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ABSTRACT

الأهداف:  تقييم مدى معرفة عينة من الأطباء المختصين في علاج 
السعودية   العربية  المملكة  في  الشوكي  العضلات  ضمور  حالات 

وسلوكهم تجاه الأدوية الحديثة في علاج مثل هذه الحالات. 

مقطع  ذات  أسئلة  باستخدام  الدراسة  هذه  أجريت  الطريقة: 
مستعرض في الفترة من فبراير- مايو 2017م. شملت عينة الدراسة 
أطباء متخصصين في أعصاب الأطفال، أعصاب الكبار، بالإضافة إلى 
أطباء في تخصصات أخرى ممن يقومون بعلاج مثل هذه الحالات.  

بأن  الدراسة  بينت  طبيباً.   169 قبل  من  الاستجابه  تمت  النتائج: 
نصفهم على دراية بقواعد علاج حالات الضمور العضلي الشوكي. 
عند سؤال الأطباء المعالجين عن عقار » نوسينيرسين« كمثال للأدوية 
عدم  منهم   50% أبدى  الحالات  هذه  علاج  في  حديثاً  المكتشفة 
مخرجات  في  الباقون  وشكَك  العقار،  هذا  جدوى  من  تأكدهم 
الخبرة  حديثي  الأطباء  بأن  الدراسة  أيضاً  بينت  العقار.  استخدام 
الكامل  الدعم  تقديم  قرار  إلى  يميل  والأخصائيين  المقيمين  كالأطباء 

لمثل هذه الحالات بمافيها استخدام جهاز التنفس الصناعي.   

الخاتمة: سلطت الضوء هذه الدراسة على الاختلاف الواسع بين الأطباء 
بينت  الشوكي.  العضلي  الضمور  العلاجية لحالات  الاجراءات  تجاه 
الدراسة الحاجة لزيادة الوعي لدى الأطباء المعالجين لمثل هذه الحالات 
خاصة مع ظهوربعض الأدوية المكتشفة حديثاً والتي من الممكن بأن 

تؤدي الى تحسن مثل هذه الحالات.   

Objectives: To determine physicians’ attitudes and 
stated practice in the management of patients with 
spinal muscular atrophy (SMA). We also aimed to 
explore their knowledge about consensus statement 
for standard of care in SMA and the role of new 
treatment modalities in changing the method of 
practice in the management of these cases.

Methods: This is a quantitative observational cross-
sectional study, conducted from February to May 
2017 among physicians who manage SMA patients in 
Kingdom of Saudi Arabia. The study cohort 

included pediatric neurologists, adult neurologists, 
and physicians of other sub-specialties who manage 
SMA patients. We used online and paper-based 
questionnaires.

Results: Half of the 169 participants were aware of 
the consensus guidelines for the care of SMA patients. 
With regard to the newly released Nursinersen 
treatment protocol for SMA-diagnosed patients, half 
of the participants were uncertain, and the other half 
were hesitant about its outcomes. Junior physicians 
tended to be significantly more inclined to reverse 
the do-not-resuscitate (DNR) status of an SMA-
diagnosed child than more senior physicians.

Conclusion: Our results indicate the existence of 
wide differences in physician practice with children 
of SMA disease. Our data demonstrate a need for 
increased awareness of consensus guidelines and 
further awareness about the physician’s role in the 
variability of care for children with SMA.
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Spinal muscular atrophy (SMA) is an autosomal 
recessive disorder. It affects approximately 1 in 

10,000 live births, and it occurs in almost 95% of 
all cases as a homozygous deletion or mutation of 
the survival motor neuron 1 gene (SMN1).1-5 Spinal 
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muscular atrophy is featured by degeneration of alpha 
motor neurons in the spinal cord, leading to progressive 
weakness and muscular atrophy.6-8 It is usually classified 
into 3 main phenotypes (Type I, II, and III), but an 
expanded classification system has been used by several 
experts that includes a fourth phenotype to distinguish 
adult-onset SMA.8,9 Type I is the most severe form 
of SMA, representing approximately 60% of SMA 
cases.8-10

