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Abstract 

 

Spinal muscular atrophy (SMA) is an autosomal recessive disorder of anterior horn cell degeneration which 
results in symmetrical muscle weakness that affects multiple systems. This study was conducted to determine 
the burden of disease of SMA on children under the neuromuscular service at Red Cross War Memorial 
Children’s Hospital. A quantitative retrospective audit identified 86 DNA confirmed patients with SMA who 
attended the service from 2000 to August 2023. Thirty-six medical folders were accessible, 6 were excluded and 
50 had been destroyed. An in-depth analysis of 30 folders showed a median age of diagnosis of 3.5 months for 
SMA1 (4 patients), 19 months for SMA2 (17 patients) and 34 months for SMA3 (9 patients). Five patients had 
demised and 4 were transferred to adult services. Over the study period, 172 chest infections were reported 
among the 30 children with SMA. Forty-three percent required home ventilation, 70% had scoliosis, 70% had 
contractures, 33% received feeding support via a percutaneous endoscopic gastrostomy tube and 44% of SMA3 
patients had lost ambulation. Our SMA numbers are less than expected and delays in diagnosis were common. 
Strategies to improve diagnosis and minimize delays are needed and retaining medical records will provide 
more comprehensive insights on the long-term outcomes. 

 

Keywords: spinal muscular atrophy, burden of disease, neuromuscular database, children, South Africa 
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1. Introduction 

The earliest academic record of Spinal muscular atrophy (SMA) was described by Guido Werdnig in two infant 

brothers in the late 1800s.[1] SMA is now accepted as an autosomal recessive (AR) disorder of alpha motor 

neuron degeneration in the anterior horns of the spinal cord that results in symmetrical muscle weakness and 

atrophy, due to homozygous deletion or mutation of the survival motor neuron 1 (SMN1) gene on chromosome 

5q13 accounting for 95% of SMA cases.[2] The SMA affected individual is dependent on a limited amount of 

functional SMN protein which is mainly determined by the varying copy numbers of SMN2 genes: although not 

decisive, in most cases a higher copy number clinically correlates with milder SMA phenotypes.[3]  

 Affecting all population groups, SMA is the second most common AR disorder after cystic fibrosis with an 

estimated incidence of 1 in 6000 to 1 in 10 000 and a carrier rate of 1 in 35.[4,5] Globally, studies show that 

SMA is more common in population groups of European descent than those of African descent.[6,7] These 

findings have also been observed in the South African (SA) population. A study by Labrum et. al found that 

SMA is more common within the SA population than previously considered, with a carrier rate of 1 in 50 and a 

predicted birth incidence of 1 in 3574 in the African population, and a carrier rate of 1 in 23 and a predicted 

birth incidence of 1 in 1945 in the European ancestry population.[8]  

SMA is a neurodegenerative disorder that is associated with multiple physical complications. Respiratory 

complications from muscle weakness are a significant cause of morbidity and mortality and non-ambulant 

patients are at increased risk of developing contractures (occurring frequently and more prevalent in the lower 

limbs than the upper limbs), hip subluxation or dislocation and scoliosis due to weakness of the axial 

muscles.[9]  With scoliosis being present in 60-95% of patients, spinal surgery is the recommended therapy for 

non-ambulant patients with a Cobb angle (spinal curvature) greater than 20%.[9,10] Untreated, scoliosis 

exacerbates chest wall deformities which further restricts pulmonary function, compromises sitting and balance 

and increases the risk of gastrointestinal reflux.[10–12] Reflux together with bulbar dysfunction increases risk 

of aspiration further compromising respiratory function. This patient group is also at risk of both obesity and 

undernutrition. Regular feeding, swallowing and nutritional assessments reduce nutritional deterioration 

overtime which subsequently improves quality of life and survival.[13] Specialised enteral devices to optimize 

nutrition were reported in 28% of children with SMA in a retrospective study at Boston’s Children hospital. In 

the same cohort, 37% of children were on mechanical ventilation.[13] Appropriate multidisciplinary 

management of all these interlinked complications begins with understanding the burden of disease in the 

population of children with SMA in our setting, which has not been previously studied.   

Studies done in populations of European descent show that SMA1 is the most common phenotype (about 50% 

of patients),[14] however studies in populations of African descent confirming these findings are limited. A 

study done in Cuba found a lower incidence of SMA1 in populations of African ancestry compared to those of 

European ancestry.[15] No studies looking at this specific variable have been done in Sub-Saharan Africa. We 

suspect many SMA1 children in South Africa are not detected most likely due to demise from respiratory 

complications prior to diagnosis. We believe there is also a delay in the diagnosis of SMA2 and SMA3 as many 

patients in South Africa still have poor access to healthcare. It is also important to note that the presentation and 
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focus of care for these patients is often related to the complications of the disease rather than the underlying 

weakness: SMA patients are typically managed for respiratory infections and unless carefully assessed an 

underlying motor disorder can be missed, especially in the acute setting.  This study explores the burden of 

disease of this multisystem disorder in our community─ by measuring mortality, morbidity and social impact─ 

with the intent to optimize patient management. Understanding the referral pathways that SMA affected patients 

take will be used to identify ways to reduce delays in diagnosis and enable timeous interventions. Understanding 

the long-term outcomes of this population will strengthen support for the ongoing needs of these patients.  

 

2. Methodology  
 

Red Cross War Memorial Children’s Hospital (RCWMCH) is the only tertiary hospital in sub-Saharan Africa 

dedicated to paediatric care. Patients from the public sector who cannot be managed at primary level care are 

referred to secondary level care and escalated to tertiary level care if further assessment and management is 

required. If critically ill, patients are referred or present directly to tertiary level care. The neuromuscular service 

is run by specialists in the Paediatric Neurology department. Patients are referred to the services from public and 

private hospitals in the Western Cape, the rest of South Africa and neighbouring countries. Definitive diagnosis 

of SMA is possible via genetic analysis available both in tertiary state centres and via private resources. The 

neurology clinicians coordinating the neuromuscular service operate a multidisciplinary service including 

rehabilitation, ancillary, pulmonology, orthopaedic and counselling support for genetics via the non-government 

organization social workers of the Muscular Dystrophy Foundation of South Africa. The service is unique 

through its support from a donor-funded specialist nurse-led tracheostomy initiative called Breatheasy. This 

programme empowers parents to care for children with tracheostomies or children utilising non-invasive 

ventilation at home. For patients with severe SMA (or those needing 24-hour care) who meet specific 

requirements stipulated by the government, the South African Department of Social development offers a care 

dependency grant that amounts to R2190 per month.[16] 

A quantitative retrospective audit of patients with SMA registered in the RCWMCH database/ neuromuscular 

service from 2000 to August 2023 was conducted. Folders with insufficient information (inadequate medical 

records or lost records) were excluded from the study. Data collected from medical files was imported to 

REDCap (a Research Electronic Data Capture tool hosted at the University of Cape Town [REDCap, Vanderbilt 

University, Nashville, TN, USA]), and exported to a password protected Microsoft Excel spreadsheet for 

analysis. The proportions and measures of spread were reported. Data collection focused on patient 

demographics, referral patterns, disease burden and outcome. Red Cross Children’s Hospital neuromuscular 

clinic follows international standard of care for management of patients with SMA, however unable to offer 

gene therapy as it is not available. The following terminology was adopted for the report: type 1 SMA equated 

to SMA1, type 2 SMA to SMA2 and type 3 SMA to SMA3. Diagnostic delay is defined as the mean age of 

onset/symptom recognition subtracted from the mean age of diagnosis. Ethical approval was obtained from the 

Human Research Ethics Committee of the University of Cape Town (HREC REF: 097/2023). 
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3. Results 
 

