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ABSTRACT

Background: Spinal muscular atrophy (SMA) is
an autosomal recessive neuromuscular disease
characterized by progressive muscle weakness
and atrophy. Clinical trial data suggest early
diagnosis and treatment are critical. The pur-
pose of this study was to evaluate neurology
appointment wait times for newborn screening
identified infants, pediatric cases mirroring SMA
symptomatology, and cases in which SMA is
suspected by the referring physician. Approa-
ches for triaging and expediting referrals in the
US were also explored.
Methods: Cure SMA surveyed healthcare pro-
fessionals from two cohorts: (1) providers affil-
iated with SMA care centers and (2) other
neurologists, pediatric neurologists, and

neuromuscular specialists. Surveys were dis-
tributed directly and via Medscape Education,
respectively, between July 9, 2020, and August
31, 2020.
Results: Three hundred five total responses
were obtained (9% from SMA care centers and
91% from the general recruitment sample).
Diagnostic journeys were shorter for infants
eventually diagnosed with SMA Type 1 if they
were referred to SMA care centers versus general
sample practices. Appointment wait times for
infants exhibiting ‘‘hypotonia and motor
delays’’ were significantly shorter at SMA care
centers compared to general recruitment prac-
tices (p = 0.004). Furthermore, infants with SMA
identified through newborn screening were also
more likely to be seen sooner if referred to a
SMA care center versus a general recruitment
site. Lastly, the majority of both cohorts triaged
incoming referrals. The average wait time for
infants presenting at SMA care centers with
‘‘hypotonia and motor delay’’ was significantly
shorter when initial referrals were triaged using
a set of ‘‘key emergency words’’ (p = 0.036).
Conclusions: Infants directly referred to a SMA
care center versus a general sample practice
were more likely to experience shorter SMA
diagnostic journeys and appointment wait
times. Triage guidelines for referrals specific to
‘‘hypotonia and motor delay’’ including use of
‘‘key emergency words’’ may shorten wait times
and support early diagnosis and treatment of
SMA.
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Key Summary Points

Why carry out this study?

Early diagnosis and treatment are critical
to modifying the rapid and irreversible
loss of motor neurons in patients affected
by spinal muscular atrophy (SMA) Type 1

Healthcare providers in the US were
surveyed to evaluate average neurology
appointment wait time from initial
referral to first consult and to assess
current approaches for triaging and
expediting referrals when SMA is
suspected

What was learned from the study?

For cases in which SMA was suspected by
the referring physician, as well as for
newborn screening referrals, wait times
were shorter when infants were referred to
a care center specializing in SMA versus a
neurology, pediatric neurology, or
neuromuscular practice that did not
specialize in SMA

The development of referral triage
guidelines for treatable pediatric
conditions involving hypotonia and
motor delays and updated guidelines
detailing practice considerations both for
SMA newborn screening management
may standardize provider approach and
optimize patient outcomes

INTRODUCTION

SMA Overview

Spinal muscular atrophy (SMA), an autosomal
recessive neuromuscular disease characterized

by progressive muscle weakness and atrophy,
affects approximately 1 in 11,000 infants in the
US each year [1–7]. Without disease-modifying
therapy, SMA progressively impacts an individ-
ual’s strength, muscle function, respiration, and
ability to independently perform activities of
daily living. Until the recent US Food and Drug
Administration (FDA) approval of three treat-
ment options, SMA was the leading genetic
cause of death in children under the age of 2
years [5, 8, 9].

The severity of SMA is largely correlated with
the copy number of SMN2 (spinal motor neuron
protein), a paralogue of the SMN1 gene, which
produces only 5–10% functional SMN protein;
having more copies of SMN2 is typically asso-
ciated with a less severe clinical phenotype
[10, 11]. SMA is traditionally classified into four
primary clinical phenotypes (Types 1–4) based
upon the age of symptom onset (which corre-
lates with disease severity and survival) and the
highest motor function milestone achieved
[11–14]. The recent availability of treatment,
particularly when received prior to symptom
onset, has dramatically impacted disease pro-
gression and led to a shift in classification based
on SMN2 copy number and motor function
ability, i.e., non-sitter, sitter, and walker [15].

