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Spinal muscular atrophy is a neurodegenerative disease that
requires multidisciplinary medical care. Recent progress in the
understanding of molecular pathogenesis of spinal muscular
atrophy and advances in medical technology have not been
matched by similar developments in the care for spinal muscu-
lar atrophy patients. Variations in medical practice coupled with
differences in family resources and values have resulted in vari-
able clinical outcomes that are likely to compromise valid meas-
ure of treatment effects during clinical trials. The International
Standard of Care Committee for Spinal Muscular Atrophy was
formed in 2005, with a goal of establishing practice guidelines
for clinical care of these patients. The 12 core committee mem-
bers worked with more than 60 spinal muscular atrophy experts
in the field through conference calls, e-mail communications, a
Delphi survey, and 2 in-person meetings to achieve consensus
on 5 care areas: diagnostic/new interventions, pulmonary,

gastrointestinal/nutrition, orthopedics/rehabilitation, and pal-
liative care. Consensus was achieved on several topics related to
common medical problems in spinal muscular atrophy, diagnos-
tic strategies, recommendations for assessment and monitoring,
and therapeutic interventions in each care area. A consensus
statement was drafted to address the 5 care areas according to 3
functional levels of the patients: nonsitter, sitter, and walker. The
committee also identified several medical practices lacking con-
sensus and warranting further investigation. It is the authors’
intention that this document be used as a guideline, not as a
practice standard for their care. A practice standard for spinal
muscular atrophy is urgently needed to help with the multidisci-
plinary care of these patients.

Keywords: spinal muscular atrophy; standard of care;
consensus statement

Current Problems in the Medical Care of
Patients With Spinal Muscular Atrophy

Spinal muscular atrophy is a recessively inherited neuro-
muscular disease characterized by degeneration of spinal
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cord motor neurons, resulting in progressive muscular atro-
phy and weakness. The clinical spectrum of spinal muscular
atrophy ranges from early infant death to normal adult life
with only mild weakness. These patients often require com-
prehensive medical care involving multiple disciplines. There
is, however, no published practice standard for the care of
these patients. Disparity in family resources, medical practi-
tioners’ knowledge, and regional and cultural standards pro-
duces wide variation in care and clinical outcome. Spinal
muscular atrophy, as a field, has recently seen major
advances in molecular diagnosis and clinical therapeutics
that have not been matched by wide understanding and
application. Parents of children newly diagnosed with spinal
muscular atrophy often seek care over the Internet or outside
of their geographic area to obtain expert care needed for their
children, albeit in a costly and inefficient manner. This also
undermines trust in local practitioners and their potential to
render good clinical care during acute illness. Another conse-
quence of these variations in practice is loss of trust in tradi-
tional medicine and increase in the attractiveness of untested
and potentially harmful unconventional therapies. The large
variation of clinical care in spinal muscular atrophy also
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results in challenges for future therapeutic trials. For all
these reasons, we have identified an urgent need to establish
a practice guideline, both to improve patient care and to pro-
vide a baseline standard for future clinical trials in spinal
muscular atrophy.

The International Standard of Care
Committee for Spinal Muscular Atrophy

Committee Formation

In September 2004, the National Institute of Neurological
Diseases and Stroke sponsored an International Spinal
Muscular Atrophy Conference in Bethesda, Maryland, with
the goal of formulating strategies to coordinate future clinical
trials in spinal muscular atrophy.! During the conference, it
became clear that the wide variation of medical care received
by spinal muscular atrophy patients likely increases the
variability of outcomes in clinical trials. Thus, this Spinal
Muscular Atrophy Standard of Care Committee was formed
in January 2005, as a standing committee of the International
Coordinating Committee for Spinal Muscular Atrophy clini-
cal trials, to investigate the current state of science in clinical
practice in spinal muscular atrophy and to attempt to achieve
consensus on the standard of care for these patients.

Committee Structure

The Standard of Care Committee for Spinal Muscular
Atrophy is cochaired by a US and a European neurologist.
There are 12 core members and 3 consultants on the
committee. Eleven of the core members are currently prac-
ticing pediatric neurologists, and 1 is a pediatric pulmonolo-
gist. The 3 consultants consist of 1 National Institute
of Neurological Diseases and Stroke liaison and 2 repre-
sentatives from patient advocacy groups. The committee
is subdivided into 4 working groups: diagnostics/new
interventions, pulmonary, gastrointestinal/nutrition, and
orthopedics/rehabilitation. Each group is headed by a leader
from the United States and a coleader from Europe. All
committee members participated voluntarily, without pay.
They were either nominated by their peers or have volun-
teered themselves for this task force. Each working group is
composed of 6 to 11 experts in the field for that particular
care issue (please see the Web site http://smascc.stanford
.edu for a current roster of committee members).

Committee Missions

The committee has identified the following goals for all 4
working groups: (1) to identify current care issues in spinal
muscular atrophy clinical practice, (2) to search for existing
practices in spinal muscular atrophy clinical care and the
rationale or data supporting such practices, (3) to achieve
consensus of the most appropriate medical practice in caring

for patients with spinal muscular atrophy, (4) to use this
standard of care consensus to establish clinical care guide-
lines for future spinal muscular atrophy clinical trials, (5) to
identify future research directions in the care of patients
with spinal muscular atrophy, and (6) to publish the consen-
sus as guidelines for clinical care of patients with spinal mus-
cular atrophy.

Methods of Achieving Consensus
on Standard of Care for Spinal
Muscular Atrophy

Standards of medical practice are ideally established upon
evidence-based clinical trial data. Unfortunately, committee
core members found little data from well-designed clinical
studies upon which evidence-based practice parameters in
spinal muscular atrophy could be drafted (please see litera-
ture reviews in each care topic in the following sections).
The absence of well-designed clinical trial data requires sub-
stitution of widely held opinion drawn from a survey of
experts in the field. It is hoped that this consensus statement
will serve both as an initial practice guideline for the care of
spinal muscular atrophy and an outline of areas where
needed clinical investigation may be best focused. We
describe here the process leading to the drafting of this con-
sensus statement.

Periodic Conference Calls and
Literature Review

Since the inception of the committee in early 2005, the
members have held periodic conference calls to discuss the
ways to establish practice guidelines for spinal muscular
atrophy. Group leaders were tasked with conducting litera-
ture reviews in their particular care areas. A password-
protected Web site was established during this time.
References of literature reviews were uploaded to the Web
site. Having concluded that there were not enough published
data to allow drafting of an evidence-based practice parame-
ter, the group explored the possibility of using a Delphi sur-
vey to achieve consensus among experts in the field.

