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ABSTRACT  

Background: Respiratory failure is a major cause of morbidity and mortality in 

patients with Spinal Muscular Atrophy (SMA). Lack of endurance, or 

‘fatigability’, is an important symptom of SMA. In addition to respiratory 

muscle weakness, respiratory function in SMA may be affected by Respiratory 

Muscle Fatigability (RMF). 

Aim: The purpose of this study was to explore Respiratory Muscle Fatigability 

in patients with SMA. 

Methods: We assessed a Respiratory Endurance Test (RET) in 19 children 

(median age (y): 11) and 36 adults (median age (y): 34) with SMA types 2 and 

3. Participants were instructed to breath against an inspiratory threshold load 

at either 20%, 35%, 45%, 55% or 70% of their individual maximal inspiratory 

mouth pressure (PImax). RMF was defined as the inability to complete 60 

consecutive breaths. Respiratory fatigability response was determined by 
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change in maximal inspiratory mouth pressure (ΔPImax) and perceived fatigue 

(∆perceived fatigue).  

Results: The probability of RMF during the RET increased by 59-69% over 60 

breaths with every 10% increase in inspiratory threshold load (%PImax). 

Fatigability response was characterized by a large variability in ΔPImax (-21% 

to +16%) and a small increase in perceived fatigue (p=0.041, range 0 to +3).  

Conclusion and key findings: Patients with SMA demonstrate a dose-

dependent increase in RMF without severe increase in exercise-induced 

muscle weakness or perceived fatigue. Inspiratory muscle loading in patients 

with SMA seems feasible and it’s potential to stabilize or improve respiratory 

function in patients with SMA needs to be determined in further research.  

1. INTRODUCTION 

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

homozygous deletion of the survival motor neuron-1 gene(1–3), which leads 

to cellular SMN protein deficiency. SMA has an incidence of about 1 in 6000-

12,000 live births(4). It is characterized by a wide range of disease severity and 

is classified into four types based on age at onset and highest acquired motor 

milestone(2,3,5–8). Childhood-onset SMA types 2, 3a and 3b are characterized 

by delayed gross motor development and progressive loss of motor function 

and muscle strength(3,9–11). SMA type 2 has its onset between 6-18 months, 

patients acquire the ability to sit, but not to stand or walk. SMA type 3a has its 

onset between 18 months and 3 years, the ambulation is usually lost in 
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adolescence or early adulthood, whereas patients with SMA type 3b, onset 

after age of 3 years, lose their ability to walk at a median age of 40 years 

(9,11).  

In the last few years, SMN-augmenting genetic therapies have been 

introduced, including SMN-gene therapy and therapies that modify SMN2-

splicing(12). Efficacy studies have demonstrated, on average, favorable 

responses in motor function, survival and muscle strength, but the respiratory 

outcomes vary, with most studies showing no significant improvement in lung 

function parameters in patients with SMA types 2 and 3(13–16).  

Respiratory failure is the most important cause of morbidity and 

mortality in patients with SMA(11,17). In SMA, it is primarily due to a decrease 

in respiratory muscle strength (i.e. muscle weakness), resulting in an impaired 

cough and poor clearance of lower airway secretions(11,17). The respiratory 

muscle weakness is most pronounced in the intercostal muscles, while the 

diaphragm remains relatively spared(3).  

In addition to respiratory muscle weakness, respiratory dysfunction in 

SMA may be caused by a lack of endurance of respiratory muscles, also known 

as increased Respiratory Muscle Fatigability (RMF)(18,19). Fatigability is 

defined as the inability to continue a task at the same intensity, resulting in a 

decline in one or more aspects of physical performance, such as peak force 

and power(6,20,21). In a previous study we showed that eighty-five percent of 

patients with SMA demonstrated increased fatigability of leg-, arm and hand 
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function(7,20). Fatigability of the respiratory muscles has not yet been studied 

in patients with SMA. More insight into respiratory muscle weakness and 

especially RMF in SMA will facilitate clinical management, with the aim of 

reducing respiratory failure in patients with SMA.  

In this study we explored the feasibility of inspiratory muscle loading, 

the dose-response relationship between inspiratory load and RMF and the 

fatigability response to RMF in patients with SMA types 2-3. 

