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ABSTRACT

Introduction: Spinal muscular atrophy (SMA) is one of the most frequent autosomal recessive neuromuscular disorders. It leads 
to progressive muscle weakness, premature death or permanent ventilation. Significant disability, scoliosis, severe pulmonary 
infections and other problems require in- and outpatient medical care. Various approaches have been used to evaluate SMA 
epidemiology, healthcare burden and adherence to standard of care. The recent introduction of pharmacological treatment in 
a large SMA population will change the course of the disease and the healthcare requirements of patients. 

Material and methods: We have used the National Health Fund database to identify children with SMA and the healthcare 
service they received in the pre-pharmacological treatment era. Pivotal phase II and III medical trials for nusinersen were con-
ducted between 2013 and 2015. The National Treatment Programme of SMA patients with nusinersen in our country was started 
in January 2019. The year 2014 was used to evaluate incident cases. 

Results: 51 new SMA cases (incidence 1:7,356) and 518 SMA patients younger than 18 were identified in 2014. 32 (6.2%) deaths 
were recorded, half in the first two years of life. 35 (6.8%) patients received palliative and 115 (22.2%) long-term care (including 
assisted ventilation). A total number of 3,057 days of hospital stay were reported. Only 65/518 (12.6%) patients did not receive 
publicly-funded healthcare service other than specialist or general practitioner’s consultation. 

Conclusions: SMA caused significant mortality and morbidity in children. The National Health Fund database can be used to 
reliably record incident cases and track the care provided to paediatric SMA patients. 
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Introduction

Spinal muscular atrophy (SMA) is one of the most frequent 
autosomal recessive neuromuscular disorders. SMA is caused 
by mutations of the survival motor neuron (SMN1) gene 
located on chromosome 5q [1]. Depending on the severity 
of symptoms, three SMA forms have been defined by the 
International SMA Consortium: severe infantile SMA1 — 
manifested in the first six months of life and diagnosed in 
children never able to sit unsupported; SMA2 in children who 
never walk; and SMA3 in those who achieve walking ability. 
SMA4 is the mildest, and rare, form, and becomes manifest 
clinically in the second or third decades of life [2]. Overall, 
almost all patients with SMA are symptomatic and diagnosed 
in childhood [3]. Access to genetic testing allows precise SMA 
diagnosis: approximately 97% of patients in our country have 
exon 7 biallelic deletion of SMN1 [4]. In the remainder, point 
mutations in SMN1 have been identified [5].

SMA is a disease with an incidence of approximately 
1:3,900–16,000 live births, as evaluated by direct contact with 
genetic laboratories across Europe [6]. As a diagnosis of SMA 
requires genetic confirmation, such a study provides accurate 
epidemiological data. In the era of emerging SMA therapies, 
it is important to follow the disease course and the access 
of patients to healthcare services. One way of doing this is 
via the use of disease-specific registries, such as the global 
SMA TREAT NMD registry [7]. Another option is the use of 
healthcare or insurance databases.

There are several major indicators of the disease course 
in SMA. SMA1 leads to respiratory insufficiency or death 
during the first two years of life in the majority of patients. 
SMA2 and SMA3 can also lead to respiratory compromise 
later in life and cause significant disability. Scoliosis is seen 
in most SMA2 and SMA3 patients [3]. Until recently, only 
symptomatic treatment could be offered [8]. Physiotherapy 
is indicated in all SMA patients. Scoliosis surgery, respiratory 
support, gastrostomy (PEG) or gastric fundoplasty are indi-
cated in advanced clinical stages [9, 10]. A recent report on 
the standard of care received by SMA patients was collected 
by the TREAT NMD registry [7]. 

