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Genentech, a member of the Roche Group, sponsored an 
expert roundtable on SMA in May 2019. The meeting brought 
together expert clinicians and researchers specializing 
in neuromuscular disorders, representing a variety of 
academic institutions, teaching hospitals, and advocacy 
groups. Objectives of the meeting were to discuss the 
evolving landscape of SMA management and the role that 
the broader healthcare community can play in the diagnosis 
and care of patients with SMA. The faculty present this 
educational supplement to increase awareness of SMA 
among general neurologists and primary care practitioners. 

Introduction to Spinal Muscular Atrophy
Spinal muscular atrophy (SMA) is a progressive, recessively inherited 
neuromuscular disease characterized by proximal muscle weakness, 
atrophy, and paralysis. SMA results from a mutation of the survival 
motor neuron 1 (SMN1) gene, which aff ects production of SMN 
protein, resulting in degeneration of alpha motor neurons in the 
spinal cord1,2 (see Genetics of SMA: Role of SMN1 and SMN2 
Genes on page 3). While SMA is classifi ed as a rare disease, it is one 
of the more common rare diseases, with an incidence rate of about 
1 in 10,000 to 12,000 live births and a carrier rate of about 1 in 50 
adults.3,4 SMA has a heterogeneous presentation, and while the most 
severe form of SMA is considered to be the leading genetic cause of 
infant mortality,4,5 it is estimated that there are approximately 10,000 
patients living with SMA in the United States.6 Individuals with less 
severe forms of SMA may live into adulthood, with some patients 
having a normal or near-normal life expectancy. 

With advances in management and the 
development of standards of care, the 
landscape of SMA is changing. Experts 
believe that early diagnosis with 
appropriate management could allow 
patients to live longer and healthier 
lives. With that in mind, a wide range 
of healthcare providers (HCPs) should 
be prepared to encounter patients 
with SMA in their practices, recognize 
SMA symptoms, facilitate referrals 
to specialists when appropriate, and 
collaborate with specialists in ongoing 
SMA management.1,7 

SMA Classifi cation and Clinical Presentation 
SMA is currently classifi ed into 5 clinical subtypes on the basis of 
the age of symptom onset and the highest level of motor function 
achieved8 (see Table 19-12). This may change as our understanding of 
SMA progresses. Genetic markers, specifi cally the number of copies 
of the SMN2 gene an individual patient carries, may eventually play a 

I worry about SMA 

patients transitioning 

from pediatric to adult 

care. Patients are living 

longer, and there are not 

enough HCPs familiar 

with SMA who can care 

for them.

– Diana P. Castro, MD
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role in disease classification (see Genetics of SMA: 
Role of SMN1 and SMN2 Genes).  

Muscle weakness and atrophy are the common 
presenting symptoms of SMA,12 with feeding/
nutritional, respiratory, and orthopedic issues 
occurring as a result of muscle degeneration.12 
Patients typically have a presymptomatic period, 
followed by rapid functional loss. Some patients 
may then experience a plateau phase where 
disease progression is very slow.12,13 The clinical 
presentation varies by subtype, and in general, early 
onset of symptoms is associated with a more severe 
phenotype.14,15 Note that patients with SMA have 
normal cognition.16

Type 0 SMA is characterized by prenatal onset, 
severe hypotonia, respiratory distress, and 
contractures. This form of SMA is associated with a 
survival time of less than 6 months and respiratory 
and feeding support is required from birth.17 

Type 1 SMA is the most common SMA subtype, 
accounting for approximately 60% of reported 
cases.3 Patients with type 1 SMA may be 
asymptomatic at birth, but onset of hypotonia and 
proximal muscle weakness occurs within 6 months 
of birth and are profound—patients are unable to 
sit without assistance, lack head control, and have 
poor spontaneous movement. Weakness is usually 
symmetrical and begins in the lower extremities. 
Facial muscles are not affected early in the disease, 
and deep tendon reflexes are typically absent.10 

Muscle weakness in the neck, jaw, and tongue  
fasciculations are prevalent in type 1 patients, 
resulting in difficulty feeding and swallowing, failure 
to thrive, and increased aspiration risk.10,14 Nutritional 

intervention is commonly needed; one study 
demonstrated that the median time to feeding tube 
placement in an infant with untreated type 1 SMA 
is 8 months.18 Weakness of the intercostal muscles 
with sparing of the diaphragm leads to paradoxical 
breathing, bell-shaped chest, and the need for 
respiratory support.1,10,14 Median time to initiation of 
noninvasive ventilation or tracheostomy in untreated 
patients has been reported as 11 months.18 Without 
treatment, life expectancy for an infant with 
type 1 SMA is typically less than 2 years,2 and death 
is usually related to respiratory complications.15,18 
Proactive initiation of noninvasive ventilation, cough-
assist, and nutritional support has been shown 
to improve survival in patients with type 1 SMA, 
underscoring the need for early diagnosis.19,20