2. METHODS 

This observational study is part of a large cross-sectional study on fatigability 

in SMA(6,7). To ensure an accurate and complete report of our work, we 

followed the guidelines of the Strengthening the Reporting of Observational 

Studies in Epidemiology (STROBE) Statement(22). 

2.1 Ethical considerations 

The Medical Ethical Committee of the University Medical Centre Utrecht 

approved the research protocol (NL48715.041.14). The study was conducted 

according to the principles of the Declaration of Helsinki and in accordance 

with the Medical Research Involving Human Subjects Act (WMO). The criteria 

of the Dutch Association of Pediatrics concerning research involving children 

were strictly applied. All participants and all parents or legal guardians of 

adolescents below the age of 18 years signed informed consent.  
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2.2 Participants  

We recruited patients with SMA from the Dutch national SMA registry(8). 

Patients aged 8-60 years with a genetically confirmed diagnosis of SMA type 

2, 3a or 3b and the ability to follow test instructions were considered for 

inclusion. Patients with concomitant medical problems that might have 

intervened with the outcomes of the testing were excluded. Patients were also 

excluded if they had: a history of neuromuscular diseases or the use of 

medication that affects neuromuscular junction function, medical conditions 

incompatible with exercise, or the inability to perform any of the endurance 

tests. Strenuous physical activities the day before each visit to the hospital 

were discouraged.  

2.3 Study procedures 

We explored RMF with a Respiratory Endurance Test (RET) executed at a 

percentage of the patients’ maximal inspiratory mouth pressure (PImax). RMF 

was defined as task failure (TF) on a RET and expressed in number of breaths 

until exhaustion(6,21,23,24). Fatigability response was determined by change 

in maximal inspiratory mouth pressure (ΔPImax) and change in perceived 

fatigue (∆perceived fatigue) before and after the RET(24,25).  

Participants were included between March 2015 and March 2018. The 

measurements were performed at three different visits within approximately 6 

weeks. We obtained demographics and clinical characteristics from the Dutch 

SMA registry(8). At the first visit, pulmonary function, including Forced Vital 
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Capacity (FVC) and Forced Expiratory Volume in the 1st second (FEV1), was 

assessed using spirometry (Geratherm, Bad Kissingen, Germany) in accordance 

with the ERS/ATS recommendations(26). Global lung function reference 

equations published in 2012 were used(27). The motor function was assessed 

with the Hammersmith Functional Motor Scale Expanded (HFMSE). We 

determined the individual threshold load of the RET (20%, 35% or 55% of 

PImax) and the participant practiced the RET during 10 breaths. Participants 

performed the RET at visits two (RET1) and three (RET2), with a minimum of 

two weeks between the visits. The first fifteen participants performed RET1 and 

RET2 at a 20% threshold load, then the next participants who completed RET1 

(60 breaths) performed RET2 at a higher threshold load (35%, 45% or 70% of 

PImax). Participants who only partially completed RET1, performed RET2 at the 

same inspiratory threshold load as RET1 (Figure 1). 

2.4 Respiratory Endurance Test (RET) 

2.4.1 POWERbreathe  

The RET was conducted with the POWERbreathe K5, POWERbreathe 

International Ltd, Southam, England, UK. The POWERbreathe provides 

immediate feedback on the test execution and applies a patient-friendly 

gradual increase in resistance up to the threshold load. The POWERbreathe K 

series device has an electronically tapered flow resistive loading valve. The 

resistance is constantly monitored and tapered to match the reducing strength 
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throughout the breath, thus allowing greater flow and maximum volume, 

resulting in a more fulfilling and effective breath, maximum flow and volume, 

plus more work per breath compared to traditional threshold pressure 

devices(28). 

2.4.2 Determination of the inspiratory threshold load  

At visit one, we determined the individual maximal inspiratory mouth pressure 

(PImax in cm H2O) with the POWERbreathe K5, according to standard 

procedures(24,29–31). Participants generated a maximal inspiratory effort from 

residual volume while breathing through the mouthpiece with the nose 

occluded. The test was repeated at least five times with 30 seconds rest in 

between. An additional repeat was required if the last measurement was the 

highest. We noted the maximum value of three maneuvers that varied by less 

than 10%(23) and used that value to calculate the individual inspiratory 

threshold loads of RET1 and RET2.  

