrees of
severity does not fit a model of a condition with a relentlessly
ingravescent course [67,68]. The recent availability of new
therapies has created substantial reasons to hope for changes in
prognosis, but several issues are in need of further clarification
before a move to a standard for palliative care in SMA can be
achieved [40,41], including the need to address the meaning of
palliative care for the SMA community. Despite recent trends
that have emphasized the role of palliative care to focus upon
improving quality of life, with a point of entry well ‘upstream’
within the disease trajectory, there is still an association of
palliative care with end of life care. There is therefore a need to
support a change of culture, which sees palliative care as having
a role alongside the treatment of chronic debilitating conditions
that have a long prognosis. A key challenge is thus to dismiss
the dichotomous model, which séts active treatment against
palliative care in favor of a model of complementarity. Ethical
challenges will doubtless still pefsist, requiring both clinical
evidence and good judgment to manage. One such concern is
the challenge of managing the]burden of care when the
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‘therapeutic ratio’ between side-effects and benefits must be
balanced. Second is managing the phases of transition across
the disease trajectory points at which advancing disease signals
a transition in favor of palliative care and the cessation of
life-extending treatments [69]. The challenge of managing
expectations in this fluid context, especially where expectations
are shaded by many conflicting opinions, adds further
complexity to the task of establishing a standard of care.
Resource limitations and cultural differences need also to be
considered especially as variable access to resources across the
globe will mean that inequalities are inevitable.

New issues about the choice of palliative care in patients
enrolled in clinical trials are also emerging [70]. A recent
survey among physician investigators, clinical evaluators, and
study coordinators from different countries endorsed the
concept that having a predefined degree of nutritional and
ventilation support was warranted in this context.

10. Conclusions

Spinal muscular atrophy presents with a diverse range of
phenotypes of motor impairment and related comorbidities.
Effective and efficicnt management of the paticnt with SMA
requires coordination of multiple clinical specialists to address
both current concerns and anticipated ones. These updated
standard of care considerations have been developed to provide
current expert opinion on necessary care and, where appropriate,
optimal management. When reviewing the results, we were
surprised by the discrepancy between the literature and the
Delphi analysis. Although many advances in multiple aspects
of care have been made, and these had a tremendous impact on
survival, onset and severity of complications, the literature
reporting evidence was scanty. Very few studies provided a
level of evidence based on an appropriate design and most
papers reported clinical observations and small series. In
contrast, despite the paucity of evidence based recommendations,
for each topic there was a large expert consensus on many
components of SMA care. For many aspects, such as the
introduction of early spinal surgery and of cough machine
support, most, and often all the experts were convinced of the
impact of these recommendations on changing natural history.
In these cases it was felt that although large randomized
studies would have been preferable to assess more systematically
their efficacy, the impact on natural history before and after
their introduction was sufficient to recommend their inclusion
in common practice. While this lack of evidence based papers
makes it difficult to obtain an accurate estimate of the level of
efficacy of individual aspects of care, the unequivocal and
recent improvements in survival in type 1 and in the onset of
progression in all SMA types validate the impact, collectively,
of implementing these interventions.

The ultimate goal of these guidelines is to strive continually
in improving quality of life and reducing burden of disease for
these patients, While many of these considerations are technology
driven, they all begin with a focus on a patient’s clinical
symptoms and signs and related risk factors. Recommendations
are now based upon the current functional status of the patient:
non-sitter, sitter and walker. Patient and parental autonomy and
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ethical dimensions must be respected. These guidelines should
thus be applied with attention to individual patient concerns
and complexities rather than as strict doctrine. Individual
probative issues to consider include patient age, general medical
status and extent of supportive care, local availability of
clinical expertise, extent of health care provisions, and new
treatment options. With the emergence of the first approved
medication for treatment of patients with SMA, it is particularly
important to meld optimal care with treatments that fundamentally
alter the natural history of the disease. This effort identified
questions that remain in many areas of supportive care for
patients with SMA and will prompt future research. Further
research is also needed on other aspects, such as psychiatric
and emotional health, or on other aspects related to optimization
of daily functioning. As the great majority of the aspects of
care are related to the most severe phenotypes that have
pediatric onset, further work is also needed to address issues
related to the older population, including teenagers and adults.
Further work is also needed to identify new models to support
families and physicians to improve local care and reduce the
number of visits and admissions to tertiary care centers.
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Abstract

Spinal muscular atrophy (SMA) is a severe neuromuscular disorder due to a defect in the survival motor neuron | (SMN/) gene. lts incidence
is approximately 1 in 11,000 live births. In 2007, an International Conference on the Standard of Care for SMA published a consensus statement
on SMA standard of care that has been widely used throughout the world. Here we report a two-part update of the topics covered in the previous
recommendations. In part | we present the methods used to achieve these recommendations, and an update on diagnosis, rehabilitation, orthopedic
and spinal management; and nutritional, swallowing and gastrointestinal management. Pulmonary management, acute care, other organ
involvement, ethical issues, medications, and the impact of new treatments for SMA are discussed in part 2,
© 2018 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
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1. Introduction

Spinal muscular atrophies (SMA) include a group of
neuromuscular disorders characterized by degeneration of
alpha motor neurons in the spinal cord with progressive muscle
atrophy, weakness and paralysis [1]. The most common form of
SMA is due to a defect in the survival motor neuron 1 (SMNI)
gene localized to 5q11.2-q13.3 [2]. It includes a wide range of
phenotypes that are classified into clinical groups on the
basis of age of onsct and maximum motor function achicved:
very weak infants unable to sit unsupported (type 1), non-
ambulant patients able to sit independently (type 2), up to
ambulant patients with childhood (type 3) and adult onset SMA
(type 4).

In 2004 an International Conference established a
committee of experts in SMA to create a consensus statement
on SMA standard of care [3]. Different working groups were
established, addressing different aspects of diagnosis and
management, focusing on rehabilitation and orthopedic,
pulmonary, nutritional and palliative care. Each group had two
leaders, facilitating the work of other experts who were invited
to participate. The Delphi technique [4] was used to explore
consensus expert opinion and to identify topics where no
consensus could be reached for which further study was
needed.

A report of the SMA SOC consensus statement was
published in 2007 [3]. The guidelines have been widely
adopted by clinicians all over the world and were translated
and promoted by patient advocacy groups and international
neuromuscular networks such as TREAT-NMD. More
recently, with the advent of clinical trials in SMA [5-8],
the guidelines have also been used in protocols as a benchmark
for care for recruitment and during participation in a clinical
trial.

Over the last decade there has been increasing evidence of
improvements in the natural history of all the SMA types

een an increase of survival as a result of a more proactive
approach, following the introduction of non-invasive
ventilation and enteral feedings, suggested in the original SOC
recommendations [12,13]. These improvements are likely to be
the result of the recommendations provided in the consensus
statement and of new advances in care that are not always
reflected in the existing literature.

In this paper we report an update of the consensus statement,
following the necd to include more recently published data and
more generally advances in the topics addressed in the original
version. New aspects, such as those related to acute and
emergency care, medications or the involvement of other
organs have also been added.

The need for an update has also been driven by the
advent of clinical trials [14]. The approval of the first drug
for SMA in December 2016 and promising early results
from other clinical trials have changed the perspective of
physicians and families who are now more willing to be
proactive in the management of this disorder, especially in

type 1.

‘)—l 1]. Even in type 1, the most severe form of SMA, there has
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2. Method

Nine topics were included in this update: 1. Diagnosis
and genetics; 2. Physical therapy and rehabilitation; 3.
Orthopaedic carc, growth and bone health carc; 4. Nutrition; 5.
Pulmonary care; 6. Acute care in the hospital setting; 7. Other
organ system involvement; 8. Medication; 9. Ethics and
palliative care.

For each topic, two leaders, in most cases one from Europe
and one from the United States, were identified to head a
working group inviting other clinicians with expertise in the
topic and, when appropriate, at least one SMA patient or parent/
caregiver. The choice of the participants in each subgroup was
based on strict criteria, inviting the experts from all continents
who had published on the specific topic, or had a large
experience in the field and were part of national or international
working groups.

A literature search identified all the relevant articles that
were classified according to their consistency with the previous
recommendations [3]), or whether they included novel or
contrasting findings.

Each working group (WG) had 2 preliminary conference
calls, and at least 2 web-based Delphi rounds of inquiry. The
first round of Delphi used open-ended questions to generate
specific topics. The second round focused on the topics ranked
the highest on the first round.

