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37 Abstract 

 

38 Background: Most long-term affected spinal muscular atrophy (SMA) type 1 patients 

 

39 have severe impairment of motor function and are dependent on mechanical ventilation 

 

40 with tracheostomy. The efficacy and safety of nusinersen in these patients have not been 

 

41 established. 

 

42 Methods: We retrospectively evaluated the efficacy of intrathecal nusinersen treatment 

 

43 in patients with SMA type 1 who continued treatment for at least 12 months. There were 

 

44 three patients enrolled in our study (3, 4 and 16 years of age) who had severe 

 

45 impairment of gross motor function without head control or the ability to roll over. All 

 

46 three needed mechanical ventilation with tracheostomy and tube feeding. Motor 

 

47 function was assessed using the Children`s Hospital of Philadelphia infant test of 

 

48 neuromuscular disorders (CHOP-INTEND) and the caregivers’ evaluations. 

 

49 Concurrently, we examined nerve conduction longitudinally and compared compound 

 

50 motor action potential (CMAP) amplitudes. 

 

51 Results: All patients continued nusinersen administration without significant adverse 

 

52 events for more than three years. While CHOP-INTEND scores did not remarkably 

 

53 increase, according to the caregivers, all three patients had improved finger or facial 

 

54 muscle movements that enabled them to make their intentions understood. Some  
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55 CMAPs before treatment were not identified but became traces after nusinersen 

 

56 administration. 

 

57 Conclusions: The improvement in motor function that leads to smoother 

 

58 communication could be a basis for continuing nusinersen treatment. Currently 

 

59 available motor function scorings are not efficient for assessing therapeutic 

 

60 interventions in SMA patients with medical care complexity. Longitudinal nerve 

 

61 conduction studies could be an objective indicator. 

 

62 
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73 1. Introduction 

 

74 Spinal muscular atrophy (SMA) is a neuromuscular disease caused by degeneration 

 

75 of motor neurons and the major etiology is a deficiency of survival motor neuron 

 

76 (SMN) protein due to a bi-allelic loss of function mutation or deletion in the SMN1 

 

77 gene located in 5q (1). Nusinersen, an antisense oligonucleotide drug, has been 

 

78 approved for SMA patients of all ages in Japan since 2017. The therapeutic target of 

 

79 nusinersen is SMN2, a paralogue gene of SMN1. Intrathecal nusinersen modifies 

 

80 splicing in exon 7 and increases the production of full-length SMN protein (2), leading 

 

81 to rescue of motor neuron functions. SMA type 1, a severe phenotype with infantile 

 

82 onset, has fewer SMN2 copies, usually two (3, 4). Most individuals with SMA type 1 

 

83 either die without any medication, or are dependent on medical care, including 

 

84 mechanical ventilation with tracheostomy by two years of age (5, 6). Although a phase 

 

85 III trial of nusinersen in SMA type 1 patients showed clear improvement in motor 

 

86 milestones, the patients were all under seven months of age (7). A subsequent double- 

 

87 blind randomized controlled study including a broader age of patients also showed the 

 

88 efficacy and safety of nusinersen but did not include patients with a tracheostomy (8). 

 

89 Even referring to the latest systematic review of real-world studies, the efficacy of 

 

90 nusinersen in long-term affected patients, especially with medical complexity, has not 
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91 been adequately assessed (9). Therefore, we investigated the impact of nusinersen in 

 

92 long-term survivors of SMA type 1 with severe impairment of motor function and 

 

93 performed longitudinal nerve conduction studies in these patients. 

 

94 

95 2. Patients/Methods 

 

96 This is a retrospective study conducted in the Department of Pediatrics at Hokkaido 

 

97 University Hospital. This study was approved by the ethical board of Hokkaido 

 

98 University Hospital (approval no. 023-0166). 

 

99 

100 2.1. Patients 

 

101 Inclusion criteria were as follows: i) infantile-onset type 1 SMA; ii) treatment with 

 

102 nusinersen after the age of two years; and iii) nusinersen treatment continued for more 

 

103 than 12 months. Three individuals met the inclusion criteria and were included in our 

 

104 study. The profiles of these patients are summarized in Table 1. Genetic testing 

 

105 demonstrated no copy in SMN1 and two copies in SMN2 in all three patients. 