Type 2 SMA accounts for about 20% of SMA cases.3  
In type 2 disease, symptom onset occurs between 
7 and 18 months of age, and the spectrum of 
symptom severity ranges from very weak children to 
children with stronger trunk, limb, and respiratory 
muscles. Weakness is predominantly proximal and 
most severe in the lower limbs. These patients can 
sit, but cannot stand without support or walk. Fine 
tremors of the upper extremities are common, 
and deep tendon reflexes are absent. Impaired 
swallowing and respiratory insufficiency may also  
be present, particularly in patients with a more 
severe disease course. Scoliosis occurs in almost 
all patients with type 2 SMA and contributes to 
respiratory difficulties.10,12 

Motor and respiratory function in patients with 
type 2 SMA declines slowly over time.15,21,22 Lifespan 
varies, but most patients live into early adulthood 
or longer.12 

Table 1. Clinical Classification of SMA

2

Type9 Age of 
Onset9-11

Motor Function Achieved10 Life Expectancy11,12 

Sitting Standing Walking

0 Prenatal ✖ ✖ ✖ Weeks

1 0-6 months ✖ ✖ ✖ <2 years

2 <18 
months

✓ ✖ 

(some may stand with support)
✖ >2 years 

(often early adulthood)

3 >18 
months

✓ ✓ ✓ 

(may need assistance)
Normal

4 Typically 
20-30 years 

✓ ✓ ✓ Normal
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Figure. SMN Protein Production in Individuals With and Without SMA

Based on: Prior TW. Perspectives and diagnostic considerations in spinal muscular atrophy. Genet Med. 
2010;12(3):145-152.

Table. Most Common SMN2 Copy 
Number by SMA Phenotype10,11

3

Type Typical SMN2  
Copy Number

0 1

1 2

2 3

3 3-4

4 >3-4

LACK OF
SMN PROTEIN

PROTEIN

RNA

DNA

SMN1 SMN2

MOSTLY NONFUNCTIONAL
SMN PROTEIN

Functional SMN Protein                 Nonfunctional SMN Protein

SMN1

FUNCTIONAL
SMN PROTEIN

Healthy Individual Individual With SMA

Genetics of SMA: Role of SMN1 and SMN2 Genes 

SMA occurs as the result of decreased expression of the SMN protein and the loss of lower motor neurons.1 The 
physiological role of SMN is not completely understood; however, SMN is known to play a critical role in ribonucleic acid 
(RNA) metabolism, including transcription, precursor messenger RNA (pre-mRNA) splicing, assembly of spliceosomal small 
nuclear ribonucleoproteins (snRNPs), translation, and mRNA trafficking.2 While SMN protein is found in all cell types,2 motor 
neurons in particular are highly susceptible to SMN deficiency, resulting in the clinical signs and symptoms of SMA. It is 
not completely understood why motor neurons exhibit this susceptibility to SMN depletion or why some pools of motor 
neurons are more affected than others.1 However, evidence does suggest that SMN deficiency affects several components 
of the motor unit, including the motor neuron,1 motor axon,3 neuromuscular junction,4 and the muscle.5

SMA is caused by loss-of-function 
mutations or deletions of the SMN1 
gene, which codes for full-length 
SMN protein, and is the principal 
gene regulating SMN production 
in individuals without disease.6 
Approximately 96% of cases of SMA 
are caused by homozygous deletion 
of SMN1 exon 7 (and in most cases 
exon 8). The remaining cases are 
caused by compound heterozygosity, 
with a point mutation within the 
SMN1 gene on one allele and a 
deletion of exon 7 (and exon 8) on 
the other. SMA is rarely the result of 
homozygous mutations.7

A nearly identical gene, SMN2, also 
codes for SMN protein, although a 
single base pair difference between 
the SMN1 and SMN2 genes results 
in reduced efficiency of exon 7 inclusion into mature transcripts from SMN2.8 
Skipping of exon 7 results in production of a predominantly truncated and 
unstable SMN protein. SMN2 also produces a low level of full-length functional 
SMN protein, but the amount is insufficient to fully compensate for the decreased 
levels of SMN production resulting from the loss of SMN1 activity6 (see Figure). 
Humans carry anywhere from 1 to 6 copies of the SMN2 gene, and the number of 
SMN2 copies is inversely correlated with the severity and clinical subtype of SMA. 
Individuals with fewer SMN2 copies tend to produce lower levels of functional 
SMN protein and exhibit greater SMA severity.9 There are, however, exceptions to 
this rule—more severe phenotypes may have a high SMN2 copy number and less 
severe phenotypes may have a lower SMN2 copy number. The typical SMN2 copy 
numbers associated with the various SMA phenotypes are shown in the Table.10,11 
Note that patients are currently classified and managed based on age and motor 
function as opposed to genotype.7,12