2.4.3 Execution of the RET 

At visits two (RET1) and three (RET2), participants performed the RET with the 

POWERbreathe K5 against an inspiratory threshold load of their PImax (which 

was determined at visit one)(23,24). They were instructed to inhale repetitively 

at approximately 50% of their Forced Vital Capacity (FVC) against the set 

threshold load until too tired or breathless to continue(24). Sitting position 

and encouragement were standardized. Respiratory Muscle Fatigability (RMF) 
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was defined as the inability to continue for 60 consecutive breaths (i.e. Task 

Failure (TF)) and the number of breaths until TF was recorded.  

2.4.4 Quality of the RET 

After each RET, all breaths were checked for quality of performance. An 

inspiration was performed correctly if a participant had overcome at least 50% 

of the peak inspiratory load. If the participant failed to do this three 

consecutive times, all subsequent inhalations were subtracted from the total 

number of breaths, resulting in a net number of breaths which were used for 

further quantitative analysis(24).  

2.5 Respiratory fatigability response  

Respiratory fatigability response was expressed as ∆PImax and ∆perceived 

fatigue. We compared the response in participants with RMF with the 

response in participants without RMF. We analyzed ∆PImax and ∆perceived 

fatigue for RET1 as well as RET2.  

2.5.1 Change in inspiratory mouth pressure (∆PImax) 

∆PImax in cm H2O was calculated as the difference between PImax measured 

immediately after the RET and PImax measured before the RET. We assessed 

PImax following standard procedures(23,24). PImax was measured at residual 

volume with the Micro Respiratory Pressure Monitor (Micro-RPM), Viasys, 

Houten, Nederland. Participants generated maximal inspiratory efforts while 
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breathing through the mouthpiece. We noted the highest value of three 

maneuvers that varied by less than 10%(23) for analysis.  

2.5.2 Change in perceived fatigue (∆perceived fatigue) 

∆perceived fatigue was calculated as the difference between perceived fatigue 

measured immediately after the RET and perceived fatigue measured before 

the RET. Perceived fatigue was evaluated with the OMNI Scale of Perceived 

Exertion (i.e. OMNI Scale), a valid and reliable instrument for measuring 

perceived fatigue in children and adults(32,33). The OMNI Scale consists of 11 

numbered categories, 0–10, and verbal cues, from “not tired at all” to “very, 

very tired”(32). Participants scored their perceived fatigue on an 11-point 

Likert scale.  

2.6 Sample size calculation 

The sample size was not calculated prospectively because of the novelty of the 

RET in this population and unpredictable effect size. Sample size was 

determined by the number of eligible patients willing to participate.  

2.7 Statistical analysis 

We defined RMF as TF on a RET, executed at a predetermined percentage of 

the patients’ PImax, and expressed in number of breaths until exhaustion. To 

explore at which percentage of PImax the chance of RMF was greatest, we 

compared threshold loads of 20%, 35% and 45% of PImax for RET1, and for 

RET2, threshold loads of 20%, 35%, 45%, 55% and 70% of PImax. 
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We checked the data for normality and outliers with histograms and Q-

Q plots. The continuous variables were presented as median and interquartile 

range (M (IQR)). Categorical variables were presented in absolute numbers 

and percentages (n (%)). We tested differences between groups with the Chi-

Squared-test or the Fisher’s exact test for nominal data. For interval/ratio data, 

the Mann-Whitney U test was used for differences between two groups and 

the Kruskal-Wallis test for differences between more than two groups.  

Kaplan-Meier curves were generated for RET1 and RET2, where the 

event was defined as TF on the RET. The null hypothesis, i.e. there is no 

difference in the probability of TF during 60 breaths between threshold loads, 

was tested with the log-rank test. To specify the dose-response relation 

between %PImax and TF, the Hazard ratio (HR) was computed with Cox 

Regression with threshold load in %PImax as a continuous variable.  