Three FDA-approved therapies—nusinersen
[16] (Spinraza�, an antisense oligonucleotide
targeting SMN2 splicing), onasemnogene
abeparvovec-xioi [17] (Zolgensma�, an SMN1
gene-replacement therapy), and risdiplam [18]
(Evrysdi�, a small molecule targeting SMN2
splicing)—have proven effective in modifying
the disease among infants, children, and adults
with SMA [19–21]. Early treatment has been
shown to be critical to modifying disease pro-
gression, improving health outcomes, and
increasing life expectancy for patients with SMA
[22–27]. In infants affected by SMA Type 1 (the
most severe and common form in which
symptom onset occurs prior to 6 months of
age), diagnostic delays can result in rapid den-
ervation, profound loss of motor function, and
increased risk of death before 2 years of age
[28–30]. This potential to alter the course of
SMA based on early diagnosis—ideally, before
the onset of symptoms—provided the motiva-
tion for the work described in this article [15].
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SMA Diagnosis

The diagnosis of SMA is considered a medical
emergency. Through the revised consensus
statement for SMA [31], pediatric primary care
physicians are encouraged to immediately refer
patients suspected of SMA to a neurologist or
neuromuscular specialist for further evaluation
and genetic testing. Despite the recommended
standard of care and importance of early diag-
nosis, diagnostic delays remain prevalent
[32–35].

Newborn Screening

SMA was added to the Recommended Uniform
Screening Panel (RUSP) for newborn screening
in 2018 [36]. As of January 2024, all 50 states
were screening newborns for SMA, culminating
in 100% of all US infants being screened at birth
[37]. A mutation causing the homozygous
deletion of exon 7 of the SMN1 gene is the most
common cause of SMA and is readily detected
by newborn screening. However, in 3–5% of
individuals with SMA, the disease is caused by
other point mutations in the SMN1 gene that
are not detectable with standard SMN1 genetic
testing and will not be identified by newborn
screening [38, 39]. As such, even in states that
screen for SMA at birth, immediate neurologic
evaluation of infants in whom SMA is suspected
remains essential.

Potential Factors Contributing
to Diagnostic Delays in SMA

Multiple factors may contribute to persisting
diagnostic delays in SMA [32–35]. The com-
plexity of the pediatric-specialty care interface,
including delivery deficiencies, and neurolo-
gists’ schedules, as well as a lack of adequate
health insurance have been previously identi-
fied as potential hurdles to patient referrals and
management systems [40, 41]. Few studies,
however, have examined how factors involved
in the interface between pediatricians and
neurology specialists—including appointment
triage methods, appointment wait times, and
triage staff training—may affect and/or

contribute to ongoing diagnostic delays for
SMA evaluation in the US. In the US, healthcare
typically originates with a primary care provider
(PCP) who evaluates the patient and determines
whether specialized medical care and/or ser-
vices are required. If so, the PCP will provide the
patient with a referral to a specialty care physi-
cian. A referral is typically required by both the
specialty care physician’s office or service pro-
vider and the insurance payer. Barriers in com-
munication among PCPs, specialists, and
payers, as well as limited access to specialty care
providers and services, can extend referral
appointment wait times [40, 42–44]. For con-
ditions like SMA that require immediate evalu-
ation by a specialist to determine if emergent
treatment is necessary, prolonged wait times for
referral appointments can be especially prob-
lematic [22–27].

In 2019, Cure SMA conducted a survey of
general pediatricians (the 2019 General Pedia-
trician Survey) to better understand referral
patterns and other barriers that may contribute
to diagnostic delays in SMA [33]. Findings
revealed that neurologist appointment wait
time is a primary factor in pediatricians’ deci-
sions when generating a referral, with 64.2% of
respondents citing wait times of 1–6 months
[33]. The objective of the study described here
was to better understand pediatric SMA referral
delays from the perspective of neurologists and
other neuromuscular specialists and to identify
current best practices for expediting referrals.