References 1. Hamilton G, Gillingwater TH. Spinal muscular atrophy: going beyond the motor neuron. Trends Mol Med. 2013;19(1):40-50. 2. Singh RN, Howell 
MD, Ottesen EW, Singh NN. Diverse role of survival motor neuron protein. Biochim Biophys Acta Gene Regul Mech. 2017;1860(3):299-315. 3. Rossoll W, Jablonka 
S, Andreassi C, et al. SMN, the spinal muscular atrophy-determining gene product, modulates axon growth and localization of beta-actin mRNA in growth 
cones of motorneurons. J Cell Biol. 2003;163(4):801-812. 4. Kong L, Wang X, Choe DW, et al. Impaired synaptic vesicle release and immaturity of neuromuscular 
junctions in spinal muscular atrophy mice. J Neurosci. 2009;29(3):842-851. 5. Bricceno KV, Martinez T, Leikina E, et al. Survival motor neuron protein deficiency 
impairs myotube formation by altering myogenic gene expression and focal adhesion dynamics. Hum Molec Genet. 2014;23(18):4745-4757. 6. Lefebvre S, 
Bürglen L, Reboullet S, et al. Identification and characterization of a spinal muscular atrophy-determining gene. Cell. 1995;80(1):155-165. 7. Mercuri E, Finkel RS, 
Muntoni F, et al; SMA Care Group. Diagnosis and management of spinal muscular atrophy: part 1: recommendations for diagnosis, rehabilitation, orthopedic 
and nutritional care. Neuromuscul Disord. 2018;28(2):103-115. 8. Lorson CL, Hahnen E, Androphy EJ, Wirth B. A single nucleotide in the SMN gene regulates 
splicing and is responsible for spinal muscular atrophy. Proc Natl Acad Sci U S A. 1999;96(11):6307-6311. 9. Crawford TO, Paushkin SV, Kobayashi DT, et al; Pilot 
Study of Biomarkers for Spinal Muscular Atrophy Trial Group. Evaluation of SMN protein, transcript, and copy number in the biomarkers for spinal muscular 
atrophy (BforSMA) clinical study. PLoS ONE. 2012;7(4):e33572. 10. D’Amico A, Mercuri E, Tiziano FD, Bertini E. Spinal muscular atrophy. Orphanet J Rare Dis. 
2011;6:71. 11. Arnold WD, Kassar D, Kissel JT. Spinal muscular atrophy: diagnosis and management in a new therapeutic era. Muscle Nerve. 2015;51(2):157-
167. 12. Finkel RS, Mercuri E, Meyer OH, et al; SMA Care Group. 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. 
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Type 3 SMA accounts for about 20% of SMA cases.3 

Patients with type 3 SMA generally achieve all major 
developmental motor milestones, but at some point 
after infancy, they begin to exhibit proximal muscle 
weakness.10 Patients may initially present with 
symptoms of falls, difficulty climbing stairs, or gait 
abnormalities.12 Fatigue is common.5 The spectrum 
of motor disability is broad: all patients initially 
develop the ability to walk, but some patients may 
lose the ability in early childhood while others may 
be able to walk throughout adulthood.10 The rate of 
pulmonary and motor function decline is slow, and 
patients may have long periods of clinical stability.21,23 
Patients experiencing onset of symptoms after age 3 
typically have a less severe disease course.24 Type 3 
patients have a normal lifespan.12

Type 4 SMA describes patients with onset of muscle 
weakness after 18 years of age. Clinical presentation 
is similar to type 3 SMA, but motor weakness is 
less severe. Waddling gait is common, and finger 
trembling and calf hypertrophy may occur.10,25,26

Beyond the Motor Neuron: Additional 
Complications of SMA

Studies have suggested that the role of SMN protein 
extends beyond the central nervous system27-32 and 
that SMN deficiency may be linked to nonmotor 
symptoms of SMA. There are reports of structural 
cardiac pathology in severely affected patients (ie, 
SMA with one copy of SMN2) and less frequently, 
cardiac rhythm disorders have been reported in 
patients with milder SMA types (eg, SMA type 3).28,33 
Bone health is a concern in SMA. A retrospective 
study of 85 patients with SMA (age 12 months to 18 
years) demonstrated that 85% had osteopenia, and 
38% had experienced a fracture.34 While immobility 
and low muscle mass may contribute to poor bone 
health, preclinical data also suggest that SMN protein 
may play a role in bone remodeling.29,34 Additionally, 
vascular necrosis,35,36 pancreatic abnormalities,30 
and abnormal kidney structure and function37 have 
been reported in patients with SMA; changes in liver 
function31 and gastrointestinal pathology32 have been 
reported in preclinical models of SMA.

Early Recognition 
and Neonatal Screening
Studies in SMA type 1 have demonstrated that 
functional motor neuron loss is greatest in the first 
3 months of life.38 Likewise, progression of motor 
weakness is greatest at the onset of SMA, and slows 
during the long-term course of the disease.38-40 The 

natural history of 
SMA demonstrates 
the critical 
importance of 
early recognition 
and intervention, 
which has 
been succinctly 
articulated by the 
observation that 
“time is motor 
neurons.”40 Early 
diagnosis allows 
for timely initiation 
of disease 
management.