The Delphi Survey

The Delphi technique® was initially used to explore consen-
sus expert opinion in government and education. More
recently, it has been used in medicine, notably in rheuma-
tology and neurology.*® The goal of the Delphi technique is
to identify if in aggregation there is a rank-ordered cluster of
answers from respondents that reflects group consensus on
that particular question. It also serves to identify if no con-
sensus is present and where topics need further study. It
presents group opinions anonymously, avoids domination by
a few strong voices in the group, and can be completed by
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electronic communications within a few weeks. Exploratory
use of the Delphi technique was performed during an initial
committee meeting in Philadelphia in June 2005. This
served to familiarize the attending committee members with
the mechanics of the Delphi technique and of its strengths
and limitations. Having completed 2 rounds of pilot surveys
among the committee members, the group concluded
that the Delphi technique was suitable for establishing a
consensus opinion among experts in spinal muscular
atrophy. Group leaders then met by conference calls and
e-mail communications to construct a formal Delphi sur-
vey questionnaire. During the first round of the Delphi sur-
vey, a set of open-ended questions was constructed for each
of the 5 spinal muscular atrophy care topics (diagnostic/
new interventions, pulmonary, gastrointestinal/nutrition,
orthopedics/ rehabilitation, and palliative care). Each topic
is divided into 3 parts: presenting signs and symptoms,
diagnostic testing, and intervention options. The inter-
vention part is then divided into acute management and
health maintenance. These open-ended questions are
named Question #1 (Q#1, available on the Web site
http://smascc.stanford.edu). The Q#1 was distributed by
ane-mail attachment to survey participants. A total of 86
spinal muscular atrophy experts were invited to partici-
pate in the survey. They were invited from 4 medical dis-
ciplines: 18 from the gastrointestinal/nutrition group, 21
from the pulmonary group, 25 neurologists from the diag-
nostic/new interventions group, and 22 from the orthope-
dics/rehabilitation group. Thirty-four of them were from
Europe, and 52 were from the United States and Canada.
All invited participants were recommended by committee
members. The participants were allowed 3 weeks to
respond to the questionnaire. Neurologists were encour-
aged to answer all 5 care topics. Respondents in the other
3 working groups generally limited their responses to
respective areas of expertise. Fifty-six of the original 86
invited participants (65%) completed this Q#1. Twenty-
two of them were from Europe, and 34 were from the
United States and Canada. To ensure the anonymity of
the process, a numeric code was assigned to each respon-
dent by the survey coordinator upon receipt of answers to
Q#1. Analysis and presentation of the data were performed
by the survey coordinator using these numeric codes. The
answers from Q#1 were collected and analyzed. The most
frequent occurring answers to these Q#1 questions were
chosen to construct the Question #2 (Q#2, available on the
Web site http://smascc.stanford .edu) during the second
round of the Delphi survey. In this second round, the ques-
tions were the same as those in Q#1 except that respon-
dents were asked to rank order from the highest to the
lowest importance among a list of choices. Forty-four (79%)
respondents who answered the Q#1 also completed Q#2.
These responses were summarized and presented to com-
mittee participants at the Standard of Care Conference
described in the following section.
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The International Conference on the Standard
of Care for Spinal Muscular Atrophy

This conference was held May 5-6, 2006, at Stanford
University Medical Center, Palo Alto, California. Thirty-five
members of the committee and Delphi survey participants
gathered to work on a consensus statement for spinal mus-
cular atrophy standard of care. First, leaders and designated
members of each working group presented a critical review of
the literature. The individual working group then reviewed
the results of the Delphi survey in their care areas during
breakout sessions. The final consensus within each working
group was achieved by using the Delphi data as a guideline,
incorporating the available data in the literature and the
opinions of group members. These results were presented
by group leaders to all conference participants for com-
ments. The group leaders and coleaders then worked with
each working group to draft the consensus statement on
each care area. The summaries of these statements are
listed in the following sections.

Diagnostic Testing and Care of
New Spinal Muscular Atrophy Patients

Clinical Diagnosis and Classification of Spinal
Muscular Atrophy

Physicians encountering children with hypotonia and
weakness should maintain a high index of suspicion for
the diagnosis of spinal muscular atrophy. Certain physical
characteristics are readily identifiable. The weakness is
usually symmetrical and more proximal than distal.
Sensation is preserved. Tendon reflexes are absent or
diminished. Weakness in the legs is greater than in the
arms. The severity of weakness generally correlates
with the age of onset. The most severe type presents in
infancy. The infant may appear normal at birth. Weakness
evolves within the first few months of life. Occasionally,
decreased intrauterine movements suggest prenatal onset of
the disease and present with severe weakness and joint con-
tractures at birth.® Milder types of spinal muscular atrophy
present with later onset, and the course is more insidious.
Some children sit but never walk, whereas others show
delayed walking but may be able to maintain walking until
adult years. For the purpose of clinical care and discus-
sion, individuals manifesting different levels of weakness
due to spinal muscular atrophy have been divided into 4
groups defined by functional ability. We list typical clinical
features of spinal muscular atrophy in Table 1. The first 3
types are classified according to criteria established by the
International Spinal Muscular Atrophy Consortium.”® Type
4 spinal muscular atrophy is a mild form that presents
in adulthood. It can be expected that some patients
will manifest features that are at the margins between
groups.
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Clinical Classification of Spinal Muscular Atrophy

Highest Function Natural Age of Death

Table 1.
SMA Type Age of Onset
Type 1 (severe) 0-6 mo
Type 2 (intermediate) 7-18 mo
Type 3 (mild) >18 mo
Type 4 (adult) Second or third decade

Never sits Ly
Never stands >2y
Stands and walks Adult
Walks during adult years Adult

NOTE: SMA = spinal muscular atrophy.