METHODS

Survey Development and Distribution

A peer-reviewed literature search of the PubMed
database was performed using the search terms
‘‘referral triage’’ or ‘‘appointment triage,’’ ‘‘triage
practices,’’ ‘‘urgent referral’’ or ‘‘urgent appoint-
ment,’’ and ‘‘referral priority’’ or ‘‘appointment
priority’’ alongside the terms ‘‘neurology,’’ ‘‘pe-
diatric neurology,’’ or ‘‘child neurology.’’ Using
insights from the resulting literature review, the
2019 General Pediatrician Survey [33], and dis-
cussions with SMA nurse coordinators, the
authors developed a survey (Appendix A). The
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survey featured a combination of bivariate and
multiple-choice questions formulated to assess
the average wait time from initial referral to first
visit, the diagnostic odyssey of referral pathways
and delays experienced by patients with SMA
Type 1, perceived referral barriers, and triage
practices utilized at care sites. The survey ques-
tions were designed to investigate whether wait
time varied with factors such as patient age and
whether the referral was initiated based upon
the physician’s observation of symptoms, sus-
picion of SMA, or positive newborn screening.
Prior to distribution, the survey was reviewed by
SMA nurse coordinators and refined based upon
feedback.

Cure SMA distributed the survey in two
phases. During the first phase, Cure SMA
directly engaged a curated list of 44 physicians
(referred to in this paper as the ‘‘SMA care center
sample’’). The curated list included principal
investigators within the Cure SMA Care Center
Network and program leads at other well-
known SMA research or treatment centers. One
individual from each site was invited to partic-
ipate. The Cure SMA Care Center Network is a
collaboration of 29 nationwide medical insti-
tutions in the US whose mission it is to develop
an evidence-based standard of care for SMA,
educate other healthcare providers about the
disease and care, and collect real world data on
the disease and treatment [45]. At the time of
the survey, the Cure SMA Care Center Network
included 19 sites. In the second phase, the sur-
vey was distributed in partnership with Med-
scape Education to a broad range of
neurologists, child neurologists, and neuro-
muscular specialists (referred to in this paper as
the ‘‘general recruitment sample’’). Eligibility
criteria for this phase included a requirement
that respondents evaluate pediatric patients.
The response rate for the general recruitment
sample was 3.72% from the Medscape Educa-
tion panel. Due to the established enrollment
goal for this phase, Medscape Education utilized
two external recruitment partners to support
distribution to eligible physicians. Medscape
Education reviewed the data obtained from
external recruitment partners to remove dupli-
cate responses. The response rate from those
efforts is not available. Responses were fielded

for both cohorts from July 9, 2020, through
August 31, 2020. All participants received a $60
gift card as compensation for their time.

Ethical Approval

Prior to distribution, WIRB-Copernicus Group
Institutional Review Board (WCG IRB) deter-
mined that the study was exempt from full IRB
review and granted a consent waiver. All
respondents were informed via the Cure SMA
privacy policy that findings may be published.
Only aggregate results are included within the
manuscript. All procedures performed involving
human participants were in accordance with
the ethical standards of the institutional and/or
national research committee and with the 1964
Helsinki Declaration and its later amendments
or comparable ethical standards.

Statistical Analyses

Assessment of survey responses provided an
opportunity to compare length of appointment
wait times and variability of factors contribut-
ing to those wait times among the general
recruitment sample of providers and the curated
set of providers connected to SMA care centers.
Descriptive statistics (numbers and percentages)
were used for categorical outcomes. Chi-square
tests of independence were used to determine
whether there was an association between the
triage method for prioritizing referrals and the
average wait time from referral to the first
appointment in each cohort. Logistic regres-
sions were used to determine which triage
methods and staff personnel referrals impacted
wait time.

RESULTS

Respondent Demographics

Three hundred five total responses were
obtained, 279 (91.5%) from the general
recruitment sample among a broad range of
providers and an additional 26 (8.5%) from the
SMA care center sample. Among the general
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recruitment sample, 35.5% of respondents
identified as adult neurologists, 28.7% as neu-
romuscular specialists, 7.5% as pediatric neu-
rologists, and 28.3% as neurogeneticists. For the
SMA care center sample, 7.7% of respondents
identified as adult neurologists, 57.7% as neu-
romuscular specialists, 30.8% as pediatric neu-
rologists, and 3.9% as neurogeneticists
(Table 1).

Of all respondents across both cohorts, the
majority (182/305) practiced in urban settings;
42.3% (129/305) of respondents indicated they
are academic faculty; 81.3% (248/305) indicated
they see [ 25 patients a week, and 27.2% (83/
305) saw[75 patients per week.