All statistical analyses were performed using SPSS for Windows (version 

25.0, SPSS Inc, Chicago, Ill.). A p-value <0.05 was considered significant. 

3. RESULTS 

3.1 Participant characteristics  

We included a total of 19 children (median age 11 years (IQR 6 years); 7 girls) 

and 36 adults (median age 34 years (IQR 16 years); 20 women) with SMA. 

Twenty-nine participants had SMA type 2, 11 type 3a and 15 type 3b. The 

median standardized FEV1 was 67.5% (IQR 62.5%). The median standardized 
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FVC was 69% (IQR 62.75%) and the median standardized PImax was 78% (IQR 

51%). 

3.2 RETs characteristics  

All 55 participants performed the RET twice, resulting in 110 RETs. There were 

no drop-outs and no adverse events. POWERbreathe data were missing from 

eight RETS (RET1: n=3, RET2: n=5), and so quality of performance could not be 

checked; they were, therefore, excluded from analysis, resulting in 52 RETs for 

RET1 and 50 RETs for RET2.  

3.3 Characteristics per threshold load protocol 

First, we analyzed the data per inspiratory threshold load protocol (Table 1 for 

RET1 and Table 2 for RET2). We compared gender, age, SMA subtype, motor 

function (HFMSE) and lung function (FEV1 and FVC) between the different 

threshold loads. For RET1, there were three different threshold loads, namely 

20%, 35% and 55% of patients’ PImax. Age was the only statistically significant 

different characteristic in RET1 (p=0.018). For RET2, there were five different 

threshold loads, namely 20%, 35%, 45%, 55% and 70% of patients’ PImax. 

There were no statistically significant differences in the patients’ characteristics 

between the different threshold loads of RET2.  

3.4 Task failure (TF) during RET1 

TF during RET1 occurred in 75% (n=6) of the RETs which were executed at 55% 

of patients’ PImax and in 31% (n=4) and 19% (n=3) of the RETs which were 
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executed at 35% and 20% of patients’ PImax, respectively. With every 10% 

increase in threshold load (in percentage of PImax), the probability of TF 

during RET1 increases by 69% (HR 1.69, 95% CI 1.21 - 2.36, p=0.002). 

Figure 2a depicts the Kaplan-Meier curves for the different inspiratory 

threshold loads of RET1. We found that the probability of TF, during RET1 at 

any point in time, was significantly different between the different threshold 

loads (p=0.002). The median number of breaths until TF was 60 at the 

threshold loads 20% and 35% of PImax. The median number of breaths until 

TF at the threshold load 55% of PImax was 31 (95% CI 25-37).  

3.5 Task failure (TF) during RET2 

TF during RET2 was observed in 50% (n=2) of the RETs which were executed at 

70% of patients’ PImax and in 100% (n=4), 36% (n=4), 29% (n=5) and 7% 

(n=1) of the RETs which were executed at 55%, 45%, 35% and 20% of patients’ 

PImax, respectively. With every 10% increase in threshold load (in percentage 

of PImax), the probability of TF during RET2 increases by 59% (HR 1.59, 95% CI 

1.18 – 2.15, p=0.003). 

Figure 2b depicts the Kaplan-Meier curves for the different inspiratory 

threshold loads of RET2. We found that the probability of TF, during RET2 at 

any point in time, was significantly different between the different threshold 

loads (p<0.001). The median number of breaths until TF was 60 at the 

threshold loads 20%, 35% and 45% of PImax. The median number of breaths 

until TF at the threshold load 55% of PImax was 12 (95% CI 0-34), and the 
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median number of breaths until TF at the threshold load 70% of PImax was 18 

(95% CI?).  

3.6 Respiratory fatigability response for RET2 

Secondly, we analyzed the data per subgroup RMF (patients with TF) and no 

RMF (patients with no TF) to determine the respiratory fatigability response 

(Table 3). We compared age, SMA subtype, motor function (HFMSE), lung 

function (FEV1 and FVC) and inspiratory muscle strength (PImax) between the 

two subgroups (RMF and no RMF). In addition, we compared respiratory 

fatigability responses (∆PImax and Δperceived fatigue). The baseline 

characteristics and respiratory fatigability response in RET1 were similar to 

those in RET2 (Appendix A).  