The RCWMCH neuromuscular database had a total of 7732 patients, who attended the service from 2000, by 
August 2023. Figure 1 details the flow diagram of the patients recruited in the SMA audit. Seven hundred and 
twelve patients (9%) had neuromuscular disease of which 86 had DNA confirmed SMA. Twenty had SMA1, 51 
SMA2 and 15 SMA3. Forty-three percent of patients were female with a male to female ratio of 1.3:1. Out of 86 
DNA confirmed patients, 36 patient folders were available for detailed review. Thirty patients had complete 
records and in-depth data analysis (including 6 patients of European ancestry, 13 indigenous African patients 
and 11 patients of mixed-race ancestry) and 6 had inadequate records as they were loss to follow-up (two 
patients from neighbouring countries, 1 out of province and 3 out of town1). The remaining 50 folders had been 
destroyed (patients over the age of 21years and patients who have not attended clinic/hospital within 5 years of 
last visit). Twenty-one patients from the 30 complete folder reviews are actively attending the neuromuscular 
clinic (age range of 3- 20 years with a median age of 11 years); 5 had demised (4 SMA1 and 1 SMA2) and 4 
transferred to adult services (3 SMA2 and 1 SMA3). Eight of these 30 patients had a positive family history of 
SMA with one affected sibling. There were three deaths from the partially reviewed folders (2 SMA1 and 1 
SMA2) and our electronic records system documented 19 deaths from the destroyed folders (9 SMA1 and 10 
SMA2). This is likely an underestimation. We suspect that the remaining SMA1 patients, all born before 2010, 
would have demised: natural history studies of SMA1 show that the median age of death is < 1year.[17] Even 
with limited information regarding the outcomes of the unaccounted SMA2 and SMA3 patients, the mortality 
was still high at 37% (20 SMA1 and 12 SMA2/ 86).   
 

 

 

 

Fig. 1. Flow diagram showing a breakdown of patients with SMA in the RCWMCH neuromuscular database. 

 

 
1 Atlantis: 40 kilometers north of Cape Town, Paarl: 60 kilometers northeast of Cape Town, Oudtshoorn: in the 
Klein karoo 420 kilometers east of Cape Town. 

7732 patients RXH 
neuro database (August 

2023)

86 DNA confirmed 
patients with SMA

49M/ 37F (43%F): ratio 
of 1.3:1

SMA 1:20
SMA 2: 51
SMA 3: 15

36 fully reviewed 
folders

30 in- depth data 
analysis

SMA 1: 4
SMA 2: 17
SMA 3: 9

21 remain in NMD clinic4 transferred to adult 
services5 demised

6 loss to follow up 
(inadequate records) 

50 destroyed folders 
(patients over 21yrs/ nil  

attendance ≥ 5yrs 
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In-depth analysis of 30 folders found a median age of diagnosis of 3.5 months for SMA1, 19 months for SMA2 
and 34 months for SMA3. There was a 3.25 month diagnostic delay for SMA1, 10.7 months for SMA2 and 18 
months for SMA3. Diagnostic delays are compared with other studies in table 3 in the discussion. Half of the 
patients were referred from tertiary (n=11, 37%) and regional centres (n=4, 13%). The rest were equally referred 
(n=5, 17%) from the orthopaedic clinic, private practice and level 1 health care institution. The primary 
presenting complaint was delayed milestones (mainly gross motor), and those patients initially referred to the 
orthopaedic clinic (those with SMA3) had complaints of frequent falls or abnormal gait. Most patients were of 
low socioeconomic status as represented by the graph below.  

 

 

 

 

 

 

 

 

 

 

 
 
Fig. 2. Socioeconomic status of children with SMA. Facility fees are adjusted according to income, ranging from the most 
marginalized patients who pay no facility fees (H0) to patients who are privately funded by medical schemes. H0: no facility 
fees/ a family unit receiving social grants, H1: +/- 40% of facility fee/ a family unit with an income of < R8333 a month, H2: 
+/- 60% of facility fee/ a family unit with an income between R8333- R29166, H3: full facility fee/ a family unit with an 
income >R29166, Private: a family unit funded by private medical schemes. 
 
 
Mortalities: All SMA1 patients from the fully reviewed folders died from respiratory failure (n=4, 13%). 
Without intervention, two of these patients died within the expected median age of < 1 year. The other two 
patients who were on home non-invasive ventilation had a varied life-expectancy of 3 and 6 years. The fifth 
death from the fully reviewed folders was a patient with SMA2 who died at 14 years of age, shortly after 
receiving corrective scoliosis surgery. From the partially reviewed folders, 1 SMA2 patient (from the 
neighbouring country of Namibia) died at the age of 10 in his sleep at home. There was no history of preceding 
illness. We presume the 2 SMA1 patients from the partially reviewed folders died from respiratory failure 
within the expected median age. One patient was referred from Paarl and the second patient was last seen at the 
RCWMCH neuromuscular clinic at 10 months of age. This patient resided in Angola and was referred to the 
service via clinicians in Namibia. Some of the mortality data from the destroyed folders was extracted from 
isolated electronic documents and from the clinical staff directly involved in patient care. This includes a patient 
with SMA2 from Kenya who entered the RCWMCH service at the age of 2 years. She returned to Kenya with a 
percutaneous endoscopic gastrostomy (PEG), tracheostomy and non-invasive ventilation and died at home at 7 
years of age from respiratory failure. There were two untimely deaths of SMA2 children who died at the age of 
5 years on the school bus at different times, presumably from an obstructed airway on route to school.  
 

H0
7% (2)

H1
60% (18)

H2
10% (3)

H3
3% (1)

P
20% (6)
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Respiratory: There was a total of 172 chest infections recorded among children with SMA within the study 
period: 21 chest infections (12,2%) amongst SMA1 patients; 142 chest infections (83%) amongst SMA2 
patients and 9 (5,2%) amongst SMA3 patients. Fifty-eight percent (n=101) required hospital admission of which 
5.8% (n=10, 4 SMA1 and 6 SMA2) required ICU admission. Fifty-two percent (n=89) of chest infections were 
within the first 5 years of life. For SMA2 patients, there was an average of 10 infections per year between 0-5 
years (n=61), 10 infections per year between 6-10 years (n=50), and 4 infections per year between 11-18 years 
(n=31). Thirteen (43%) patients were on home ventilation of which one required ventilation for more than 16 
hours a day.  
 
 
 
Table 1a 
Number of chest infections per patient according to type of SMA age 0-5yrs. 
Two-thirds of <1 chest infections are from patients with the severe SMA1 phenotype. Due to early demise, SMA1 patients 
are not represented in the later years. 

 
 
 
 
 
Table 1b 
Number of chest infections per patient according to type of SMA age 6-10yrs. 
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Table 1c 
Number of chest infections per patient according to type of SMA age 11-18yrs. 