Many questions remain although clinical 
advancements have been made in the care of children 
with SMA. Previously, no treatment was available 
for SMA, and management consisted of supportive 
measures directed at providing adequate nutrition, 
respiratory assistance, and treating or preventing 
complications of weakness. In many aspects of care for 
these children (nutrition, pulmonary, orthopedic, and 
rehabilitation medicine), medical decisions are usually 
based on the clinician’s or institution’s experience or 
from small studies with low levels of evidence.9

Currently, a new therapeutic option has become 
available for patients with SMA. Nusinersen is the 
first approved drug used to treat pediatric and adult 
patients with SMA; it was approved by the US food 
and drug administration in late December 2016 after 
its safety and effectiveness were validated.11 This study 
aimed to determine pediatrics and adult neurologists’ 
knowledge and stated practice in the management of 
children with SMA. This study aimed to investigate the 
understanding of the knowledge and practices regarding 
acute and long-term management of children with 
SMA, especially with the appearance of new modalities 
of treatment.

Methods. A quantitative observational cross-sectional 
approach was used to explore physicians’ practice in 
the acute and long-term management of children with 
SMA. Online and paper-based questionnaires were sent 
to all members of the neuroscience forum, a scientific 
group on smartphones and among physicians attending 
the 2nd Saudi pediatric neurology society annual 
conference 2017 (SPNS).12

The study was conducted in the Kingdom of Saudi 
Arabia from February-May 2017. Our target samples 
included pediatric and adult neurologists in addition 
to physicians in other sub-specialties who manage 

SMA patients. Their compliance with the consensus 
was measured using a 1-10 Likert scale. The study 
instrument was subjected to a panel of experts in the 
field of neurology for the importance of its content 
to the study objectives and adjustements were made 
according to feedback from 5 academic experts. The 
Cronbach’s alpha test of reliability was conducted on 
the likert-like questionnaire items to assess them for 
reliability on a piloted sample of 30 subjects.

Data was analyzed using Statistical Package for 
the Social Sciences, version 21 (IBM Corp., Armonk, 
NY, USA). A p-value<0.05 was considered significant. 
Descriptive statistics were used to present means, 
standard deviations, and percentages. Student’s 
t-test, z-proportional test, and Chi-squared tests were 
employed to compare group variables between genders 
and demographic variables. Multivariate binary logistic 
regression analysis was employed to explain physicians’ 
awareness of SMA standards of care and the willingness 
to change the patients’ code status to DNR in light of 
impending compromise. The study was approved by 
the institutional review board and ethical committee 
of King Saud university, Riyadh, Kingdom of Saudi 
Arabia (KSU-IRB Number E-17-2307).

Results. The questionnaire items that were 
measured with likert-like scale were generally reliable, 
as an evidence with Cronbach’s alpha test of internal 
consistency equal to (0.87), denoting that the physicians 
have understood these items consistently and reliably 
in general. Of 212 physicians, 169 responded to the 
survey. Approximately half of them (n=87, 51.2%) 
were male. Pediatric neurologists represented 51.5%; 
physicians from other specialties were mostly pediatric 
intensivists (17.8%), pediatricians (13%), or adult 
neurologists (10.7%). The physicians’ demographics and 
professional characteristics are shown in Table 1. A total 
of 49.7% of participants were aware of the international 
consensus guidelines for management of SMA patients. 
However, when questioned on a Likert-like rating 
scale, those who were aware of the consensus (n=73) 
collectively agreed with 6.6 out of 10 points, denoting 
that more than 50% generally agreed to the consensus. 
The mean compliance level was equal to 6.1 out of 10; 
namely, 61.1% were compliants (Table 2). Regarding 
characteristics and awareness of the consensus of the 
SMA patients, the analysis showed that there was a 
significant association between physicians’ specialty and 
their awareness of the standards (χ2(4)=18.9, p=0.001). 
Pediatric neurologists were significantly more aware; 
however, the pediatric intensivists tended to report their 
lack of awareness of the consensus on the SMA standards 

Disclosure. This study was funded by the college of Med-
icine Research Center, Deanship of scientific research, 
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of care. General pediatricians were significantly less 
inclined to be informed of these standards according to 
their responses (Table 2). Multivariate logistic regression 
analysis of the combined and individual associations 
between physicians’ demographic and professional 
characteristics with their awareness of the consensus 
of the standards of SMA patients care showed that 
the field of physicians’ specialty experience (expertise) 
was a significant predictor of their awareness with the 
consensus (OR=0.611; 95% CI=0.480-0.776; p<0.001) 
(Table 3).

