
Available online at www.sciencedirect.com 

Neuromuscular Disorders 29 (2019) 517–524 
www.elsevier.com/locate/nmd 

Salbutamol tolerability and efficacy in patients with spinal muscular 

atrophy type II 

A.L. Frongia 

a , b , 1 , D. Natera-de Benito 

a , b , 1 , ∗, C. Ortez 

a , b , M. Alarcón 

a , A. Borrás 

a , b , J. Medina 

c , 
M. Vigo 

c , N. Padrós 

b , O. Moya 

c , J. Armas 

c , L. Carrera-García 

a , b , J. Expósito-Escudero 

a , b , 
D. Cuadras 

d , S. Bernal e , L. Martorell f , J. Colomer a , b , A. Nascimento 

a , b 

a Neuromuscular Unit, Neuropaediatrics Department, Institut de Recerca Hospital Universitari Sant Joan de Deu, Barcelona, Spain 
b Center for the Biomedical Research on Rare Diseases (CIBERER), ISCIII, Spain 

c Department of Rehabilitation and Physical Medicine, Hospital Sant Joan de Deu, Barcelona, Spain 
d Statistics Department, Fundacio Sant Joan de Deu, Barcelona, Spain 

e Department of Genetics, Hospital de la Santa Creu i Sant Pau, Barcelona, Spain 
f Department of Genetics, Hospital Sant Joan de Deu, Barcelona, Spain 

Received 7 July 2018; received in revised form 25 February 2019; accepted 5 April 2019 

Abstract 

Spinal muscular atrophy (SMA) is an autosomal recessive disease caused by homozygous deletions or loss-of-function mutations in 
SMN1 , which result in a degeneration of motor neurons in the spinal cord and brain stem. Even without a randomized placebo-controlled 
trial, salbutamol has been offered to patients with SMA in the neuromuscular clinics of most of hospitals for many years. We describe the 
response to salbutamol in 48 patients with SMA type II who were not taking any other medication. We investigate the changes over an 
eighteen-month period in motor functional scales and we analyze side effects and subjective response to treatment. Our results suggest that 
oral administration of salbutamol might be helpful in the maintenance of motor function in patients with SMA type II. An apparent beneficial 
effect was observed in functional scales of children under the age of 6, especially during the first 6 months of therapy. The majority of 
patients of all ages referred some kind of subjective positive effect associated with therapy intake. Salbutamol seemed safe and was well 
tolerated without serious side effects. 
© 2019 Elsevier B.V. All rights reserved. 
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. Introduction 

Spinal muscular atrophy (SMA) is an autosomal recessive
isease caused by homozygous deletions or loss-of-function
utations in the gene encoding survival motor neuron 1

 SMN1 ), which result in a degeneration of motor neurons in
he spinal cord and brain stem [1] . It is the most common
enetic cause of childhood mortality [2 , 3] , with an estimated
ncidence of 1 in 11,000 live births [4] and a carrier frequency
∗ Corresponding author at: Neuromuscular Unit, Neuropaediatrics 
epartment, Institut de Recerca Hospital Universitari Sant Joan de Deu, 
arcelona, Spain. 

E-mail address: dnatera@sjdhospitalbarcelona.org (D. Natera-de Benito). 
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f 1 in 40–60 adults [5] . It is classified in several major
henotypes based on the age of onset and maximal motor
apacity achieved [6–8] . SMA type II manifests as onset
sually between ages 6 and 12 months: patients achieve the
bility to sit independently but never walk independently.
lthough poor muscle tone may be evident at birth or within

he first few months of life, individuals with SMA II may gain
otor milestones slowly [9] . The life expectancy of persons
ith SMA II is shortened by respiratory complications in the

ontext of a restrictive pulmonary disease and early onset
coliosis. Despite this, the majority of patients with SMA
ype II live into adulthood. Data on natural history on SMA
ype II show a slow decline in motor and pulmonary functions
ver time, causing substantial disability [10] . 

http://crossmark.crossref.org/dialog/?doi=10.1016/j.nmd.2019.04.003&domain=pdf
http://www.sciencedirect.com
https://doi.org/10.1016/j.nmd.2019.04.003
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Deletions (identified in 92% of all classical SMA patients)
or loss-of-function mutations in the SMN1 gene, located on
chromosome 5q13, are responsible of the disease [11] , whilst
the phenotype severity is strictly related to the paralogous
SMN2 gene copies number present [12,13] . Basing on
the hypothesis that a higher copies number may ameliorate
the clinical phenotype; some current treatment strategies are
focused on enhance SMN2 transcript. 