 
 
 
Musculoskeletal complications: 21 (70%) patients (15 SMA2 [71%] and 6 SMA3[29%]) had scoliosis at the 
time of analysis of which 6 (29%) underwent corrective surgery. Other associated musculoskeletal 
complications included contractures predominantly affecting the lower limbs in 70% (n=21) of patients (15 
SMA2 [71%], 5 SMA3 [24%] and 1 SMA1 [5%]). There was an 86% (n=18) overlap between patients with 
scoliosis and contractures. One patient with SMA2 had had previous bilateral hip dislocations. At the time of 
review 4/9 (44%) patients with SMA3 had lost ambulation of which 3 (33%) were using a wheelchair and 1 
(11%) a scooter. The median age of loss of ambulation was 10.5 years.  
Nutrition: A notable proportion (n=12, 40%) of patients with SMA were failing to thrive including those who 
were severely wasted (1 SMA1, 7 SMA2, 4 SMA3), 10% were overweight (n=3, 2 SMA2 and 1 SMA3) and the 
remainder (n=15, 50%) had a normal weight for age. One third of patients (n=10, 33%) were receiving feeding 
support via a PEG.  
Social: 19 (63%) SMA patients received a care dependency grant. Two patients had applied and were awaiting 
approval, 6 patients did not meet the financial qualifying criteria (patients with access to medical aid), 1 patient 
was not a South African citizen and 2 patients with SMA3 did not meet the physical criteria as they were 
independent for activities of daily living and ambulant. Most patients (21/22, 95%) of school going age were 
placed. The patient not attending school at the time of analysis was awaiting special needs school placement. 
Fourteen (67%) patients attended special needs school (1 SMA1, 11 SMA2 and 2 SMA3), 6 (29%) patients (all 
SMA3) attended mainstream school and 1 (5%) SMA2 child was home-schooled. With regard to activities of 
daily living, all SMA2 patients (n=17) required assistance in all areas, except for feeding where 12 (71%) 
patients were feeding independently. Four (44%) SMA3 patients were independent in toileting, 3 (33%) in 
bathing and dressing and 2 (22%) in transferring. All SMA3 (n=9) patients were feeding independently. 
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Table 2: Transitioned patients: 4 SMA patients (3 SMA2 and 1 SMA3) were transitioned to adult services.  
SMA Type Age of Transition Burden of disease Social outcome 

2 14yrs Home ventilation/ severe scoliosis (pre-
surgery)/ contractures/ PEG 

Private patient studying computer 
science 

2 15yrs Scoliosis surgery at 13yrs/ contractures Private patient, social outcome 
unknown, however still attending 

adult services.  
2 18yrs Scoliosis surgery at 11yrs/ contractures H1 patient who won a disability 

National pageant in 2021 
3 15yrs Scoliosis (pre-surgery)/ contractures/ lost 

ambulation at 10yrs. Mobilizing with a 
wheelchair 

H1 patient who became a mother 

 
 
 
4. Discussion 

This is the first comprehensive SA long-term follow-up review analysing the demographics, referral pathways 
and burden of disease of children with SMA. A systematic review published in 2015 found that delays in the 
diagnosis of SMA are common and that there is a direct correlation between severity of disease (type of SMA) 
and time to diagnosis: the more severe the disease, the shorter the diagnostic delay [18] which is also true for 
our study. A more serious and life-threatening phenotype demands a more urgent diagnosis. However, despite 
SMA1 being the most common and severe paediatric phenotype, the proportion in our patient group was far less 
(20/86=23%). We speculate that the major proportion of SMA1 affected infants in our setting are not recognized 
or referred and presumedly die from respiratory infections before a diagnosis is considered. The absence of 
patients with type 0 SMA in our database is likely due to its rarity and early demise of patients in the neonatal 
period prior to diagnosis or prior to a neurology consultation. Table 3 compares our study’s diagnostic delays 
with two different studies.[18,19] 

 

 

Table 3: A comparison of symptom onset, SMA diagnosis and diagnostic delay between our population group and two 
previous studies. 

 

 SMA1 SMA2 SMA3 
Our study: mean age of onset in 
months (range) 

0.5 
(0-1) 

10.3 
(6-15) 

25 
(14-6 years) 

Mean age of diagnosis in months 
(range) 

3.75 
(0-8) 

21 
(9-42) 

43 
(16-8 years) 

Diagnostic delay 3.25 10.7 18 
2015 Review: mean age of onset in 
months (range) 

2.5 
(1-11) 

8.3 
(2-18) 

39 
(5-16 years) 

Mean age of diagnosis in months 
(range) 

6.3 
(0.6-9) 

20.7 
(1.2-6 years) 

50.3 
(3.0-6.8 years) 

Diagnostic delay 3.6 12.4 11.3 
2020 Review: mean age of onset in 
months (range) 

2.75 
(0-10) 

10 
(3-24) 

32 
(9-15 years) 

Mean age of diagnosis in months 
(range) 

4.7 
(10 days- 13.2) 

15.6 
(5- 4.41years) 

4,34yrs 
(10-18 years) 

Diagnostic delay 1.95 5.6 20 
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A factor that might influence diagnostic delays in our population group is our referral pathways. The local clinic 

is the first point of medical contact for most of our patients. Sometimes this pathway is bypassed, and diagnosis 

potentially made earlier, when patients present in crisis (usually with a severe lower respiratory tract infection) 

directly to a tertiary institution where there is access to paediatricians who are more equipped in identifying 

muscle weakness and quick to refer to the appropriate discipline for further assessment. Improving 

developmental milestone screening at the local clinic (and all levels of care) is one of the strategies that would 

allow for earlier identification of symptoms and earlier referral to institutions that have access to genetic testing. 

However, this does not guarantee an expedited diagnosis since SMA might not be considered by medical 

professionals who lack experience in paediatric diseases. This is evident in the inappropriate referrals to 

orthopaedic clinics for a presumed orthopaedic diagnosis and missed opportunities in the acute setting when 

patients present with other medical conditions which may or may not be related to the neuromuscular disease. 

As most of our patients are of low socioeconomic status, financial constraints are an additional contributor to 

delayed health seeking behaviours which further delay diagnosis, especially for health conditions that may not 

appear to be life-threatening. Patients wait to receive a grant at the end of the month to afford travel to both 

clinics and hospitals during the process of investigation and diagnosis. A way to minimize the travel burden and 

reduce diagnostic delays (including eliminating the wait for the next available neurology clinic date at a tertiary 

centre) is to empower the local setting with clinicians who have the training experience to identify pathology 

quickly and expedite genetic testing.  Earlier diagnosis would be of great benefit as it enables earlier 

implementation of supportive measures that decrease the rates of respiratory complications and slow down 

musculoskeletal deterioration. Newborn screening avoids many of these diagnosis delaying steps, however the 

expense of implementing such is difficult to justify when disease modifying therapies are not yet available in a 

health system that already has limited resources.  

 

Non-invasive ventilatory methods are an effective supportive intervention that improve survival and quality of 

life.[20,21] However this adds a significant economic burden, as living longer means ongoing access to health 

care facilities and care-giver dependency. A study conducted in Germany in 2016, which looked at SMA 

patients between the age of 0-73 years, found the mean direct cost of illness per patient per year to be 14 times 

more than the average health costs per patient.[22] Patients with SMA1 have the highest total cost of illness per 

patient per year compared to patients with SMA2 and SMA3. This includes medical costs (such as inpatient and 

outpatient medical costs, respiratory management and rehabilitation) and non-medical costs such as travel 

expenses and caregiver costs. The indirect medical costs are also significant, leading to loss of economic 

productivity when clinical deterioration ensues in patients with SMA3, and limited careers and productivity in 

parents who have children with SMA1 and SMA2. As most of our patients are of low socio-economic status, 

those who are employed are working in low paying jobs that provide little to no benefits and often 

unaccommodating to regular absenteeism. This further limits employment options and perpetuates the cycle of 

poverty as parents leave their jobs and rely on a meagre care-dependency grant to look after an entire household.  

In our study, we have a small number of patients with SMA1 surviving up to the age of 6 years with respiratory 

support. Patients with SMA2, who are weaker than patients with SMA3, are those who present the overall 

largest burden of respiratory chest infections, musculoskeletal complications and nutritional abnormalities.  
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The life expectancy of SMA inversely correlates with disease type. Without respiratory support, patients with 

SMA1 rarely live beyond 2 years.[23] Those with milder phenotypes survive into school years and adulthood 

requiring transitioning from paediatric to adult services. Some of the challenges facing transition include anxiety 

concerning unfamiliar health professionals, unfamiliar hospital environments, and adult services being ill-

equipped to support home ventilation programs. Placement options for patients desiring to move out of home are 

also limited. For patients surviving into school years, education is an important part of development and social 

integration. Children with SMA in general have no cognitive impairment, therefore preservation of cognition via 

education is encouraged to improve independence and quality of life. The SA Schools Act encourages children 

with disabilities to enroll in ordinary public schools,[24] however admission criteria in these schools is often 

discriminatory or exclusionary.[25] Alternatively, special school placement for children with physical 

disabilities is limited and waiting lists can be long. Although our constitution advocates for inclusive, quality 

and free primary and secondary education for people with disabilities, this is not always the reality.[25] It is 

encouraging to see that most children with SMA in our study were placed at schools. It would be interesting to 

see how many of these patients (if they survive into adulthood) are able to find employment in their adult years.  