When physicians were asked to select from a list 
of recent promising treatments for SMA, it was found 
that only 83 physicians responded and demonstrated 
awareness of at least one modern modality or more. 
Two thirds (59.8%) were aware of gene-specific 
therapy. Another 41% were aware of drug treatments, 
6% indicated they were aware of autologous stem 
cell transplantation as a potential treatment for SMA 
patients. In response to questions about the newly 
released medication Nusinersen for SMA patients, 
half of the physicians (52.1%) were uncertain. Only 
34.3% were aware and a few (13.6%) were not aware 
of the new drug/treatment. Regarding physicians’ 
belief in the ability of Nusinersen to improve SMA 
patient outcomes, half (53.3%) were uncertain, and 
approximately 32% of them believed in the potential 
of the drug, but the rest (14.8%) did not believe in 
the potential of this new drug to improve outcomes. 
Despite the controversy around reversing the code status 
of the DNR of an SMA patient, physicians were asked 
to indicate whether they would be inclined to reverse 
the code status of an end stage SMA patient in light of 
the promising effects of Nusinersen: Half (52.1%) of 
them were unsure, another 23.1% of them advised with 
approval, and a smaller proportion (24.9%) advised 
with disapproval. They were asked to indicate whether 
it was acceptable to intubate an SMA patient in light 
of an impending respiratory compromise: Half of the 
physicians (50.3%) agreed, 33.7% were uncertain, and 
several (16%) of them disagreed (Table 4). Multivariate 
logistic regression analysis revealed the combined 
and individual associations between physicians’ 
demographic and professional characteristics with their 
odds to reverse the code status of their SMA patients 
in light of impending compromise. Junior physicians 
were significantly more likely to reverse the DNR status 
of these patients on average, accounting for the other 
physicians’ characteristics (OR=1.6; 95% CI=1.174-
2.439; p=0.005). Physicians of other specialties like 
pediatric intensivists differed significantly in their odds 

Table 1 - Physician demographic and professional characteristics 
(N=169).

Characteristics n (%)
Gender

Female
Male

82 (48.5)
87 (51.5)

Median years of experience (Q1, Q3), range 6 (3.11)
Specialty

Pediatric neurology
Adult neurology
Pediatric intensivist
General pediatrician
Other specialties: (Geneticist, Pediatric 

pulmonologist, Adult intensivist)

88 (52.1)
17 (10.1)
30 (17.8)
22 (13)
12 (7.1)

Current Position
Consultant
Fellow
Specialist
Resident

89 (52.7)
16 (9.5)
28 (16.6)
36 (21.3)

Facility Level
Tertiary Hospital
Secondary Hospital
Primary Health care

132 (78.1)
35 (20.7)
2 (1.2)

Hospital Sector Type
Public/governmental
Private

158 (93.5)
11 (6.5)

Q 1 - Quartile 1, Q 3 - Quartile 3

Table 2 - Physician demographics and bivariate analysis of the 
associations between professional and working conditions 
with awareness regarding SMA consensus care protocol.

Characteristics Awareness of the 
consensus SMA 
standard of care 

Test statistics

No=85 Yes=83
*Sex
Female
Male

36 (42.4)
49 (57.6)

45 (54.2)
38 (45.8) χ2(1)=2.37

†Years of experience, mean±SD 8.3±7.2 7.8±5.7 t (166)=0.497
‡Specialty
Pediatric neurology
Adult neurology
Pediatric intensivist
General pediatrics
Other specialists: pediatric 

pulmonologist & geneticist

31 (36.5)
9 (10.5)
21 (24.7)
17 (20)
7 (8.2)