In addition to these defining criteria, unique clinical
features of each spinal muscular atrophy type include the
following: (1) Type 1 spinal muscular atrophy. This type is
also called Werdnig-Hoffmann disease. Children with this
disease have impaired head control, with a weak cry and
cough. Swallowing, feeding, and handling of oral secretion
are affected before 1 year of age. The tongue may show atro-
phy and fasciculation. Weakness and hypotonia in the limbs
and trunks are eventually accompanied by intercostal mus-
cle weakness. Combining intercostal weakness with initial
sparing of the diaphragm, the infants exhibit characteristic
paradoxical breathing and a bell-shaped trunk with chest
wall collapse and abdominal protrusion. Early morbidity
and mortality are most commonly associated with bulbar
dysfunction and pulmonary complications. (2) Type 2 spinal
muscular atrophy. These children have delayed motor mile-
stones. Some learned to achieve independent sitting,
whereas others need help to sit up. The defining character-
istic is an ability to maintain a sitting position unsupported.
At the strongest end of this category are those who can stand
with a standing frame or long leg braces but are not able to
walk independently. Bulbar weakness with swallowing diffi-
culties may lead to poor weight gain in some children.
Intercostal muscles are weak, and some are also
diaphragmatic breathers. They have difficulty coughing
and clearing tracheal secretion. They have fine tremors
with extended fingers or when attempting hand grips.
Kyphoscoliosis eventually develops, and bracing or spinal
surgery is needed. Joint contractures commonly evolve over
years. (3) Type 3 spinal muscular atrophy. This type is also
called Kugelberg-Welander disease or juvenile spinal muscu-
lar atrophy. These patients have later but variable age of
onset. All achieve independent walking. Some patients lose
the ability to walk in childhood, yet others maintain walking
until adolescence or adulthood. Scoliosis can develop in these
patients. Swallowing, cough, and nocturnal hypoventilation
are less common than in type 2 spinal muscular atrophy but
may occur. Muscle aching and joint overuse symptoms are
common. (4) Type 4 spinal muscular atrophy. The onset of
weakness is usually in the second or third decade of life.
Motor impairment is mild without respiratory or gastroin-
testinal problems.

Within each spinal muscular atrophy type, subclassifi-
cations have been proposed and can add to prognostic sig-
nificance. For example, only 22% of patients with type 3a,

with onset of symptoms before age 3 years, were still
ambulatory at age 40 years, whereas 58.7% of the
patients with type 3b, with onset after age 3 years, were
still walking by age 40 years.” Type 1 patients have also
been subclassified into types la (neonatal or antenatal
onset), 1b (typical Werdnig-Hoffmann disease with onset
after neonatal period), and lc (later onset, better head
control in supported sitting, mild feeding or respiratory
difficulties during the first 6 months of life).'®!" However,
these subclassifications have not been widely used among
clinicians.

During the preparation of the Delphi survey, the com-
mittee decided that the most appropriate care for patients
with spinal muscular atrophy should be tailored according to
their current functional status rather than the original clas-
sification of disease types because these represent the best
level of function rather than the present status. Therefore,
the committee decided to use the classification of current
functional level in the form of nonsitters, sitters, and walk-
ers. The nonsitters include the group of children who cur-
rently are not able to sit independently. The sitters include
those who can sit independently but cannot walk independ-
ently. The walkers can walk independently.

Other Forms of Spinal Muscular Atrophy

There are other inherited motor neuron disorders, not caused
by mutation of the SMN gene (non-5q spinal muscular
atrophy), that present with early denervation weakness
but different clinical symptoms than those stated above.'?
These atypical symptoms include joint contractures, dis-
tal rather than proximal weakness, diaphragmatic paraly-
sis with early respiratory failure, and pontocerebellar
degeneration. DNA testing has become available for some
but not all of these disorders. If a child with clinical fea-
tures of spinal muscular atrophy is found not to have an
SMN deletion on either chromosome 5, the child should
be reexamined and receive additional diagnostic testing.
(Please see the next section for the diagnostic strategies
for these patients.) Table 2 lists some spinal muscular
atrophy variants that exhibit early symptoms overlapping
with 5q spinal muscular atrophy. Several later-onset
motor neuron diseases overlap with milder 5q spinal mus-
cular atrophy. These are beyond the scope of this docu-
ment and are not listed here.
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Table 2. Other Forms of Severe Spinal Muscular Atrophy Not Linked to SMN Gene
SMA Variants Inheritance/Linkage/Gene Clinical Presentation Reference
Scapuloperoneal spinal Autosomal dominant Congenital absence of muscles, progressive (13, 14)
muscular atrophy 12q24.1-q24.31 weakness of scapuloperoneal and laryngeal muscles
Pontocerebellar hypoplasia Autosomal recessive Onset 0-6 mo, cerebellar and brainstem hypoplasia, (15-19)
with spinal muscular atrophy absent dentate nucleus, neuronal loss in basal ganglia,
cortical atrophy
X-linked infantile spinal muscular X-linked Onset at birth or infancy, contractures, death less (20, 21)
atrophy with arthrogryposis Xpl1.3-q11.2 than 2y
Spinal muscular atrophy with Autosomal recessive Onset within the first 3 mo of life, eventration of the (22, 23)

respiratory distress type 1 11q13.2-q13.4

IGHMBP2

right or both hemidiaphragms, finger contractures,
pes equines foot deformities

NOTE: SMA = spinal muscular atrophy.

Diagnostic Procedures

The stepwise algorithm of the diagnostic procedure is sum-
marized in Figure 1. Briefly, the first diagnostic test for a
patient suspected to have spinal muscular atrophy should be
the SMN gene deletion test. This test is currently performed
by several diagnostic laboratories, and the result can be
obtained within 2 to 4 weeks. The test achieves up to 95%
sensitivity and nearly 100% specificity***> A homozygous
deletion of SMIN1 exon 7 (with or without deletion of exon
8) confirms the diagnosis of SMN-associated spinal muscu-
lar atrophy (5q spinal muscular atrophy). The next group of
tests following a negative SMN test result includes repeat
clinical examination of the patient for atypical clinical fea-
tures as listed in Table 2. Laboratory tests should include
muscle enzyme creatine kinase, electrophysiological testing
such as electromyography (EMG), and nerve conduction
study with repetitive stimulation. This will help to identify
muscle diseases, motor neuropathies, and disorders of neu-
romuscular junctions. If EMG suggests a motor neuron dis-
ease, then further testing for SMN mutations should be
pursued. Some laboratories are currently offering SMN1
gene copy number testing. If the patient possesses only a sin-
gle copy of SMNI (missing 1 copy), then it is possible that
the remaining copy contains subtle mutations, including
point mutations, insertions, and deletions, rendering
homozygous dysfunction of the gene. Sequencing of the cod-
ing region of the remaining SMNI copy may identify the
mutation on the remaining copy and confirm the diagnosis
of 5q spinal muscular atrophy. Unfortunately, sequencing
the coding region of SMN is currently not widely available
and is usually performed only in a few diagnostic or research
laboratories. If the patient possesses 2 copies of SMINI, then
other motor neuron disorders such as spinal muscular atro-
phy with respiratory distress, X-linked spinal muscular atro-
phy, distal spinal muscular atrophy, and juvenile amyotrophic
lateral sclerosis should be considered. If EMG, nerve con-
duction study, and repetitive stimulation reveal characteris-
tic patterns associated with diseases in muscle, nerve, or
neuromuscular junction, then further diagnostic tests,