Clinical rationale for study
The aim of our study was to use the national insurance 

database to estimate disease incidence, identify juvenile SMA 
patients, and analyse the medical care they received when no 
treatment for SMA was available worldwide. Pivotal phase 
II and III medical trials for nusinersen, the first drug regis-
tered for SMA treatment, were conducted between 2013 and 
2015 [11–13]. The results of these trials led to the approval of 
the drug in 2016 by the U.S. Food and Drug Administration 
(FDA) and in 2017 by the European Medicines Agency (EMA). 
The Polish National Treatment Programme of SMA patients 
with nusinersen started in January 2019. Nusinersen is cur-
rently reimbursed for all patients, regardless of age and SMA 

type. The next two drugs for SMA treatment registered in the 
USA or Europe are risdiplam and onasemnogene abeparvo-
vec-xioi [14]. These are currently not reimbursed in Poland. 
Additionally, a newborn screening programme for SMA was 
started in April 2021.

Material and methods

We analysed the National Health Fund (NFZ) registry. This 
national insurance database is principally used for financial 
settlement of health services by the NFZ, and therefore it 
contains only healthcare services covered by public funding. 
Complete data was available for the period 1 January 2009 to 
31 December 2015 supplemented with dates of deaths until 
21 April 2016. The analyses were conducted for patients treated 
in 2014, and compared to health services in 2013. 

Data was collected on SMA patients younger than 18. 
ICD10 code G12 was used to identify SMA patients. The code 
was not restricted to G12.0 (Infantile spinal muscular atrophy, 
type I [Werdnig-Hoffman]), as the reporting system allows the re-
porting of a three-character ICD10 code (instead of five-character 
code) in cases other than inpatient treatment. Only the primary 
diagnosis code at discharge was taken into account. Age cut-off 
was used for two reasons: in Poland, all minors are covered by 
insurance regardless of the employment status of their caregivers, 
so we assumed that all healthcare services will be recorded. Sec-
ondly, all SMA1, SMA2 and most SMA3–4 patients are diagnosed 
in this age group, allowing us to identify incident cases in 2014. 

An SMA patient is defined for the purposes of this study as 
a person who was recorded at least twice in the NFZ database 
with an ICD10 G12* code or, for acute cases, only once and 
who died within two years of their first appearance. The rule 
was based on the assumptions that SMA patients should regu-
larly visit a physician or attend physiotherapy and that the first 
outpatient consultation or hospital stay begins the diagnostic 
process which can confirm the diagnosis of SMA — then more 
services will be recorded with the same ICD10 code, or, less 
frequently, an alternative diagnosis can be established (there 
is only a single public healthcare service with a G12* code).

After an SMA patient was identified, we used her or his 
unique identifier to follow all healthcare services (the reported 
ICD10 code was not taken into account), including hospitali-
sations (ward, length of stay, surgical procedures for scoliosis 
or gastrostomy tube placement), specialised outpatient con-
sultations, palliative or long-term care, physiotherapy, invasive 
(IV) or noninvasive (NIV) ventilation, or death. All deaths 
up to 21 April 2016 were considered in order to measure the 
death rate in SMA patients. 

Results

We identified 51 new SMA cases in 2014. 15 children 
(29.4%) were diagnosed in the first year of life and 41.2% 
within the first two years. There were 375,200 live births in 
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2014, according to the Central Statistical Office (GUS), yield-
ing an incidence of 1:7,356. The age distribution at diagnosis 
date and total number of patients by age for 2014 is presented 
in Figure 1.

There were 518 SMA patients younger than 18; 39.8% were 
girls. A total of 32 deaths was recorded in 2014 (6.2%). The 
death rate was highest in the first two years of life, accounting 
for 50% (13/26 cases) of children in this group (Fig. 2). Age 
distribution and number of deaths per each year of age is 
presented in Figure 2. 

The results of the analysis indicate that in- or out-
patient publicly-funded physiotherapy was provided to 
273/518 (52.7%) patients in 2014. Additionally, 35 (6.8%) 

patients received palliative care (defined by the NFZ as 
comprehensive care for patients suffering from incurable, 
progressive and life-limiting illnesses aimed at improving the 
quality of life, preventing pain and other somatic symptoms) 
and 115 (22.2%) received long-term care (this includes assisted 
ventilation and other services for patients with chronic illness-
es or disabilities who need constant non-hospital medical 
care). Overall, 74.3% received physiotherapy, palliative care 
or long term care. 