The review of the literature and tHe results of the first two
rounds were analyzed and discussed in an in-person workshop
where the leaders of all the working groups convened. The
American Academy of Pediatrics guidelines for classifying
recommendations for clinical practice [ 15] were used to analyze
the results.

Within each working group, each topic was summarized as
to where a) Consensus was reached: with uniform opinion; b)
Consensus was reached with a majority opinion, and with
minority opinions mentioned; ¢) No consensus is reached and
more work has to be performed.

Following the workshop, more rounds of Delphi were
performed to further define some aspects requiring further
definition, highlighted during the workshop. Details of the
methodology used have been recently published in the
workshop report [16].

The results were subdivided using the functional
classification from the original consensus statement document.
Considering that type 3 patients who lost ambulation share
many aspects with type 2 patients, the two groups are
collectively indicated as “sitters”, while the type 3 patients who
are still ambulant are indicated as “walkers”. Type | patients are
indicated as non-sitters.

2.1. SMA diagnosis

The diagnostic process for SMA has not changed since the
original consensus statement paper [3] but more accurate
information on the genetic backéround has become available.

Unless there are previous familial cases, the diagnostic
process is generally prompted by the clinical signs. Clinically,
these infants present with hypotonia, progressive symmetric
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and proximal weakness affecting the legs more than the arms,
sparing of the facial muscles but often with bulbar muscle
weakness. There is also weakness of the intercostal muscles
with relative sparing of the diaphragm, which results in the
typical “bell-shaped” chest and paradoxical breathing pattern.
Childhood onset is similarly characterized by hypotonia and
proximal weakness, but with less prominent bulbar and
respiratory findings.

In approximately 96% of patients, SMA is caused by
homozygous absence of exons 7 and 8 of the SMN/ gene, or, in
some cases, only of exon 7 [2,17-20]. The majority of patients
inherit the SMN! deletion from their parents; in 2% de-novo
deletions in one of the 2 alleles have been described [21]. In
3-4%, other mutations in SMNI can be found, typically with an
SMNI deletion on the other allele [22].

Population studies have indicated variations in the carrier
frequency of SMNI deletions, with the Asians having the
highest carrier frequency (2.4%) [23]. The SMN locus is part of
a genomic inverted duplication region on human chromosome
5, which contains a paralogue gene, SMN2. SMN2 is intact in all
SMA patients. The SMN2 copy numbers however can vary
between 0 and 4 per chromosome 5 in the general population.
SMA patients always carry at least 1 SMN2 copy.

The diagnosis of SMA is based on molecular genetic testing.
Genetic testing of SMN1/SMN2 is highly reliable and it is first
line investigation when the condition is suspected in a typical
case (Fig. 1). In a typical presentation there is no need for a
muscle biopsy.

EMG is also usually not needed in type 1 and 2 children; this
investigation can help in more chronic forms in which the
phenotype might be less striking. CK serum levels are usually
normal or only mildly elevated in SMA; however few exception
with markedly (10x) elevated levels are on record hence this
test does not necessarily exclude the diagnosis [24].

The gold standard of SMA genetic testing is a quantitative
analysis of both SMN/ and SMN2 using multiplex ligation-
dependent probe amplification (MLPA), quantitative polymerase
chain reaction (qPCR) or next generation sequencing (NGS)
[23,25-27]. Homozygous SMNI/ deletions can be identified
also by PCR followed by restriction digest. This method is
faster and is less expensive, and often readily available in any
lab but docs not allow quantification of SMNI or SMN2 copy
number. However, knowledge on SMN! copies is relevant for
identification of heterozygous deletions whereas SMN2 copies
are important for prognosis and therapeutic approaches.

The absence of both full SMNI copies will provide diagnosis
of SMA. If only 1 full copy is present and clinical phenotype is
compatible with SMA, the remaining SMNI gene should be
sequenced looking for other subtle mutations. 1f both full SMN/
copies are present, a diagnosis of SMA is highly unlikely but
the SMN I gene should be sequenced if there is a striking typical
phenotype or consanguinity. 1f sequencing indicates an intact
SMNI gene in the presence of a phenotype suggestive of SMA
including also neurogenic EMG, other motor neuron diseases
should be considered.

There was consensus that cven if the number of SMN2
copies is not essential to reach the diagnosis of SMA, this
should be routinely assessed as it is an important factor
influencing the severity of the SI{AA phenotype [26,28-30]
(Supplementary Table S1). :

The majority of type 1 SMA! patients carry two SMN2
copies, type 2 SMA and type 3a SMA patients (onset before the
age of 3 years) three SMN2 copies, type 3b SMA patients (age
of onset after 3 years) four SMN2 copies, and type 4 four to six
copies {26,30]. Although there is a strong correlation between
SMN2 copies and severity of the disease, there are exceptions
and in individual cases the number of SMN2 copies may not
predict the severity of the phenotype. This limitation should be

0 copy J"i Confirmed 5q SIMA ’ l

1 copy HSMNI sequencingJ

Clinical SMN1 or
ct aPCR

suspe -y deletion

«of SMA testing

nsanguinity L____.Bifutation l
22 coples
L

SMN2 H Predictive value of SMA severity l

A

| Allows immediate Other SMA or
”1 inclusion In therapies NMD disorders
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Fig. 1. Diagnostic algorithm for spinal muscular atrophy (SMA! spinal muscular atrophy; SMN1: survival motor neuronon I SMN2: survival motor ncuron 2;
NMD: neuromuscular disorders; EMG: electromyography; NCV: nerve conduction velocity; CK: creatine kinase levels; WES: whole exom sequencing; WGS: whole

genome sequencing).
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Fig. 2. Multidisciplinary approach.

mentioned when reporting the number of copies or counseling
patients or their families.

Another reason for determining the number of SMN2 copies
is that this is currently used as a criterion for enrolment of
patients into clinical trials [7,8].

Presence of SMNI but homozygous absence of SMNZ, a
genotype found in about 3-~5% of control individuals, has no
apparent phenotypic consequences [2,20]. The presence of at
least one fully functional SMN/ gene, as typically found in
SMA carriers, is indeed sufficient to protect from SMA.

Genetic counseling is obviously important at the time of
diagnosis, as is psychological support to the families, especially
./hen a diagnosis of type | SMA is communicated.

2.2. Management: a multidisciplinary approach

A multidisciplinary approach is the key element in the
management of SMA patients [1,3]. SMA is a complex disorder
involving different aspects of care and professionals, and each
of the aspects should not be dealt in isolation but as part of a
multidisciplinary approach (Fig. 2). In the past families had to
coordinate all the assessments and visits but it is now
recommended that this should be coordinated by one of the
physicians, generally the neurologist or pediatric neurologist,
who is aware of the disease course and potential issues. This
will allow to monitor the various aspects that are known to be
part of the disease progression and, when possible, to provide
anticipatory care.

2.3. Neuromuscular and musculoskeletal evaluation

Clinical assessment in SMA includes performing a physical
examination, with a focus on the musculoskeletal system and
related functional impairments. The choice of the assessments

|
used will reflect the aspects that are more relevant for each level
of severity (Supplementary Table 52).

These should include different means of assessments of
strength and range of joint motion, relevant motor functional
scales [31-35] and timed tests to monitor those aspects of
function that reflect activities of daily living (Table 1).

These assessments should be performed routinely by trained
cxaminers every 6 months, unless there arc special
circumstances requiring different follow up.

Regular monitoring of these aspects will allow to monitor
possible changes over time, to identify aspects requiring
intervention and response to intervention. The use of these
assessments also allows to compare individual results to the
trajectories of progression reported in recent studies [36.37].

2.4. Rehabilitation

Since the original consensus statement paper there has been
increasing evidence that a proactive approach, including regular
sessions of physical therapy (PT) may influence trajectories of
progression. In a recent study on sitters and walkers, functional
changes over 12 months were minimal in the whole cohort and
the few outliers showing a more substantial foss of functional
activities were often those with increase in their joint
contractures, sudden scoliosis deterioration or excessive weight
gain [36]. Other papers have reported the benefits of braces,
orthoses and exercise [38-45] (Supplementary Table S3).

2.4.1. Non-sitters

The primary rehabilitation goals for non-sitters include:
optimization of function, minimization of impairment, and
optimizing tolerance to various positions (Table 1).