including muscle or nerve biopsy and edrophonium test, may
be performed. When disease of the neuromuscular system is
ruled out, then one should pursue diagnostic tests to identify
spinal cord or brain anomalies by imaging studies such as
magnetic resonance imaging or computed tomography
scans. Other diagnostic tests should then be performed to
identify systemic diseases, such as metabolic disorders or
other genetic disorders.

Clinical Management of Newly Diagnosed
Spinal Muscular Atrophy Patients

Many care issues arise when a patient is newly diagnosed
with spinal muscular atrophy. Clinicians need to address
the various aspects of care issues as soon as possible.

Family Education and Counseling

Because of the complexity of medical problems associated
with the diagnosis of spinal muscular atrophy, the committee
suggests that medical providers designate a person to meet
with the family. This person is usually a pediatric neurologist
or a geneticist. The primary care physician (pediatrician or
family physician) should be well informed of the multidisci-
plinary needs of these patients and play a central role in
coordinating follow-up care. During the first meeting with
parents, it is important to explain the disease process, patho-
genesis, phenotype classification, and the patient’s prognosis.
The physician should also formulate a plan of multidiscipli-
nary intervention with the family. This usually includes refer-
ral to a pediatric neuromuscular clinic and/or pediatric
subspecialties such as genetics, pulmonary, gastroenterology/
nutrition, and orthopedic/rehabilitation. The families will
appreciate online resources for further information
regarding spinal muscular atrophy. Providing information
on spinal muscular atrophy patient advocacy groups has
proved to be the most useful to help families cope with
the diagnosis (please see the acknowledgments section
for links to some patient support group Web sites).
Several clinical trials are currently in progress both in the
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SMA with

typical or SMNI gene Homozygous
uncommon [— deletiontest [ | SMNI deletion
features

No homozygous

Repeat clinical examination,

Diagnosis of 5q
SMA confirmed

Proximal >distal
weakness, normal CK

deletion of SMNI —? EMG, NCS/RNS, and CK neurogenic EMG
y SMNI copy count
-Demyelinating or Uncommon SMA Diffuse weakness,
axonal neuropathy features but normal EMG, NCS,
-NMJ disorder neurogenic EMG, CK, then consider v 5
-Myopathy normal CK MRI of brain and 2 copies of || 1 copy of
-Muscular dystrophy spinal cord and SMNI SMN1
metabolic screens l
Perform sequencing for

Muscle or nerve biopsy,
specific genetic tests for
myopathies, muscular

Other motor neuron disorders:
consider SMARD, X-SMA,
distal SMA, juvenile ALS

SMNI1 point mutation

dystrophies, or hereditary
neuropathies

- Y

No SMN1 Mutation
mutation identified
A
Diagnosis of SMIN- Diagnosis
related SMA remains of 5 SMA
unconfirmed confirmed

Figure 1.

Diagnostic evaluation for spinal muscular atrophy. A diagnostic algorithm for spinal muscular atrophy and other neuromuscular disorders. The

Standard of Care Committee recommends the stepwise diagnostic procedure outlined in this flow chart when encountering patients with clinical symp-

toms of spinal muscular atrophy (SMA). Please see text for detailed explanation of this diagram. EMG = electromyography; NCS = nerve conduction study;
RNS = repetitive nerve stimulation; CK = creatine kinase; NMJ = neuromuscular junction; MRI = magnetic resonance imaging; SMARD = spinal muscu-
lar atrophy with respiratory distress; X-SMA = X-link SMA; ALS = amyotrophic lateral sclerosis.

United States and in Europe. Physicians should provide
information regarding these trials or refer families to clinical
trial Web sites (www.clinicaltrials.gov provides a current list-
ing of open clinical trials). Many factors can influence the
families’ choice to participate in a clinical trial. The families
should be encouraged to contact as many study sites as pos-
sible before they decide to participate in any trial.

Genetic lopics

Several genetic topics should be addressed with the diagno-
sis of spinal muscular atrophy. This is often done by a neu-
rologist or geneticist. Topics related to the genetics of spinal
muscular atrophy, such as autosomal recessive inheritance
and genomic structure of SMN—SMNI and SMN2
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copies—should be explained to the family. The current
literature suggests SMIN2 copy numbers correlate with spinal
muscular atrophy clinical phenotypes.**?” However, although
a higher copy number of SMIN2 is correlated with milder phe-
notype, phenotypes can vary substantially given SMIN2 copy
number. Therefore, predicting clinical phenotype using
SMN2 copy number can be risky and is not currently recom-
mended. Other important genetic topics include sibling
recurrence risk, carrier testing, and information that may help
with reproductive planning (prenatal diagnosis or preimplan-
tational diagnosis). Presymptomatic diagnosis of unaffected
siblings is controversial. According to American Society of
Human Genetics guidelines, presymptomatic diagnosis in
children should be considered only if early intervention can
delay the onset or slow the progression of the disease.”® The
committee agrees that presymptomatic diagnosis of at-risk
siblings of spinal muscular atrophy patients may lead to early
intervention and improve clinical outcome. Therefore,
parental request of testing unaffected siblings of the spinal
muscular atrophy patient should be granted. The current
SMNI deletion test will detect the SMINI copy number and
provide the information of whether the sibling is affected (0
copy) or is a carrier (1 copy). The topic of neonatal screening
is also controversial. Although there is currently no proven
therapy in spinal muscular atrophy, the committee recognizes
the utility of neonatal screening as a tool for identifying effec-
tive treatments. Furthermore, in view of recent therapeutic
advances, it is possible that in the future, spinal muscular
atrophy may be treated more effectively if presymptomatic
patients are detected through neonatal screening and treat-
ment is started prior to weakness becoming apparent.