Despite the importance of early diagnosis and 
management, diagnostic delays are common in SMA. 
Cure SMA, a leading SMA advocacy organization, 
reports that the average infant with type 1 SMA 
is not diagnosed until 5 months of age.41 A 2011 
survey of 28 families of children with SMA found 
that the mean time between symptom onset and 
diagnosis was 2.9 months for type 1, 9.8 months for 
type 2, and 8.3 months for type 3.42 A 2014 survey 
of individuals with SMA, parents of individuals with 
SMA, and clinicians specializing in SMA attributed 
diagnostic delay to 3 factors: 1) lack of SMA 
awareness among primary care clinicians and some 
neurologists; 2) difficulty distinguishing normal from 
abnormal development in infants; and 3) mistaking 
SMA for a different condition.43 

To facilitate early 
diagnosis and 
management, the 
US Department 
of Health and 
Human Services 
added SMA to the 
Recommended 
Uniform 
Screening Panel 
for Newborns in 
July 2018.44 Each 
individual state is 
responsible for 
adopting and implementing this recommendation, 
and as of March 2019, 5 states were routinely 
screening newborns for SMA and another 13 were 
enacting laws requiring screening.45 While newborn 
screening will undoubtedly facilitate SMA diagnosis, 
screening is not universal and healthcare providers 
must still be vigilant in recognizing SMA symptoms in 

4

Healthcare providers must be 

aware of the status of newborn 

SMA screening in their state, 

but should also recognize that 

there will still be individuals 

diagnosed with SMA after the 

neonatal period. Recognizing 

the symptoms of SMA is key.

– Charlotte J. Sumner, MD

It is important for the 

healthcare team to aggressively 

pursue a differential diagnosis 

when they see hypotonia in 

an infant or child. This may 

be counter to the “watch and 

wait” philosophy that some 

physicians have been trained 

on. Time is motor neurons.

– Claudia A. Chiriboga, MD, MPH
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their patients. Table 2 presents examples of clinical 
scenarios that authors agree are suggestive of an 
SMA diagnosis and would warrant further testing. 

Confi rming the SMA Diagnosis and 
Establishing a Management Plan 
Confi rming the Diagnosis 

If SMA is suspected based on clinical presentation, 
genetic testing is required to confi rm the diagnosis. 
This should include a quantitative analysis of both 
SMN1 and SMN2.1 If the SMN1 testing demonstrates 
one copy of SMN1 and there is high clinical suspicion, 
further testing for SMN1 gene sequencing should 
be pursued as up to 5% of individuals with SMA 
have a point mutation not picked up on SMN1 gene 
testing.1 Authors agree that, when possible, patients 
be referred to an experienced multidisciplinary 
neuromuscular center for confi rmation of the 
diagnosis as these centers are familiar with test 
interpretation and typically have resources available 
to support the newly diagnosed patient and provide 
management options.1 The organization Cure SMA 
can assist healthcare practitioners in locating an 
SMA care center. Note that these centers are often 
willing to consult with community-based physicians 
to help determine if a referral is necessary. 

Management of SMA 

Ideally, patients with SMA are managed by a 
multidisciplinary team, with the neurologist 
or pediatric neurologist often serving as the 

coordinator1 (see Figure 1). During the roundtable 
discussion, authors described how, at their 
neuromuscular centers, multidisciplinary care 
teams evaluate the patient, develop an appropriate 
care plan, and monitor the patient over time. 
During the evaluation, patients will undergo a 
motor function assessment using a validated scale. 
Several scales have been developed (see Table 3), 
so the care team must determine the appropriate 
motor function scale and make sure staff  are 
trained on proper administration. Motor function 
assessment is repeated at routine intervals to 
assess patient status.1

Guidelines for the management of patients with 
SMA have been published, and suggest that ongoing 
care of SMA patients address physical therapy,1 
orthopedic management (scoliosis, rib deformity, 
hip instability, contractures),1 nutrition (feeding/
swallowing, weight and growth, fl uid and fi ber intake, 
bone health),1 pulmonary function (including ability 
to cough and clear secretions, hypoventilation, and 
sleep apnea),33 and medication needs.33 While these 
evaluations may be performed at a specialized 
neuromuscular center, community-based healthcare 
providers play an important role in providing general 
care and immunizations, and providing support 
and guidance within the local community. Authors 
encourage general neurologists, pediatricians, and 
other providers to utilize resources available from 
the neuromuscular care center or SMA advocacy 
organizations to stay updated on SMA management 
guidelines. Additionally, authors stressed that

5

Figure 1. The Multidisciplinary Care Team in SMA1

Reprinted from Neuromuscul Disord, 28(2), Mercuri E, et al; SMA Care 
Group, Diagnosis and management of spinal muscular atrophy: part 1: 
recommendations for diagnosis, rehabilitation, orthopedic and nutritional 
care, 103-115, 2018, with permission from Elsevier.