 

106 Nusinersen was started in Patients 1-3 at three, four and 16 years of age, respectively. 

 

107 Gross motor function was severely impaired in all individuals where they could only 

 

108 move their fingers or toes, and face slightly. They also had joint contracture in upper 
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109 and lower extremities. Only Patient 3 had scoliosis. Patient 3 could use a 

 

110 communication tool customized to her finger movements. The other two patients 

 

111 expressed their intention only by slight facial changes or simple gestures using fingers, 

 

112 for example, the thumbs-up movement. All patients depended on mechanical ventilation 

 

113 with tracheostomy and tube feeding. Written informed consent concerning this study 

 

114 was obtained from the patients’ guardians. 

 

115 

116 2.2. Methods 

 

117 The first evaluation time point was before nusinersen administration (before  

 

118 treatment), the second was before the fourth loading dose (two months), and the third  

 

119 was at the latest visit (latest). Motor function was assessed by the Children’s Hospital of 

 

120 Philadelphia infant test of neuromuscular disorders (CHOP-INTEND). CHOP-INTEND 

 

121 is used to assess motor function in infant and toddlers with severe neuromuscular  

 

122 diseases such as SMA type 1. The test consists of sixteen items (spontaneous and reflex  

 

123 movements) measuring muscle strength of the neck, trunk, and proximal and distal  

 

124 extremities, and is scored from zero (no response) to four (complete response) for each  

 

125 item. The total core ranges from 0 to 64, with higher scores indicating better motor  

 

126 function. Subtle changes in motor function and general condition, including respiratory  
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127 condition, were assessed mainly by the caregiver’s evaluation at a medical interview, 

 

128 supported by video recordings at hospital visits. For nerve conduction studies, we 

 

129 recorded M waves using an electromyogram (Nihon Kohden, Tokyo, Japan). Several 

 

130 laboratory technicians performed the studies according to the same examination 

 

131 protocol used in our institution. No sedatives were used. We compared the maximum 

 

132 amplitude of the compound motor action potentials (CMAPs) of the median and tibial 

 

133 nerves before and after treatment. The CMAP amplitude was measured between the 

 

134 negative and positive peak (peak to peak). When a CMAP was detected but the wave 

 

135 shape was unclear with a significantly low amplitude unable to be measured, it was 

 

136 labelled as a ‘trace’, as described in a previous study (10). 

 

137 

138 3. Results 

 

139 3.1. Changes in motor function 

 

140 All patients underwent intrathecal nusinersen administration without significant 

 

141 adverse events for more than three years. Patient 2 could move her lower extremities  

 

142 just a little bit after nusinersen administration. The item of spontaneous movement in  

 

143 lower extremity changed from zero to one point, and her total CHOP-INTEND score  

 

144 increased from one to two points. In Patients 1 and 3, the CHOP-INTEND scores  
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145 remained at two points, in other words, the items of spontaneous movement in upper  

 

146 and lower extremity were each one point. On the other hand, their caregivers reported  

 

147 subjective improvement in their motor function. All patients could move their fingers 

 

148 widely and quickly. In Patient 1, his thumbs-up sign became more visible resulting in 

 

149 smoother communication (Video content). Patient 3 was able to operate her 

 

150 communication tool more accurately using her fingers more smoothly. In the evaluative  

 

151 item of spontaneous movement in upper extremity of CHOP-INTEND, the score will  

 

152 increase one to two when wrist movement is observed, so improvements of their fingers 

 

153 were not reflected in the CHOP-INTEND score. Patient 1 and 3 could also move facial 

 

154 muscles more vividly, making it easier to make their intentions understood. Because  

 

155 facial muscle movement is not included in the evaluative items of CHOP-INTEND,  

 

156 these improvements were also not reflected in CHOP-INTEND. General condition  

 

157 including respiratory condition was stable in all patients with no change in respirator  

 

158 settings. One patient’s caregiver (Patient 3) reported the response that her respiratory  

 

159 condition had improved because the frequency of oxygen desaturation had decreased. 

 

160 

161 3.2. Changes in nerve conductions studies (CMAP amplitude) 

 

162 Before treatment most nerve stimulation responses were not detected or very subtle 
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163 and unable to be measured. At the two-month time point, some waveforms invisible at 

 

164 baseline became traces. At the latest time point, all waveforms became traces and some 

 

165 waveform amplitudes became measurable, aligning with some of the subjective 

 

166 improvements (Table 2). The longitudinal evolution of nerve conduction throughout 

 

167 nusinersen treatment is shown in Figure 1. The CMAP changes in Patient 1 were the 

 

168 most apparent of the three patients. Patient 2 could slightly move her lower extremities, 

 

169 which may be related to the CMAP of the tibial nerve being traceable. The CMAP 

 

170 changes in Patient 3 were barely apparent throughout treatment despite her subjective 

 

171 improvement. 