3.6.1 Baseline characteristics per subgroup for RET2 

We compared baseline characteristics of the participants with and without 

RMF on RET2 (Table 3). There were no statistically significant differences 

between the characteristics of the two groups for RET2. Notable is the lower 

median baseline values of PImax % of predicted in the group with RMF 

compared to the participants without RMF. Fifty-six % of the participants with 

RMF could be classified as inspiratory weak (PImax: <70 cmH20 for women 

and <80 cmH20 for men(23)) as opposed to just 33% of the participants 

without RMF (p=0.215). 
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3.6.2 Respiratory fatigability response: change in inspiratory mouth 

pressure (∆PImax) per subgroup for RET2 

We found no statistically significant differences in ∆PImax between the two 

subgroups (Table 3). The median change in PImax in the group with RMF for 

RET2 was -0.5 cmH2O (p=0.22), with a large variability in individual response. 

Eight participants with RMF (50%) showed a decrease in ΔPImax, ranging from 

-1% to -21%. Five participants with RMF (31%) showed an increase in ΔPImax 

ranging from +2% to +16%. Twelve participants (36%) without RMF showed a 

decrease in ΔPImax, ranging from -1% to -10%, compared to an increase in 19 

participants (58%) in this group, ranging from +1% to +32%.  

To gain some more insigth we divided PImax and age in quartiles, so 

we could see if the youngest/weakest patients showed the most increase in 

ΔPImax. We found no statistic significant differences in age groups (p=0.243). 

We did found statistic significant differences between the PImax groups 

(p=0.048), however this was not a clinically relevant difference. The median 

∆PImax was 1cmH2O in the weakest group, -0.5cmH2O in the Q2 group, -

2cmH2O in the Q3 group and 1cmH2O in the strongest group. 

3.6.3 Respiratory fatigability response: change in perceived 

fatigue (∆perceived fatigue) for RET2 

Both groups, participants with and without RMF, demonstrated a small 

significant increase in ∆perceived fatigue after RET2 (RMF: p=0.041, no RMF: 

p<0.001) (Table 3). We found a similar response in Δperceived fatigue ranging 
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from 0 to +3 in both groups. We found no statistically significant differences 

in ∆perceived fatigue between the two subgroups. 

4. DISCUSSION  

In this study we explored Respiratory Muscle Fatigability (RMF) in patients with 

SMA. Patients with SMA demonstrate a dose-dependent increase in 

respiratory muscle fatigability with a large individual variation in fatigability 

response.  

The probability of experiencing RMF in our study was the highest at an 

inspiratory threshold load of 55% of their individual PImax, which is similar to 

the probability in healthy individuals(25) and 20% higher than in patients with 

DMD(24). In a recent study on fatigability of arm- and leg muscles, patients 

with SMA showed increased fatigability compared to patients with DMD, 

despite similar levels of muscle weakness(7,20,36). Therefore, we expected 

patients with SMA to show RMF at a similar or even lower inspiratory 

threshold load compared to patients with DMD(24).  

The diaphragm acts as the primary inspiratory muscle and accounts for 

70% of the inspired air volume during regular breathing(37). In patients with 

SMA, the diaphragm is relatively spared, while in DMD, it is one of the most 

severely affected respiratory muscles(10,38,39). This might explain why 

patients with DMD experience RMF at a lower inspiratory threshold load than 

patients with SMA.  
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A decrease in ΔPImax of 9.3%-50% after a RET as a response to RMF 

was reported by Janssens et al. in healthy individuals(25), while Matecki et 

al.(24) reported a mean decrease of 22% in ΔPImax in children with DMD. In 

contrast, we found no statistically significant decrease in PImax after the RET in 

patients with SMA. Interestingly, we observed large inter-individual differences 

in ∆PImax, ranging from a decrease of 21% to an increase of 16% in PImax as 

a response to RMF. We suggest that the observed increase in inspiratory 

muscle strength after the RET in some patients might be due to a learning 

effect, similar to what was previously observed during endurance testing of 

the upper and lower extremities(7). Intramuscular coordination generally 

improves after repeated performance of a new motor task. We expected that 

the learning effect would be greatest in the youngest or weakest patients, but 

sub-analysis showed no association between age, strength (PImax) and 

∆PImax. The variability in age and subtypes of SMA and the fast recovery of 

fatigability in patients with SMA may also have contributed to a blunted 

response in PImax(6,7). To provide insight into the underlying mechanism of 

RMF during a RET, and to better understand variable responses in ∆PImax, we 

suggest the use of surface electromyography (sEMG) in future studies(40).  