Apart from its widespread use in patients with myasthenia
due to its effect over the neuromuscular junction [14–16] , a
beneficial effect on skeletal muscle after treatment with short
acting β2-adrenergic agonists has also been reported over the
last years. Firstly, Martineau et al. described an improvement
on muscle strength after treatment with albuterol for 21
days in healthy volunteers [17] . Later, salbutamol proven
to be effective in several types of congenital myasthenic
syndromes [18,19] , and some kind of increase in the skeletal
muscle strength has been documented in patients with
other neuromuscular disorders, including central core diseases
[20] and facioscapulohumeral dystrophy (FSHD) [21] , though
subsequent studies suggested that this positive effect on
muscle strength in patients with FSHD was not maintained
over time [22] , was limited [23] , or was not detected [24] .
Albuterol also appears to partially enhance efficacy from
enzyme replacement therapy in Pompe disease [25] and
seemed to increase the strength in a placebo-controlled pilot
study in 9 boys with dystrophinopathies [26] , although these
results observed in patients with dystrophinopathy were not
confirmed in a larger study [27] . Lastly, some studies indicate
that salbutamol may have a beneficial effect on muscle
function in patients with SMA type II and III without serious
side effects [28–31] . 

Two different studies have reported that salbutamol
increases SMN protein in SMN fibroblast cells [32 , 33] .
However, the precise mechanism by which the salbutamol
is able to increase SMN protein remains unclear. A
stimulation of the inclusion of exon 7 in SMN2 mRNA was
initially proposed [32] , but more recently has been strongly
suggested that salbutamol may increase SMN protein levels
in SMA by inhibiting ubiquitin-mediated SMN degradation
via activating β2-adrenergic receptor-PKA pathways [33] .
A third study hypothesizes that the increase in SMN2 full
length transcript levels was directly proportional to SMN2
gene copy number [34] . More recently, a role of salbutamol
on neuromuscular junction has been suggested. It was based
on the concordance between clinical and neurophysiological
signs of improvement in two patients with SMA treated with
salbutamol [35] . 

Following these data, salbutamol has been offered to
patients with SMA in the neuromuscular clinics of most of
hospitals for many years, with greater or lesser confidence.
In the absence of a randomized placebo-controlled trial, even
less likely to be performed in the current radically new
therapeutic context, we describe the response to salbutamol in
48 patients with SMA type II who were not taking any other
medication. The main aim of this study was to investigate the
changes over an eighteen-month period in motor functional
cales in individuals with SMA type II under treatment with
albutamol, in order to describe a possible beneficial effect.
econdly, we analyzed side effects and subjective response to

reatment. 

. Methods 

.1. Study design and patients 

This was a prospective, longitudinal study to characterize
he development of motor function in patients with SMA
ype II treated with oral salbutamol. Results were compared
ith natural history of the disease and with other previously
ublished patients treated with salbutamol. We hypothesized
hat individuals who were treated with salbutamol would have
 better evolution. Side effects and subjective response were
lso analyzed. 

Forty-eight patients followed-up at Hospital Sant Joan de
éu, Barcelona, were included in this study. All patients
ad a clinical diagnosis of SMA type II confirmed by
enetic analysis with homozygous absence of SMN1 . None
f patients was taking part in any other pharmacological trial
r was on other concurrent medication. SMA type II was
lassified based on age at disease onset and maximal motor
apacity achieved, according to the functional criteria of the
nternational SMA Consortium [36] . Phenotype data were
ollected from family interviews and medical records. Data
ere collected in accordance with ethical guidelines of the

nstitution. 
Oral Salbutamol was initiated after a cardiac evaluation,

ncluding electrocardiogram and echocardiography. The dose
as progressively increased over five weeks until the target
aily dose of 6 mg/day (2 mg three times per day). Weight
nd Cobb angle variations during the study period, as well
s hospitalizations and surgical interventions were registered
nd taken into account. 