Diagnostic Odyssey

Arriving at a diagnosis of SMA often takes
patients and their families through a long and
burdensome diagnostic odyssey that involves
multiple consultations with various healthcare
providers. This study provided further insights
into a key aspect of that process by evaluating
the numbers of providers patients saw prior to
receiving a confirmed diagnosis of SMA. Among
the general recruitment sample, 39.1% of
respondents indicated that, in [ 20% of sus-
pected cases of SMA Type 1, they were the first
specialist (neurologist, pediatric neurologist, or
neuromuscular specialist) to evaluate the
patient prior to confirmatory diagnosis (Fig. 1).
For cases in which the respondent was not the
first specialist to evaluate patients for symptoms
that resulted in a diagnosis of SMA Type 1,
19.2% indicated that on average the patients
had previously seen three or more providers;
50.0% of respondents indicated the average
diagnostic delay for SMA Type 1 patients, in
which the respondent was not the first to
complete evaluation prior to diagnosis, was[2
months.

Conversely, among the SMA care center
sample, 73.1% of respondents indicated that, in
[ 20% of suspected cases of SMA Type 1, they
were the first specialist (neurologist, pediatric
neurologist, or neuromuscular specialist) to
evaluate the patient prior to diagnosis (Fig. 2).
For cases in which the respondent was not the

Table 1 Survey respondent demographics

General
recruitment

SMA care
center

Total, n (%) 279 (91.5) 26 (8.5)

Participant specialty

Adult neurology 99 (35.5) 2 (7.7)

Neuromuscular specialist 80 (28.7) 15 (57.7)

Pediatric neurology 21 (7.5) 8 (30.8)

Neurogeneticist 79 (28.3) 1 (3.9)

Practice location

Urban 159 (57.0) 23 (88.5)

Rural 23 (8.2) 1 (3.9)

Suburban 97 (34.8) 2 (7.7)

Practice type

Solo practice 39 (14.0) 0 (0)

Single specialty group 50 (17.9) 0 (0)

Multi-specialty group 55 (19.7) 2 (7.7)

Direct hospital

employee/contractor

24 (8.6) 4 (15.4)

Academic faculty

practice

110 (39.4) 19 (73.1)

Other 1 (0.4) 1 (3.9)

No. of physicians in practicea

Solo practice 39 (14.0) 0 (0)

\ 5 35 (12.5) 0 (0)

5–10 63 (22.6) 4 (15.4)

11–24 42 (15.1) 9 (34.6)

25–49 43 (15.4) 3 (11.5)

50 ? 57 (20.4) 10 (38.5)

Years in practice

0–5 years 64 (22.9) 2 (7.7)

6–10 years 60 (21.5) 8 (30.8)

11–15 years 50 (17.9) 9 (34.6)

16–20 years 39 (14.0) 0 (0)

21–30 years 48 (17.2) 3 (11.5)
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first specialist to evaluate patients for symptoms
that resulted in a diagnosis of SMA Type 1, 8.0%
indicated that on average the patients had pre-
viously seen three or more providers; 28.0% of
respondents indicated that the average diag-
nostic delay for SMA Type 1-affected patients
for which the survey respondent was not the
first to complete evaluation prior to diagnosis
was[2 months (Fig. 2).

Appointment Wait Times

For the purposes of this study, ‘‘average wait
time’’ refers to the time between the initial
referral by a primary physician and the time of
the first appointment with a specialist. Given
the significance of early diagnosis and prompt
initiation of disease-modifying treatment to
improve outcomes for SMA patients—especially
those with infantile presentation—the shortest
average wait time (0–2 weeks) is optimal.

Within the general recruitment and the SMA
care center samples, 81.4% and 84.6% of
respondents indicated that the average wait
time for all referrals was[2 weeks, respectively
(Table 2). However, the reported proportion of
infants presenting with ‘‘hypotonia and motor
delays’’ who experienced a wait time of B

2 weeks vs[ 2 weeks was significantly different
(p = 0.03) between the two cohorts. Specifically,
61.5% of infants presenting with ‘‘hypotonia
and motor delays’’ at the SMA care centers were
seen within 2 weeks vs 39.1% in the general
recruitment sample. Similarly, for cases in
which SMA was suspected by the referring
physician (‘‘suspected SMA’’), the reported pro-
portion of patients who experienced a wait time
of B 2 weeks vs [ 2 weeks was significantly

Table 1 continued

General
recruitment

SMA care
center

Over 30 years 18 (6.5) 4 (15.4)