56 (67.5)
8 (9.6)
9 (10.8)

5 (6)
5 (6)

χ2(4)=18.9

§Current position
Consultant
Fellow
Specialist

48 (56.5)
10 (11.8)
13 (15.3)

41 (49.4)
6 (7.2)

14 (16.9)
χ2(1)=3.34

Agreement level to the SMA standard of care (mean 
Likert scale) 6.6 (2.64)
Compliance level to the SMA standard of care (mean 
Likert scale) 6.11 (2.7)
SMA - spinal muscular atrophy. *p-value=0.124,†p-value=0.620, ‡p-value= 

0.001, §p-value= 0.342
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of reversing the code status of their patients (OR=0.690; 
95% CI=0.487-979; p=0.038) (Table 5) (Figure 1&2).

Discussion. Historicaly, SMA patients have poor 
outcome. With recent advances in the management of 
these patients especially with the appearance of new 
therapies, these patients have an extended lifespan.13 
Many questions arise about the best way to the 
management of the children with SMA and the way 
to provide the patient and their families with the best 
quality of life and resources. Answering these questions 
at a single institution and based on personal experience 

is difficult and scientifically not appropriate. Spinal 
muscular atrophy is a rare neurodegenerative disorder, 
and evidence-based guidelines for management of this 
condition is lacking. In 2007, the first international 
consensus guidelines were published.7 These consensus 
guidelines were revised and published during the time of 
this project.14,15 The present study showed that 50.3% of 
the participants were aware of the consensus guidelines 
(Likert score=6.6). This result was in agreement with 
a previous study.16 As expected, the field of specialty 
of experienced physicians was a significant predictor 
of their awareness with the consensus; pediatric 
neurologists were significantly more inclined to be 
aware of the consensus when compared to pediatric 
intensivists.

Nusinersen is approved for the treatment of SMA 
in the United States of America, the European Union, 
Brazil, Japan, Switzerland, and Canada. It started 
globally in 2016 in response to the urgent need for 
treatment for the most severely affected individuals 
living with SMA.17 The current study showed that half 
of the physicians were uncertain about the use and 
benefit of this medication. Another study describing the 
current practice in the care of SMA in Canada reported 
that half of the participants believed that a disease-
modifying therapy was likely to be available within 10 
years.18

There was wide variability in clinical practice 
suggested by this study. Over half of the physicians 
(53.7%) advised that DNR and “no intubation” 
were implemented in their hospital, followed by full 
supportive care (32.9%), tracheostomy and home 

Table 3 - Multivariate logistic regression analysis of the combined and individual associations between physician demographic and professional 
characteristics with their awareness of the consensus of the standard of SMA patients care (N=168).

Characteristics B SE OR 95% CI P-value
Lower Upper

Gender (male) -.532 .352 .588 .295 1.172 0.131

Physicians’ experience in years .268 .185 1.308 .910 1.880 0.147

Hospital sector (private hospital) 1.155 .763 3.174 .711 14.163 0.130

Physicians’ field of expertise -.493 .123 .611 .480 .776 <0.001

Physicians’ current position .264 .158 1.303 .956 1.776 0.094

Presence of a clear DNR policy at work (yes) -.516 .550 .597 .203 1.755 0.348

Presence of mechanically ventilated SMA patients (yes) 0.164
Presence of mechanically ventilated SMA patients (no) -.502 .381 .605 .287 1.276 0.187
Presence of mechanically ventilated SMA patients (unsure) -.943 .527 .390 .139 1.094 0.073
Constant -.108 1.075 .898 0.920
SMA - spinal muscular atrophy, DNR - do-not-resuscitate, B - coefficient of regression parameters, SE - standard error, OR - odds ratio, CI - confidence 

interval.

Table 4 - Physicians’ reported aspects and practices of SMA patients 
care (N=169).

Aspects and practices n (%) 
Awareness of consensus statement for standard SMA care

Yes
No

84 (49.7)
85 (50.3)

Awareness of the new treatment (Nusinersen)
Not sure/undecided
No
Yes

88 (52.1)
23 (13.6)
58 (34.3)

Will (Nusinersen) improve the SMA outcomes?
Unsure/undecided
No
Yes

90 (53.3)
25 (14.8)
54 (32)

Would you reverse code status of an end stage DNR SMA subject given the 
new potential medication?