.2. Outcome assessment motor measures and subjective 
esponse 

To capture disease progression, motor function was
ongitudinally assessed using three assessment tools over an
8-months period: Hammersmith Functional Motor Scale-
xpanded (HFMSE), Revised Upper Limb Module (RULM),
nd Egen Klassifikation 2 scale (EK2). All evaluations were
erformed on a single day, every 6 months. 

The HFMSE is an expanded version of the original HFMS
hich includes 13 supplementary items, totaling 33. Total

core, obtained by summing scores of each item, can range
rom 0 (fail of all the activities) to 66 (full activities achieved).
he scale is specifically validated for use in patients with
MA to assess motor activities related to daily living [37] .
he RULM, specifically designed to assess upper limb

unction in SMA patients, including non-ambulatory children,
onsists of 19 items for a maximum score of 37 [38] . EK2
cale assesses the functional capacity of people with spinal
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Table 1 
Characteristics of the patients at baseline. y: years; m: months; n °: number 
of patients. 

Sex 32 male, 16 female 

Age at onset of salbutamol (y) 
Mean 10.1 ±4.8 
Median 7 
Range 2–21.4 

Age at symptom onset (m) 
Mean 9 
Range 6–15 

Age at diagnosis of SMA (m) 
Mean 15 
Range 7–24 

Disease duration (m) 
Mean 112.2 
Range 16–247 

SMN2 copy number (n °.%) 
2 4 (11.4%) 
3 28 (80%) 
4 3 (8.6%) 
Unknown 13 

Motor milestones ever achieved (n °.%) 
Ability to sit without support 48 (100%) 
Ability to stand with support 13 (27.1%) 
Ability to stand without support 5 (10.4%) 
Ability to walk independently 0 

HFMSE score 5.76 ± 9.42 
RULM score 13.27 ± 7.43 
EK2 score 19.19 ± 7.06 
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uscular atrophy (SMA) and Duchenne muscular dystrophy
DMD) that are in wheelchair phase. It consists of 17 items
hat can be graded basing on a 4-point system, ranging from 0
able to perform) to 3 (unable). The lowest level of function is
n EK2 sum of 51 [39] . Validated Spanish versions of EK2
nd HFMSE are available [40,41] . All the evaluators have
een specifically trained for the three scales. 

Patients were stratified according to age at the start of
reatment ( < 6 years vs ≥6 years). Mean, median, standard
eviation, and range of the scores in functional scales after
 months, 12 months, and 18 months of treatment were
alculated in both groups. We considered ±3 points in
FMSE as a confident interval to estimate changes. It was

onsidered a clinically meaningful increase based on our own
xperience and its previous use as an end point in clinical
rials for SMA [42] . In patients which strictly complied
ith the timing of follow up, the scores over a period of
8 months were compared adjusting for baseline. Patients
ncluded in this group had at least a preliminary assessment
efore start treatment (T0) and subsequently were evaluated
very 6 months after the first dose. 

Patients in whom functional assessments had to
e temporary suspended due to surgical procedures,
ospitalizations, or other reasons, were not excluded.
 detailed evaluation of joint mobility was periodically
erformed in all patients. Scoliosis progression was evaluated
y Cobb angle, measured in sitting anterior-posterior X-ray
t baseline and at month 12 or 18. Weight at baseline
nd during follow-up was registered in most of patients.

here possible, number of SMN2 copies was also studied
o eventually correlate with a better response to treatment.
o better understand subjective perception of treatment
fficacy, patients underwent to an in-depth unstructured
nterview focused on impact of treatment in their daily
ife. Items that are not usually captured by functional
otor scales were requested, including fatigue, respiratory

ymptoms (inability to cough/clear lung secretions, respiratory
nfections, breathing difficulties), feeding/swallowing and 

hewing difficulties, sleep problems (ability to turn in
ed), difficulties transferring to/from wheelchair to bed or
oilet. 