Consensus on Pulmonary Care

Overview of Pulmonary Problems in Spinal
Muscular Atrophy

The key respiratory problems in spinal muscular atrophy
are as follows:

1. impaired cough resulting in poor clearance of lower
airway secretions;

2. hypoventilation during sleep;

. chest wall and lung underdevelopment; and

4. recurrent infections that exacerbate muscle weakness.

w

Pulmonary disease is the major cause of morbidity and
mortality in spinal muscular atrophy types 1 and 2 and may
occur in a small proportion of patients with spinal muscular
atrophy type 3. Without respiratory support, infants who are
unable to sit usually die before the age of 2 years.®* Pulmonary
compromise is caused by a combination of inspiratory and
expiratory muscle weakness, with greater involvement of expi-
ratory and intercostal muscles. The diaphragm is relatively
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spared. In nonsitters, the result is a bell-shaped chest with
sternal depression. In older sitters and walkers, respiratory
function may be compromised further by scoliosis. Swallow-
ing dysfunction and reflux are important contributors to pul-
monary morbidity. Individuals tend to progress to daytime
respiratory failure via a sequence of recurrent chest infec-
tions, nocturnal oxygen desaturation, nocturnal hypoven-
tilation, and then daytime hypercarbia.**' In contrast to
Duchenne muscular dystrophy, there is no strong correlation
between pulmonary functional score and need for mechani-
cal ventilation in spinal muscular atrophy.* However,
baseline assessment and longitudinal monitoring can identify
those at risk for sleep-disordered breathing and ineffective
clearance of secretions. There are several case series of the
natural history of severe to mildly affected spinal muscular
atrophy patients but no large prospective study of treatment
intervention.”** The evidence base is limited by heteroge-
neous groups of patients with a mixture of neuromuscular
disorders in natural history and intervention studies, vari-
able classification of spinal muscular atrophy subtypes,
and different respiratory support protocols employing a
range of ventilators and cough assistance techniques.?*?*3¢
Case series*****%” and consensus conference**** evidence
demonstrate that ventilatory support should be added at
night if sleep-disordered breathing is present and cough
assistance provided if cough efficiency is reduced. Figure 2
shows a flow chart for pulmonary natural history, assess-
ment, and intervention in spinal muscular atrophy.

Assessment and Monitoring

There is no formal study evaluating any protocol for routine
pulmonary assessment of patients with spinal muscular atro-
phy. However, consensus was achieved within the pulmonary
working group on current standard of care for spinal muscu-
lar atrophy. The following assessments should be used dur-
ing baseline and subsequent evaluations of respiratory status
and are listed by order of importance as identified by the
Delphi survey. Assessment frequency depends on the clinical
status and rate of progression of disease for each individual.
Suggested frequency of evaluation is every 3 to 6 months,
less often in stable walkers, and more frequently in clinically
unstable nonsitters.

Nonsitters

Recommendations for respiratory assessment include evalu-
ation of cough effectiveness, observation of breathing, and
monitoring gas exchange. Respiratory muscle function tests
are indirect measures of cough effectiveness and include
peak cough flow, maximal inspiratory pressure, and maximal
expiratory pressure. The majority of nonsitters with spinal
muscular atrophy may be too weak or too young to perform
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Natural History Assessment
Normal breathing Physical examination
¢ Intervention
Inspiratory, expiratory, bulbar muscle weakness Pulmonary function, Airway
respiratory muscle with cough
strength assistance
REM-related sleep- Ineffective cough,
disordered breathing reduced peak Chest x-ray,
cough flows sleep study
v Nocturnal
| Swallow dysfunction | Swallow function non|.r|1va.13|ve
NREM and REM \ 4
sleep-disordered <—| Chest infections |
breathing
Nocturnal or
continuous
noninvasive
Daytime ventilatory failure ventilation
Death
Figure 2. Summary of the natural history of pulmonary problems, assessment, and intervention in spinal muscular atrophy. The progression of pul-

monary problems is accompanied by appropriate assessment and intervention strategies. REM = rapid eye movement; NREM = non-rapid eye movement.

pulmonary function testing. Therefore, the most useful eval-
uation of respiratory muscle function may be observation of
cough ability. The physical examination also provides an
important assessment of respiratory status including respira-
tory rate, work of breathing, presence of paradoxical breath-
ing, chest wall shape, and skin color (cyanosis or pallor). Gas
exchange monitoring, including pulse oximetry, can be used
as a spot check during the day for hypoxemia and as a guide
to direct airway clearance. For example, if oxygen saturation
is less than 94%, airway clearance techniques should be
used. Overnight pulse oximetry with chart recording can be
used to screen for nocturnal hypoxemia. Routine overnight
monitoring using pulse oximetry may help identify unsus-
pected hypoxic events but is usually very disruptive to the
family due to frequent false alarms. Currently there are no
data to support routine continuous oximetry monitoring.
Further research is needed before recommending this as part
of routine clinical care.

End-tidal carbon dioxide, transcutaneous CO,, and
serum bicarbonate measurement were also identified as
important assessment tools. However, serum bicarbonate
may give a false sense of reassurance, as normal values may
exist despite significant respiratory compromise during sleep.
End-tidal carbon dioxide and transcutaneous CO, are
frequently difficult to obtain and not available routinely. If
available, these measurements can be used to assess for
sleep-related hypoventilation. The onset of hypoventilation is
insidious, and patients may be clinically asymptomatic.
Initially hypoventilation will occur in sleep (particularly rapid
eye movement sleep), but as deterioration progresses, day-
time respiratory function will be impacted.**' Polysomnog-
raphy is a diagnostic tool during which respiration and sleep
state are continuously monitored,* and thus it identifies
the presence and severity of sleep-disordered breathing.*!
Polysomnography is useful in nonsitters, even in children
without obvious symptoms, and can be used to initiate and
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titrate respiratory support. When polysomnography is not
available, an alternative is to use a 4-channel sleep study that
records end-tidal carbon dioxide or transcutaneous CO,,
oxygen saturation, heart rate, nasal airflow, and chest wall
movement during sleep. In cases where neither polysomnog-
raphy nor 4-channel study is available, overnight pulse
oximetry with continuous CO, monitoring may provide
useful information about nighttime gas exchange. However,
this will not detect sleep-disordered breathing not associated
with oxygen desaturation or CO, retention. Further study
to better identify the optimal methods for evaluation and
monitoring is recommended. Additional screening tests
include a baseline chest x-ray to provide an initial refer-
ence point and for comparison during respiratory deterio-
ration or unexplained hypoxemia due to unsuspected
atelectasis. Although formal radiologic evaluation of swal-
lowing was not ranked very highly for routine evaluation
during this Delphi survey, the risk for dysphagia and aspi-
ration is high in nonsitters. Therefore, formal evaluation
of swallowing is indicated in cases of acute unexplained res-
piratory deterioration and recurring pneumonia. Arterial
blood gases for routine monitoring of respiratory function
are not recommended because the discomfort could result
in apnea or spurious hyperventilation.