2.4.1.1. Stretching. This includes the use of orthoses and
splints, active-assistive and passive techniques, supported
supine/standing/standing frames and serial casting. Thoracic
bracing is recommended for postural stabilization and to
promote function. Cervical bracing is often used for hecad
support particularly, as head control is often absent or not fully
developed. to minimize risk of asphyxiation while upright.

Upper and lower limb orthoses are used to promote function
and range of motion.

2.4.1.2. Positioning. Seating systems and postural supports
should include supine positioning with rolls, beanbags, molded
pillows or wedges. Custom and molded wheelchair seating
systems as well as custom sleeping systems are recommended.

To promote mobility and transfers the use of strollers and
power wheelchairs with recline/tilt options and adapted seating
systems are recommended.

2.4.1.3. Mobility and exercise. To promote function, assistive
technology and adaptive equipment are recommended. The use
of eye tracking devices is also recommended to improve
communication. Some non-sittérs can participate safely in
aquatic therapy with proper head'and neck support and constant
supervision.

2.4.1.4. Chest physiotherapy. Chest physiotherapy is an
important part of the assessment and management. It is
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Assessment

Intervention

Care considerations

Non-sitters

Sitters

Ambulant

Postural control
Scoliosis

Hip dislocation
Sitting tolerance
Chest deformities

Contractures (ROM,
goniometry)

Muscle weakness
(Antigravity movements)
Functional scales (CHOP
INTEND)

Motor development (HINE)

Postural control
Foot and chest deformities

Scoliosis and pelvic obliquity

Hip dislocation

Contractures (ROM,
goniometry)

Functional scales (HFMSE,
RULM, MFM)

Muscle weakness (Strength
tests)

Mobility

Timed tests

Measure of endurance
{(6MWT)

Falls

Functional scales (HFMSE,
RULM)

Muscle weakness (Strength

tests)
Contractures (ROM,

goniometry)

Postural control
Scoliosis
Hip dislocation

Positioning and Bracing

Daily use of seating systems, postural and
positioning supports, thoracic bracing and cervical

bracing for head support.

Static thoracic bracing should have incorporated
modifications for respiratory support including

abduminal cutouts.
Stretching

Daily use of orthoses for upper tower limb orthoses
for stretching and to promote function and range of

motion.

Static orthoses Knee immobilizers and hand splints
are recommended for positioning and stretching.
AFOs and KAFOs can be used for stretching and
positioning. TLSOs are used for positioning.

Supported standing

Promote function and mobility
Use of seating and mobility systems
Mobile arm supports to assist upper extremity

function.

Positioning and Bracing

Theracic bracing is recommended for posture and

to promote function.

Cervical bracing is often used for head support for

safety and transportation.
Stretching

Orthoses are used for the upper and lower limbs to

promote function and ROM

Regular stretching for segments known to be at risk
for contractures: hip, knee and ankle, wrist and

hand

Knee immobilizers, KAFOs, and AFOs are
recommended for positioning and standing. RGOs
and KAFOs can be used for supported ambulation.

TLSOs and hand splints are used for positioning,
Promote function and mobility

Use of seating and mobility systems.

Use of gait training devices and mobility devices to
promote supported ambulation

Mobile arm supports to assist upper extremity

function.

Promote function and mobility

Stretching

Fositioning and Bracing

To be effective, orthoses should be applied for more than 60
minutes to overnight.

Session duration for effective stretching and range of motion
depends on specific patient needs, joints, and rehabilitation
aims.

The minimal frequency for stretching and range of motion is
3-5 times per week
The minimal frequency for bracing to be effective is 5 times
per week.

i

Recommend toys with switches, light weight rattles,

Bath equipment, adapted beds, upper extremity assistive
devices, as well as hoists (lifts),

Environmental controls, and eye tracking devices for
computers and communication,

Strollers with recline and the ability to lay flat. power
wheelchairs should have recline/tilt, adapted seating systems
Orthoses should be worn for more than 60 minutes to
overnight. i

The minimal frequency for bjmcing: 5 times/week.

Minimal frequency for stretching and ROM: 5-7 times/week
When stretching or performing joint mobilization ensure joint
segments are aligned throughout the treatment.

Supported standing should be up to 60 minutes and minimal
frequency is 3~5 times/week, optimal 5-7 times/week.

Exercise can have an effect on function, strength, ROM,
endurance, ADLs, participation, and balance

Recommend swimming, hippotherapy, and wheelchair sports.
All sitters should have electric/power wheelchairs with custom
postural support and seating systems

The option to tilt and/or recline and a seat elevator is
sometimes necessary in weaker patients.

Lightweight manual wheelchairs or power assist wheels are
ideal to promote self-propulsion in stronger patients.
Recommiend aerobic and general conditioning exercise for
SMA walkers. Options include: Swimming, walking, cycling,
yoga, hippotherapy, rowing, clliptical/cross-trainers.

Exercise program should be designed and monitored by a
physical or occupational therapist, familiar with SMA.
Optimal duration for aerobic exercise: at least 30 minutes

Minimal frequency: 2-3 times/week, optimal: 3-5

Maintain flexibility thrpugh active assisted stretching and
include the use of orth Escs according tv specific needs.
Recommend some forgh of balance exercise.

Lower limb orthoses afe used for posture and function at the
ankle and knee, Thoracic bracing may be used to promote
posture in sitting

ROM, range of

motion; CHOP INTEND, Children Hospital of Philadelphia Infant Test of Neuromuscular Disorders; HINE, Hammersmith Infant Neurological Examination;

AFOs, ankle foot orthosis; KAFOs, knee ankle foot orthosis; TLSOs, thoraco lumbo sacral orthosis; HFMSE, Hammersmith Function Motor Scale Expanded; RULM,

Revised Upper Limb Module; MFM, Motor Function measure; 6SMWT, 6 minute walk test; ADL, activities of daily living; SMA, spinal muscular atrophy.
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particularly important to implement during illness or
perioperative  periods and as prophylaxis pulmonary
management to promote airway clearance and improve
ventilation. Manual techniques include percussion, vibration
and positioning to promote postural drainage.

2.4.2. Sitters

The main objectives for rehabilitation in sitters are to prevent
contractures and scoliosis, and maintain, restore or promote
function and mobility.

2.4.2.1. Stretching. Modalities for  stretching include
techniques that can be achieved manually and through the use
of orthoses, splints, active-assistive stretching, supported
standing/standing frames and positioning techniques such as
serial casting. Stretching modalities should be performed
and/or supervised by physical or occupational therapists.
Parents and caregivers should also be instructed in daily
tretching activities.

Session duration for effective stretching depends on specific
patient needs, joints, and rchabilitation aims.

2.4.2.2. Positioning. Thoraco-lumbar sacral orthoses are
recommended for posture and to promote function. Cervical
bracing is often used for safety and transportation. Static,
dynamic and functional orthoses are used for positioning and
standing and, when possible, for supported ambulation.

Supported standing is important to facilitate lower extremity
stretching but also to promote bodily functions and bone health,
enable upright participation, and promote spine and trunk
posture.

2.4.2.3. Mobility and exercise. All sitters should have
electric/power wheelchairs with custom postural support and
seating systems. Assessments for power wheelchair mobility
can begin before 2 years of age [46]. Lightweight manual
wheelchairs or power assist wheels are ideal to promote self-
propulsion in stronger patients. Exercise programs and

tivities that encourage muscle activation should be
ncouraged since it can have an effect on maintaining and
improving function, strength, range of motion, endurance,
balance, activities of daily living, and participation in school,
social activities and occupation. Recommended exercise for
sitters include aquatic therapy, concentric and eccentric
exercise and aerobic and general conditioning exercise with
and without resistance.

2.4.2.4. Chest physiotherapy. Similar to non-sitters, chest
physiotherapy is an important part of the assessment and
management to implement, especially I the weak type 2, both as
prophylaxis and during illness or perioperative periods. Manual
techniques are similar to those reported for non-sitters.

2.4.3. Walkers

The main objectives for rehabilitation in walkers are to
maintain. restore or promote function, mobility, and adequate
joint range, and improve balance and endurance.

2.4.3.1. Exercise/activity programs. The exercise programs
will include many of the suggestions used for sitters. In

addition, some form of balance exercise, both, dynamic and
static forms, should also be part of an exefcise program.

2.4.3.2. Stretching and range of motion. Modalities of
stretching and range of motion include: passive stretching and
active-assistive techniques. Lower limb orthoses are mainly
used for maintaining flexibility, posture and function at the
ankle and knee. Thoracic bracing is not typically used during
walking as it may adversely affect ambulation ability and limit
effective compensatory strategies but, when needed, may be
used to promote posture in sitting.