 

172 

173 4. Discussion 

 

174 Recent studies in SMA type 1 patients of all ages treated with nusinersen have 

 

175 indicated that earlier treatment produces a higher improvement of motor function (11, 

 

176 12). On the other hand, some patients treated after the first two years show clinically 

 

177 meaningful improvement even if the increase in scores is small (12). In all these 

 

178 previous studies (11)-(13), only small percentages of patients were dependent on 

 

179 mechanical ventilation with tracheostomy at the start of nusinersen treatment (0%, 

 

180 9.4 % and 19.7%, respectively). In the latest systematic review (9), more than half of 
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181 the studies were designed with respiratory support as an endpoint. Therefore, the 

 

182 efficacy and safety of nusinersen in SMA patients with severe impairment of motor 

 

183 function who depend on permanent mechanical ventilation have not been established. 

 

184 When nusinersen is administered to these patients, their condition should be carefully 

 

185 monitored, and the efficacy should be periodically evaluated to determine whether to 

 

186 continue administration. In long-term affected SMA type 1 patients, existing motor 

 

187 function scoring scales, such as CHOP-INTEND, are not sensitive enough to evaluate 

 

188 treatment efficacy. In our patients, even a slight improvement in facial muscles and 

 

189 finger movements led to clear intention. All the caregivers were highly satisfied with the 

 

190 improvement, even if it was slight, which could not have happened in the natural course 

 

191 of the disease. While the significant costs of treatment cannot be ignored, the 

 

192 improvement that can lead to smoother communication would be meaningful and could 

 

193 be the basis for continuing treatment. 

 

194 CMAP amplitude is a well-established method for tracking neurophysiological 

 

195 progression in SMA (14, 15). Without therapeutic intervention, CMAP amplitude 

 

196 decreases in an age-dependent manner (6). In a clinical trial of nusinersen, 36% of 

 

197 infants who were treated with nusinersen showed an increase in peroneal CMAP 

 

198 amplitude to at least 1 mV (7). Infants who commenced nusinersen treatment during 
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199 their presymptomatic stage achieved motor milestones consistent with normal 

 

200 development, and concomitantly their CMAP amplitude remained stable (16). A recent 

 

201 CMAP study in Taiwan of new-born SMA screening showed a rapid increment in post- 

 

202 treatment CMAP could predict better treatment outcomes (17). The longitudinal CMAP 

 

203 data in our patients demonstrated initially undetectable waveforms that became traces 

 

204 throughout treatment, aligning with some of their subjective improvement. The patients 

 

205 with shorter disease duration tended to have greater CMAP changes. Although their  

 

206 amplitudes were lower than those treated at early onset or when presymptomatic, and  

 

207 were not enough to recover gross motor function, nusinersen could make an impact on  

 

208 motor nerve system, even in the later phase of the disease. 

 

209 SMN protein is an essential molecular chaperone for the biogenesis of spliceosomal 

 

210 small nuclear ribonucleoproteins, which carry out splicing of pre-mRNA transcripts. 

 

211 SMN protein has also been shown to play important roles in neuronal repair and 

 

212 development in axons and dendrites (18). It is thought that the increase in SMN protein 

 

213 level raises residual function in some way. 

 

214 Followed by nusinersen, risdiplam and SMN1 gene replacement therapy called 

 

215 onasemnogene abeparvovec have become important treatment options (19, 20). For 

 

216 SMA type 1 patients with a long time from onset, undergoing a lumbar puncture is no 
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217 small burden. Although adverse events attributed to lumbar puncture were not frequent 

 

218 and most were temporary (21, 22), the repetitive nature of the procedure might increase 

 

219 incidental adverse events. Risdiplam may replace nusinersen for some patients whose 

 

220 burdens need to be taken into consideration. As with nusinersen, risdiplam should also 

 

221 be evaluated closely to determine whether to continue administration. A longitudinal 

 

222 nerve conduction study, including measuring CMAP amplitude, could be an objective 

 

223 indicator that would help in treatment decisions, including whether to continue the  

 

224 oligonucleotide drug or not. 

 

225 This study has several limitations. Firstly, SMA is a rare disease and candidates are 

 

226 generally admitted to a single center, leading to our small sample size. Secondly, there 

 

227 is the possibility of variations in the procedure and health conditions for the nerve 

 

228 conduction studies. 