Sitters

Recommendations of respiratory assessment for sitters are
similar to nonsitters and include physical examination and
evaluation of cough effectiveness with respiratory muscle
function tests (maximal inspiratory pressure, maximal expi-
ratory pressure, and peak cough flow) as described above. In
addition, sitters should be evaluated for presence and sever-
ity of scoliosis and consider further evaluation with radi-
ographs. Additional recommended assessments include
forced vital capacity and lung volume measurements during
pulmonary function tests, assessment of sleep-disordered
breathing, and pulse oximetry monitoring. Less important
assessments identified for sitters include blood gas, CO,
monitoring, and chest x-ray. Routine swallow study was not
recommended for sitters unless clinically indicated.

Walkers

In general, spinal muscular atrophy walkers have rela-
tively preserved pulmonary function until late into their
disease course. Recommendations for routine assessment
include complete pulmonary function tests, including
spirometry, lung volumes, and respiratory muscle function
tests. In addition, cough effectiveness and the physical exam-
ination are important routine assessments. Further evalua-
tion should be directed by clinical symptoms and indications.

Anticipatory Respiratory Care

Providing families with information about options for care
and anticipating future needs are crucial to respiratory
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management of spinal muscular atrophy. Nonsitters are
the most fragile group, and early discussions should
include the option of noninvasive ventilation and secre-
tion management because of the rapid progression of the
disease. Ongoing discussion of the family’s desires for
support should occur, and the result should be a negoti-
ated care plan with maximums and minimums outlined.*

In addition, anticipatory guidance and education for
chronic care, illness management, and perioperative care
should be provided. Day-to-day management should include
understanding the child’s baseline and deviations from his
or her baseline, routine cough and secretion management
techniques, understanding hypoventilation, and interven-
tion. Illness management includes rapid access to specialty
medical care providers, airway clearance and secretion man-
agement techniques, respiratory support (including noninva-
sive ventilation), nutrition and hydration management, and
a low threshold to start antibiotics. Routine immunizations,
including influenza vaccine, pneumococcus vaccine, and
respiratory syncytial virus prophylaxis (palivizumab), are
recommended.

Chronic Management

Essential to chronic management is discussion of the
family’s goals, which includes balancing caring for the
child at home for as long as possible, long-term survival,
quality of life and comfort, and the availability of resources.
Goals of chronic management are to normalize gas
exchange, improve sleep quality, facilitate home care, reduce
hospitalizations and intensive care unit care, and reduce the
burden of illness on the family. There is insufficient evi-
dence, but based on experience and consensus, early aggres-
sive and proactive intervention may prolong life without
compromising quality of life.

Airway Clearance

Airway clearance is very important in both acute and chronic
management of all patients with spinal muscular atrophy.
Caregivers of these patients should learn to assist coughing
in all patients with ineffective cough. These techniques
include manually and mechanically assisted cough.***
Availability of mechanically assisted cough devices (mechan-
ical insufflation-exsufflation) varies by country but is now
widely accepted in management of neuromuscular disease in
the United States.*” Daily assisted cough is recommended in
more severely affected patients. Secretion mobilization tech-
niques are also helpful and include chest physiotherapy and
postural drainage. Oximetry should be used to provide feed-
back to guide therapy. Oral suctioning can assist in secretion
management after assisted coughing. There is no evidence to
support specific secretion mobilization devices such as high-
frequency chest wall oscillation and intrapulmonary percus-
sive ventilation in the spinal muscular atrophy population for
chronic management.
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Respiratory Support

In patients with daytime hypercapnia, respiratory support
is clearly indicated. In children with sleep-disordered breath-
ing, nocturnal noninvasive ventilation reduces symptoms
of sleep disturbance, nocturnal sweating, and morning
headaches and improves appetite and concentration.?
Objectively, noninvasive ventilation reduces respiratory dis-
turbance index, improves sleep stage distribution,® and
enhances quality of life. In a randomized controlled trial
using mixed groups of patients with neuromuscular disease
who showed nocturnal hypoventilation and daytime normo-
capnia, noninvasive ventilation significantly improved noc-
turnal blood gas tensions.** Noninvasive ventilation with
bilevel positive pressure support has been studied most fre-
quently, although there is no evidence to suggest any 1 type
of ventilator interface is superior. In addition, the optimal
settings for noninvasive ventilation have not been estab-
lished. In general, noninvasive ventilation settings are indi-
vidualized to achieve adequate inspiratory chest wall
expansion and air entry and normalization of oxygen satura-
tion and end-tidal carbon dioxide or transcutaneous CO,
measurements. Noninvasive ventilation should be combined
with airway clearance techniques.

In nonsitters, care without ventilation support is an
option if the burden of treatment outweighs benefit.
Noninvasive ventilation can be used palliatively to facilitate
discharge to home from a hospital and reduce work of
breathing. Continuous positive airway pressure may be an
option in a very young nonsitter infant who is not synchro-
nous with bilevel positive airway pressure and can be used
with the goal of transitioning to bilevel positive airway pres-
sure. Use of noninvasive ventilation with high-span bilevel
positive airway pressure, even for short daytime periods,
may improve chest wall and lung development and reduce
ribcage and sternal deformity in nonsitters and sitters,*
resulting in potential beneficial effects on pulmonary
function. Uncommonly, adult walkers may develop sleep-
disordered breathing or acute ventilatory failure at the time
of a chest infection or intercurrent event (eg, surgery).
Noninvasive ventilation is an appropriate intervention and
may be required during sleep chronically.