2.4.3.3. Mobility. To ensure functional independence,
lightweight manual wheelchairs or power assist wheels are
recommended when endurance is limited. Similarly, electric/
power wheelchairs or powered scooters may also be
considered to facilitate independent mobility over longer
distances.

2.5. Orthopedic management
2.5.1. Spine deformity management

2.5.1.1. Non-sitters. Until now, because of their limited
survival, spinal management was rarely discussed as a possible
option in non-sitters, unless they had stable respiratory and
nutritional function [3,47]. Specific rigid braces allowing stable
sitting position may be used, provided they do not compromise
pulmonary function (Fig. 3). Supine Cobb angle or that
obtained in the sitting position using a trunk brace may be used
in their follow up [47]. The advent of new therapies leading to
increased survival and overall functional improvements [7,8], is
rapidly changing the scenario of spinal management in these
patients.

2.5.1.2. Sitters.

2.5.1.2.1. Assessment. Scoliosis is still highly prevalent in
children with SMA 1 and 2, with incidence of 60-90% and
initial presentation in early childhood [1,48]. The hypotonic
spinal curves continuously progress through childhood.
Thoracic kyphosis also develops in-most patients to a variable
degree.

Inspection of the spine should be conducted as part of the
routine clinical examination. When kyphoscoliosis is suspected
on forward bend test in sitting or standing posture, anterior-
posterior and lateral projection spine radiographs should be
performed in the most upright position independently
attainable by the patient (i.e. sitting in children who can sit
independently, standing in SMA 3) to define and quantify
the extent of spinal deformity in both coronal and sagittal
planes. For SMA | and 2 patients, scoliosis >20° should be
monitored every 6 months until skeletal maturity and yearly
after skeletal maturity. Management with spinal orthoses is
often advocated to support the hypotonic trunk and treat scoliosis
>20°, especially in a child with:significant growth remaining
[42,49]. There was no consensys on the type of brace to be
used, as both rigid and soft spinal thoracolumbar orthoses were
recommended.
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2.5.1.2.2. Surgical intervention. Bracing is palliative and
unable to halt progression of spinal deformity [49.50]. As a
result, spinal instrumentation is frequently indicated to
preserve trunk balance in sitting, re-align the distorted thorax
to facilitate respiratory function and improve overall quality
of life [50-55]. The decision to surgically instrument the
spine is predicated mainly on curve magnitude (i.e. major
curve Cobb angle 250°) and rate of progression (210° per year).
Other factors, such as decreasing respiratory function,
parasol rib deformity, hyperkyphosis and adverse effects on
functional mobility, pelvic obliquity, and trunk imbalance
should also be considered. Pulmonary function tests
should be considered as part of the pre-operative evaluation
to determine surgical risk and post-operative respiratory
management.

There was consensus that surgical treatment of spine
deformity should be delayed until after the age of 4 years
(Supplementary Table $4).

In skeletally immature paticnts younger than 8 to 10 years,
“growth-friendly” instrumentation, that stabilizes and improves
spinal deformity, but allows for continued spine growth
should be considered [3,50,52,56-60]. To decrease the need
for repeated surgery, magnetically controlled growing rods
have recently been advocated [61] as an alternative to traditional
growing rods that require sequential surgical lengthenings
[62-65]. For children between the ages 8 to 12 years, there
was variability in practice among members of the expert
panel; the surgical approach depended on clinical variables,
especially skeletal maturity and spine growth remaining.
In nearly skeletally mature patients 12 years of age or
older, definitive posterior spine fusion using dual rod,
multi-segmental constructs should be implemented with or
without extension to the pelvis, depending on whether
the pelvis is part of the scoliotic curve [66]. While
there were no published studies on how to accommodate
for intrathecal access in patients undergoing spinal

instrumentation, there was consensus that onc or two
mid-lumbar levels should be left unexposed in the midline to
accommodate intrathecal access, necéssary for the administration
of recently approved drugs such a§ nusinersen, and antisense
oligonucleotide which does not crgss the blood brain barrier.
Conversion of growth-friendly instrumentation to definitive
posterior spine fusion should be decided on a case-by-case
basis.

2.5.1.2.3. Chest deformity, thoracic insufficiency and
pulmonary health. As a consequence of poor trunk and
thoracic muscular support, children with SMA have an
increased incidence of thoracic insufficiency, the result of
scoljosis and distortion of the rib cage [50.67]. Collapse
of the ribs (similar to closing an umbrella) contributes to
“parasol rib” deformity [53,54,67-69]. Retrospective study of
children with hypotonic scoliosis treated with either rib- or
spine-based growth-friendly instrumentation systems have
shown poor efficacy in ameliorating parasol rib deformity
or increasing thoracic volume, and therefore are not
recommended [67].

2.5.1.2.4. Hip instability. Hip instability is common in
patients with SMA [3,50,55.70]. Several older studies
recommended against surgical repair, noting that surgically
treated hips tended to re-subluxate or dislocate, and that hip
pathology rarely caused pain (3,50,55,70]. However, these
studies failed to reflect modern surgical techniques and did not
evaluate young adult and middle-aged patients. Unilateral and
bilateral hip instability should be surgically managed only in
patients with significant pain.

2.5.1.2.5. Contractures. Contractures are common in
patients with SMA as a result of decreased range of motion,
prolonged static positioning, and agonist-antagonist muscle
imbalance [50,71,72]. Functionally and symptomatically,
contractures can lead to pain and inhibit function in patients
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with SMA [24,42-46,71-75]. Conservative management of
joint contractures has been discussed in the rehabilitation
section [24,42-46]. Surgical management of contractures of the
upper or lower extremities should be considered when they
cause pain or impair function.

2.5.1.2.6. Management of fractures. Owing to disuse,
osteoporosis and low vitamin D levels, fragility fractures are
common in children with SMA 1 and 2. Closed treatment with
cast immobilization is generally rccommended for non-
ambulatory patients, but prolonged cast immobilization (>4
weeks) that aggravates muscle wasting and disuse osteoporosis
should be avoided. Ambulatory patients with long bone

Table 2
Nutritional assessment and intervention.

fractures of the lower extremities and non-ambulatory
patients with hip fractures generally benefit from surgical
stabilization using intramedullary rods or bridging fracture
plates to restore immediate bone stability to allow early range
of motion of the extremity and to promote accelerated fracture
healing.

2.6. Nutritional management, swallowing and
gastrointestinal dysfunction

The main topics covered include swallowing dysfunction
and dysphagia, weight control and gastro,intestinal dysfunction
(Table 2). .

Assessment

Intervention

Care considerations

.lon-sittcrs

Sitters

Ambulant

Video Fluoroscopic Swallow Study
shortly after diagnosis and when
suggested by clinical signs
suggestive of dysphagia (weak suck,
fatigue, humid voice, pneumonias)
Difficulties with feeding (pocketing,
jaw contractures, increased
mealtimes)

Nutritional analysis of food
records/feeding regimen
Longitudinal anthropometrics

Acute care monitoring

25 Hydroxy-vitamin D labs and
Body Composition and Bone density
Constipation

Assessment of symptoms of
dysphagia/aspiration/Difficulties
with feeding

Video Fluoroscopic Swallow Study
if suggested by clinical signs
suggestive of dysphagia.

Nutritional analysis of food
records/teeding regimen
Longitudinal anthropometrics
(height, weight, OFC)

Nutrition labs may be indicated.
Acute care monitoring

Glucose metabolism labs

25 Hydroxy-vitamin D labs and
Body Composition and Bone density
(DXA)

Constipation

See dietitian for concerns of
over/under nutrition

Nutritional analysis/monitoring if
underweight or overweight
Longitudinal anthropometrics
(height, weight, OFC).

Glucose metabolism labs

25 Hydroxy-vitamin D labs

if swallow study is passed, consider referral to specialist for
feeding therapy/modification

For failure of a swallow study or for growth failure, for
proactive care, place nasojejunal tube until a Gastric-tube can
be placed with Nissen fundoplication.

A dietitian should adjust caloric, fluid, macronutrient,
micronutrient intake and timing of feeds. Nutrition labs may
be indicated.

Minimize fasting during acute care to less than 6 hours.
Provide adequate fluid intake during illness. Monitor
electrolyte levels and correct as needed.

Monitor glucose levels to correct hypo/hyperglycemia.
Provide adequate calcium, vitamin D intakes for bonehealth.
Adequate hydration. Use of bowel regulation medications.