Table 2. Roundtable Discussion: Clinical Scenarios That 
Should Prompt SMA Evaluation

•  Hypotonic infants or children who appear 
otherwise healthy and have normal cognition
and social development

• Infants who move very little

• Infants with absent refl exes

• Older infants who are unable to sit unassisted

•  Toddlers who are late to walking or
frequently falling

•  Older children who have trouble climbing
stairs or fatigue easily

•  Adults with unexplained proximal weakness or
fi ne tremor

Pulmonary

Acute care

Other organ
involvement

Medication
Nutrition,

gastrointestinal
and bone

health

Orthopedic

Neuromuscular/
rehabilitation

Coordinator

Family

Patient
with
SMA

NR_Pediatric News SMA Supplement_REV2.indd   5 10/7/19   10:31 AM



community-based providers should be prepared to 
collaborate with the neuromuscular specialist in the 
event of an acute illness in an SMA patient.33  

Addressing Barriers to 
SMA Management
Authors expressed concern that patients with 
SMA may not have access to healthcare providers 
experienced in SMA. The group pointed out that 
children with SMA may now be surviving into 
adolescence and adulthood, requiring lifelong 
multidisciplinary care. Additionally, adults living with 
milder forms of SMA who have disengaged from the 
healthcare system may start to seek out information 
on new management options. It was noted that 

today, there are not 
enough healthcare 
providers 
familiar with SMA 
management to 
provide this care, 
particularly in the 
adult population.   

Multidisciplinary 
neuromuscular 
centers and patient 
advocacy organizations such as Cure SMA can help 
the non-SMA specialist learn more about caring 
for patients with SMA. They offer web-based and 
live education for HCPs (https://www.curesma.org/
current-educational-programs/). Additionally, they 

6

[Patients with SMA] and 

their families report 

frustration when they need 

to explain SMA to every 

new HCP that they see, or 

when HCPs say they don’t 

know how to help.

– Mary Schroth, MD

Table 3. Examples of Functional Assessment Scales Used in SMA

Scale Population Description

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

Infants age  
4 months to  
>4 years46 

•  16-item scale assessing motor function47

• Total score ranges from 0-64; higher scores indicate better function47 

Bayley Scales of Infant 
Development (BSID)

Infants and 
toddlers age 
1-42 months48

•  Series of developmental play tasks used to determine need for further 
assessment and intervention48

• Scores compared to norms from typically developing children48

Test of Infant Motor 
Performance Screening 
Items (TIMPSI)

Weak infants with 
type 1 SMA49

•  29-item scale assessing clinically relevant motor function typically 
affected by weakness in infants with SMA; 3 item sets (screening set, 
easy set, and hard set)49

• Total score is the sum of subset scores49

Hammersmith 
Infant Neurological 
Examination (HINE) 
Section 2

Infants age 
2-24 months50 

• 8-item scale assessing motor milestones50

• Total score ranges from 0-26; higher scores indicate improvement50

•  Note that patients with type 1 SMA may not achieve any motor 
milestones, resulting in a score of zero50

Hammersmith Functional 
Motor Scale-Expanded 
(HFMSE)

Patients with 
type 2 or 3 SMA 
age >2 years51,52 

• 33-item scale of gross motor assessments53   
• Total score ranges from 0-66; higher scores indicate better function22

Revised Upper Limb 
Module (RULM)

Children and 
adults with SMA54 

• 19-item scale measuring upper limb function54

• Total score ranges from 0-37; higher scores indicate better function54

Motor Function 
Measure (MFM)

Ambulatory and 
nonambulatory 
children and 
adults with 
neuromuscular 
disease55-57 

•  Assesses measures in 3 domains: standing/transfer/walking; motor 
function in head, trunk, and upper part of arms and legs; motor 
function in lower arms, legs, hands, and feet55

•  Total score is expressed as a percentage of 100; higher scores indicate better 
motor function55,58

6-Minute Walk Test 
(6MWT)

Ambulatory 
children 
 ≥5 years and 
adults48

• Assesses walking abnormalities in neuromuscular disorders48

• Measures distance walked in 6 minutes59
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maintain a database of care centers that provides therapies approved for SMA by the US Food and Drug 
Administration and can help healthcare providers with referrals if needed. 

Not surprisingly, challenges with payers were identified as a barrier to SMA management.60 Authors 
described collaborating with community neurologists and pediatricians familiar with the local payer 
landscape to help initiate care for patients with SMA. In some cases, authors called upon local providers to 
write prescriptions for ancillary therapies, formula, supplies, and equipment. 

Education and Support Services 

During the roundtable discussion, authors stressed that organizations supporting rare diseases serve as 
valuable resources for families living with SMA. Not only do these groups fund SMA research and provide 
education to families and caregivers, but they also provide vital support services. For example, Cure SMA 
maintains a pool of assistive equipment (eg, car beds, bath chairs, lightweight manual wheelchairs, therapy 
chairs, strollers) that is available to patients free of charge. The group described regularly interacting with these 
types of organizations and encouraging their patients with SMA to do the same.  