Tracheotomy for chronic ventilation is a decision that
needs to be carefully discussed if requested by parents. In
nonsitters, this is controversial and an ethical dilemma.
There is a large spectrum of options that can be provided,
ranging from no respiratory support to noninvasive ventila-
tion to tracheotomy and mechanical ventilation. Our rec-
ommendation is to explore options with the family
regarding the child’s potential, quality-of-life issues, and
family’s desires.*® Palliative care is an option for nonsitters.
It should be noted that noninvasive ventilation can be used
as a routine therapy or as a palliative tool. A key goal is to
prevent pediatric intensive care unit stays and avoid tra-
cheotomy if possible. If supportive ventilation is chosen by
the family, noninvasive ventilation is recommended.

Additional Management

Recommended additional therapies are routine vaccina-
tions, appropriate nutritional support orally or via a feeding
tube, hydration management, and medical or surgical gas-
troesophageal reflux disease management. In addition,
medical management for saliva control may be consid-
ered. Inhaled bronchodilators should be considered in
children with asthma or bronchial hyperresponsiveness.
Use of these agents in other situations requires further
evaluation. There is no evidence to support the use of
mucolytics on a chronic basis.

Perioperative Care

Patients with spinal muscular atrophy are at high risk for
postanesthesia complications, which may lead to prolonged
intubation, nosocomial infections, tracheotomy, and death.
Perioperative complications include upper airway obstruc-
tion, hypoventilation, and atelectasis from impaired cough
and impaired mucociliary clearance due to anesthetic
agents. Postoperative pain may exacerbate respiratory com-
promise. Noninvasive ventilation associated with aggressive
airway clearance techniques can successfully treat hypoven-
tilation and airway secretion retention.

It is crucial that the patient’s respiratory status be opti-
mized before surgery. Preoperative evaluation, including
pulmonary consultation, is strongly recommended. The
assessment of respiratory function should include a physical
examination, measurements of respiratory function and
cough effectiveness, chest x-ray, and, if at risk, an evaluation
for sleep-disordered breathing. In addition, complicating
factors should be considered, including oropharyngeal aspira-
tion, gastroesophageal reflux, and asthma. If measurements
of respiratory function and/or sleep study are abnormal, noc-
turnal noninvasive ventilation and assisted coughing tech-
niques may be indicated before surgery. The patient should
become familiar with these techniques prior to surgery. The
anesthesiology preoperative evaluation should include
assessment for possible difficult intubation due to jaw anky-
losis. If present, intubation should be performed by fiberoptic
bronchoscopy.

Postoperative management should be determined by pre-
operative respiratory function and the type of surgery per-
formed. Patients with normal cough clearance and relatively
preserved muscle function are not at an increased risk for
postoperative complications. Patients with decreased respi-
ratory muscle strength require close monitoring and aggres-
sive respiratory management. Any patient who requires
respiratory support during sleep will require similar respi-
ratory support in the immediate postoperative course.
Extubation in the recovery room to noninvasive ventilation
should be planned as a bridge to weaning to the patient’s
baseline respiratory support. Careful planning and coordina-
tion with the hospital respiratory therapists are crucial for
success in this setting. Patients with continuous ventilator
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support requirements (either via noninvasive interface or via
tracheotomy tube) or patients who receive muscular block-
ing agents during surgery are best transferred directly from
the operating room to the intensive care unit. Patients are
encouraged to bring their personal devices, such as noninva-
sive ventilation and mechanical insufflation-exsufflation-E
machines, to use in the postoperative period because the
availability of these devices in hospitals may be limited.
Although oxygen is used frequently in the postoperative set-
ting, it must be applied with caution in the patient with
spinal muscular atrophy. Hypoxemia secondary to hypoven-
tilation may be mistaken with hypoxemia due to other
causes, such as mucus plugging and atelectasis. End-tidal
carbon dioxide or transcutaneous CO, monitoring or arterial
blood gas analysis will facilitate appropriate oxygen use.
Adequate pain control will aid in preventing hypoventilation
secondary to splinting. Postoperative pain management
should be titrated to promote airway clearance and minimize
respiratory suppression. Transient increased respiratory sup-
port may be needed while controlling postoperative pain.

Acute Care Management

The goal of acute management is to normalize gas
exchange by reducing atelectasis and enhancing airway
clearance where possible by noninvasive respiratory sup-
port. Blood gas monitoring may be of benefit.

Airway Clearance

For nonsitters, sitters, and walkers experiencing acute illness,
airway clearance with manual cough assist or mechanical
insufflation-exsufflation, together with oral or airway suction-
ing, chest physiotherapy, oximetry feedback to guide airway
clearance, and postural drainage, are important and recom-
mended. Assisted cough techniques are preferred over deep
suctioning and bronchoscopy.

Respiratory Support

Nonsitters. In acute illness, a vicious cycle of added ventila-
tory load, increased respiratory muscle weakness, and
ineffective secretion clearance leads to ventilatory decom-
pensation. Acute use of noninvasive ventilation reverses
these features. Continuous positive airway pressure is not
indicated in this situation because it does not reduce the
ventilatory load. In nonsitters and sitters already using noc-
turnal noninvasive ventilation, daytime use may be required
during acute illness, and airway clearance techniques can be
carried out during noninvasive ventilation. Noninvasive ven-
tilation in combination with airway clearance techniques
may reduce the need for intubation. Oxygen therapy
entrained into the noninvasive ventilation circuit should be
used to correct oxygen desaturation, after inspiratory and
expiratory positive pressure settings are optimized and airway
clearance techniques are optimally utilized. If a noninvasive
approach fails, nonsitters can be intubated and mechanically
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ventilated as a short-term measure. After recovery from the
acute illness and arterial oxygen saturation on room air has
normalized, they should be extubated back to noninvasive
ventilation. Decision making about escalation to intubation
should be carried out in advance as part of anticipatory care
planning. In nonsitters with increasingly frequent acute pul-
monary infections, tracheotomy and ventilation can be con-
sidered but may not improve quality of life or reduce
hospitalizations. A tracheotomy is not an acute intervention.
A noninvasive approach is preferred where feasible. In some
nonsitters, with deteriorating function, it may be appro-
priate to redirect care to a palliative approach.