If safe to swallow, refer to specialist for feeding
therapy/modification.

If failed swallow or interventions are not sufficient place
nasofeeding tube as indicated prior to placement of a long
term Gastric feeding tube.

For growth failure, provide supplemental nutrition products.
Referral to dietitian for increasing calories with nutrient dense
foods.

Adjust caloric, fiuid, macronutrient, and micronutrient intake
based on growth and intake.

Limit calorie intake in overweight individuals and maximize
nutrient intake.

Minimize fasting during acute care. Appropriate fasting time
depends on prior nutritional status and nature of acute event.
Provide adequate fluid intake during illness. Monitor
electrolyte levels and correct as needed.

Monitor glucose levels to correct hypo/hyperglycemia.
Indicated for individuals with increased body fat or other
prediabetic symptoms.

Adequate calcium, vitamin D intake.

Diets rich in fiber are recommended to promote gastric
motility and reduce constipation. Adequate fluid is needed
with increased fiber intakes. Bowel regulation medication may
be indicated.

Provide macro/micronutrient intakes based on guidelines for a
healthy sedentary individual.

Limit calories as indicated to prevent obesity.

Minimize fasting during acute care

Indicated for individuals with increased body fat or other
prediabetic symptoms

Provide adequate calcium, vitamin D intakes for bonehealth if

needed

Determine appropriate calorie needs
based on growth. Standardized
growth charts are a good tool to
track growth trends, but optimally,
should be used with other body
composition measurement tools to
assess appropriate growth.

For optimal care, recommend
evaluation by a dietitian every 3-6
months for younger children and
annually for older children/adults.
Evaluation is especially important
for thuse on specialized diets,

At minimum, recommend evaluation
by a dietitian shortly after diagnosis
and for concerns of under/over
nutrition.

For optimal care, recommend
evaluation by a dietitian every 3-6
months for younger children and
annually for older children/adults.
Evaluation is especially important
for those on specialized diets.

i
|
|
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For all SMA types regular assessments of growth are
important and an expert nutritionist should be involved to
promote an appropriate diet, monitoring not only weight but
also fluid, macronutrient, and micronutrient intake, especially
calcium and vitamin D intake for bone health [76-78]. SMA-
specific growth charts are not yet available. Secondary to
altered body composition in SMA [79-81], experts are divided
in the use of standardized growth charts alonc to monitor
appropriate growth, but they may be helpful to monitor trends.

In all types it is important to ask and document details
regarding Gl symptoms such as presence of gastroesophageal
reflux, constipation, use of bowel regulatory agents, delayed
gastric emptying, and vomiting.

Over the last few years there has also been increasing
evidence of possible metabolic abnormalities in SMA patients
such as metabolic acidosis, abnormal fatty acid metabolism,
hyperlipidemia, hyperglycemia, hypoglycemia, and muscle
mitochondria defects [$2-84]. Perturbations of glucose
metabolism and pancreatic development have been reported in
SMA mice [85-89]. Glucose metabolism abnormalities were
later confirmed in some obese SMA patients [90,91] and
pancreatic differences confirmed in deceased SMA 185.

2.6.1. Non sitters

2.6.1.1. Assessment. Safe swallowing is onc of the most
important aspects to consider for a non-sitter (Supplementary
Table S5). Bulbar dysfunction can result in aspiration and
pulmonary infections. A full modified barium swallow
fluoroscopic study is recommended shortly after diagnosis and,
if the initial test is normal, closely monitored to detect possible
early signs of feeding difficulties. Contracture of the masseter
muscles often develops in patients by one year of age and limits
the opportunity for oral feeding. This may be a limiting factor
for patients treated with nusinersen who demonstrate
improvement in bulbar muscle strength.

Optimal nutritional management includes longitudinal
evaluation of weight and length and dietary analysis. In type 1
patients, masticatory muscle weakness, dysphagia and
respiratory problems are responsible for reduced calorie intake
and risk of undernutrition. Additionally, increased work of
breathing may increase energy expenditure and caloric
requirements, further increasing the risk of undernutrition.

2.6.1.2. Intervention. For proactive care following a failed
swallow study or growth failure, placement of a short-term
nasogastric or nasojejunal tube is recommended until long term
gastrostomy tube can be placed. There was no unanimous
consensus but many experts prefer that Nissen fundoplication
be performed in conjunction with gastrostomy tube placement
secondary to decreased gastrointestinal motility, reflux, and
increased pressure related to respiratory treatments {92]
(Supplementary Table S6).

There is less consensus on the effect of the type of diet [12].
Consensus is divided on the use of the Amino Acid diet, a diet
based on elemental formula [83.93]. Experts agreed that diet
type and administration should be based on individual
tolerance. Adequate hydration as well as bowel regulating

agents, probiotics. and motility medications are recommended
to ease symptoms of constipation and gastrointestinal
dysmotility.

Regarding nutritional aspects during acute care in non-
sitters, it has been strongly suggested that fasting should
be avoided to prevent including metabolic acidosis, fatty
acid metabolism abnormalities, and hyper/hypoglycemia
[82,83,93-95]. Divided cxpert opinion suggests that nutrition
including a protein source should be provided within 6 hours
during acute episodes. Adequate hydration and electrolyte
balance is imperative during illness.

2.6.2. Sitters

2.6.2.1. Assessment. For optimal care, nutrition evaluations
are recommended after diagnosis and periodically, every 3-6
months for younger children and annual evaluations afterwards.

Chewing difficulties and fatigue with eating, are frequent in
sitters [96.97]. Safe swallowing and risk of aspiration are alsoa
concern. A history of choking or coughing episodes with feeds
should be investigated and monitored with swallow studies.

Feeding evaluations are also rccommended for possible
feeding modifications/occupational therapy in order to swallow
safely and eat effectively.

Longitudinal measures of weight and length in conjunction
with body composition measures are recommended to promote
appropriate growth,

Evaluation for obesity as well as glucose metabolism
abnormalities may be recommended for overweight sitters.
Some experts suggest that sitters with SMA should be evaluated
for possibility of obesity/overfat at BMI greater than the 25th
percentile {91].

Evaluation of fluid and fiber intake is recommended for
frequent constipation. !

2.6.2.2. Intervention. n a case series study 37% of sitters have
growth failure and require intervention [96]. Feeding tubes are
commonly used in this population for supplementary nutrition
rather than total nutrition and suggestions for feeding tubes and
Gl surgical recommendations dcpend on the individual
situation.

Sitters may be at risk for béing overweight/obese as they
grow older secondary to the rejuction in physical activity due
to weakness and altered body composition [30,91]. Concerns
for overweight include reduced mobility and risks for related
comorbidities including risk of metabolic syndrome {86,93].

Diet is variable in sitters. Calories, protein, fat and
carbohydrate, are initially estimated using common standardized
equations [98] and should be adjusted as appropriate growth
and labs indicate. There is lack of consensus on the use of the
amino acid diet and no data to support the use of synthetic
amino acid as opposed to intact protein in patients with
SMA. '

Based on experience and case studies [93-95] experts
recommend that fasting times should be limited during acute
circumstances and electrolyte and fluids should be monitored
and repleted as indicated.
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Depending on severity of constipation, fiber intake,
probiotics, and bowel regulating agents may be used to improve
symptoms.

2.6.3. Walkers

In this population, swallowing dysfunction and feeding
difficulties are rare. A dietitian/nutrition evaluation is
recommended if there are nutritional issues. The largest
nutritional concerns for walkers with SMA is the risk of obesity
and overweight as this can reduce mobility and may increase
risk of obesity-related comorbidities such as metabolic
syndrome, high blood pressure, and diabetes.

2.6.3.1. Bone health. 1t has been recognized that SMN has a
specific role in the metabolism of the bone interacting with
osteoclast stimulatory factor osteoclast stimulatory factor [99].
Therefore, the high incidence of osteopenia and fractures in

MA patients may not be simply attributed to muscle weakness

nd lack of exercise [76.100,101]. Periodic Dual energy x-ray
absorptiometry analysis (DEXA) to monitor bone density in
patients with SMA, is recommended yearly. There was
consensus among experts that Vitamin D blood levels and
intake should be monitored at least annually and supplements
should be given in the presence of low levels or of osteopenia.
In the case of frequent fracture, review may be given to use of
bisphosphonates.