.3. Statistical analysis 

Statistical analyses were performed using the Statistical
ackage for the Social Sciences 22.0 (IBM SPSS Statistics
2.0, Chicago, IL, USA). Descriptive statistics were used to
ummarize the demographic and medical characteristics of
atients. Data are presented as mean ± standard deviation
SD) or median and range where appropriate. Changes
n scores of functional scales at months 6, 12, and
8 after the onset of oral salbutamol were our primary
nterest. 

Spearman rank order correlations were performed to
xamine the concurrent validity between the HFMSE, RULM,
nd EK2. Correlations were designated as small (0.10–.29),
edium (0.30–.49), and large ( > 0.50). 
. Results 

.1. Demographics 

A total of 48 patients (32 male, 16 female) with SMA
ype II from 47 unrelated families were included in the study.
he mean age at the onset of treatment was 10.1 years (SD

4.8), ranging from 2 to 21.4 years. Thirteen children (8
ale, 5 female) were included in the < 6-year-old group and

5 patients (24 male, 11 female) in the ≥6-year-old group.
haracteristics of the patients at baseline are summarized in
able 1 . 

Forty of the patients were treated during at least 18 months,
he entire period of the study. Eight of the patients (16.7%)
ithdrew prematurely, due to a perceived lack of response

12.5%) or adverse effects (4.2%). All the 48 patients received
albutamol during at least 6 months. Protocol deviations
ccurred and were always related to skip of assessments.
ardiac evaluation, performed before the onset of salbutamol,
as normal in all patients. 

.2. Longitudinal motor functional assessment 

Table 2 shows details of the scores at baseline, month 6,
onth 12, and month 18. Table 3 shows the mean scores and

hanges in the scales during the follow-up. 
Mean score in HFMSE at baseline assessment was

ignificantly higher in patients younger than 6 years (13.57
oints) than in patients aged 6 years or more (4 points)
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Table 2 
Details of the scores at baseline, month 6, month 12, and month 18 in HFMSE, RULM, and EK2. Patients who underwent a definitive spinal fusion during 
the follow-up are marked with an asterisk. 

Age HFMSE_0 HFMSE_6 HFMSE_12 HFMSE_18 RULM_0 RULM_6 RULM_12 RULM_18 EK2_0 EK2_6 EK2_12 EK2_18 

1 24 6 9 6 15 15 14 18 16 17 
2 24 29 38 34 21 29 27 23 3 5 3 2 
3 31 12 14 12 16 8 24 
4 40 10 16 12 22 22 28 28 24.5 25 7 23 11 
5 42 17 17 17 20 16.5 21 12 13 8 
6 46 17 20 14 19 18 22 9 13 12 
7 51 32 26.5 9 
8 55 10 11 11 21.5 20 23.5 7 14 9 
9 57 14 17 14 25.5 25.5 22 7 7 14 
10 63 17 22 15 
11 66 6 0 0 0 13 12 16.5 16.5 20 25 18 16 
12 67 6 6 7 10 12.5 16 17.5 25 19 18 
13 67 21 36 33 35 15.5 21 20 28 21 7 13 12 
14 86 0 0 0 1.5 2 2 27 24 26 
15 87 0 0 1 1 30 31 
16 88 7 7 22 21 14 14 
17 91 0 0 7.5 8.5 24 24 
18 94 35 29 26 27 7 6 
19 97 6 7 0 19.5 16.5 20.5 12 12 21 
20 107 0 0 0 2.5 2.5 2 19 28 24 
21 109 7 8 4 0 20 21 18 19 15 13 16 13 
22 110 16 11 14 13 21 22 21 22 15 19 17 17 
23 117 32 28 27 23 31 30 28 31 5 6 6 7 
24 121 7 4 0 15.5 16 15 14 16 22 
25 ∗ 126 0 0 12 9.5 17 19 
26 ∗ 127 0 0 0 0 14.5 11.5 12 9 24 26 24 23 
27 132 8 4 0 17 16.5 17 17 
28 ∗ 138 8 7 6 6 15.5 15 17 10 14 13 11 15 
29 143 2 0 0 0 11.5 6 8.5 8.5 23 24 23 24 
30 144 0 0 9 14.5 18 12 
31 144 0 0 12.5 12 18 18 
32 145 0 0 0 14 11.5 10 19 21 23 
33 151 0 0 0 16 14 13.5 19 18 18 
34 153 2 0 0 0 9 12.5 12 5 28 29 27 34 
35 ∗ 153 0 0 0 12 9.5 8 5.5 14 13 19 13 
36 159 0 0 0 11 11.5 13 20 22 18 
37 ∗ 164 0 0 0 15 13.5 16 19 19 24 
38 168 0 0 0 8 10 6 19 19 24 
39 172 0 0 0 0 13.5 11 5 11.5 15 15 18 18 
40 174 0 0 4 7 21 25 
41 190 0 0 0 1 0 0 32 31 36 
42 193 0 0 0 0 0 0 24 28 30 29 
43 200 0 0 14.5 12 15 15 
44 201 0 0 6 2.5 25 24 
45 204 2 0 0 18.5 16.5 18 17 22 20 19 22 
46 207 0 0 0 14 6 7.5 31 28 34 
47 216 0 0 15 12 25 23 23 
48 257 0 0 0 0 4 4 5 23 25 24 

