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ABSTRACT
Spinal muscular atrophy (SMA) has gained much attention in the last few years because of the approval of the first intrathecal treatment 
for this neurodegenerative disease. Latin America needs to develop the demographics of SMA, timely access to diagnosis, and appropriate 
following of the standards of care recommendations for patients. These are essential steps to guide health policies. Methods: This was 
a descriptive study of a cohort of SMA patients from all over Chile. We analyzed the clinical, motor functional, and social data, as well as 
the care status of nutritional, respiratory and skeletal conditions. We also measured the SMN2 copy number in this population. Results: 
We recruited 92 patients: 50 male; 23 SMA type-1, 36 SMA type-2 and 33 SMA type-3. The median age at genetic diagnosis was 5, 24 and 
132 months. We evaluated the SMN2 copy number in 57 patients. The SMA type-1 patients were tracheostomized and fed by gastrostomy 
in a 69.6 % of cases, 65% of SMA type-2 patients received nocturnal noninvasive ventilation, and 37% of the whole cohort underwent 
scoliosis surgery. Conclusion: Ventilatory care for SMA type-1 is still based mainly on tracheostomy. This Chilean cohort of SMA patients 
had timely access to genetic diagnosis, ventilatory assistance, nutritional support, and scoliosis surgery. In this series, SMA type-1 is 
underrepresented, probably due to restrictions in access to early diagnosis and the high and early mortality rate.
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RESUMÉN
La Atrofia Muscular Espinal (AME) ha concitado mucha atención en los últimos 2 años debido a la aprobación del primer tratamiento 
intratecal para esta enfermedad neurodegenerativa. América Latina necesita desarrollar la demografía de AME, un acceso oportuno al 
diagnóstico y un seguimiento apropiado de los pacientes que incorporen los estándares de atención recomendados por expertos. Estos 
son pasos esenciales para orientar las futuras políticas de salud en esta enfermedad. Métodos: Este es un estudio descriptivo de una 
cohorte de pacientes con AME de todo el país. Se analizaron los datos clínicos, motores, funcionales, sociales y el estado nutricional, 
respiratorio y esquelético de los pacientes. También medimos el número de copias del gen SMN2 en esta población. Resultados: 
se reclutaron 92 pacientes, 50 varones; 23 AME tipo 1, 36 AME tipo 2 y 33 AME tipo 3. La edad media al diagnóstico genético fue de 5, 24 y 
132 meses respectivamente. Evaluamos el número de copias de SMN2 en 57 pacientes. Un 69,6% de los pacientes con AME tipo 1 estaban 
traqueostomízados y gastrostomizados , un 65% de los pacientes con AME tipo 2 usaban ventilación nocturna no invasiva y el 37% de 
toda la cohorte presentaba una cirugía de escoliosis. Conclusión: Esta cohorte chilena de pacientes con AME tuvo acceso oportuno al 
diagnóstico genético, asistencia ventilatoria, apoyo nutricional y cirugía de escoliosis, sin embargo, la atención ventilatoria para AME tipo 1 
continúa aun basándose principalmente en la traqueostomía. En esta serie, AME tipo 1 está subrepresentada, probablemente debido a las 
restricciones en el acceso al diagnóstico temprano y la tasa de mortalidad alta y temprana.
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Spinal muscular atrophy (SMA) is an autosomal reces-
sive neuromuscular disorder characterized by degeneration 
of the motor neurons in the spinal cord and the lower por-
tion of the brainstem, leading to progressive proximal mus-
cular atrophy and weakness. The disease is caused by insuf-
ficient levels of survival of motor neuron (SMN) protein due 
to the homozygous deletion of the SMN1 gene in 95-98% of 
patients1. The estimated prevalence is about 1-2/100,000 per-
sons with an incidence of 1/10,000 live births2. In humans, 
the telomeric SMN1 has an almost-identical centromeric 
gene called SMN2. A single nucleotide difference on exon 7 
of SMN2 affects the splicing and leads to a truncated pro-
tein that is rapidly degraded. There is an inverse correlation 
between the number of SMN2 copies and the severity of ill-
ness3. Thereby, SMN2 constitutes a modifier of disease sever-
ity that has an important role in prognosis. 