 

Life expectancy for some of the SMA2 patients in our population group however has been dramatically 

shortened, including the unexpected death of the patient who had scoliosis surgery. Although identified as an 

anaesthetic related death, it is important to consider the SMN2 mis-splicing effects of stresses (such as 

starvation, temperature changes and hypoxia) which further reduce functional SMN protein and exacerbate 

disease pathology in an already vulnerable peri-operative period.[26] On a background of mitochondrial 

dysfunction and therefore abnormal fatty acid oxidation leading to inefficient energy generation,[27] optimal 

nutritional management is especially important during catabolic states to prevent fatigue which worsens muscle 

weakness and negatively impacts recovery. The burden of scoliosis is high (70% in our population group) and 

inevitable with progressive axial muscle weakness. The more severe phenotypes of SMA are associated with 

earlier, more severe, and rapidly progressive scoliosis with an earlier age of surgical intervention.[10] Non-

surgical management options (such as physiotherapy) can delay the inevitable progression of spinal curvature 

and allow the skeleton to mature for surgical treatment.[9,28] Studies support the benefits of corrective surgery, 

but a better understanding and management of the metabolic disorders associated with SMA will aid in 

minimizing peri-operative risks and assist in providing better care during other catabolism inducing states.  

 

 

Tracheostomy and long-term mechanical ventilation remains a contentious issue and often discouraged 

(especially for patients with SMA1 and considered on an individual basis for patients with SMA2) in both high 

income countries and particularly in resource limited settings like SA, due to ethical considerations of cost, 

health care capacity, family burden and quality of life.[29] The Breatheasy tracheostomy program has made 

tracheostomies accessible for under-privileged children by equipping the caregiver with the necessary skills to 

manage a child with a tracheostomy at home.[30] As evidenced by the premature deaths of the two 5 year old 
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children on the school bus, the reality is that some SMA patients in our population group (those of low 

socioeconomic status) fail to consistently receive the support which might be regarded as standard in more 

resource equipped settings. This has an impact on their projected life expectancy. The burden of care is 

especially demanding for patients with proximal muscle weakness and a tracheostomy. Weak intercostal 

muscles impair the ability to cough making bronchial secretion clearance difficult.[31] Coupled with severe 

head lag, the risk of airway obstruction is high. Patients require constant supervision and are completely 

dependent on carers who are trained in airway management to help them with head positioning and to clear 

secretions. Patients are also dependent on carers for physical movement. Despite physiotherapy attendance, the 

high percentage of contractures reflects inadequate support in physical movement. Limits to comfortable and 

appropriate seating make the progression of scoliosis more rapid and with limited household finances, 

modifications to housing and vehicles to accommodate physical incapacity are often not possible. Although 43% 

of SMA patients at the time of analysis were on home ventilation, 20% had received corrective scoliosis 

surgery, 33% were on PEG feeds and 45% of SMA3 patients were no longer ambulant, more studies (to include 

patients transitioned to adult services) are required to determine a more comprehensive picture of the long-term 

outcomes. 

 

Limitations: With an estimated incidence of 1 in 6000-10 000 and a predicted SMA birth incidence that is 

higher in the South African population than previously anticipated, 86 patients in 23 years is 3-4 times lower 

than the 230-368 expected cases (the Western Cape captured almost 100 000 birth registrations in 2022).[32] 

Considering our current health system and the country’s previous social construct of segregation, the 

demographic of the RCWMCH population group does not accurately reflect the overall SMA demographic in 

South Africa. Our registry predominantly includes patients in the public sector which is mainly represented by 

patients of African and mixed-race ancestry. With SMA being more prevalent amongst patients of European 

ancestry, we suspect there may be additional children in the private sector.  

Due to many folders being destroyed, our sample size was reduced and this has impacted data collection for 

statistically reliable analysis. An upgrade from a paper system to an electronic system is a manner in which 

patient information can be retained for future studies. A national registry for SMA would address the selection 

bias of our database of predominantly public patients of lower socioeconomic status. This limitation could be 

resolved in the future when the public/private health system becomes the National Health Insurance that aims to 

provide universal health coverage.  
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5. Conclusion 

 

Delays in diagnosis are common for all SMA types. The higher proportion of SMA2 patients could suggest that 

many SMA1 patients are missed and likely demise from respiratory failure prior to diagnosis. Newborn 

screening provides a solution but austerity measures in the public health sector provide no financial room for 

implementation. Presently, a more viable option to assist in detecting patients and minimizing diagnostic delays 

would be to implement better developmental milestone screening programs at all levels of care together with a 

decentralized specialist presence. To avoid data loss, an improvement in record keeping, such as electronic 

upgrades, would assist in the retention of patient information. Even with the noted limitations, this study has 

identified a high mortality in patients with SMA1 and SMA2 in our population group and a high burden of 

disease which translates to a high economic burden. Newborn screening together with affordable disease 

modifying therapy, which we hope will be available in the future, is positively life-altering for the patient and 

caregiver and would ultimately aid the economy by decreasing health care costs (especially when drug patent 

laws expire) and by increasing productivity for both patients and caregivers.  

 

Funding 

This research did not receive any specific grant from funding agencies in the public, commercial or not-for-

profit sectors. 

 

Declaration of Competing Interest 

The authors have no conflict of interest to declare. 

 

Acknowledgements 

The authors would like to thank Wisdom Basera for the significant statistical contribution to this project.      

Jane Booth, children / parents 

 

 

 

 

 

 

 

 

 



18 
 

References 

 

[1] Dubowitz V. Ramblings in the history of spinal muscular atrophy. Neuromuscular Disorders 
2009;19:69–73. https://doi.org/10.1016/j.nmd.2008.10.004. 

[2] Sun Y, Grimmler M, Schwarzer V, Schoenen F, Fischer U, Wirth B. Molecular and functional 
analysis of intragenic SMN1 mutations in patients with spinal muscular atrophy. Hum Mutat 
2005;25:64–71. https://doi.org/10.1002/humu.20111. 

[3] Kolb SJ, Kissel JT. Spinal muscular atrophy: A timely review. Arch Neurol 2011;68:979–84. 
https://doi.org/10.1001/archneurol.2011.74. 

[4] Ogino S, Leonard DGB, Rennert H, Ewens WJ, Wilson RB. Genetic risk assessment in carrier 
testing for spinal muscular atrophy. Am J Med Genet 2002;110:301–7. 
https://doi.org/10.1002/ajmg.10425. 

[5] Cusin, V.; Clermont, B.; Gerard, D.; Chantereau, D.; Elion J. Prevalence of SMN1 deletion and 
duplication in carrier and normal populations: implication for genetic counselling. J Med 
Genet 2003;40:2–5. https://doi.org/10.1038/ejhg.2011.134. 

[6] Hendrickson BC, Donohoe C, Akmaev VR, Sugarman EA, Labrousse P, Boguslavskiy L, et al. 
Differences in SMN1 allele frequencies among ethnic groups within North America. J Med 
Genet 2009;46:641–4. https://doi.org/10.1136/jmg.2009.066969. 

[7] Sugarman EA, Nagan N, Zhu H, Akmaev VR, Zhou Z, Rohlfs EM, et al. Pan-ethnic carrier 
screening and prenatal diagnosis for spinal muscular atrophy: Clinical laboratory analysis of 
>72 400 specimens. European Journal of Human Genetics 2012;20:27–32. 
https://doi.org/10.1038/ejhg.2011.134. 