3. Conclusions

The recommendations reported in this first part provide an
overview of what should be considered standard of care for
SMA. The paper highlights the importance of a
multidisciplinary approach and of the role of the neurologist/
pediatric neurologist in coordinating, together with the families,
the various aspects of care.

In all the aspects of care included, there was often not

&ough published evidence and the recommendations were the

ults of what was available from the literature and experts’
opinion, following a well-established Delphi method to classify
consensus and  appropriatencss of assessments  and
interventions. The working groups identified the aspects that
constitute optimal care but considering that some of the
recommendations may not be easily applicable in centers or
countries with less resources, an effort was made to identify
assessments or interventions that constitute the minimal care
that families should expect to find in any neuromuscular
centre.

The second part of the two-part paper will focus on other
aspects of care, such as pulmonary and acute care, involvement
of other organs, medications and ethical issues.
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Abstract Spinal muscular atrophy (SMA) is a rare
autosomal recessive disorder characterized by muscle
atrophy and weakness resulting from motor neuron
degeneration in the spinal cord and brainstem. It is most
commonly caused by insufficient levels of survival
motor neuron (SMN) protein (which is critical for motor
neuron maintenance) secondary to deletions or mutations
in the SMNI gene. Nusinersen (SPINRAZA™) is a
modified antisense oligonucleotide that binds to a
specific sequence in the intron, downstream of exon 7 on
the pre-messenger ribonucleic acid (pre-mRNA) of the
SMN2 gene. This modulates the splicing of the SMN2
mRNA transcript to include exon 7, thereby increasing
the production of full-length SMN protein. Nusinersen is
approved in the USA for intrathecal use in paediatric and
adult patients with SMA. Regulatory assessments for
nusinersen as a treatment for SMA are underway in the
EU and several other countries. This article summarizes
the milestones in the development of nusinersen leading
to this first approval for SMA in paediatric and adult
patients.

This profile has been extracted and modified from the Adisinsight
database. AdisInsight tracks drug development worldwide through the
entire development process, from discovery, through pre-clinical and
clinical studies to market launch and beyond.

Sheridan M. Hoy
dru@adis.com

! Springer, Private Bag 65901, Mairangi Bay, 0754, Auckland,
New Zealand

1 Introduction

Spinal muscular atrophy (SMA) is a rare (incidence of
<0.02%) autosomal recessive disorder characterized by
muscle atrophy and weakness resulting from motor neuron
degeneration in the spinal cord and brainstern {1-3]. It is
most commonly caused by deletions or mutations in the
survival motor neuron 1 (SMNI) gene located on chro-
mosome 5q that result in insufficient SMN protein levels
[1—4). SMNI and the nearly identical SMN?2 gene encode
SMN protein, which is critical for the maintenance of
motor neurons [1-3]. SMNI encodes the majority of full-
length SMN protein; 90% of SMNZ messenger ribonucleic
acid (mRNA) transcripts exclude exon 7 and thus encode a
truncated SMN protein that is rapidly degraded, with only
10% of transcripts encoding full-length SMN protein
(1, 3. 5]. Therefore, the number of copies of the SMN2 gene
in the genome partially determines the severity of SMA,
with more copies associated with less severe forms [1].
Such understanding in the pathogenesis of SMA has led to
the development of therapeutic approaches beyond symp-
tomatic and supportive care [1, 2}. One such approach is
the use of an antisense oligonucleotide to modulate the
splicing of SMN2 mRNA, thereby increasing the produc-
tion of full-length SMN protein [1].

Nusinersen (SPINRAZATM) is a modified antisense
oligonucleotide designed to treat SMA caused by chromo-
some 5q mutations that result in insufficient SMN protein
levels [6]. In December 2016, nusinersen was approved by
the US FDA for use in paediatric and adult patients with
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» Preclinical studies initiated (Oct)

» Phase | studies initiated (Dec)

» US FDA grants orphan drug designation (Apr)

» EMA grants orphan drug designation (May)

Expanded Access Programme initiated
> (NCT02865109) (Sep)

» US FDA accepts NDA (Oct)
» EMA accepts MAA (Oct)

US FDA issue rare paediatric disease priority
review voucher (Dec)

» Approved in the USA (Dec)
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Key milestones in the development of nusinersen for the treatment of spinal muscular atrophy

SMA [7]. The recommended dose is 12 mg, administered
intrathecally by, or under the direction of, a healthcare
professional experienced in performing lumbar punctures
(6]. Treatment should be initiated with four loading doses
(with the first three loading doses administered at 14-day
intervals and the fourth administered 30 days after the third
loading dose), with maintenance doses administered once
every 4 months thereafter [6]). Regulatory assessments for
nusinersen as a treatment for SMA are underway in the EU,
Australia, Canada and Japan [8].

1.1 Company Agreements

In August 2016, Biogen exercised its option to license the
global development, manufacturing and commercialization
rights for nusinersen from Ionis Pharmaceuticals [8, 9].
Tonis will receive a US$60 million milestone payment
based on the US FDA’s approval of nusinersen, and is
eligible to receive tiered royalties (up to a percentage in the
mid-teens) on any potential sales of nusinersen [8].

2 Scientific Summary
2.1 Pharmacodynamics

Nusinersen is a modified 2'-0-2-methoxyethyl phospho-
rothioate antisense oligonucleotide that binds to a specific
sequence in the intron, downstream of exon 7 on the SMN2
pre-mRNA [6, 10]. This modulates the splicing of the
SMN2 mRNA transcript to include exon 7, thereby
increasing the production of full-length SMN protein
(1, 10].

I\ Adis

In vitro and in transgenic animal models of SMA,
nusinersen increased the inclusion of exon 7 in SMN2
mRNA transcripts and the production of full-length SMN
protein [6]. Moreover, in an analy$is of autopsy-derived
thoracic spinal cord tissue prepgrations, exon 7 was
included in 50-69% of SMN2 mRNA transcripts from
three infants with SMA who were exposed to nusinersen
as part of a phase II trial (Study CS3A; NCT01839656)
[see Sect. 2.3] compared with 15-26% of SMN2 mRNA
transcripts from four untreated infants with SMA and
three infants without SMA [11]. This corresponded to a
significant (p = 0.0198) 2.6-fold increase in full-length
SMN2 mRNA transcripts in nusinersen-treated infants
compared with untreated infants with SMA. Generally
similar levels of SMN2 mRNA transcripts containing exon
7 were also seen in multiple brain regions of infants with
SMA who were exposed to nusinersen. Nusinersen
exposure also appeared to increase SMN protein levels,
with an image analysis of the thoracic spinal cord tissues
demonstrating a significant (p < 0.0001) increase (of
64%) in SMN protein staining intensity (as assessed by
mean optical density) in the large neurons of three infants
treated with nusinersen compared with two untreated
infants [11].

Immunohistochemical staining of the autopsy tissues
from Study CS3A revealed that nusinersen was distributed
in motor neurons (and vascular endothelial cells and glial
cells) throughout the central nervous system (CNS) [I1].
Moreover, the concentration of nusinersen in the (cervical,
lumbar and thoracic) spinal cord was >10 ug per gram of
spinal cord (which is above the targeted therapeutic range
in CNS tissue of 5-10 pg/g where pharmacological activity
is expected) [11, 12].
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No increase in the incidence of cardiac adverse reactions
associated with delayed ventricular repolarisation was seen
in infants receiving nusinersen compared with those
receiving a sham procedure in a randomized, double-blind,
multinational, phase III study in 121 patients with SMA
(ENDEAR; NCT02193074) [see Sect. 2.3] [6]. Fridericia-
corrected QT (QTcF) prolongation (>500 ms) and a
change from baseline in QTcF of >60 ms were observed in
5% of infants treated with nusinersen [6].

2.2 Pharmacokinetics

Following intrathecal injection, nusinersen was distributed
from the site of administration [cerebrospinal fluid (CSF)]
in motor neurons (and vascular endothelial cells and glial
cells) throughout the CNS, according to autopsy data from
three infants exposed to nusinersen in Study CS3A [11].
Nusinersen was cleared from the CSF into the systemic
circulation consistent with normal CSF turnover, with CSF
concentrations still quantifiable 15-168 days after dosing,
indicating prolonged CSF and CNS tissue exposure to
nusinersen [11].