There are four main SMA types: type 1, type 2, type 3 and 
type 4, based on the degree of functional severity and age at 
symptom onset, and subtypes are additionally defined for 
SMA type 1 and 34,5. 

Currently, there is a lack of data addressing the degree 
of compliance to standards of care recommendations and 
timely access to diagnosis in Latin America, as well as the 
clinical and demographic characteristics and medical care 
status of patients with SMA6,7,8. Clear demographic informa-
tion, reduced time to diagnosis, and access to quality health 
care across geographically and economically diverse coun-
tries will allow a better delineation of challenges and needs 
of the Latin American SMA community. 

In this context, and particularly for this study, Chile 
recently joined the Organization for Economic Cooperation 
and Development; Chile is an upper-middle-income coun-
try, with a per capita gross domestic product of 21,030 USD 
with a median monthly revenue of 772 USD, and life expec-
tancy at birth is 78.8 years9. The National Health Insurance 
System provides 80% of medical care while private insur-
ance supplies 20%10. 

Since 2006, a molecular genetic study has been accessi-
ble in our country, which allows confirmation of the homozy-
gous SMN1 deletion in patients suspected of having SMA11,12. 
Despite this development, in Chile there are still unmet needs 
in the field of molecular testing for the diagnosis of genetic 
conditions, with a paucity of laboratories and resources 
required to perform molecular genetic analyses13.

Every country needs to build precise information about 
patients with SMA, the leading genetic cause of infant mor-
tality worldwide, to improve biomedical research and timely 
access to standard clinical care. The recent approval of nusin-
ersen, and other treatments that will follow, has stressed the 
need for epidemiological data in order to plan health care 
and budget impact1415,16. 

Here we report, for the first time, an observational study 
in a nationwide cohort of SMA patients, aiming to describe 
their clinical, social and molecular data. In addition, patients 

were assessed for their nutritional, respiratory and skeletal 
conditions during their follow-up at our center. 

METHODS

Patient recruitment
The SMA patients were recruited consecutively between 

2012 and 2016, as part of a nationwide vigilance program of 
SMA status, with the support of an institutional research 
grant funding. We identified patients referred by profes-
sional health care workers across Chile, from patient organi-
zations, and from the medical records of routinely followed 
patients in our outpatient motor disorders program. The 
patients were recruited through the family association for 
SMA, (FAME Chile), a well-coordinated social organization 
that has succeeded in enrolling a significant number of SMA 
patients all over the country. As well, we sent emails to sev-
eral physiotherapists, physiatrists and pediatric neurologists 
from neurological and rehabilitation centers throughout the 
countryside. All the patients were evaluated at the same cen-
ter in Santiago.

The reference center is a private medical and academic 
hospital. The patient evaluation was done by the staff of the 
Neuromuscular and Motor Disorder Program of the Pediatric 
Neurology Department and Kinesiotherapy Service. The data 
were collected from the first year of recruitment until the end 
of 2016, and the analysis of all the data was done during 2017. 

We collected demographic, clinical, motor functional 
and epidemiological data from this population. We included 
all the patients with already-confirmed homozygous SMN1 
deletion and performed a molecular genetic analysis in those 
who had a clinical phenotype suggesting SMA with electro-
physiological studies, or a muscle biopsy indicating an ante-
rior horn cell disorder. We analyzed the SMN2 copy number 
in patients who consented to participate. We obtained data 
about social status, educational level and family income 
through a survey conducted by a social worker. The poverty 
threshold was considered to be 50% of the median income 
as defined by the Organization for Economic Cooperation 
and Development17.

Informed consent
Informed consent was obtained from the adult patients 

and parents or legal guardian of child patients prior to the 
study and following a full explanation of the procedures 
included in the study. Children older than 12 years of age 
were asked to assent. The institutional ethical committee 
approved the study.

Patient assessment 
Expert neurologists in neuromuscular disease obtained 

clinically relevant data and examined the patients every six 
months. Two expert physiotherapists, trained in functional 
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motor scales, evaluated patients who consented to partici-
pate, using the Hammersmith (HFMS) and Motor Function 
Measure (MFM-32) for patients from 6-60 years of age and 
the short version MFM-20, for children older than three years 
and under six years of age. These two evaluations were per-
formed on the same day for each patient18,19,20. Spearman’s 
rank correlation coefficients evaluated correlations between 
the MFM-32 and HFMS for nonambulant patients.