Average no. of pts seen weekly

0–5 patients 4 (1.4) 0 (0)

6–10 patients 5 (1.8) 0 (0)

11–25 patients 30 (10.8) 18 (69.2)

26–50 patients 82 (29.4) 7 (26.9)

51–75 patients 75 (26.9) 1 (3.9)

[ 75 patients 83 (29.8) 0 (0)

aReflects all physicians in practice irrespective of specialty

Fig. 1 Reported diagnostic journey of SMA Type 1
patients amongst general recruitment sample. a Percent
(%) of cases in which survey respondent was the first
neurologist/pediatric neurologist/neuromuscular specialist
to evaluate the patient prior to diagnosis with SMA Type
1; b average number of providers SMA Type 1-affected

patient previously saw in which survey participant was not
the first to complete evaluation since symptom onset;
c average diagnostic delay for SMA Type 1-affected
patients in which survey participant was not the first to
complete evaluation since symptom onset. SMA spinal
muscular atrophy
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different (p = 0.004) between the cohorts.
Whereas 84.6% of ‘‘suspected SMA’’ cases were
seen within 2 weeks at the SMA care centers,
only 43.0% in the general recruitment sample
were seen within that time frame.

Newborn Screening

The average wait time for referrals of infants
identified via newborn screening was also
assessed. Among the general recruitment sam-
ple, 48.0% reported an average appointment
wait time of 0–2 weeks, and 28.3% reported an
average wait time of [ 2 weeks, with five
respondents (1.8%) indicating an average
appointment wait time of 3–6 months. All SMA
care center respondents that received referrals
from newborn screening reported an average
wait time of 0–2 weeks (Table 3). The survey was
fielded from July 9, 2020, through August 31,
2020. As of July 9, 2020, 31 states had included
SMA within newborn screening panels. How-
ever, during the survey period, an additional
state implemented SMA newborn screening,
bringing the total to 32 screening states cover-
ing 67.4% of US newborns [37].

Other Factors Impacting Appointment
Wait Time for SMA Evaluation

Respondents were asked about general factors
that impacted appointment wait time for cases
in which SMA was suspected by the referring
physician; response options provided included
‘‘patient age,’’ ‘‘age of symptom onset,’’ ‘‘family
history of SMA,’’ ‘‘severity of symptoms,’’ and
other factors. When provided the option to
‘‘select all that apply,’’ the top two factors cited
by respondents within the general recruitment
sample were ‘‘severity of symptoms’’ (81.0%)
and ‘‘patient age’’ (67.0%). Within the SMA care
center sample, ‘‘patient age’’ was cited by 76.9%
of respondents, while ‘‘age of symptom onset’’
was cited by 65.4% of respondents.

Participants were asked to rank specific
referral barriers, with a focus on ranking fre-
quency (from ‘‘Always’’ to ‘‘Never’’) with which
a list of factors contributed to lengthening
appointment wait time. The total number of
barriers identified as ‘‘Always’’ and ‘‘Usually’’
were combined and subsequently ranked.
Within the general recruitment sample, the top
two referral barriers contributing to appoint-
ment wait time were ‘‘clinician availabil-
ity/clinic hours’’ (35.1%) and ‘‘restrictions on
providers’ options due to insurance’’ (32.3%).

Fig. 2 Reported diagnostic journey of SMA Type 1
patients among SMA care center sample. a Percent (%)
of cases in which survey respondent was the first
neurologist/pediatric neurologist/neuromuscular specialist
to evaluate the patient with SMA Type 1 prior to
diagnosis; b average number of providers SMA Type

1-affected patient previously saw in which survey partic-
ipant was not the first to complete evaluation since
symptom onset; c average diagnostic delay for SMA Type 1
affected patients in which survey participant was not the
first to complete evaluation since symptom onset. SMA
spinal muscular atrophy
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‘‘Clinician availability/clinic hours’’ (15.4%)
and ‘‘restrictions on providers’ options due to
insurance’’ (15.4%) were also identified as top
barriers among the SMA care center sample.