Conclusion
This SMA roundtable revealed that while SMA may rarely be seen in general practice today, progress in 
SMA management has escalated the need for SMA education and awareness among general neurologists, 
pediatricians, and other HCPs. Untreated SMA can have devastating consequences and the experts agreed 
that timely identification of the symptoms of SMA by a community-based provider with prompt referral to 
a neuromuscular specialist is critical. After diagnosis, patients and their families face a complex array of 
medical needs. Collaboration among SMA experts, general neurologists, primary care physicians, patients, 
and caregivers will ensure that all patients can access evidence-based care and derive the maximum benefit 
from new advances in SMA management. 

References
 1.  Mercuri E, Finkel RS, Muntoni F, et al; SMA Care Group. Diagnosis and management of spinal muscular atrophy: part 1: recommendations for diagnosis, 

rehabilitation, orthopedic and nutritional care. Neuromuscul Disord. 2018;28(2):103-115.
 2. Lefebvre S, Bürglen L, Reboullet S, et al. Identification and characterization of a spinal muscular atrophy-determining gene. Cell. 1995;80:155-165.
 3.  Verhaart IEC, Robertson A, Wilson IJ, et al. Prevalence, incidence and carrier frequency of 5q-linked spinal muscular atrophy — a literature review. 

Orphanet J Rare Dis. 2017;12(1):124.
 4. Farrar MA, Kiernan MC. The genetics of spinal muscular atrophy: progress and challenges. Neurotherapeutics. 2015;12(2):290-302.
 5.  Cure SMA. Voice of the patient report. Spinal muscular atrophy (SMA). http://www.curesma.org/documents/advocacy-documents/sma-voice-of-the-

patient.pdf. Published January 10, 2018. Accessed June 3, 2019.
 6.  Lally C, Jones C, Farwell W, Reyna SP, Cook SF, Flanders WD. Indirect estimation of the prevalence of spinal muscular atrophy Type I, II, and III in the 

United States. Orphanet J Rare Dis. 2017;12(1):175.
 7. Talbot K, Tizzano EF. The clinical landscape for SMA in a new therapeutic era. Gene Ther. 2017;24(9):529-533.
 8. Munsat TL, Davies KE. International SMA consortium meeting. (26-28 June 1992, Bonn, Germany). Neuromuscul Disord. 1992;2(5-6):423-428.
 9. Russman BS. Spinal muscular atrophy: clinical classification and disease heterogeneity. J Child Neurol. 2007;22(8):946-951.
10. D’Amico A, Mercuri E, Tiziano FD, Bertini E. Spinal muscular atrophy. Orphanet J Rare Dis. 2011;6:71.
11.  Kolb SJ, Kissel JT. Spinal muscular atrophy. Neurol Clin. 2015;33(4):831-846.
12.  Arnold WD, Kassar D, Kissel JT. Spinal muscular atrophy: diagnosis and management in a new therapeutic era. Muscle Nerve. 2015;51(2):157-167.
13.  Sumner CJ, Crawford TO. Two breakthrough gene-targeted treatments for spinal muscular atrophy: challenges remain. J Clin Invest. 2018;128(8):3219-3227.
14.  Darras BT, Finkel RS. Natural history of spinal muscular atrophy. In: Sumner CJ, Paushkin S, Ko CP, eds. Spinal Muscular Atrophy: Disease Mechanisms and 

Therapy. London, UK: Academic Press/Elsevier; 2017:399-421.
15.  Farrar MA, Vucic S, Johnston HM, du Sart D, Kiernan MC. Pathophysiological insights derived by natural history and motor function of spinal muscular 

atrophy. J Pediatr. 2013;162(1):155-159.
16.  von Gontard A, Zerres K, Backes M, et al. Intelligence and cognitive function in children and adolescents with spinal muscular atropy. Neuromuscul 

Disord. 2002;12(2):130-136.
17.  Dubowitz V. Very severe spinal muscular atrophy (SMA type 0): an expanding clinical phenotype. Eur J Paediatr Neurol. 1999;3:49-51.
18.  Finkel RS, McDermott MP, Kaufmann P, et al. Observational study of spinal muscular atrophy type I and implications for clinical trials. Neurology. 

2014;83(9):810-817.
19.  Lemoine TJ, Swoboda KJ, Bratton SL, Holubkov R, Mundorff M, Srivastava R. Spinal muscular atrophy type 1: are proactive respiratory interventions 

associated with longer survival? Pediatr Crit Care Med. 2012;13(30):e2161-e165.
20.  Oskuoui, M, Levy G, Garland CJ, et al. The changing natural history of spinal muscular atrophy type 1. Neurology. 2007;69:1931-1936.
21.  Kaufmann P, McDermott MP, Darras BT, et al; Muscle Study Group (MSG); Pediatric Neuromuscular Clinical Research Network for Spinal Muscular 

Atrophy (PNCR). Prospective cohort study of spinal muscular atrophy types 2 and 3. Neurology. 2012;79(18):1889-1897.
22.  Mercuri E, Finkel R, Motes J, et al. Patterns of disease progression in type 2 and 3 SMA: implications for clinical trials. Neuromuscul Disord. 

2016;26(2):126-131. 