 

229 In Japan, SMA type 1 patients can receive medical care at home through the 

 

230 universal health insurance system, and some live through adolescence despite severe 

 

231 impairment of motor function (23) and have continued to receive nusinersen treatment 

 

232 (24, 25). A study focusing on eye movements using a pair-matching task was recently 

 

233 reported as one of the objective evaluation methods for treatment efficacy in SMA 

 

234 patients with loss of gross motor function (26). Collaboration with other facilities is 
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235 desired and further investigations, including CMAP and other non-invasive and less 

 

236 burdensome methods, are needed to objectively evaluate the efficacy of therapeutic 

 

237 interventions. 
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332 Figure legends 

 

333 Figure 1. Changes in compound motor action potential (CMAP) 

 

334 (A) CMAPs of median and tibial nerve stimulation in Patient 1 (a three-year-old boy). 

 

335 At baseline, no response to nerve stimulation was recorded (left panels). At two months, 

 

336 the CMAPs became traces (middle panels). At the latest visit (after continuing 

 

337 nusinersen for three years and seven months), the CMAPs of both the median and tibial 

 

338 nerves became clear enough to measure the amplitudes (right panels), in spite of them 

 

339 being much lower than the normal standards. (B) In Patient 2 (a four-year-old girl), the 

 

340 CMAP of median nerve stimulation at two months became a trace more clearly than at 

 

341 baseline (left and middle panels) and at the latest visit (after continuing nusinersen for 

 

342 three years and seven months), the CMAP amplitude increased enough to measure 

 

343 (right panel). The responses to tibial nerve stimulation became traces at two months and 

 

344 the latest visit (middle and right panels). (C) In Patient 3 (a 16-year-old girl), the CMAP 

 

345 amplitude of median nerve stimulation did not increase with continuing treatment. In 

 

346 tibial nerve stimulation, at baseline and two months (left and middle panels), no 

 

347 response was recorded. At the latest visit (after continuing nusinersen for three years 

 

348 and four months), the CMAP became a trace (right panel). 

 

349 
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350 Video content 

 

351 Changes of finger movement in Patient 1 (4-year-old boy). 

 

352 From his guardians we obtained permission to publish this video content. The first half 

 

353 of the video was taken before nusinersen treatment. He could move his fingers weakly. 

 

354 As treatment continued, although the area he could move was limited to his fingers, the 

 

355 motion became wider and quicker. The second half of the video was taken after three 

 

356 years of continuing treatment. He could communicate his intentions with a thumbs-up 

 

357 sign. 

 

358 
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Table1 

 
 
 
 
 

 
Table 1. Summary of patient clinical profiles 

 

Patient 1 2 3 

Age at the start of treatment 3 y, 4 mo 4 y, 3 mo 16 y, 1 mo 

Duration of treatment 3 y and 7 mo 3 y and 7 mo 3 y and 4 mo 

SMN2 copy number 

Medical care 

2 2 2 

Tracheostomy + + + 

Mechanical ventilation + + + 

Tube feeding 

Motor function 

+ + + 

CHOP-INTEND (Before treatment) 2 1 2 

CHOP-INTEND (Latest) 

Physical findings 

2 2 2 

Joint contracture in upper extremities + + + 

Joint contracture in lower extremities + + + 

Scoliosis - - + 

 

Abbreviations: CHOP-INTEND, Children’s Hospital of Philadelphia infant test of 

neuromuscular disorders 



 

Table2 

 
 
 
 

 
Table 2. Longitudinal data of CMAP amplitude and subjective improvement 

 

Before treatment 2 months Latest 
 

Patient 1 

CMAP - Median nerve (μV) ND Trace 90.8 

Tibial nerve (μV) ND Trace 181.5 

Subjective improvement  

Finger + + 

Foot - - 

Facial muscle + + 

Respiratory condition - - 

Patient 2   

CMAP - Median nerve (μV) Trace Trace 26.7 

Tibial nerve (μV) ND Trace Trace 

Subjective improvement    

Finger + + 

Foot + + 

Facial muscle - - 

Respiratory condition - - 

Patient 3    

CMAP - Median nerve (μV) Trace Trace Trace 

Tibial nerve (μV) ND ND Trace 

Subjective improvement    

Finger + + 

Foot - - 

Facial muscle + + 

Respiratory condition - + 

 

Abbreviations: CMAP, compound motor action potential; ND, not detected 