There was a small but significant increase in perceived exertion in both 

patients with and without RMF. However, these results should be interpreted 

with some caution. The OMNI scale, used to measure perceived exertion, has 

only been validated in children and adults during motor activities(32,33). 
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Unfortunately, no validated scale was available for perceived exertion of the 

respiratory muscles in SMA or other neuromuscular diseases. Further research 

is needed to determine the validity of the OMNI scale to detect perceived 

exertion in neuromuscular diseases. To objectify RMF and validate the OMNI 

scale, we suggest to compare scores to objective outcome measures such as 

sEMG(40). Until then, other parameters indicative of exercise intensity will have 

to be included to monitor the response on respiratory muscle loading such as 

the experienced intensity of the training and perceived dyspnea measured 

with a Borg scale(41). In addition to subjective measurements, objective 

measurements, for example breathing frequency, use of accessory inspiratory 

muscles and retractions can be used as indicators of increased work of 

breathing.  

The results of our study show that RMF in patients with SMA is 

observed at a similar percentage of the individual PImax compared to healthy 

individuals. The probability of RMF in patients with SMA seems to be highest 

at a threshold load of 55% of PImax; in healthy individuals, RMF is induced at a 

threshold load of 60% of PImax(25). Inspiratory loading appears feasible in 

patients with SMA and they are capable of breathing against a high inspiratory 

threshold load, which provides opportunities for respiratory training. This 

study shows that respiratory muscle endurance seems adequate in patients 

with SMA, but the low baseline levels of PImax suggest a therapeutic window 

for respiratory muscle strength training. Furthermore, compared to core and 
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limb muscles relevant for motor function tests, respiratory muscles may be less 

responsive to SMN-augmenting therapies. Respiratory muscle training could, 

therefore, be a complementary therapy to the treatment strategies that have 

now become increasingly available for patients with SMA(13,14). 

Due to a lack of knowledge on the feasibility of inspiratory muscle 

loading in patients with SMA, we decided to use a dose escalation method 

starting at a low intensity. After 15 patients we noticed that almost all patients 

completed the RET, and we decided to gradually increase the intensity of the 

RET. This resulted in relatively small numbers of participants in each subgroup 

which requires the results to be interpreted with some caution. Our findings 

do confirm that fatigability in the respiratory muscles seems less prominent 

than fatigability of the muscles in arms and legs(7,20). Further research in a 

larger group of patients with SMA is necessary to validate the RMF threshold 

and further explore the variability in fatigability response. Also, further 

research is needed to investigate the feasibility and effectiveness of respiratory 

muscle training in patients with SMA. 

5. CONCLUSION 

Patients with SMA types 2 and 3 demonstrate a dose-dependent increase in 

RMF without severe increase in exercise-induced muscle weakness or 

perceived fatigue. Inspiratory muscle loading in patients with SMA seems 

feasible and it’s potential to stabilize or improve respiratory function in 

patients with SMA needs to be determined in further research.  
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APPENDIX A 

A.1 Respiratory fatigability response for RET1 

For RET1 we analyzed the data per subgroup RMF (patients with TF) and no 

RMF (patients with no TF) to determine the respiratory fatigability response 

(Table 4). We compared age, SMA subtype, motor function (HFMSE), lung 

function (FEV1 and FVC) and inspiratory muscle strength (PImax) between the 

two subgroups (RMF and no RMF). In addition, we compared fatigability 

responses (∆PImax and Δperceived fatigue) 

A.1.1 Baseline characteristics per subgroup for RET1 

We compared baseline characteristics of the participants with and without 

RMF on RET1 (Table 4). There were no statistically significant differences 

between the characteristics of the two groups for RET1. Notable is the lower 
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mean baseline values of PImax % of predicted in the group with RMF 

compared to the participants without RMF. 63% of the participants with RMF 

could be classified as inspiratory weak (PImax % of predicted: <70 cmH20 for 

women and <80 cmH20 for men(23)) as opposed to just 36% of the 

participants without RMF (p=0.129). 