7

NR_Pediatric News SMA Supplement_REV2.indd   7 10/7/19   10:31 AM



8

23.  Deymeer F, Serdaroglu P, Parman Y, Poda M. Natural history of SMA IIIb: muscle strength decreases in a predictable sequence and magnitude. 
Neurology. 2008;71(9):644-649.

24.  Zerres K, Rudnik-Schöneborn S, Forrest E, Lusakowska A, Borkowska J, Hausmanowa-Petrusewicz I. A collaborative study on the natural history of 
childhood and juvenile onset proximal spinal muscular atrophy (type II and III SMA): 569 patients. J Neurolog Sci. 1997;146(1):67-72.

25.  Prior TW, Finanger E. Spinal muscular atrophy. In: Adam MP, Ardinger HH, Pagon RA, et al, eds. GeneReviews. Seattle, WA: University of Washington, 
Seattle. Updated December 2016.

26.  Proximal spinal muscular atrophy. Orphanet website. https://www.orpha.net/consor/cgi-bin/Disease_Search.php?lng=EN&data_id=633&Disease_Disease_
Search_diseaseGroup=proximal-spinal-muscular-atrophy&Disease_Disease_Search_diseaseType=Pat&Disease(s)/group%20of%20diseases=Proximal-
spinal-muscular-atrophy&title=Proximal%20spinal%20muscular%20atrophy&search=Disease_Search_Simple. Accessed August 9, 2019.

27.  Park GH, Maeno-Hikichi Y, Awano T, Landmesser LT, Monani UR. Reduced survival of motor neuron (SMN) protein in motor neuronal progenitors 
functions cell autonomously to cause spinal muscular atrophy in model mice expressing the human centromeric (SMN2) gene. J Neurosci. 
2010;30(36):12005-12019.

28.  Wijngaarde CA, Blank AC, Stam M, Wadman RI, van den Berg LH, van der Pol WL. Cardiac pathology in spinal muscular atrophy: a systematic review. 
Orphanet J Rare Dis. 2017;12(1):67.

29.  Shanmugarajan S, Swoboda K, Iannaccone ST, Ries WL, Maria BL, Reddy SV. Congenital bone fractures in spinal muscular atrophy: functional role for 
SMN protein in bone remodeling. J Child Neurol. 2007;22(8):967-973.

30.  Bowerman M, Swoboda K, Michalski JP, et al. Glucose metabolism and pancreatic defects in spinal muscular atrophy. Ann Neurol. 2012;72(2):256-268.
31.  Hua Y, Sahashi K, Rigo F, et al. Peripheral SMN restoration is essential for long-term rescue of a severe spinal muscular atrophy mouse model. Nature. 

2011;478(7367):123-126.
32.  Sintusek P, Catapano F, Angkathunkayul N, et al. Histopathological defects in intestine in severe spinal muscular atrophy mice are improved by systemic 

antisense oligonucleotide treatment. PLoS One. 2016;11(5):e0155032.
33.  Finkel RS, Mercuri E, Meyer OH, et al; SMA Care Group. 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. 
34.  Wasserman HM, Hornung LN, Stenger PJ, et al. Low bone mineral density and fractures are highly prevalent in pediatric patients with spinal muscular 

atrophy regardless of disease severity. Neuromuscul Disord. 2017;27(4):331-337.
35.  Rudnik-Schöneborn S, Vogelgesang S, Armbrust S, Graul-Neumann L, Fusch C, Zerres K. Digital necrosis and vascular thrombosis in severe spinal 

muscular atrophy. Muscle Nerve. 2010;42(1):144-147.
36.  Araujo Ap, Araujo M, Swoboda KJ. Vascular perfusion abnormalities in infants with spinal muscular atrophy. J Pediatr. 2009;155(2):292-294.
37. Nery FC, Siranosian JJ, Rosales I, et al. Impaired kidney structure and function in spinal muscular atrophy. Neurol Genet. 2019;5:e3563.
38.  Swoboda KJ, Prior TW, Scott CB, et al. Natural history of denervation in SMA: relation to age, SMN2 copy number, and function. Ann Neurol. 

2005;57(5):704-712.
39.  Kolb SJ, Coffey CS, Yankey JW, et al; NeuroNEXT Clinical Trial Network on behalf of the NN101 SMA Biomarker Investigators. Natural history of infantile-

onset spinal muscular atrophy. Ann Neurol. 2017;82(6):883-891.
40.   Govoni A, Gagliardi D, Comi GP, Corti S. Time is motor neuron: therapeutic window and its correlation with pathogenetic mechanisms in spinal 

muscular atrophy. Mol Neurobiol. 2018;55(8):6307-6318.
41.  Cure SMA. SMA newborn screening advancements. http://www.curesma.org/news/sma-newborn-screening.html. Published September 19, 2018. 