[8] Labrum R, Rodda J, Krause A. The molecular basis of Spinal Muscular Atrophy (SMA) in South 
African black patients. Neuromuscular Disorders 2007;17:684–92. 
https://doi.org/10.1016/j.nmd.2007.05.005. 

[9] Farrar MA, Park SB, Vucic S, Carey KA, Turner BJ, Gillingwater TH, et al. Emerging therapies 
and challenges in spinal muscular atrophy. Ann Neurol 2017;81:355–68. 
https://doi.org/10.1002/ana.24864. 

[10] Wijngaarde CA, Brink RC, De Kort FAS, Stam M, Otto LAM, Asselman FL, et al. Natural course 
of scoliosis and lifetime risk of scoliosis surgery in spinal muscular atrophy. Neurology 
2019;93:E149–58. https://doi.org/10.1212/WNL.0000000000007742. 

[11] Haaker G, Fujak A. Proximal spinal muscular atrophy: Current orthopedic perspective. 
Application of Clinical Genetics 2013;6:113–20. https://doi.org/10.2147/TACG.S53615. 

[12] Yang JH, Kasat NS, Suh SW, Kim SY. Improvement in reflux gastroesophagitis in a patient with 
spinal muscular atrophy after surgical correction of kyphoscoliosis: A case report. Clin 
Orthop Relat Res 2011;469:3501–5. https://doi.org/10.1007/s11999-011-2080-y. 



19 
 

[13] Mehta NM, Newman H, Tarrant S, Graham RJ. Nutritional status and nutrient intake 
challenges in children with spinal muscular atrophy. Pediatr Neurol 2016;57:80–3. 
https://doi.org/10.1016/j.pediatrneurol.2015.12.015. 

[14] D’Amico A, Mercuri E, Tiziano FD, Bertini E. Spinal muscular atrophy. Orphanet J Rare Dis 
2011;6. https://doi.org/10.1186/1750-1172-6-71. 

[15] Zaldívar T, Montejo Y, Acevedo AM, Guerra R, Vargas J, Garofalo N, et al. Evidence of reduced 
frequency of spinal muscular atrophy type I in the Cuban population. Neurology 
2005;65:636–8. https://doi.org/10.1212/01.wnl.0000172860.41953.12. 

[16] African S. You and Your Grants 2024/25. n.d. https//www. Grant Booklets (sassa.gov.za) 
(accessed September, 10 2024). 

[17] Cances C, Vlodavets D, Comi G Pietro, Masson R, Mazurkiewicz-Bełdzińska M, Saito K, et al. 
Natural history of Type 1 spinal muscular atrophy: a retrospective, global, multicenter study. 
Orphanet J Rare Dis 2022;17. https://doi.org/10.1186/s13023-022-02455-x. 

[18] Lin CW, Kalb SJ, Yeh WS. Delay in Diagnosis of Spinal Muscular Atrophy: A Systematic 
Literature Review. Pediatr Neurol 2015;53:293–300. 
https://doi.org/10.1016/j.pediatrneurol.2015.06.002. 

[19] Pera MC, Coratti G, Berti B, D’Amico A, Sframeli M, Albamonte E, et al. Diagnostic journey in 
Spinal Muscular Atrophy: Is it still an odyssey? PLoS One 2020;15. 
https://doi.org/10.1371/journal.pone.0230677. 

[20] Lemoine TJ, Swoboda KJ, Bratton SL, Holubkov R, Mundorff M, Srivastava R. Spinal muscular 
atrophy type 1: Are proactive respiratory interventions associated with longer survival? 
Pediatric Critical Care Medicine 2012;13. https://doi.org/10.1097/PCC.0b013e3182388ad1. 

[21] Han YJ, Park JD, Lee B, Choi YH, Suh DI, Lim BC, et al. Home mechanical ventilation in 
childhood-onset hereditary neuromuscular diseases: 13 Years’ experience at a single center 
in Korea. PLoS One 2015;10. https://doi.org/10.1371/journal.pone.0122346. 

[22] Klug C, Schreiber-Katz O, Thiele S, Schorling E, Zowe J, Reilich P, et al. Disease burden of 
spinal muscular atrophy in Germany. Orphanet J Rare Dis 2016;11. 
https://doi.org/10.1186/s13023-016-0424-0. 

[23] Darras BT. Spinal Muscular Atrophies. Pediatr Clin North Am 2015;62:743–66. 
https://doi.org/10.1016/j.pcl.2015.03.010. 

[24] South African Parliament. South African Schools Act 84 (1996). Government Gazette 1996. 
https://www.gov.za/sites/default/files/gcis_document/201409/act84of1996.pdf (accessed July, 
31 2024). 

[25] Khumalo S and Hodgson TF. Education Rights in South Africa: The Right to Basic Education 
for Children with Disabilities. Basic Education Rights Handbook – Education Rights in South 
Africa 2017:104–27. https://section27.org.za/resources/section-27-publications/basic-
education-rights-handbook-2022/ (accessed July, 31 2024). 

https://www.gov.za/sites/default/files/gcis_document/201409/act84of1996.pdf
https://section27.org.za/resources/section-27-publications/basic-education-rights-handbook-2022/
https://section27.org.za/resources/section-27-publications/basic-education-rights-handbook-2022/


20 
 

[26] Dominguez CE, Cunningham D, Chandler DS. SMN regulation in SMA and in response to 
stress: new paradigms and therapeutic possibilities. Hum Genet 2017;136:1173–91. 
https://doi.org/10.1007/s00439-017-1835-2. 

[27] Tein I, Sloane AE, Donner EJ, Lehotay DC, Millington DS, Kelley RI. Fatty acid oxidation 
abnormalities in childhood-onset spinal muscular atrophy: Primary or secondary defect(s)? 
Pediatr Neurol 1995;12:21–30. https://doi.org/10.1016/0887-8994(94)00100-G. 

[28] Arnold WD, Kassar D, Kissel JT. Spinal muscular atrophy: Diagnosis and management in a 
new therapeutic era. Muscle Nerve 2015;51:157–67. https://doi.org/10.1002/mus.24497. 

[29] Wilkinson DJC, Gillam LH. Should long-term ventilation be offered in severe spinal muscular 
atrophy. J Paediatr Child Health 2013;49:813–4. https://doi.org/10.1111/jpc.12380. 

[30] Din TF, McGuire J, Booth J, Lytwynchuk A, Fagan JJ, Peer S. The assessment of quality of life in 
children with tracheostomies and their families in a low to middle income country (LMIC). Int 
J Pediatr Otorhinolaryngol 2020;138. https://doi.org/10.1016/j.ijporl.2020.110319. 

[31] Wang CH, Finkel RS, Bertini ES, Schroth M, Simonds A, Wong B, et al. Consensus statement 
for standard of care in spinal muscular atrophy. J Child Neurol 2007;22:1027–49. 
https://doi.org/10.1177/0883073807305788. 

[32] Statistics South Africa. STATISTICAL RELEASE P0305. 2022. 
https://www.statssa.gov.za/publications/P0305/P03052022.pdf (accessed October, 3 2024). 

  
 

https://www.statssa.gov.za/publications/P0305/P03052022.pdf


Appendix A 
 
Table 1: Socio-demographic characteristics, burden of disease disaggregated by spinal 
muscular atrophy (total n=30). 
 