Table 3 
Mean score and changes in HFMSE, RULM, and EK2 values at baseline, month 6, month 12, and month 18 after treatment with salbutamol. 

Baseline Month 6 Month 12 Month 18 

HFMSE 5.76 (SD ± 9.42) 7.36 (SD ± 10.85) 6.61 (SD ± 9.79) 6.35 (SD ± 9.59) 
( + 1.60) ( + 0.85) ( + 0.59) 

RULM 13.27 (SD ± 7.43) 14.35 (SD ± 7.90) 14.95 (SD ± 7.26) 14.31 (SD ± 8.23) 
( + 1.08) ( + 1.68) ( + 1.04) 

EK2 19.19 (SD ± 7.06) 17.69 (SD ± 7.11) 18.00 (SD ± 6.77) 18.86 (SD ± 8.25) 
( −1.50) ( −1.19) ( −0.33) 
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Fig. 1. Change over time in the Hammersmith Functional Motor Scale-Expanded score (A), the Revised Upper Limb Module score (B), and the Egen 
Klassifikation 2 scale (C). Scores of patients under and over the age of 6 are compared. Note that patients younger than 6 showed a significant clinical 
improvement in mean HFMSE, RULM, and EK2 scores from baseline to month 6. Better scores compared with baseline were maintained at 12 and 18 
months, but in lesser magnitude. In contrast, patients older than 6 years had a decline in mean HFMSE, RULM, and EK2 from the first assessment in spite 
of the treatment with salbutamol. 
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 Fig. 1 ). Patients younger than 6 showed a significant clinical
mprovement in mean HFMSE score from baseline to month 6
f + 4.35 points. This improvement was maintained at 12 and
8 months, but in lesser magnitude (mean change in HFMSE
core from baseline to month 12: + 1.25 points; from baseline
o month 18: + 1.81 points). In contrast, patients older than
 years had a consistent decline in mean HFMSE from the
rst assessment ( −0.59 points from baseline to month 6;
1.5 points from baseline to month 12; −1.7 points from

aseline to month 18). An increase of at least 3 points in
he HFMSE score from baseline to month 12 was observed
n 29% of patients younger than 6 years, whereas any older
atient showed an increase in the HFMSE score from baseline
o month 12 or 18. 

Patients younger than 6 years also had a significantly
igher mean score in RULM at baseline than patients
ged 6 years or more (16.86 vs 12.38). Moreover, a greater
mprovement in RULM score from baseline to month 6, 12,
nd 18 was observed in younger patients compared to patients
lder than 6 years ( + 4.36 vs −0.53 points from baseline to
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month 6; + 3.29 vs + 0.21 points from baseline to month 12,
+ 4.47 vs −1.21 points from baseline to month 18) ( Fig. 1 ). 