Accessed July 19, 2019.
42.  Lawton S, Hickerton C, Archibald AD, McClaren BJ, Metcalfe SA. A mixed methods exploration of families’ experiences of the diagnosis of childhood 

spinal muscular atrophy. Eur J Hum Genet. 2015;23(5):575-580. 
43.  Qian Y, McGraw S, Henne J, Jarecki J, Hobby K, Yeh WS. Understanding the experiences and needs of individuals with spinal muscular atrophy and their 

parents: a qualitative study. BMC Neurol. 2015;15:217.
44.   Stephenson K. SMA added to national list of disorders to screen for at birth. Muscular Dystrophy Association. https://strongly.mda.org/sma-added-

national-list-disorders-to-screen-for-at-birth/. Published July 5, 2018. Accessed July 11, 2019.
45.  Luxner L. SMA Newborn screening expands as more states enact mandatory testing. SMA News Today. https://smanewstoday.com/2019/03/26/sma-

newborn-screening-grows-states-enact-mandatory-testing/. Published March 26, 2019. Accessed July 11, 2019.
46.  Glanzman AM, McDermott MP, Montes J, et al; Pediatric Neuromuscular Clinical Research Network for Spinal Muscular Atrophy (PNCR); Muscle 

Study Group (MSG). Validation of the Children’s Hospital of Philadelphia Infant Test of Neuromuscular Disorders (CHOP INTEND). Pediatr Phys Ther. 
2011;23(4):322-326.

47.  Glanzman AM, Mazzone E, Main M, et al. The Children’s Hospital of Philadelphia Infant Test of Neuromuscular Disorders (CHOP INTEND): test 
development and reliability. Neuromuscul Disord. 2010;20(3):155-161.

48.  Glascock J, Sampson J, Haidet-Phillips A, et al. Treatment algorithm for infants diagnosed with spinal muscular atrophy through newborn screening.  
J Neuromuscul Dis. 2018;5(2):145-158.

49.  Krosschell KJ, Maczulski JA, Scott C, et al; Project Cure SMA Investigators Network. Reliability and validity of the TIMPSI for infants with spinal muscular 
atrophy. Pediatr Phys Ther. 2013;25(2):140-149. 

50. De Sanctis R, Coratti G, Pasternak A, et al.  Developmental milestones in type 1 spinal muscular atrophy. Neuromuscul Disord. 2016;26(11):754-759.
51.  Glanzman AM, O’Hagen JM, McDermott MP, et al; Pediatric Neuromuscular Clinical Research Network for Spinal Muscular Atrophy (PNCR); Muscle 

Study Group (MSG). Validation of the Expanded Hammersmith Functional Motor Scale in spinal muscular atrophy type II and III. J Child Neurol. 
2011;26(12):1499-1507.

52.  O’Hagen JM, Glanzman AM, McDermott MP, et al. An expanded version of the Hammersmith Functional Motor Scale for SMA II and III patients. 
Neuromuscul Disord. 2007;17(9-10):693-697.

53.  PNCR Network for SMA. Expanded Hammersmith Functional Motor Scale for SMA. http://columbiasma.org/docs/HFMSE_2019_Manual.pdf. Published 
March 7, 2009. Accessed July 19, 2019.

54.  Mazzone ES, Mayhew A, Montes J, et al. Revised upper limb module for spinal muscular atrophy: development of a new module. Muscle Nerve. 
2017;55(6):869-874.

55.  Vuillerot C, Payan C, Iwaz J, Ecochard R, Bérard C; MFM Spinal Muscular Atrophy Study Group. Responsiveness of the motor function measure in 
patients with spinal muscular atrophy. Arch Phys Med Rehabil. 2013;94(8):1555-1561.

56.  de Lattre C, Payan C, Vuillerot C, et al; MFM-20 Study Group. Motor function measure: validation of a short form for young children with neuromuscular 
diseases. Arch Phys Med Rehabil. 2013;94(11):2218-2226.

57.   Finkel R, Bertini E, Muntoni F, Mercuri E; ENMC SMA Workshop Study Group. 209th ENMC International Workshop: outcomes measures and clinical trial 
readiness in spinal muscular atrophy 7-9 November 2014, Heemskerk, The Netherlands. Neuromuscul Disord. 2015;25(7):593-602.

58.  Bérard C, Payan C, Hodgkinson I, Fermanian J; MFM Collaborative Study Group. A motor function measure for neuromuscular diseases. Construction 
and validation study. Neuromuscul Disord. 2005;15(7):463-470.

59. Mazzone E, Bianco F, Main M, et al. Six minute walk text in type III spinal muscular atrophy: a 12 month longitudinal study. Neuromuscul Disord. 2013;23(8):624-628. 

60. Belter L, Jones C, Paradis A, et al. Cure SMA membership: findings from the 2018 membership survey [abstract P94]. Neuromuscul Disord. 2018;28:S58.

M-US-00000284(v1.0)

NR_Pediatric News SMA Supplement_REV2.indd   8 10/7/19   10:31 AM


	001_Pediatric News SMA_1019
	002_Pediatric News SMA_1019
	003_Pediatric News SMA_1019
	004_Pediatric News SMA_1019
	005_Pediatric News SMA_1019
	006_Pediatric News SMA_1019
	007_Pediatric News SMA_1019
	008_Pediatric News SMA_1019