Characteristic Total 
 

Type 1 
n=4 

Type 2 
n=17 

Type 3 
n=9 

Age at diagnosis (months), 
median (IQR) 

24.0 
(13.0-34.0) 

3.5  
(1.0-6.5) 

19.0  
(14.0-24.0) 

34.0  
(32.0-47) 

Mean age of symptom 
recognition in months 
(range) 

 0.5 
(0-1) 

10.3 
(6-15) 

25 
(14-72) 

Mean age of diagnosis in 
months (range) 

 3.75 
(0-8) 

21 
(9-42) 

43 
(16-96) 

Diagnostic delay  3.25 10.7 18 
Sex, n (%) 

Male 
Female 

 
16 (53) 
14 (47) 

 
2 (50) 
2 (50) 

 
10 (59) 
7 (41) 

 
4 (44) 
5 (56) 

Socioeconomic status, n 
(%) 

H0 
H1 
H2 
H3 
P 

 
2 (6) 
18 (60) 
3 (10) 
1 (3) 
6 (20) 

 
0 
2 (50) 
0 
1 (25) 
1 (25) 

 
1 (6) 
11 (65) 
2 (12) 
0 
3 (18) 

 
1 (11) 
5 (56) 
1 (11) 
0 
2 (22) 

Referring facility, n (%) 
Local clinic 
District hospital 
Regional hospital 
Tertiary hospital 
Orthopedics clinic 
Other 

 
3 (10) 
2 (7) 
4 (13) 
11 (37) 
5 (17) 
5 (17) 

 
0 
1 (25) 
0 
2 (50) 
0 
1 (25) 

 
3 (18) 
0 
2 (12) 
7 (41) 
2 (12) 
3 (18) 

 
0 
1 (11) 
2 (22) 
2 (22) 
3 (33) 
1 (11) 

Diagnosis method 
(genetics) 

30 (100) 4 (100) 17 (100) 9 (100) 

 
Family history of SMA, n (%) 8 (27) 1 (25) 5 (29) 2 (22) 
Members affected (one) 8 (100) 1 (100) 5 (100) 2 (100) 
Members affected (sibling) 8 (27) 1 (25) 5 (29) 2 (22) 
Respiratory: chest infections 
Age seen <1 year, Total n=30 (%) 
# of chest infections/ annum 

Zero 
One  

 
26 (87) 
2 (7) 

 
1 (25) 
2 (50) 

 
16 (94) 
0 

 
9 (100) 
0 



Two  2 (7) 1 (25) 1 (6) 0 
# of chest infections 
requiring ABx only 

Zero 
One  

 
 
29 (97) 
1 (3) 

 
 
4 (100) 
0 

 
 
16 (94) 
1 (6) 

 
 
9 (100) 
0 

# of adm for chest infections  
Zero 
One  
Two 

 
27 (90) 
2 (7) 
1 (3) 

 
2 (50) 
1 (25) 
1 (25) 

 
16 (94) 
1 (6) 
0 

 
9 (100) 
0 
0 

# of chest infections 
requiring IV/ICU 

Zero 
One 

 
 
29 (97) 
1 (3) 

 
 
3 (75) 
1 (25) 

 
 
17 (100) 
0 

 
 
9 (100) 
0 

Age seen 1 year, Total n=28 (%) 
# of chest infections/ annum 

Zero 
One  
Two  
Three 
Four  

 
20 (71) 
2 (7) 
2 (7) 
2 (7) 
2 (7) 

 
0 
0 
0 
1 (50) 
1 (50) 

 
12 (71) 
1 (6) 
2 (12) 
1 (6) 
1 (6) 

 
8 (89) 
1 (11) 
0 
0 
0 

# of chest infections 
requiring ABx only 

Zero 
One  
Two  

 
24 (86) 
2 (7) 
2 (7) 

 
1 (50) 
1 (50) 
0 

 
15 (88) 
0 
2 (12) 

 
8 (89) 
1 (11) 
0 

# of adm for chest infections  
Zero 
One  
Two 
Three  

 
22 (79) 
1 (4) 
2 (7) 
3 (11) 

 
0 
0 
0 
2 (100) 

 
13 (76) 
1 (6) 
2 (12) 
1 (6) 

 
9 (100) 
0 
0 
0 

# of chest infections 
requiring IV/ICU 

Zero 

 
 
28 (100) 

 
 
2 (100) 

 
 
17 (100) 

 
 
9 (100) 

Age seen 2 years, Total n=28 (%) 
# of chest infections/ annum 

Zero 
One  
Two  
Three 
Four 

 
20 (71) 
2 (7) 
2 (7) 
3 (11) 
1 (4) 

 
1 (50) 
0 
0 
0 
1 (50) 

 
10 (59) 
2 (12) 
2 (12) 
3 (18) 
0 

 
9 (100) 
0 
0 
0 
0 

# of chest infections 
requiring ABx only 

 
26 (93) 

 
2 (100) 

 
15 (88) 

 
9 (100) 



Zero 
One  
Three  

1 (4) 
1 (4) 

0 
0 

1 (6) 
1 (6) 

0 
0 

# of adm for chest infections  
Zero 
One  
Two 
Three  

 
21 (75) 
4 (14) 
2 (7) 
1 (4) 

 
1 (50) 
1 (50) 
0 
0 

 
11 (65) 
3 (18) 
2 (12) 
1 (6) 

 
9 (100) 
0 
0 
0 

# of chest infections 
requiring IV/ICU 

Zero 
One 
Three  

 
26 (93) 
1 (4) 
1 (4) 

 
1 (50) 
0 
1 (50) 

 
16 (94) 
1 (6) 
0 

 
9 (100) 
0 
0 

Age seen 3 years, Total n= 27 (%) 
# of chest infections/ annum 

Zero 
One  
Two  
Three 

 
17 (63) 
5 (19) 
4 (15) 
1 (4) 

 
0 
1 (50) 
0 
1 (50) 

 
9 (56) 
3 (19) 
4 (25) 
0 

 
8 (89) 
1 (11) 
0 
0 

# of chest infections 
requiring ABx only 

Zero 
One  

 
24 (89) 
3 (11) 

 
2 (100) 
0 

 
14 (88) 
2 (12) 

 
8 (89) 
1 (11) 

# of adm for chest infections  
Zero 
One  
Two 

 
19 (70) 
6 (22) 
2 (7) 

 
0 
2 (100) 
0 

 
10 (63) 
4 (25) 
2 (12) 

 
9 (100) 
0 
0 

# of chest infections 
requiring IV/ICU 

Zero 
One 
Two 

 
 
25 (93) 
1 (4) 
1 (4) 

 
 
1 (50) 
0 
1 (50) 

 
 
15 (94) 
1 (6) 
0 

 
 
9 (100) 
0 
0 

 
Age seen 4 years, Total n=25 (%) 
# of chest infections/annum 

Zero 
One  
Two  
Three 
Four  

 
15 (60) 
6 (24) 
1 (4) 
2 (8) 
1 (4) 

 
0 
0 
1 (100) 
0 
0 

 
9 (60) 
3 920) 
0 
2 (13) 
1 (7) 

 
6 (67) 
3 (33) 
0 
0 
0 

# of chest infections 
requiring ABx only 

 
19 (76) 

 
0 

 
13 (87) 

 
6 (67) 



Zero 
One  
Two  

5 (20) 
1 (4) 

1 (100) 
0 

1 (7) 
1 (7) 

3 (33) 
0 

# of adm for chest infections  
Zero 
One  
Two 
Three  

 
18 (72) 
4 (16) 
2 (8) 
1 (4) 

 
0 
1 (100) 
0 
0 

 
9 (60) 
3 (20) 
2 (13) 
1 (7) 

 
9 (100) 
0 
0 
0 

# of chest infections 
requiring IV/ICU 

Zero 
One 

 
 
24 (96) 
1 (4) 

 
 
1 (100) 
0 

 
 
14 (93) 
1 (7) 

 
 
9 (100) 
0 

Age seen 5 years, Total n=22 (%) 
# of chest infections/ annum 

Zero 
One  
Two  

 
16 (73) 
3 (14) 
3 (14) 