Molecular study
After receiving the informed consent, we obtained a 

peripheral blood sample to extract genomic DNA from 
patients, and to assess the number of copies of SMN1 and 
SMN2. The DNA was isolated from a whole blood sample 
using the Wizard Genomic DNA Purification Kit (Promega, 
USA) to assess the number of copies of SMN1 and SMN2 by 
multiplex ligation-dependent probe amplification (MLPA) 
analysis. The MLPA kit P60-B2 (MRC Holland, Amsterdam, 
The Netherlands) was used according to the manufactur-
er’s recommendations. Polymerase chain reaction (PCR) 
products were analyzed on an ABIPRISM 3100 capil-
lary sequencer and Peak scanner v1.0 software. The data 
obtained were analyzed by using the Coffalyser software v.8 
(MRC-Holland, Amsterdam, The Netherlands). Two inde-
pendent experiments were performed to confirm results 
obtained by MLPA analysis.

RESULTS

Demographic data 
The overall number of patients initially recruited was 115. 

We excluded seven patients because the MLPA showed two 
SMN1 copies, and another 16 patients because a blood sample 

was not available. Finally, 92 patients were definitively clas-
sified as SMA harboring a homozygous deletion of SMN1, 50 
of whom were males. The age range of SMA subtypes and the 
number of deceased patients during the follow-up is shown 
in Figure 1. The age range of 10–19 years was the most preva-
lent among patients with SMA types 2 and 3. The median age 
at genetic diagnosis for SMA types 1, 2 and 3 was 5, 24 and 
132 months, respectively. We did not identify any patients 
with SMA type 4, the adult form of SMA. 

Table 1 summarizes the median age by SMA types, rel-
evant clinical data, the status of ventilatory and nutritional 
support, the proportion of patients who had scoliosis surgery, 
the SMN2 copy number and the mean values of functional 
motor scales. 

Six out of 23 patients with SMA type 1 died at a mean age 
of eight months, all of whom belonged to the type 1b sub-
class5. All but one of the 17 surviving SMA type 1 patients 
had been given a tracheostomy and were still alive at publi-
cation date. Only one SMA type 2 patient died at eight years 
old due to pneumonia. The patients with SMA type 3 are all 
currently alive. 

Seven out of 85 families (8.2%) had two children affected 
by the disease and 26 patients (31%) were from one-child 
families. Table 2 shows the SMA siblings’ phenotype-gen-
otype correlation, highlighting a discordant phenotype in 
some siblings. 

Electromyography and muscle biopsy were done in 88% 
and 54% of patients, respectively, before obtaining a genetic 
diagnosis (Figure 2).

Geographic distribution, social, educational 
characteristics and family income

A total of 71 SMA families completed the survey, allow-
ing us to collect social and household income data. Of these, 

SMA Type 1 = 23

SMA Type 2 = 36

SMA Type 3 = 33
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Figure 1. The number of SMA patients in different age ranges. The age range distribution for SMA type 1, 2 and 3 is showed in a different 
color bar. The number of patients deceased during the study period is indicated under the age range 0-11months and 6-9 years.
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Table 1. Demographic and clinical features.

SMA type 1 SMA type 2 SMA type 3

1b 1c 3a 3b

Nº 15 8 36 23 10

Sex M/F, n 9/6 4/4 19/17 11/12 7/3

Age (mo), median 49 53 169 234 273

Mortality percent 6/15 (40%) 0 1/36 (2.8%) 0 0

Age at symptoms onset, (mo), median (range) 1 3,5 (3-4) 10.5 (6-18) 18(6-36) 48 (48-120)

Age genetic diagnosis, (mo), median (range) 3(1-5) 9 (3-228) 24 (9-312) 66 (12-588) 162 (72-468)

Median delay in diagnosis, (mo) (range) 2(0-4) 5(0-224) 14 (0-301) 41 (0-552) 108(0-348)