In the same vein, an improvement in mean EK2 score
was observed in the < 6-year-old group ( −5.46 at month 6,
−4.49 at month 12, −4.62 at month 18) and a decrease in the
≥6-year-old group ( + 0.16 at month 6, + 0.59 at month 12,
+ 1.99 at month 18) ( Fig. 1 ). Note that higher score in EK2
scale indicates lower function. 

The correlations between HFMSE, RULM, and EK2
at baseline and at month 18 were large and significant
( p < 0.01). Reliability between HFMSE and RULM was 0.82
at baseline and 0.75 at month 18. Reliability between HFMSE
and EK2 was −0.55 at baseline and −0.64 at month 18.
Reliability between RULM and EK2 was −0.66 at baseline
and −0.79 at month 18. 

3.3. Motor functional assessment compared with previous 
studies 

A comparison of our results with previously reported
patients with SMA treated with salbutamol was performed.
Pane et al. published a study in 2008 in which 23 children
with SMA type II started treatment with salbutamol before the
age of 6 years [29] . Despite a lower increase in our cohort,
no statistically significant differences were detected when we
compare the mean change in HFMSE score at month 12 in
our < 6-year-old patients who were assessed both at baseline
and at month 12 and those patients from that study ( + 1.57 vs
+ 3.78. p = 0.13). It is remarkable that a significantly higher
score in HFMSE at baseline was observed in the patients
published by Pane et al. (13.57 vs 24.65. p < 0.05). 

Given that our study lacked a control group, our results
were compared with annual rate of change in motor
function in previously published patients without treatment
[10,43–46] . The 12-month change in the study published by
Mercuri et al. differed significantly in different age groups in
non-ambulant patients: the mean 12-month change in HFMS
was + 0.04 in children below 5 years of age, −0.96 in
children between 5 and 15 years, and −0.35 in patients over
15 years of age [43] . Kaufmann et al. observed a slight
decline in HFMS score over time, with a mean annual rate of
change of −0.47 in non-ambulant patients [44] . Additionally,
mean changes in HFMSE and RULM scores at month 12
in our patients below 6 years of age were compared with
patients extracted from the sham control group included in
the phase 3 trial of nusinersen performed in children with
SMA type 2 [42] . This group is composed by 42 patients
with a median age of 3.0 years, ranging from 2 to 7 years. A
slightly lower mean improvement in HFMSE and RULM at
month 12 was observed in these not-treated patients from the
sham control group when compared with our patients treated
with salbutamol (HFMSE: + 1.14 vs + 1.25; RULM: + 1.36 vs
+ 3.29). 

A correlation with the number of SMN2 copies was not
studied since 3 copies were detected in the majority of
patients included in our study (80%) ( Table 1 ). 
.4. Subjective response to salbutamol 

All the adult patients and parents of those patients under
8 years of age were asked about their subjective perception
egarding the impact of treatment over time. A 77% reported
nitially some kind of improvement (92% in < 6 years vs
0.6% in ≥6 years). No beneficial effects were noted in 11
atients. Almost all the patients referred the maximum impact
uring the first months of treatment, after which a stabilization
as appreciated. Interestingly, several patients referred they
ad realized that they had forgotten to take the medication
ue to a subjective worsening. Most families (83.3%) refused
o stop taking the treatment when they were asked about. 

.5. Adverse effects 

Adverse effects were reported in 38.3% of patients (15% in
 6 years vs 47% in ≥6 years). Tachycardia and hand tremor
ere the most frequently reported side effects, disappearing

fter a few months of treatment in most of cases and not
equiring a dosage adjustment. Other less commonly reported
ide effects were insomnia and dizziness. A perceived lack
f response was the main reason to stop the treatment in
 out of the 8 patients who withdrew prematurely. Two
atients, representing a 4.2% of the cohort, stopped the oral
albutamol due to adverse effects (hand tremor and dizziness,
espectively). Serious adverse events were not reported in any
atient. 