 
1 (100) 
0 
0 

 
8 (62) 
2 (15) 
3 (23) 

 
7 (88) 
1 (12) 
0 

# of chest infections 
requiring ABx only 

Zero 
One  

 
 
17 (77) 
5 (23) 

 
 
1 (100) 
0 

 
 
9 (69) 
4 (31) 

 
 
7 (88) 
1 (12) 

# of adm for chest infections  
Zero 
One  

 
20 (91) 
2 (9) 

 
1 (100) 
0 

 
11 (85) 
2 (15) 

 
8 (100) 
0 

# of chest infections 
requiring IV/ICU 

Zero 
One 

 
 
20 (91) 
2 (9) 

 
 
1 (100) 
0 

 
 
11 (85) 
2 (15) 

 
 
8 (100) 
0 

Age seen 6 years, Total n=21 (%) 
# of chest infections/ annum 

Zero 
One  
Two  

 
16 (76) 
4 (19) 
1 (5) 

 
1 (100) 
0 
0 

 
7 (58) 
4 (33) 
1 (8) 

 
8 (100) 
0 
0 

# of chest infections 
requiring ABx only 

Zero 
One  

 
19 (90) 
2 (10) 

 
1 (100) 
0 

 
10 (83) 
2 (17) 

 
8 (100) 
0 

# of adm for chest infections  
Zero 
One  

 
17 (81) 
4 (19) 

 
1 (100) 
0 

 
8 (67) 
4 (33) 

 
8 (100) 
0 

# of chest infections 
requiring IV/ICU 

 
 

 
 

 
 

 
 



Zero 21 (100) 1 (100) 12 (100) 8 (100) 
Age seen 7 years, Total n=20 (%) 
# of chest infections/ annum 

Zero 
One  
Two  
Three 
Four  

 
15 (75) 
2 (10) 
1 (5) 
1 (5) 
1 (5) 

 
- 
- 
- 
- 
- 

 
7 (58) 
2 (17) 
1 (8) 
1 (8) 
1 (8) 

 
8 (100) 
0 
0 
0 
0 

# of chest infections 
requiring ABx only 

Zero 
One  
Two  

 
 
17 (85) 
1 (5) 
2 (10) 

 
 
- 
- 
- 

 
 
9 (75) 
1 (8) 
2 (17) 

 
 
8 (100) 
0 
0 

# of adm for chest infections  
Zero 
One  

 
15 (75) 
5 (25) 

 
- 
- 

 
7 (58) 
5 (42) 

 
8 (100) 
0 

# of chest infections 
requiring IV/ICU 

Zero 
One 

 
 
19 (95) 
1 (5) 

 
 
- 
- 

 
 
11 (92) 
1 (8) 

 
 
8 (100) 
0 

Age seen 8 years, Total n=19 (%) 
# of chest infections/ annum 

Zero 
One  
Two  
Four  

 
13 (68) 
1 (5) 
2 (11) 
3 (16) 

 
- 
- 
- 
- 

 
5 (45) 
1 (9) 
2 (18) 
3 (27) 

 
8 (100) 
0 
0 
0 

# of chest infections 
requiring ABx only 

Zero 
One  
Two 
Three  

 
13 (68) 
3 (16) 
2 (11) 
1 (5) 

 
- 
- 
- 
- 

 
5 (45) 
3 (27) 
2 (18) 
1 (9) 

 
8 (100) 
0 
0 
0 

# of adm for chest infections  
Zero 
One  
Two 
Three  

 
15 (79) 
2 (11) 
1 (5) 
1 (5) 

 
- 
- 
- 
- 

 
7 (64) 
2 (18) 
1 (9) 
1 (9) 

 
8 (100) 
0 
0 
0 

# of chest infections 
requiring IV/ICU 

Zero 

 
 
19 (100) 

 
 
- 

 
 
11 (100) 

 
 
8 (100) 

Age seen 9 years, Total n=18 (%) 
# of chest infections/ annum     



Zero 
One  
Three   

15 (83) 
1 (6) 
2 (11)  

- 
- 
- 

8 (73) 
1 (9) 
2 (18) 

7 (100) 
0 
0 

# of chest infections 
requiring ABx only 

Zero 
Three  

 
 
16 (89) 
2 (11) 

 
 
- 
- 

 
 
9 (82) 
2 (18) 

 
 
7 (100) 
0 

 
# of adm for chest infections  

Zero 
One  

 
17 (94) 
1 (6) 

 
- 
- 

 
10 (91) 
1 (9) 

 
7 (100) 
0 

# of chest infections 
requiring IV/ICU 

Zero 

 
 
18 (100) 

 
 
- 

 
 
11 (100) 

 
 
7 (100) 

Age seen 10 years, Total n=16 (%) 
# of chest infections/ annum 

Zero 
One  
Six or more 

 
12 (75) 
3 (19) 
1 (6) 

 
- 
- 
- 

 
6 (60) 
3 (30) 
1 (10) 

 
6 (100) 
0 
0 

# of chest infections 
requiring ABx only 

Zero 
One  
Three  

 
 
14 (88) 
1 (6) 
1 (6) 

 
 
- 
- 
- 

 
 
8 (80) 
1 (10) 
1 (10) 

 
 
6 (100) 
0 
0 

# of adm for chest infections  
Zero 
One  
Two 

 
13 (81) 
2 (13) 
1 (6) 

 
- 
- 
- 

 
7 (70) 
2 (20) 
1 (10) 

 
6 (100) 
0 
0 

# of chest infections 
requiring IV/ICU 

Zero 
One 

 
 
15 (94) 
1 (6) 

 
 
- 
- 

 
 
9 (90) 
1 (10) 

 
 
6 (100) 
0 

Age seen 11 years, Total n=15 (%) 
# of chest infections/ annum 

Zero 
One  
Two  
Three 
Four  

 
11 (73) 
1 (7) 
1 (7) 
1 (7) 
1 (7) 

 
- 
- 
- 
- 
- 

 
5 (56) 
1 (11) 
1 (11) 
1 (11) 
1 (11) 

 
6 (100) 
0 
0 
0 
0 

# of chest infections 
requiring ABx only 

Zero 

 
14 (93) 
1 (7) 

 
- 
- 

 
8 (89) 
1 (11) 

 
6 (100) 
0 



One  
# of adm for chest infections  

Zero 
Two 
Three 
Four  

 
12 (80) 
1 (7) 
1 (7) 
1 (7) 

 
- 
- 
- 
- 

 
6 (67) 
1 (11) 
1 (11) 
1 (11) 

 
6 (100) 
0 
0 
0 

 
# of chest infections requiring 
IV/ICU 

Zero 

 
15 (100) 

 
- 

 
9 (100) 

 
6 (100) 

Age seen 12 years, Total n=13 (%) 
# of chest infections/ annum 

Zero 
Two  

 
11 (85) 
2 (15) 

 
- 
- 

 
6 (75) 
2 (25) 

 
5 (100) 
0 

# of chest infections requiring 
ABx only 

Zero 
One  
Two 
Three 

 
 
10 (77) 
1 (8) 
1 (8) 
1 (8) 

 
 
- 
- 
- 
- 

 
 
5 (63) 
1 (13) 
1 (13) 
1 (13) 

 
 
5 (100) 
0 
0 
0 

# of adm for chest infections  
Zero 
One  

 
11 (85) 
2 (15) 

 
- 
- 

 
6 (75) 
2 (25) 

 
5 (100) 
0 

# of chest infections requiring 
IV/ICU 

Zero 

 
 
13 (100) 

 
 
- 

 
 
8 (100) 

 
 
5 (100) 

Age seen 13 years, Total =13 (%) 
# of chest infections/ annum 

Zero 
One   

 
11 (85) 
2 (15) 

 
- 
- 

 
6 (75) 
2 (25) 