Sitters. For those already using nocturnal noninvasive venti-
lation, daytime noninvasive ventilation may be needed dur-
ing acute illness. Noninvasive ventilation in combination
with airway clearance techniques may reduce the need for
intubation. Oxygen therapy and need for transient intuba-
tion should be carried out as outlined above for nonsitters.
Continuous positive airway pressure and/or a tracheotomy are
not appropriate interventions in sitters.

Walkers. Walkers may need noninvasive ventilation during an
acute illness. Noninvasive ventilation in combination with
airway clearance techniques may reduce the need for intuba-
tion. Oxygen therapy and need for transient intubation
should be carried out as outlined above for nonsitters. If non-
invasive ventilation was needed during an acute illness, non-
invasive ventilation should be considered for home use.
Continuous positive airway pressure and/or a tracheotomy
are not appropriate interventions in walkers.

Additional Management

For nonsitters, sitters, and walkers, recommended addi-
tional therapies are antibiotics, adequate nutritional sup-
port via nasogastric or nasojejunal or gastrostomy tube,
hydration, and gastroesophageal reflux management
(see more details in the next section). In patients with
bronchial hyperresponsiveness or asthma, bronchodilator
therapy and inhaled steroids may be indicated. Uses of
inhaled mucolytics, bronchodilators, and corticosteroids
are areas in need of further research.

Conclusion

Pulmonary disease is the major cause of morbidity and mor-
tality in spinal muscular atrophy types 1 and 2. Respiratory
muscle weakness results in impaired cough and ability to
clear lower airway secretions, lung and chest wall underde-
velopment, and hypoventilation. Respiratory care of patients
with spinal muscular atrophy is essential to their survival and
quality of life. The pulmonary working group has achieved
the following consensus recommendations:

1. Referral for respiratory care evaluation and discussion of
options should occur shortly after diagnosis. Key com-
ponents of the respiratory assessment include evaluation
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of cough effectiveness, observation of breathing, and
monitoring gas exchange.

2. Chronic respiratory management includes providing
methods for airway clearance, including mechanical
insufflation-exsufflation or manual cough assist and
noninvasive ventilatory support. Routine immuniza-
tions are also recommended.

3. Discussion with families about the options for respira-
tory care and identifying the goals for chronic and
acute respiratory care should occur early in the disease
course and continue in an ongoing dialogue.

4. Acute respiratory illness management requires increased
airway clearance and secretion management techniques
using mechanical insufflation-exsufflation or manual
cough assist, increased respiratory support (including
noninvasive ventilation), nutrition and hydration man-
agement, and a low threshold to start antibiotics.

5. Perioperative care includes a thorough preoperative
evaluation of respiratory status, ideally by a pulmo-
nologist, and anticipatory guidance of the surgical
team and postoperative management team regarding
optimal care.

Future Research Directions

The following topics were identified as areas in which no
consensus could be achieved because research data are
lacking. These areas are in need of further study:

1. Optimal methods for evaluation and monitoring of
hypoventilation.

2. Use of pulse oximetry in the home.

3. Optimal secretion mobilization techniques (eg, chest phys-
iotherapy, postural drainage, high-frequency chest wall
oscillation, and intrapulmonary percussive ventilation).

4. Optimal ventilatory support settings.

5. Effectiveness of inhaled and nebulized medications,
including bronchodilators, mucolytics, and corticosteroids.

Consensus on Gastrointestinal and
Nutritional Care

Overview of Gastrointestinal and Nutritional
Complications in Spinal Muscular Atrophy

The key clinical problems associated with gastrointestinal
and nutritional complications in spinal muscular atrophy
are as follows:

1. Feeding and swallowing problems. Bulbar dysfunction is
universal in spinal muscular atrophy patients with severe
weakness and can result in feeding and swallowing diffi-
culties and aspiration pneumonia, which often results in
death. The severity of bulbar dysfunction is variable in
patients with spinal muscular atrophy of intermediate
severity and rare in those who are mildly affected.

2. Gastrointestinal dysfunction. Gastroesophageal dysmotility
problems include constipation, delayed gastric emptying,

and potentially life-threatening gastroesophageal
reflux.

3. Growth and undernutrition/overnutrition problems.
Without optimal management, growth failure is uni-
versal in nonsitters, whereas excessive weight gain is
more common in sitters and walkers.

4. Respiratory problems. The presence of respiratory compli-
cations (weak cough, increased work of breathing, dysp-
nea, pneumonias, and cyanosis or desaturation with
feeds) raises concern for gastrointestinal problems of
aspiration and gastroesophageal reflux, which can be seri-
ous and life-threatening. Increased work of breathing
may also result in increased energy expenditure.

In the following sections, we will take a problem-
oriented approach to discussing the evaluation and man-
agement of these problems during chronic care and acute
illness.

Feeding and Swallowing Problems

Feeding and swallowing difficulties are common in nonsitters
and sitters but are rarely a concern in walkers. Key symptoms
of feeding difficulties include prolonged mealtime, fatigue
with oral feeding, and evident choking or coughing during or
after swallowing. The presence of recurrent pneumonias is a
potential indicator of aspiration, which may be silent (ie,
without evident choking or coughing). Articles in the litera-
ture addressing the role of oral motor structures and specific
chewing and swallowing impairments that impact oral feed-
ing performance in spinal muscular atrophy are limited to
class IIT and IV evidence. One review found a 36% preva-
lence of at least 1 feeding-related issue in children with spinal
muscular atrophy.”’ Several other population studies and
case series report swallowing problems in patients with spinal
muscular atrophy.’'”* Difficulties in the preoral phase
included limited mouth opening and difficulties in getting
food to the mouth for self-feeding.” In the oral phase, diffi-
culties included weak bite force, reduced range of mandibu-
lar motion limiting mouth opening, and increased fatigue of
masticatory muscles.>* This affects biting and chewing abili-
ties and can lead to prolonged mealtimes and fatigue, pre-
cluding sufficient intake. Masticatory and facial muscle
weakness affects oral bolus control, chewing, and bolus
propulsion, all of which contribute to reduced feeding effi-
ciency. Difficulties with strength and efficiency are reported
in the oral and pharyngeal phase of the swallow. Poor coordi-
nation of the swallow with airway closure can lead to pene-
tration and aspiration of the airway. Poor head control may
also be a factor in the development of feeding difficulties,
precluding neck tuck or other compensatory postures to
enhance th