Triage Methods

Survey participants were asked about the triage
methods utilized to screen and prioritize
incoming appointment referrals in their prac-
tices; 84.6% of general recruitment sample
respondents and 100% of SMA care center
respondents indicated that they triage incom-
ing referrals in some capacity; 57.7% of physi-
cians at SMA care centers and 43.6% of the
general recruitment sample said they directly
review incoming referrals to expedite urgent
cases (Table 4). Additionally, 46.2% of SMA care
center respondents said they utilize ‘‘centralized
call center staff,’’ and 38.5% rely on ‘‘nurse
coordinators’’ to prioritize appointments when
key emergency words appear within the referral
(Table 4). Respondents within the general
recruitment sample indicated that they utilize
these triage methods at a lower rate; 22.0% of
respondents directly review and prioritize
appointments based upon the inclusion of key
emergency words, and 18.2% assign front desk
staff to complete the task. Logistic regressions
were used to evaluate whether triage method
and the staff member assignment impacted
referral wait time (B 2 weeks vs[2 weeks). The
analysis revealed that infants presenting with
‘‘hypotonia and motor delays’’ were more likely
to have shorter wait times (2 weeks or less vs
longer than 2 weeks) at SMA care centers uti-
lizing nurses/nurse coordinators to triage refer-
rals based upon the inclusion of ‘‘key emergency
words’’ (OR = 11.6, p = 0.036). No additional
significant associations were identified.

Provider Awareness

To evaluate SMA awareness among physicians
in the general recruitment sample, respondents
were asked to identify the testing required to
definitively diagnose SMA. A significant major-
ity identified the genetic testing requirement
and correctly identified SMN2 copy number asT
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the main factor influencing severity of SMA
phenotype (82.8%).

DISCUSSION

Early diagnosis and treatment are critical to
modifying the rapid and irreversible loss of
motor neurons in patients affected by SMA
[46–48]. Previously, we surveyed pediatricians
to determine factors that from their perspective
contributed to diagnostic delays in SMA [33].
The majority of pediatricians surveyed cited
prolonged wait times for neurology appoint-
ments as a contributing factor [33]. The present
study yields insights from the perspective of
neurologists and neuromuscular specialists into
appointment wait times and referral triage
methods as potential contributors to delays in
SMA diagnosis and treatment. Results of this
survey elucidate differences in the diagnostic
journey of infants with a suspected diagnosis of
SMA Type 1 depending upon where they were
referred. Our findings highlight areas of oppor-
tunity for all neurology/neuromuscular health-
care professionals to reduce the time to
diagnosis and disease-modifying treatment for
infants with SMA.

Diagnostic delays of symptomatic SMA are
well documented and significantly impact
patient prognosis and quality of life as illus-
trated by clinical trials and real world data
[22–30, 35, 46–48]. However, the early recogni-
tion of SMA symptoms—which include

progressive hypotonia, motor delays, and are-
flexia—may prove challenging [33]. Prolonged
wait times at neurology and neuromuscular
centers can further contribute to delays post
referral. Cure SMA encourages neurologists and
neuromuscular specialists to deem referrals for
the evaluation of infants with a suspected
diagnosis of SMA as urgent and prioritize
scheduling within 2 weeks. Data from this study
revealed that that SMA care centers are more
proficient than general recruitment sites at
triaging and expediting the evaluation of pedi-
atric cases in which SMA was suspected by the
referring physician and infants with ‘‘hypotonia
and motor delays’’ within B 2 weeks. Hypotonia
is a nonspecific indicator of both benign con-
ditions and pathologic conditions, including
SMA. Causes of hypotonia are myriad, can be
genetic or metabolic, and can affect the
peripheral or central nervous system [49–51].
Therefore, all staff members in a given neurol-
ogy or neuromuscular practice may not have
the knowledge, capacity, or experience required
to expeditiously triage referrals for infants pre-
senting with hypotonia [49, 51, 52].