 
5 (100) 
0 

# of chest infections requiring 
ABx only 

Zero 
One  

 
 
12 (92) 
1 (8) 

 
 
- 
- 

 
 
7 (88) 
1 (12) 

 
 
5 (100) 
0 

# of adm for chest infections  
Zero 
One  

 
11 (85) 
2 (15) 

 
- 
- 

 
6 (75) 
2 (25) 

 
5 (100) 
0 

# of chest infections requiring 
IV/ICU 

Zero 

 
 
13 (100) 

 
 
- 

 
 
8 (100) 

 
 
5 (100) 

Age seen 14 years, Total=13 (%) 
# of chest infections/ annum     



Zero 
One  
Three 
Five  

9 (69) 
2 (15) 
1 (8) 
1 (8) 

- 
- 
- 
- 

5 (63) 
1 (12) 
1 (12) 
1 (13) 

4 (80) 
1 (20) 
0 
0 

# of chest infections requiring 
ABx only 

Zero 
One  
Two  

 
 
10 (77) 
2 (15) 
1 (8) 

 
 
- 
- 
- 

 
 
6 (75) 
1 (13) 
1 (13) 

 
 
4 (80) 
1 (20) 
0 

# of adm for chest infections  
Zero 
One  
Three  

 
10 (77) 
1 (8) 
2 (12) 

 
- 
- 
- 

 
5 (62) 
1 (13) 
2 (25) 

 
5 (100) 
0 
0 

# of chest infections requiring 
IV/ICU 

Zero 

 
 
12 (100) 

 
 
- 

 
 
7 (100) 

 
 
5 (100) 

Age seen 15 years, Total n=10 (%) 
# of chest infections/ annum 

Zero 
One  

 
6 (60) 
4 (40) 

 
- 
- 

 
3 (60) 
2 (40) 

 
3 (60) 
2 (40) 

# of chest infections requiring 
ABx only 

Zero 
One  

 
 
9 (90) 
1 (10) 

 
 
- 
- 

 
 
5 (100) 
0 

 
 
4 (80) 
1 (20) 

# of adm for chest infections  
Zero 
One  

 
7 (70) 
3 (30) 

 
- 
- 

 
3 (60) 
2 (40) 

 
4 (80) 
1 (20) 

# of chest infections requiring 
IV/ICU 

Zero 

 
 
10 (100) 

 
 
- 

 
 
5 (100) 

 
 
5 (100) 

Age seen 16 years, Total=8 (%) 
# of chest infections/ annum 

Zero 
Two  

 
6 (75) 
2 (25) 

 
- 
- 

 
2 (50) 
2 (50) 

 
4 (100) 
0 

# of chest infections requiring 
ABx only 

Zero 
One  
Two  

 
 
6 (75) 
1 (12) 
1 (12) 

 
 
- 
- 
- 

 
 
2 (50) 
1 (25) 
1 (25) 

 
 
4 (100) 
0 
0 

# of adm for chest infections  
Zero 
One  

 
7 (88) 
1 (12) 

 
- 
- 

 
3 (75) 
1 (25) 

 
4 (100) 
0 



# of chest infections requiring 
IV/ICU 

Zero 

 
 
8 (100) 

 
 
- 

 
 
4 (100) 

 
 
4 (100) 

Age seen 17 years, Total n=6 (%) 
# of chest infections/ annum 

Zero  
 
6 (100) 

 
- 

 
3 (100) 

 
3 (100) 

# of chest infections requiring 
ABx only 

Zero 

 
6 (100) 

 
- 

 
3 (100) 

 
3 (100) 

# of adm for chest infections  
Zero 

 
6 (100) 

 
- 

 
3 (100) 

 
3 (100) 

# of chest infections requiring 
IV/ICU 

Zero 

 
 
6 (100) 

 
 
- 

 
 
3 (100) 

 
 
3 (100) 

Age seen 18 years, Total n=5 (%) 
# of chest infections/ annum 

Zero  
 
5 (100) 

 
- 

 
3 (100) 

 
2 (100) 

# of chest infections requiring 
ABx only 

Zero 

 
 
5 (100) 

 
 
- 

 
 
3 (100) 

 
 
2 (100) 

# of adm for chest infections  
Zero 

 
5 (100) 

 
- 

 
3 (100) 

 
2 (100) 

# of chest infections requiring 
IV/ICU 

Zero 

 
 
4 (100) 

 
 
- 

 
 
2 (100) 

 
 
2 (100) 

 
Patient on home bipap, n (%) 13 (43) 2 (50) 9 (53) 2 (22) 
Home bipap hours, n (%) 

<12 hours 
>16 hours 

 
12 (92) 
1 (8) 

 
1 (50) 
1 (50) 

 
9 (100) 
0 

 
2 (100) 
0 

Musculoskeletal complications 
Scoliosis, n (%) 21 (70) 0 15 (88) 6 (67) 
Scoliosis corrective surgery, n (%) 6 (29) - 4 (27) 2 (33) 
Other musculoskeletal 
complications, n (%) 

Contractures  
Dislocations  

 
21 (70) 
1 (3) 

 
1 (25) 
0 

 
15 (88) 
1 (6)  

 
5 (56) 
0 

Mobilising independently, n (%) 5 (17) 0 0 5 (57) 
Mobilising device, n (%) 

Wheelchair 
Mobdevice 

 
19 (63) 
6 (20) 

 
1 (25) 
3 (75) 

 
15 (88) 
2 (12) 

 
3 (33) 
1 (11) 

Nutritional status, n (%)     



Normal 
Overweight 
FTT/UWFA 
Moderately wasted 
Severely wasted 

15 (50) 
3 (10) 
2 (7) 
3 (10) 
7 (23) 

3 (75) 
0 
1 (25) 
0 
0 

8 (47) 
2 (12) 
1 (6) 
2 (12) 
4 (24) 

4 (44) 
1 (11) 
0 
1 (11) 
3 (33) 

Need for PEG support, n (%) 10 (33) 3 (75) 5 (29) 2 (22) 
Social 
Care givers involved, n (%) 

One 
Two 
Three  

 
10 (33) 
18 (60) 
2 (7) 

 
2 (50) 
2 (50) 
0 

 
6 (35) 
9 (53) 
2 (12) 

 
2 (22) 
7 (78) 
0 

Care dependency grant, n (%) 19 (63) 1 (25) 12 (70) 6 (67) 
Reason for not having grant, n (%) 

Applied awaiting approval 
Foreign national 
Doesn’t meet requirements 
Other  

 
2  
1  
2  
6  

 
2  
0 
0 
1  

 
0 
1  
2  
2 

 
0 
0 
0 
3  

Patient school going, n (%) 
No 
Yes 
Not applicable 

 
1 (3) 
21 (70) 
8 (27) 

 
0 
1 (25) 
3 (75) 

 
1 (6) 
12 (71) 
4 (24) 

 
0 
8 (89) 
1 (11) 

Type of school, n (%) 
Mainstream 
Special needs  
Home-schooled  

 
6  
14  
1 

 
0 
1  
0 

 
 0 
11  
1 

 
6  
2  
0 

Independent activities, n (%) 
Bathing 
Dressing 
Toileting 
Transferring 
Continence 
Feeding  
N/A 

 
3 (10) 
3 (10) 
4 (13) 
2 (7) 
24 (80) 
21 (70) 
5 (17) 

 
0 
0 
0 
0 
1 (25) 
0 
3 (75) 

 
0 
0 
0 
0 
15 (88) 
12 (71) 
2 (12) 

 
3 (33) 
3 (33) 
4 (44) 
2 (22) 
8 (89) 
9 (100) 
0 

Mortality 
Vital status (died – respiratory 
complications), n (%) 
Vital status (died- sepsis), n (%) 

4 (13) 
 
1 

4 (100) 
 
0 

0 
 
1 (5.8) 

0 
 
0 
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