Compared with trough CSF concentrations, trough
plasma concentrations of nusinersen were relatively low
following intrathecal injection [6]. The median time to

Features and properties of nusinersen

¥

maximum plasma concentration (Ciax) values ranged from
1.7-6.0 h and nusinersen exhibited approximately dose-
proportional mean Cryax and area under the concentration—
time curve values up to a dose of 12 mg [6]. Autopsy data
from the three infants exposed to nusinersen in Study
CS3A revealed that nusinersen was ‘also identified in
peripheral tissues (e.g. kidney, liver) skeletal muscle),
which is consistent with its clearance from the CSF into the
systemic circulation [6, 11].

Nusinersen is metabolised via exjonuclease (3'- and
5")-mediated hydrolysis [6]. The estimated mean termi-
nal elimination half-life in the CSF and plasma is
135-177 and 63-87 days, respectively. The primary
route of elimination for nusinersen ‘and its chain-short-
ened metabolites is thought to be via urinary excretion.
Only 0.5% of the administered dose was recovered in the
urine at 24 h [6].

There were no apparent correlations between age or total
bodyweight and CSF concentrations seen in a phase I trial
(Study CS1; NCTO01494701) assessing the pharmacoki-
netics of single doses of nusinersen 1-9 mg in 28 patients
with type 2 or 3 SMA, suggesting that fixed doses are
appropriate in paediatric patients [13]. Nusinersen is not a
substrate for, or an inducer or inhibitor of, cytochrome
P450 enzymes [6].

Alternative names ISIS 396443; ISIS-SMNRgy

Class Antisense oligonucleotides; spinal muscular atrophy gene therapies

Mechanism of action
Route of administration Intrathecal
Pharmacodynamics

Increases the inclusion of exon 7 in SMN2 mRNA transcripts and thus the production of full-length SMN protein

Binds to a specific sequence in the intron, downstream of exon 7 on the SMN2 pre-mRNA, thereby modulating the

splicing of the SMN2 mRNA transcript to include exon 7 and enhancing the production of full-length SMN protein

Pharmacokinetics

Distributed from the site of administration (CSF) into motor neurons throughout the CNS; cleared from the CSF into

the systemic circulation consistent with normal CSF turnover; CSF concentrations still quantifiable 15-168 days

after dosing, indicating prolonged CSF and
1.7-6.0 h; estimated mean terminal eliminati

Most frequent adverse
events

ATC codes
WHO ATC code
EphMRA ATC code
Chemical name

NO7 (other nervous system drugs)
N7 (other CNS drugs)

G-G)

CNS tissue exposure; median time to Crax values ranged from
on half-life is 135-177 days (CSF) and 63-87 days (plasma)

Lower respiratory infection, upper respiratory infection, constipation

RNA, [2’-0-(2-methoxyethyl)](P-thio)(m5U-mSC-A-mSC-mSU-mSU-m5U-m5C-A-mSU-A—A-mSU-G-mSC-mSU-

Cner aximum plasma concentration, CSF cerebrospinal fluid, CNS central nervous system, mRNA messenger ribonucleic acid, SMN survival

motor neuron
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2.3 Therapeutic Trials
2.3.1 Infantile-Onset Spinal Muscular Atrophy (SMA)

An improvement in motor milestones [as assessed by the
Hammersmith Infant Neurological Exam—Part 2 (HINE-2)]
(primary endpoint prespecified for the interim analysis
[14]) was achieved by significantly more patients receiving
nusinersen (# = 52) than a sham procedure (n = 30) [40
vs. 0%:; p < 0.0001], according to an interim analysis of
data from ENDEAR [6]. Moreover, 63% of nusinersen
recipients and 3% of sham procedure recipients demon-
strated an improvement from baseline of >4 points in the
Children’s Hospital of Philadelphia Infant Test of Neuro-
muscular Disorders (CHOP-INTEND) total score, and 4
and 40% of patients, respectively, demonstrated a wors-
ening from baseline of >4 points in the CHOP-INTEND
total score (data not statistically controlled for multiple
comparisons at the interim analysis) [6]. Based on the
results of the interim analysis, the ENDEAR study was
stopped, with the participating patients able to transition
into an open-label phase III extension study (SHINE;
NCT02594124) [14].

ENDEAR is a randomized, double-blind, multina-
tional, phase III study in which 121 patients with symp-
tomatic SMA (who had an onset of symptoms before
6 months of age and who were aged <7 months at the
time of the first dose of study medication) received
nusinersen 12 mg intrathecally on days 1, 15, 29, 64, 183
and 302, or a sham procedure [6, 7, 10]. The interim
analysis was conducted on data from infants receiving
nusinersen (n = 52) or a sham procedure (n = 30) who
had completed at least 183 days of treatment, died or
withdrawn from the study [6]. The median duration of
therapy was 261 days. The primary endpoint assessed
seven different areas of motor milestone development,
with each (depending on the milestone) having a maxi-
mum score of between 2—4 points; the total maximum
score was 26. A responder was defined as a patient with a
>2-point increase (or a maximal score of 4) in the ability
to kick (consistent with an improvement by =2 mile-
stones), or a > 1-point increase in the motor milestones of
head control, rolling, sitting, crawling, standing or walk-
ing (consistent with an improvement by >1 milestone).
Patients were classified as a responder if they exhibited
improvement in more motor milestones categories than
worsening. CHOP-INTEND, a secondary outcome mea-
sure, is designed to assess motor function in patients with
infantile-onset SMA [6].

According to an interim analysis of data from Study
CS3A, treatment with nusinersen 12 mg dose equivalent
was associated with significant mean improvements from
baseline to last visit in developmental motor milestones
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(as assessed by the HINE-2 total score) [p < 0.0001],
motor function (as assessed by the CHOP-INTEND total
score) [p = 0.0013] and compound muscle action poten-
tial amplitude of the ulnar (377% or 0.62 mV;
p =0.0103) and peroneal (742% or 1.56 mV;
p < 0.0001) nerves [11]. Significant mean improvements
from baseline to last visit in developmental motor mile-
stones (p = 0.0002) and motor function (p = 0.008) were
also seen in the combined patient cohort (i.e. patients
from the 6-12 and 12 mg dose equivalent groups).
Compared with a natural history cade series of infants
with type 1 SMA (n = 23; who had 4 mean reduction in
the CHOP-INTEND total score of 1.27 points per year)
[score ranges from 0-64 points], 12 of the 14 patients
receiving nusinersen 12 mg dose equivalent and 14 of 18
patients in the combined patient cohort had a mean
increase from baseline to last visit in the CHOP-INTEND
total score of 15.2 and 11.5 points, respectively. More-
over, in the nusinersen 12 mg dose equivalent group, a
score of >40 (which is rarely observed in symptomatic
patients with type 1 SMA with two SMN2 gene copies)
was seen in none of the 13 patients' with two SMN2 gene
copies at baseline and in 7 of the 13 patients at the last
visit. The median age at death or permanent ventilation
had not been reached at the time of the interim analysis
(data cut-off date 26 January 2016), with a Kaplan-Meier
survival curve of patients with two SMN2 gene copies
(n = 17) diverging from a natural history case series
(p = 0.0014) [11].

Study CS3A is a noncomparative, dose-escalating phase
I study [11]. Patients in this study (who were aged 3 weeks
to 7 months and had a SMNI homozygous gene deletion or
mutation and an onset of SMA symptoms between 3 weeks
and 6 months) received loading doses of nusinersen 6 mg
(n = 4) or 12 mg (n = 16) dose equivalents on days 1, 15
and 85 and then 12 mg dose equivalents on day 253 and
every 4 months thereafter. Patients in the 6—12 mg dose
equivalent group (n=4) had been followed for
9-32 months and had received 4-9 doses of nusinersen,
while patients in the 12 mg dose equivalent group (n = 15)
had been followed for 2-27 months and had received 2-8
doses of nusinersen [11].