The method of reporting mechanical ventilation used 
in 2013 did not allow us to separate NIV from IV. Any kind 
of ventilation was received by 99 (19.7%) children in 2013. 
In 2014, ventilation was provided for 112 (21.6%) patients: 
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Figure 1. Age distribution at diagnosis date and total number of patients by age in 2014

Figure 2. Age distribution and number of deaths per year of age
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Figure 3. Age distribution of patients receiving mechanical ventilation in 2014

38 (34% of all ventilated) patients received NIV, while 
IV was reported in 98, indicating that 24 patients were 
transferred from NIV to IV during that year. NIV was 
provided to 51 (38%) of 133 receiving ventilator support  
in 2015. 

The age distribution of the patients receiving mechanical 
ventilation in 2014 is presented in Figure 3. 

Hospitalisations
There were 321 hospital stays of SMA paediatric patients 

in 2013 with a total of 3,057 days of stay, while 313 hospitali-
sations accounted for 2,883 days of stay in 2014. The average 
length of stay (ALOS) was similar in both years, and amounted 
to 9.5 days in 2013 and 9.2 days in 2014. Median length of stay 
(MLOS) remained unchanged at 4 days.

Most hospital stays in 2013 and 2014 were reported by 
the paediatric (43.6% and 42.5% respectively), intensive care 
(11.8% and 12.8%), and paediatric neurology departments 
(8.4% and 7.3%). 

We evaluated two surgical procedures that are related 
to the progressive course of SMA: gastrostomy and scoliosis 
surgery. Gastrostomy and scoliosis surgery were reported for 
four and 11 children in 2013, 10 and 10 children in 2014, and 
10 and 13 children in 2015, respectively. Scoliosis surgery was 
recorded only in children aged six and above.

Specialised outpatient care
There were 1,648 and 1,638 outpatient visits reported 

in 2013, and 2014, respectively, with 27.3% and 28.4% of 
visits provided by the paediatric neurology or neurology 
service. Outpatient geneticists’ consultations were received 
by 48 patients in 2013 and 40 in 2014. The number of spe-
cialised outpatient care visits does not include the general 
paediatric service that is usually provided by primary care 
physicians. For only 65 (12.6%) patients, no healthcare ser-
vice other than specialist or general practitioner consultation 
was recorded.

Discussion

Healthcare databases can be used as surrogate tools in 
epidemiological studies, if a precise coding method can be 
applied to a well-defined population [15]. We undertook such 
an effort for SMA minors in Poland. All of them are covered 
by health insurance (NFZ) which records all publicly-funded 
healthcare services. We decided to analyse data from the period 
when no SMA-specific treatment options had been available. 
We identified 51 new SMA cases in 2014, corresponding with 
an incidence of 13.6 per 100,000, or 1 per 7,356 live births. 
This is in good agreement with a recent SMA epidemiological 
study conducted by direct contact with genetic laboratories 
across Europe. With this methodology, SMA incidence in 
Poland in 2015 was 13.5 per 100,000 (95% CI 10.1–17.6) [6]. 
In our previous study based on information collected from 
genetic laboratories, the incidence of all SMA subtypes was 
1 per 7,127 in Warsaw and 1 per 9,320 across Poland, suggest-
ing underdiagnosis in some regions of the country [16]. Our 
current results probably indicate improved SMA diagnosis [6, 
16, 17]. A recent literature review estimates that SMA1 patients 
constitute 50–60% of new cases, with an incidence of 5.5 per 
100,000 live births [17]. In the study by Jedrzejowska et al. 
[16] in 2010, the incidence of SMA1 patients in Poland was 
3.2 per 100,000 newborns. 

The methodology we currently use does not allow us to 
verify SMA subtype. 15 patients (only 30%) were diagnosed in 
the first year of life (incidence of 3.99 per 100,000 live births). 
This might be explained either by diagnostic delay — with some 
SMA1 children diagnosed after 12 months of life, or a higher 
proportion of SMA2–3 patients in our cohort. Genetic testing 
of SMN1 gene deletions and point mutations has been available 
in our country for many years [4, 18]. As SMA1–3 patients are 
diagnosed during childhood, we assume that the NFZ database 
identified all, or the vast majority, of SMA1–3 patients. 