SMN2 copy number        

2 4 7 1 0 0

3 0 1 25 11 1

4 0 0 0 0 7

Percent receiving nutritional support, by gastrostomy /  
by nasogastric tube 73/0 75/0 6.5/0 0 0

Percent receiving ventilation support, by Tracheostomy and 
ventilator/by noninvasive ventilation 100 87,5/12,5 0/65 0/28 0/10

Percent receiving both nutritional and noninvasive ventilation 
support 100 75 6.5 0 0

Percent with scoliosis surgery 57.6 53.4 20

HFMS median range, n 10,5 (0-27) 
n=16

33 (10-38) 
n=7

40 (39-40) 
n=5

MFM-32: >6y, median, range, n 46 (17-47) 
n=11

MFM-20: 3-6y, median, range, n 31,5 (25-37) 
n=4

mo: month; n: number; SMN : survival motor neuron 2; HFMS: Hammersmith Functional Motor Scale; 
MFM-32: Motor Function Measure 32; MFM-20: Motor Function Measure 20

48%
52%

EMG

NO EMG

8%

92%

6%

94%

SMA Type 3

SMA Type 2

SMA Type 1

(a)

Muscle
Biopsy

54%

SMA Type 1
26%

SMA Type 2
53%

SMA Type 3
61%

(b)

EMG

NO EMG

EMG

NO EMG

Figure 2. A. Percentage of EMG before genetic diagnosis in patients with SMA type 1, 2 and 3. B. Percentage of patients with 
muscle biopsy before genetic diagnosis and the proportion of this procedure in each subtype of SMA 1, 2 and 3
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61% of patients resided in the capital city, while 39% lived 
throughout the rest of the Chilean regions. From this latter 
group, nearly 24% lived in a radius of about 200 kilometers 
around the capital. Eighty-five percent of families resided in 
urban zones versus 15% in the countryside. Fifty-three fami-
lies (75%) were recipients of the national health system. In 
39 families (55%) both parents worked and 18 (25%) had 
one working parent. Twenty-eight families (39%) were own-
ers of their house, while five families lived in relatives’ family 
homes. Regarding disability benefits, only 30% of the patients 
who were unable to walk had a powered wheelchair. The 
monthly income data showed that 56 families (79%) lived on 
less than USD 1500/month, 16 (23%) of whom lived below the 
poverty threshold15. Sixteen out of 25 adults (64%), 10 SMA 
type 3 and six SMA type 2 patients, had achieved a higher 
education level.

Molecular characterization.
Among the 92 SMA patients, 71% had a molecular genetic 

confirmation at the beginning of the study, showing an SMN1 
homozygous deletion of exon 7, obtained by PCR-restriction 
fragment length polymorphism assay. In 27 patients we per-
formed the MLPA analysis that confirmed the homozygous 
deletion of SMN1. Additionally, the SMN2 copy number was 
analyzed in 57 patients (Table 1). 

Functional status. 
Eighteen (79%) SMA type 3a patients lost the ability to 

walk between 18 months and 25 years of age. However, all 
but one of the SMA type 3b individuals still maintain inde-
pendent walking. Ten out of 36 (29%) SMA type 2 patients 
attained motor achievements other than a seated position, 
i.e., crawling, standing up independently, and walking with 
aid. The median and range of HFMS and MFM scores for 
28 and 26 SMA type 2 patients, respectively, are shown in 
Table 1. The correlation between MFM-32 and HFMS in non-
ambulant patients was 0.733 (Figure 3) 

Ventilatory support. 
Forty-six patients (50%) required ventilatory support; 

four patients were treated by noninvasive ventilation some 
months before requiring a tracheostomy, Sixteen out of 23 
(69.6 %) patients with SMA type 1 had a tracheostomy. Ninety 
percent of SMA type 1 patients were recipients of the domi-
ciliary national health system ventilation program; 63.9% of 
SMA type 2 patients used nocturnal BiPAP, 50% were sup-
ported by the national health system, and 24.3% of SMA type 
3 patients received nocturnal noninvasive ventilation.