Extensive wait times for appointments at
specialty clinics may be further compounded by
circumstances in which patients are evaluated
by multiple specialists before receiving an
accurate diagnosis [32, 34, 35]. In Cure SMA’s
prior survey to determine factors that influ-
enced referral patterns from pediatricians [33],
83.5% of respondents indicated that a

Table 3 Average wait time: Newborn screening

Wait time General
recruitment
n (%)

SMA care
centers
n (%)

0–2 weeks 134 (48.0) 22 (84.6)

[ 2 weeks 79 (28.3)a 0 (0.0)

N/A; my practice does not receive referrals to treat SMA affected infants subsequent

to ID via NBSb
52 (18.6) 4 (15.3)

N/A; SMA has not been added to my state’s NBSb panel 14 (5.0) 0 (0.0)

aThe breakdown of general recruitment wait times within the ‘‘[ 2 weeks’’ category are as follows: 2–4 weeks: 16.8%
(n = 47); 1–2 months: 6.5% (n = 18); 2–3 months: 3.2% (n = 9); 3–6 months: 1.8% (n = 5)
bNBS newborn screening
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‘‘specialist’s previous experience treating a sus-
pected condition’’ was a factor when choosing a
neurologist or pediatric neurologist for referral.
This may in part explain why, in this survey,
SMA care center respondents were more likely
than general recruitment respondents to be the
first provider to evaluate infants with a sus-
pected diagnosis of SMA Type 1. Infants seen by
general recruitment respondents were also more
likely than those seen at SMA care centers to
have previously seen multiple providers and
have longer diagnostic journeys. These results
indicate that the time to diagnosis and treat-
ment can be shortened by referring infants with
suspected diagnosis of SMA Type 1 directly to
centers with prior expertise in SMA evaluation
and treatment. However, due to limited access
to specialty care, this may not be feasible.
Cutrona et al. [49] recently developed a diag-
nostic module that can be used by pediatricians
as an add-on to the standard neonatal neuro-
logic examination when hypotonia and other
neuromuscular symptoms are present. A pilot
study of this model found that not only was it
effective in distinguishing between SMA and
other neuromuscular conditions, it was also
helpful in detecting SMA in infants with mild
clinical symptoms [52]. Resources like these
may support narrowing of the differential
diagnosis, raise provider suspicion of SMA, and
trigger genetic testing more efficiently.

Although newborn screening facilitates early
diagnosis of SMA, extensive wait times for
evaluation and confirmatory testing can also
culminate in treatment delays. This research
revealed a wide variance in wait times for new-
born screening referrals within the general
recruitment sample. These data suggest that the
rapid adoption of SMA newborn screening,
along with the mounting clinical trial and real-
world evidence supporting emergent diagnosis
and treatment, has been challenging for provi-
ders that do not specialize in SMA care and
disease management. Although the consensus
recommendation among experts in the US is to
provide emergent treatment for infants who are
diagnosed with SMA and have one to four
copies of SMN2 [53–56], a time frame for treat-
ment initiation has not been specified. The
development of updated guidelines detailing

practice considerations for SMA newborn
screening management may standardize provi-
der approach and optimize patient outcomes.

When asked to rank factors that affect
appointment wait times both the general
recruitment sample and the SMA care center
sample identified ‘‘clinician availability/clinic
hours’’ and ‘‘restrictions on providers’’ as barri-
ers to referral. Previous research has found that
disparities in access to specialty care can com-
pound delays in diagnosis and treatment for
infants and children for whom timely treatment
for SMA and other neurologic diseases is critical
[33, 35, 57–59]. The results from the present
study support these findings and point to
additional systemic factors, including limita-
tions caused by insurance coverage and reim-
bursement issues, that impact referrals
including which care center and provider and
play a role in creating appointment delays.
More work is needed to further clarify and
define the root causes of these barriers and
implement effective solutions.

Data from this study also provide insight
into which triage methods may be effective at
expediting incoming SMA referrals. Nearly all
general recruitment respondents and all SMA
care center respondents indicated that their
practices triage incoming referrals in some
manner. More SMA care center respondents
than general recruitment sample respondents
indicated that they used ‘‘centralized call center
staff’’ and/or a ‘‘nurse/nurse coordinator’’ to
assist in referral triage. Although a large per-
centage of both general recruitment respon-
dents and SMA care center respondents reported
utilizing physicians to review triage referrals,
this strategy did not significantly impact
appointment wait times. Furthermore, using
physician review as the first step in triaging SMA
referrals may not be sustainable because of
demands on physicians’ time. One compromise
may be to use a tiered referral triage system
involving initial review for key emergency
words by dedicated staff. The use of key emer-
gency words in referrals could trigger a second-
tier review by the physician who could then
determine whether prioritized scheduling for
evaluation and genetic testing is appropriate. In
this study, respondents were not asked which
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key emergency words were used to triage
incoming referrals for infants with a suspected
diagnosis of SMA. Collaborative research
between pediatricians and neurologists/neuro-
muscular specialists to develop a standardized
set of key emergency words may be beneficial to
both types of practices as well as to infants with
SMA. Recent initiatives in other areas of neu-
rologic and pediatric care have shown that a
variety of approaches to urgent appointment
triage can reduce appointment wait times
[60–63]. These initiatives did not require
expensive or complex changes but were
accomplished through concerted efforts to uti-
lize existing resources, such as email and elec-
tronic scheduling systems, in innovative ways
[60–63]. Future research should explore oppor-
tunities to establish referral triage guidelines for
treatable pediatric conditions involving hypo-
tonia and motor delays. The guidelines should
aim to encourage the broad, consistent imple-
mentation of streamlined referral pathways
across neurology and neuromuscular centers
within the US, paving the way for expeditious
diagnosis and treatment of infants with SMA
and other diseases for which emergent inter-
vention is optimal [57].