The results from ENDEAR are supported by those from
open-label, uncontrolled studies in patients with symp-
tomatic SMA (who were aged 30 days to 15 years at the
time of the first dose of study medication) and in
presymptomatic patients (Who were aged 8-42 days at the
time of the first dose of study medication) [6). The findings
from ENDEAR and the open-label studies demonstrate the
effectiveness of nusinersen across the range of SMA
patients, and potentially support the early use of nusinersen
{61. J
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Drug(s) Phase Status Location(s) Identifier Sponsor
Nusinersen 1 Completed USA NCT01494701 (Study CS1)  Ionis Pharmaceuticals, Inc.
Nusinersen [ Completed USA NCT01780246 (Study CS10) JIonis Pharmaceuticals, Inc.
Nusinersen 1 Ongoing USA NCT02052791 (Study CS12) Ionis]Pharmaceuticals, Inc.
Nusinersen VI Completed USA NCT01703988 (Study CS2)  Ionis Pharmaceuticals, Inc.
Nusinersen I Ongoing Multinational ~ NCT02386553 (NURTURE) Biogen

Toni$ Pharmaceuticals, Inc.
Nusinersen Il Ongoing Germany, USA  NCT02462759 (EMBRACE) Biogen

Ionis Pharmaceuticals, Inc.
Nusinersen 1I Ongoing Canada, USA  NCT01839656 (Study CS3A) Tonis Pharmaceuticals, Inc.
Nusinersen Expanded Access Available Multinational ~ NCT02865109 Biogen
Nusinersen 111 Stopped to permit patients to Multinational =~ NCT02292537 (CHERISH)  Ionis Pharmaceuticals, Inc.

transition into NCT02594124

Stopped to permit patients to
transition into NCT02594124

Recruiting

Nusinersen I

Nusinersen III

Multinational

Multinational

NCT02193074 (ENDEAR) Ionis Pharmaceuticals, Inc.

NCT02594124 (SHINE) Tonis Pharmaceuticals, Inc.

2.3.2 Later-Onset SMA

A significant (p = 0.0000002) between-group difference of
5.9 points favouring nusinersen over a sham procedure was
seen in the mean change from baseline to 15 months in
motor function [as assessed by the Hammersmith Func-
tional Motor Scale Expanded (HFMSE) score; primary
endpoint] (+4.0 vs. —1.9 points), according to a prespec-
ified interim analysis of data from CHERISH
(NCT02292537) [9). CHERISH is a randomized, double-
blind, multinational, phase IIT study in which 126 non-
ambulatory patients with later-onset SMA (including those
who had an onset of signs and symptoms at >6 months of
age and who were aged 2—12 years at screening) received
nusinersen (n = 84) or a sham procedure (n = 42).
HFMSE is designed to assess motor function in children
with SMA; a change of >3 points is considered clinically
meaningful. Based on the results of the interim analysis,
CHERISH was stopped, with the participating patients able
to transition into SHINE [9].

2.3.3 Presymptomatic SMA

Interim data (n = 13) from NURTURE (NCT02386553)
showed that infants with genetically diagnosed, presymp-
tomatic SMA who were treated with nusinersen for up to
1 year achieved motor milestones in timelines more consis-
tent with normal development than what is observed in the
natural history of patients with type L SMA[9, 15]. Atthe time
of the interim analysis, all patients were alive and did not
require respiratory intervention (primary  endpoint)
[15]). NURTURE is an ongoing 30-month open-label, multi-
national, phase IT study in presymptomatic infants (who were

upto6 weeks of age at the time of the first dose of nusinersen)
to determine if therapy with nusinersen would prevent or delay
the onset of SMA symptoms [9]. The primary endpoint was
defined as time to respiratory intervention (i.e. invasive or
non-invasive ventilation for >6 h pér day continuously for
>7 days, or tracheostomy) or death .[15].

2.4 Adverse Events

Nusinersen had an acceptable safefy profile in patients with
SMA participating in ENDEAR [15]. The most frequently
reported adverse events [occurring in >20% of nusinersen
recipients and with a >5% higher incidence in the nusin-
ersen group (n = 80) than the sham procedure group
(n = 41)] were lower respiratory infection (43 vs. 29%),
upper respiratory infection (39 vs. 34%) and constipation
(30 vs. 22%) (6]. It is worth noting that nusinersen recip-
ients had a higher incidence of paradoxical breathing (89
vs. 66%), pneumonia or respiratory symptoms (35 vs. 22%)
and requirement for respiratory support (26 vs. 15%) than
sham procedure recipients at baseline. Serious adverse
reactions of atelectasis occurred more frequently in
nusinersen than sham procedure recipients (14 vs. 5%). No
adverse events were considered to be related to the study
medication [15). In this study, 41 and 19 patients were
exposed to nusinersen for >6 and >12 months, respec-
tively [6]. Among patients with normal or above normal
platelet levels at baseline [n = 56 (nusinersen) and 28
(sham procedure)], 11% of nysinersen recipients and 0% of
sham procedure recipients d;l'eloped a platelet level below
the lower limit of normal. ijpatient had a platelet count of
<50,000 cells/uL. or develdped a sustained low platelet
count despite continued exposure to the study medication.
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Elevated urine protein levels occurred in 33% of 51
nusinersen recipients and 20% of 25 sham procedure
recipients (median treatment exposure 7 months). There
were no elevations in serum creatinine or cystatin C levels.
Nusinersen therapy may result in a reduction in growth (as
measured by height), according to observations in infants.
Whether this effect is reversible upon cessation of treat-
ment is as yet unknown [6].

Nusinersen was well tolerated in infants with SMA par-
ticipating in Study CS3A, according to an interim analysis
[11]. No safety concerns were identified. Adverse events,
most of which were mild or moderate, were reported in 100%
of 4 patients in the 6-12 mg dose equivalent group and 100%
of 16 patients in the 12 mg dose equivalent group. Serious
adverse events occurred in 75 and 81% of patients in the
respective groups, with all considered by the study investi-
gators to be unrelated or unlikely to be related to the study
medication. The most common serious adverse events were
respiratory distress or failure, or respiratory infections,
which are common in infants with SMA. No clinically sig-
nificant or nusinersen-related changes in CSF safety or
electrocardiogram parameters, laboratory assessments,
neurological examination findings or vital signs were
reported, apart from one mild event of transient, asymp-
tomatic neutropenia and one mild event of vomiting (both of
which were considered by the study investigators to be
possibly related to nusinersen) [11].

In an open-label study in infants with symptomatic SMA,
one patient receiving nusinersen developed severe hypona-
traemia requiring salt supplementation for 14 months [6].
According to the US prescribing information [6], cases of
rash have been reported in nusinersen recipients.

Nusinersen demonstrated a favourable safety profile in
CHERISH [9]. The majority of adverse events were con-
sidered to be common events in the general population or
related to either the disease itself or the lumbar puncture
procedure. No patients discontinued the study [9).

The most frequently reported adverse events in open-
label studies in later-onset patients (who were aged
2-15 years at study entry; n = 56) were headache (50% of
patients), back pain (41%) and post-lumbar puncture syn-
drome (41%) [6]. The majority of these events occurred
within 5 days of the lumbar puncture. Other adverse events
were consistent with those seen in ENDEAR. In a study in
patients with later-onset SMA (n = 52; median treatment
exposure 34 months), 69% of patients had elevated urine
protein levels. There were no elevations in serum crea-
tinine or cystatin C levels [6].

Interim data from NURTURE suggest no new safety
concerns with nusinersen treatment [9]. Adverse events (all
of which resolved) considered possibly related to nusin-
ersen were experienced by three infants. There were no
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discontinuations from treatment or withdrawals from the
study [9]).

Several phase 1 [Study CSl, Study CS10
(NCT01780246) and Study CS12 (NCT02052791)] and
phase Ib/Ila (Study CS2; NCT 01703988) trials have
assessed the safety and tolerability of nusinersen 1-9 mg.
Where reported (Study CS! [13] and St}ldy CS2 [16]), no
safety/tolerability concerns were identified.

The immunogenic response to nusinefsen was evaluated
in 126 patients who had baseline and jpost-baseline anti-
drug antibody (ADA) assessments [6]. areatment-emergent
ADAs developed in five (4%) patients; in three patients the
ADAs were transient and in two they were considered to be
persistent. There are currently not enough data to evaluate
an effect of ADAs on the pharmacokinetics, efficacy or
tolerability of nusinersen [6].

2.5 Ongoing Clinical Trials

There are several ongoing phase I (Study CS12) and phase
II [Study CS3A; EMBRACE (NCT02462759); NUR-
TURE] trials of nusinersen for the treatment of SMA.
EMBRACE will be assessing the safety and tolerability of
nusinersen in patients with SMA who are not eligible to
participate in ENDEAR or CHERISH. An open-label phase
Il extension study (SHINE) evaluating the long-term
safety, tolerability and efficacy of nusinersen in patients
with SMA who had previously participated in investiga-
tional studies (including ENDEAR and CHERISH) was
initiated in October 2015. This noncomparative, multina-
tional study will recruit approximately 274 patients (aged
13 months to 21 years) who will receive nusinersen 12 mg
every 4 months.

3 Current Status

Nusinersen received its first global approval on 23
December 2016 for the treatment of SMA in paediatric and
adult patients in the USA [6].
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