Scoliosis surgery
Thirty-three (35.9%) patients underwent scoliosis sur-

gery at a mean age of 11.5 ± 3.2 SD (range 6–19 years); 

Table 2. Phenotype and genotype characteristics of siblings with SMA.

Family Gender SMA 
type

Age at 
onset 

(months)
Initial symptoms Highest Motor 

Function Achieved
Age at loss of 

walking SMN2 copies Present Age

1 F 3 14 Frequent falls Unsupported walking 11 years 3 13 years

1´ F 3 72
Difficulties in 

Sport at school 
Hands tremor

Unsupported walking Still ambulant 3 20 years

2

Monocho rionic/
Biamniotic M 1 4-5 Hypotonia Head control 2 33 months

2´

Monocho. rionic/
Biamniotic M 1 4-5 Hypotonia Head control 2 33 months

3 F 2 12-14
Difficulties 
in walking 

unsupported
Walking with support 3 31 years

3´ M 2 10 Hypotonia Sitting control 3 26 years

4 M 2 36 Frequent falls Independent walking 16 years 3 51 years

4´ F 2 60 Difficult sports Independent walking Still walking 3 39 years

5 M 3 60 Frequent falls Independent walking Still walking 4 12 years

5´ M 3 48 Difficulties. To run Independent walking Still walking 4 13 years

6 M 2 6 Hypotonia Stand unsupported 
some minutes 3 4 years

6´ M 2 9 Unable to stand Sitting control 3 12 years

7 M 2 14 Unable to walk Stand up supported 3 9 years

7’ F 3 14 Need support to 
walk Independent walking Still walking 

with support 3 19 months
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57.6% of whom were SMA type 2 patients, and 33.3% were 
SMA type 3a. In 28 patients, the standard fusion proce-
dure with arthrodesis between T2-L5 was the technique of 
choice with the additional support of intra-operative neu-
ral monitoring. Five children received growing rods with 
vertical expandable prosthetic titanium, and they were 
the patients who had been operated on at the youngest 
age (range 5–11 years).

DISCUSSION

This comprehensive report characterizes, for the first 
time, a significant nationwide cohort of SMA patients in 
Chile. The Family Association for SMA played an important 
role in gathering patients as each neurological and rehabili-
tation service around the country only takes care of a small 
number of patients due to extensive geographical distribu-
tion and small population size. We estimate a prevalence 
between 180 and 360 patients are affected by this disorder 
in our country, according to the Chilean population, assum-
ing we have a prevalence of the disease similar to most coun-
tries2,21. The development of the MLPA to measure the SMN2 
copy number allowed us to provide Chilean patients with this 
required genetic determination in agreement with the new 
recommendation guidelines. Establishing the SMN2 copy 
number should be routinely assessed as it is an important 
factor influencing the severity of the SMA phenotype and its 
central role for prognosis and therapeutic approaches22. The 
relationship between the SMA severity and the number of 
copies of SMN2 was similar to other studies reported in dif-
ferent populations1. 

The demographic characteristics mirrored those of the 
country; in our cohort, 85% reside in urban areas, and only 
15% in the countryside, compared to 87% and 13%, respec-
tively, of the whole population. In our cohort, patients liv-
ing in the capital city of Santiago were overrepresented at 
61% vs. 40% in the national population. This fact can be eas-
ily explained by families frequently moving to the capital 
where they find more accessible health care and rehabilita-
tion resources for their affected family member. However, 
this scenario may also account for the difficulties in get-
ting access to clinical studies for patients living in faraway 
rural areas23. Regarding family structure, the percentage of 
single-parent families was 25% in our cohort, similar to the 
27.6% of the nationwide population24. Finally, when we con-
sider income distribution, the number of families living below 
the poverty threshold was 23%, higher than the Organization 
for Economic Co-operation and Development average of 
11.5%17. The greater number of families living below the pov-
erty threshold may be related to the need for one of the par-
ents to stay at home without a paid job, to take care of their 
child. These demographic data on SMA patients and their 
families are certainly relevant for any umbrella program to be 
undertaken by a health care agency and need to be explored 
in further detail.