.6. Scoliosis, hospitalizations, and surgical procedures 
uring the study 

A scoliotic curve greater than 15 ° at baseline was detected
n 44 out of the 48 patients. Cobb angle at baseline varied
rom 0 ° to 94 ° (mean 56 °). Eleven out of the 48 patients had
 second X-ray at month 12 (mean change: + 5.63 °, ranging
rom 0 ° to 14 °), and 21 patients at month 18 (mean change:
 15 °; ranging from 0 °−49 °). A definitive posterior spinal

usion had been performed in 11 patients prior to treatment.
uring the study period, 5 additional patients underwent a
efinitive spinal fusion ( Table 2 ). Postoperative complications,
ncluding extubation difficulties and surgical wound infection
ere observed in 2 patients. 
Apart from the scoliosis surgical interventions, 13 patients

ere hospitalized during the study period. Ten of them were
dmitted to hospital for respiratory infections and the other
atient for a bone fracture. In addition, two out of the 48
atients underwent programmed general surgery for phimosis
orrection and tonsillectomy, respectively. 

. Discussion 

Our results suggest that oral administration of salbutamol
6 mg per day) might be helpful in the maintenance of motor
unction in patients with SMA type II. An apparent beneficial
ffect was observed in functional scales of children under
he age of 6, especially during the first 6 months of therapy.
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ccording to the better results on RULM score at month 18,
he benefit on upper limbs seems to be more sustained over
ime. The majority of patients of all ages referred some kind
f subjective positive effect associated with therapy intake.
albutamol seems safe and was well tolerated without serious
ide effects. 

The overall treatment effect in terms of change from
aseline on the 3 scales across all visits was significantly
etter in the youngest patients ( < 6 years). These data
ust be considered with caution since children with SMA
ithout treatment might experience improvements in motor

unction during their first years of life [43 , 47] and a
ossible placebo effect cannot be ruled out, although the
mprovement observed is different from the typical temporary
arly response associated with a placebo effect. The main
imitation of the study was the absence of a control group. In
rder to mitigate this defect, we compared our results with
hose extracted from the natural history [10,43–46] and from
atients belonging to the sham control group included in the
hase 3 trial of nusinersen [42] . Although a rigorous statistical
nalysis cannot be undertaken, our impression comparing
hese data is that the functional progression in our cohort,
haracterized by a marked improvement in the 6 first months
f treatment, is not typical of the natural history of the
isease. The subjective perception of patients and families
s consistent with this clinical beneficial effect, observed
specially during the first months after the onset of oral
albutamol. The long-term effect of oral salbutamol cannot
e reliably measured according to available data. 

The analysis of overall results was strongly influenced by
he heterogeneity of our cohort in terms of age. The impact
f the salbutamol is not easy to be assessed in older patients
ith SMA type 2 since: (1) HFMSE shows a floor effect

n non-ambulant patients with a prolonged course, (2) other
ariables such as scoliosis or contractures are more frequent
n older patients, and (3) data on follow-up with RULM
nd/or EK2 in patients over the age 10 in the literature are
carce. Seen in another way and from an actual perspective,
his information about disease progression in older patients
rovide a significant added value in order to properly assess
hat impact the new therapies have on them. 
The three functional scales used to assess disease

rogression showed a good correlation, both at baseline and
t month 18. As previously observed in other studies [48] ,
FMSE is an appropriate scale with clear utility in the

ssessment of ambulant and stronger non-ambulant patients.
evertheless, the HFMSE is susceptible to floor effects in
eaker non-ambulant patients. In these last patients, use of
ULM and EK2 appeared to be more sensitive to describe

he SMA phenotype and capture changes. 
Despite the acknowledged limitations, this study represents

 step forward for the analysis of the usefulness of this
ommonly used treatment. The results we report here are
onsistent with the results of previous studies and, to our
nowledge, it is the longest and largest study so far to collect
rospective assessments, including three different functional 
otor scales. These novel data are useful to improve the
esign of future studies and highlight the need for a more
ppropriate randomized placebo-controlled trial investigating 

he efficacy of salbutamol in SMA, that may be associated
ith the new therapies. 
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