Taken together, the findings from this survey
suggest that immediately referring infants with
either a suspected clinical diagnosis of SMA or a
positive SMA newborn screening result to an
SMA care center can significantly decrease their
wait time to be evaluated and treated. However,
additional research is required to explore the
policies and practices implemented across
individual care center sites that may have con-
tributed to these results. As of January 2024, the
Cure SMA Care Center Network comprised 29
pediatric and adult healthcare sites that are
committed to providing excellent, multi-disci-
plinary healthcare to persons with SMA [45]. In
addition to offering FDA-approved SMA treat-
ments, Cure SMA Care Center Network sites
share, review, and analyze patient care infor-
mation to continuously improve evidence-dri-
ven care for individuals with SMA [45].

Continuing education about the early
symptoms of SMA, newborn screening for SMA,
and the urgency for evaluation and treatment
may help to close remaining knowledge gaps in

general neurology and neuromuscular practices.
Given that study participants reported involv-
ing a range of allied health professionals in the
screening of referrals, educational opportunities
should be extended to all triage team members
[64]. This online resource offers a variety of
educational resources detailing SMA diagnostic
criteria, as well as the latest treatment options
and protocols.

Study Limitations

Because the survey was designed to evaluate
wait times and triage practices for a specific
period in time, the measure was not validated
prior to distribution. However, future research
should explore the development of a validated
tool that can be leveraged for ongoing assess-
ment. Due to the method of recruitment, there
was a sampling bias within the research design
for this study. Recruitment of SMA care centers
occurred via a curated list comprised of Cure
SMA Care Center Network [45] sites and other
well-known SMA research and treatment cen-
ters. Also, although the SMA care center sample
is representative of the key opinion leaders
within the field, the sample size limited our
ability to conduct robust comparative analysis
across cohorts. Despite the fact that Medscape
Education maintains a robust database of pro-
viders within the US, our sample does not fully
represent the population of neurologists and
neuromuscular specialists, which limits the
generalizability of these findings. Furthermore,
adult neurologists made up the largest per-
centage of specialists in the general recruitment
sample, which may have impacted results. Pro-
viders must independently create an account to
access content on Medscape’s platform and
complete an additional opt-in process to par-
ticipate in market research. To achieve the tar-
get number of responses, invitations to
participate in the survey were distributed by
Medscape Education via a batching method to
eligible providers, which contributed to the
response rate. Finally, we recognize that five
respondents indicated wait times of 3–6 months
to evaluate patients identified via newborn
screening. Due to the limited sample size,

Neurol Ther



additional analysis to identify potential corre-
lating factors could not be performed; contrib-
utors to extensive wait times were also not
directly explored by the survey.

CONCLUSIONS

The learnings from this analysis will support
continued efforts to reduce diagnostic delays
and alleviate barriers to optimal diagnosis and
management of SMA. Study findings, along
with additional analysis of sub-group cohorts
within the survey data, will also be utilized to
promote development of improved screening
and referral pathways for the evaluation of
hypotonia and suspected SMA within the pedi-
atric population.

While diagnosing and treating patients
affected by SMA entails unique challenges,
some of the issues confronting this population
are similar to those faced by other rare disease
groups, particularly those for which early
intervention is critical. There is an opportunity
to engage in collaborative efforts to address
systemic contributors to diagnostic delays by
partnering with other organizations within the
rare disease and maternal and child health
communities.
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