When considering clinical outcomes and results, we 
observed that the delay in SMA diagnosis of 5, 24 and 132 
months after the onset of symptoms, shown in Table 1, was 
similar to the delay reported in a recent systematic litera-
ture review, that included North American and European 
countries, of 3.6, 14.3, and 43.6 months, for types 1, 2, and 
3 respectively25. A longer waiting time to genetic diagno-
sis was present for patients with SMA type 3b, as they had 
been clinically diagnosed long before access to a molecular 
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Figure 3. Correlation between MFM-32 and HFMS in non-ambulant patients with 3 copies of SMN2 
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genetic diagnosis was available. Our cohort also showed that 
the length of diagnostic delay varied by the type of SMA, and 
there was still time wasted in search of an accurate diagnosis. 
The number of patients undergoing muscle biopsy and EMG 
before the request for genetic diagnosis well exemplifies the 
diagnostic odyssey many patients still experience, a prac-
tice that should be avoided following the recommendations 
of the SMA consensus guidelines26. The correlation found 
between MFM-32 and HFMS in nonambulant patients was 
very similar to the correlation found in a previous report27. 

The age range of 10-19 years was the most represented 
in our cohort; similar to the recent multinational mapping 
of care for SMA that included 25 countries, as was the per-
centage of adult patients older than 20 years (27% vs. 30%). 
Also underrepresented in this registry was SMA type 1, with 
only 25% of the whole cohort being affected, and not nearly 
the 50% expected because of the known incidence of the dis-
ease28. The severity of the disease and the higher rate of mor-
tality could explain this percentage. 

A significant difference found in our cohort, compared 
with the multinational mapping, was the high percentage 
of SMA patients on invasive or noninvasive ventilation sup-
port, representing 54.3% of our cohort compared with 12% 
in the multinational record; 34.8% receiving invasive ventila-
tion vs. 29% noninvasive ventilation. The higher rate of venti-
lation support in our cohort may have been associated with 
the fact that more than 90% of patients with SMA type 1 were 
on invasive ventilation, and the existence of the national pro-
gram for noninvasive ventilation at home, which allows rapid 
implementation of a complex and high burden of medical 
assistance for all types of SMA patients28. Invasive ventilation 
was restricted to SMA type 1 patients, representing 32% of all 
SMA patients receiving ventilatory assistance, similar to the 
reported 29%. In contrast, only three patients with SMA type 
1 were on noninvasive ventilatory support representing only 
10% of all noninvasive ventilatory patients compared with 
54% of the whole ventilated population. In this respect, the 
ventilation support approach in our country looks similar to 
that of Mexico, Argentina and Poland28. Perhaps a national 
program of standard of care of SMA patients that includes 

ventilatory care, and the recommendation of a BiPAP instead 
of tracheostomy, could improve this situation. In a coun-
try with limited and expensive access to pre-implantation 
diagnoses and restricted access to costly new treatments, 
the burden of this disease is even higher. In this context, the 
development of a neonatal screening would allow treatment 
of these patients earlier and, possibly, presymptomatically, 
to avoid the emotional, social and health costs of palliative 
treatments such as the effect of domiciliary invasive ventila-
tion for years, and prolonged admission to the intensive care 
unit for acute respiratory insufficiency and infections. 

Our results about the timing of scoliosis surgery add to 
the meager information available on this topic, although 
further multicenter studies and randomized clinical trials 
are needed to evaluate the impact of different techniques 
and approaches29. The recent availability of new effective 
treatments will increase awareness on the timely interven-
tion in SMA, and thus a short timeframe for diagnosis is 
now of pivotal importance. Moreover, the standards of care 
guidelines that used to be useful for the best care of SMA 
patients are going to change, as updates now reflect pre-
treatment recommendations22,26,30,31. 

In conclusion, our challenge is to improve earlier diag-
nosis, to follow the standard of care recommendations more 
closely and reach all the SMA patients in a country of consid-
erable size, such as Chile, and to build monitoring programs 
to carefully follow-up the patients and help us establish 
the long-term advantages of the new upcoming therapies. 
Facilitating the collection of clinically meaningful data in 
this area is even more urgent now, when a new specific treat-
ment has been recently approved, and others that will follow 
in the future have hastened the expectation for therapies by 
patients’ families14-16,32,33.
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