No
Unsure/undecided/hesitate
Yes

42 (24.9)
88 (52.1)
39 (23.1)

SMA - spinal muscular atrophy, DNR - do-not-resuscitate
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ventilation (30.5%), and non-invasive ventilation 
therapy (NIV) (26.8%). There was a wide variability 
between physicians in clinical practice suggested 
by this study, demonstrated in the attitudes of the 
physicians towards modality of ventilation in SMA 
patients and code status. This diversity of therapeutic 
practice may be partially due to the lack of awareness 
of the international consensus guidelines especially 
among intensivists caring for these patients.19 This 
study showed that almost two-thirds of the physicians 
(59.8%) were aware of gene-specific therapy as a 
promising treatment for SMA, while the minority were 
aware of possible roll of stem cell transplantation. This 
variation may be attributed to cultural differences and 
variable administrative and legal issues. A new study 
using single-dose gene therapy in infants with type 
I SMA conducted by Mendell R et al,20 about the 
use of gene therapy in 15 infants with type I SMA. 
Although the primary outcome measure was the safety 
of the therapy, all 15 infants were alive at the age of 20 
months; the outcome of the study was encouraging.20 
In our study, when physicians were asked to reverse the 
code status of their SMA patients in light of impending 
compromise, junior physicians were significantly more 
likely to reverse the DNR status of these patients, while 
physicians with various expertise differed significantly. 
When the physicians were asked about their belief in 
the ability of Nusinersen to improve SMA outcomes, 
the majority were uncertain about reversing the code 
status of applying DNR to SMA patients, and they were 
unsure of the diversity of therapeutic attitudes. Due to 
lack of experience of junior physicians and the awareness 
of expert physicians, this new modality of treatment is 
still under trial. Confirmation of its long-term efficacy 
and the legal issues involved will require time. In the 
other hand, early use of this medication is very crucial 

Table 5 - Multivariate logistic regression analysis of the combined and individual associations between physician demographic and professional characteristics 
with their odds to reverse the code status of SMA patients in light of impending compromise (N=168).

Characteristics B SE OR 95% CI P-value
Lower Upper

Gender (male) -.191 .414 .826 .367 1.862 0.646

Physicians’ experience in years .023 .037 1.023 .952 1.099 0.536

Physicians current position .526 .187 1.692 1.174 2.439 0.005

Hospital Sector (private) .893 .708 2.444 .611 9.780 0.207

Hospital type (secondary) .908 .479 2.480 .969 6.348 0.058

Physicians field of speciality -.371 .178 .690 .487 .979 0.038

Constant -3.563 1.186 .028 0.003
SMA - spinal muscular atrophy, B - coefficient of regression parameters, SE - standard error, OR - odds ratio, CI - confidence interval.

Figure 1 - Correlation of physicians’ current position with reported 
probability of reversal of the DNR status. Fellow: pediatric 
and adult neurology fellow in training program. 

Figure 2 - Correlation of physicians’ main field of practice with reported 
probability of reversal of the DNR status. 
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and has favorable outcome. Moreover, the high cost 
of this new therapy must be considered, especially in 
low-income countries.

Limitations. Relatively small number size and 
different specialties and level of experience.

In conclusion, our study identified wide differences 
in physicians’ practice toward management of children 
with SMA. Our data demonstrate a need for increased 
awareness of consensus guidelines for standard of 
care for patients with SMA. Furthermore, physicians’ 
attitudes towards and knowledge of novel modalities 
of treatment were found to be a challenge in the 
management of SMA.

Acknowledgment. The authors would like to thank Mr. 
Mohamad A. AlKhateeb for statistical analysis.

References
  
  1. Prior TW. Carrier screening for spinal muscular atrophy. Genet 

Med 2008; 10: 840-842.
  2. 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. Eur J Hum Genet 2012; 20: 27-32.