Most of the information on the medical care in the large 
SMA patient cohort comes from registries such as the global 
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TREAT NMD registry [7]. It is estimated that the registry 
population in the analysed period was at least half that of 
the true SMA population [6, 19]. Moreover, the most severe 
SMA1 patients were possibly underrepresented in the regis-
tries, as the disease rapidly progresses and many patients die 
or become ventilator-dependent in the first years of life [7, 20]. 

In our cohort, 15 (30%) of the patients were diagnosed in 
the first year of life and 21 (41%) within the first two years. 
We assume that most of the children diagnosed in the first 
two years of life represent acute SMA, as seven (33%) of 
them received ventilatory support and 50% of all recorded 
deaths occurred in children younger than two, reflecting the 
natural course of SMA1 [21, 22]. In the study by Farrar et al., 
survival for SMA1 children at 1, 2, 4 and 10 years was 40%, 
25%, 6% and 0%, respectively [20]. The survival probabili-
ties of SMA2 patients at 1, 2, 4, 10, and 20 years are 100%, 
100%, 100%, 92%, and 92%, while SMA3 patients generally 
have normal life expectancy [23]. Overall mortality before 
the 18th birthday in our study was 6.2%. Although proactive 
care and NIV or IV ventilation increase survival in SMA1, 
mortality in this age group can be attributed to SMA1 or 
SMA2 [2, 3, 20, 24].

SMA patients require multidisciplinary care. Standard of 
care (SoC) was first published in 2007, and updated in 2016 [8, 
25]. Adherence to the current standard of care is a goal for 
all SMA patients. The TREAT NMD registry study analysed 
implementation of the 2007 SoC and demonstrated significant 
variability in participating countries, especially with regard to 
the preferred method of ventilatory support (NIV vs. IV) [7]. 
NIV is advocated for patients with neuromuscular diseases 
[26]. In SMA1 children, it not only improves survival but 
facilitates development of speech as well [24]. In our cohort, 
30.5% of children received ventilatory support. The choice of 
IV vs. NIV depends on many variables, including the approach 
to end of life decisions by the patient’s parents, the organisa-
tion of healthcare systems, and also the physician’s personal 
preferences. Although IV was reported in the majority of 
cases, there was a trend towards more frequent use of NIV 
between 2014 and 2015.

Our analysis revealed that approximately 10 children 
per year had scoliosis surgery between 2013 and 2015. This 
is a similar proportion to scoliosis surgery performed per 
year in SMA patients reported in a study from the paediatric 
USA KID Healthcare Cost and Utilisation Project covering 
administrative data from over 3,500 US hospitals in 36 states 
[27]. The number of scoliosis surgeries registered by the NFZ 
database was higher than the total number reported by patients 
recruited from our country to the TREAT NMD database at 
the time of previous analysis [7]. 

We conclude that the National Health Fund database can 
be used as a tool to monitor incident cases in children with 
SMA and the healthcare services they receive. The structure of 
the database will allow us to follow newly identified patients 
from the health service perspective. 

Our data shows that in 2014 not all SMA children had 
access to care coordinated by a neurologist or paediatric neu-
rologist, and a substantial number of patients did not receive 
state-funded physiotherapy. The proportion of patients treated 
with NIV was still much lower than IV. 

Clinical and implications and future directions

Our analysis can serve as a reference for the change in the 
clinical course and healthcare requirements of patients with this 
devastating disease brought about by disease-modifying ther-
apy and the implementation of newborn screening for SMA. 

Limitations of study
We evaluated only paediatric SMA patients, as in this age 

group 100% of patients are covered by insurance in our country 
and there is a very low risk that the G12* code will be related 
to other than an SMA diagnosis (e.g. ALS). We had no oppor-
tunity to verify diagnostic delay or SMA subtype. Although 
currently all palliative care, long term care and hospitalisations 
are publicly-funded, some outpatient healthcare services are 
available in the private sector as well (specialist consultations 
or physiotherapy). These are not reported to the NFZ database, 
and could not be included in the analysis.
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