  3. Pearn J. Incidence, prevalence, and gene frequency studies of 
chronic childhood spinal muscular atrophy. J Med Genet 1978; 
15: 409-413.

  4. Lefebvre S, Bürglen L, Reboullet S, Clermont O, Burlet P, 
Viollet L, et al. Identification and characterization of a spinal 
muscular atrophy-determining gene. Cell 1995; 80: 155-165.

  5. Prior TW. Spinal muscular atrophy: a time for screening. Curr 
Opin Pediatr 2010; 22: 696-702.

  6. Ogino S, Leonard DG, Rennert H, Ewens WJ, Wilson RB. 
Genetic risk assessment in carrier testing for spinal muscular 
atrophy. Am J Med Genet 2002; 110: 301-307.

  7. Wang CH, Bonnemann CG, Rutkowski A, Sejersen T, Bellini 
J, Battista V, et al. Consensus statement on standard of care 
for congenital muscular dystrophies. J Child Neurol 2010; 25: 
1559-1581.

  8. Arnold WD, Kassar D, Kissel JT. Spinal muscular atrophy: 
diagnosis and management in a new therapeutic era. Muscle 
Nerve 2015; 51: 157-167.

  9. 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: 1027-1049.

10. Kayadjanian N, Burghes A, Finkel RS, Mercuri E, Rouault 
F, Schwersenz I, et al. SMA-EUROPE workshop report: 
Opportunities and challenges in developing clinical trials for 
spinal muscular atrophy in Europe. Orphanet J Rare Dis 2013; 
8: 44.

11. Mercuri E, Darras BT, Chiriboga CA, Day JW, Campbell 
C, Connolly AM, et al. Nusinersen versus Sham Control in 
Later-Onset Spinal Muscular Atrophy. N Engl J Med 2018; 
378: 625-635.

12. Jan MM. Neuroscience Forum: a scientific group on 
smartphones. Ann Saudi Med 2016; 36: 235.

13. Oskoui M, Levy G, Garland CJ, Gray JM, O’Hagen J, De 
Vivo DC, et al. The changing natural history of spinal muscular 
atrophy type 1. Neurology 2007; 69: 1931-1936.

14. Mercuri E, Finkel RS, Muntoni F, Wirth B, Montes J, Main 
M, et al. Diagnosis and management of spinal muscular 
atrophy: Part 1: Recommendations for diagnosis, rehabilitation, 
orthopedic and nutritional care. Neuromuscul Disord 2018; 28: 
103-115.

15. Finkel RS, Mercuri E, Meyer OH, Simonds AK, Schroth MK, 
Graham RJ, et al. Diagnosis and management of spinal muscular 
atrophy: Part 2: Pulmonary and acute care; medications, 
supplements and immunizations; other organ systems; and 
ethics. Neuromuscul Disord 2018; 28: 197-207.

16. Benson RC, Hardy KA, Gildengorin G, Hsia D. International 
survey of physician recommendation for tracheostomy for 
Spinal Muscular Atrophy Type I. Pediatr Pulmonol 2012; 47: 
606-611.

17. Finkel RS, Mercuri E, Darras BT, Connolly AM, Kuntz NL, 
Kirschner J, et al. Nusinersen versus Sham Control in Infantile-
Onset Spinal Muscular Atrophy. N Engl J Med 2017; 377: 
1723-1732.

18. Oskoui M, Ng P, Liben S, Zielinski D. Physician driven 
variation in the care of children with spinal muscular atrophy 
type 1. Pediatr Pulmonol 2017; 52: 662-668.

19. Temsah MA, Al-Sohime FM, Bashiri FA, Al-Eyadhy AA, Hasan 
GM, Alhaboob AA. Respiratory support attitudes among 
pediatric intensive care staff for spinal muscular atrophy patients 
in Saudi Arabia. Neurosciences (Riyadh) 2018; 23: 62-65.

20. Mendell JR, Al-Zaidy S, Shell R, Arnold WD, Rodino-Klapac 
LR, Prior TW, et al. Single-Dose Gene-Replacement Therapy 
for Spinal Muscular Atrophy. N Engl J Med 2017; 377: 
1713-1722.