A.1.2 Respiratory fatigability response: change in inspiratory mouth 

pressure (∆PImax) per subgroup for RET1 

We found no statistically significant differences in ∆PImax between the two 

subgroups (Table 4). The median change in PImax in the group with RMF for 

RET1 was 1.5 cmH2O (p=0.35) with a large variability in individual response. Six 

participants with RMF (38%) showed a decrease in ΔPImax, ranging from -1% 

to -24%. Nine participants with RMF (56%) showed an increase in ΔPImax 

ranging from +3% to +29%. Sixteen participants (44%) without RMF showed a 

decrease in ΔPImax, ranging from -1% to -18%, compared to an increase in 17 

participants (47%) in this group, ranging from +1% to +36%.  

A.1.3 Respiratory fatigability response: change in perceived fatigue 

(∆perceived fatigue) for RET1 

Both groups, participants with and without RMF, demonstrated a small 

significant increase in ∆perceived fatigue after RET1 (RMF: p=0.024, no RMF: 

p=0.005) (Table 4). We found a similar response in Δperceived fatigue in both 

groups. In the group with RMF, Δperceived fatigue ranged from -1 to +4; in 
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the group without RMF Δperceived fatigue ranged from -3 to +8. We found 

no statistically significant differences in ∆perceived fatigue between the two 

subgroups. 

 

Figure 1: Study procedure: inspiratory threshold load (% of maximal inspiratory 

mouth pressure (PImax)) of Respiratory Endurance Test (RET) 1 and RET2. n=number of 

participants. 

 The first 15 participants performed RET1 and RET2 at 20%, regardless of whether they completed 

RET1 (60  

 breaths) or not.  

Participants did not complete 60 breaths at RET1 so they performed RET2 at the same threshold load. 

Participants did complete 60 breaths at RET1 so they performed RET2 at a higher threshold load. 
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Participants who completed the RET are censored at 60 breaths. The intersection between 

the horizontal and vertical dashed lines depicts the median time (breath) to TF at the 

threshold load of 55% of RET1 (green, left curve), 55% of RET 2 (green, right curve) and 70% 

(yellow, right curve). The tables shows the number of participants at risk of TF per threshold 

load per time point (0-60 breaths).  

Figure 2a: Kaplan-Meier curves for each threshold load of RET1 
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Figure 2b: Kaplan-Meier curves for each threshold load of RET2 
Table 1: Characteristics per threshold load protocol for RET1. 

Threshold load 20% of PImax 

n=31 (60%) 

35% of PImax 

n=13 (25%) 

55% of PImax 

n=8 (15%) 

Gender, n (%) 

Female 

 

13 (42%) 

 

7 (54%) 

 

6 (75%) 

Age (year), M (IQR) 26 (22)* 11 (22)* 38 (24)* 

SMA subtype, n (%) 

Type 2 

Type 3a 

Type 3b 

 

15 (48%) 

7 (23%) 

9 (29%) 

 

8 (62%) 

1 (8%) 

4 (31%) 

 

5 (63%) 

2 (25%) 

1 (13%) 

HFMSE, M (IQR) 5 (49)  9 (54) (n=11) 4 (34) (n=7) 

FEV1 (% of predicted), M (IQR) 78 (66.5) (n=29) 58.5 (54.5) (n=12) 70 (72.5) 
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FVC (% of predicted), M (IQR) 76 (63.75) (n=30) 59 (60) 75 (74) 

If data were missing, n was expressed by (n=...). The missing data were completely at random. *: significant 

differences p<0.05, FEV1: Forced Expiratory Volume in 1 second, FVC: Forced Vital Capacity, HFMSE: 

Hammersmith Functional Motor Scale Expanded, M (IQR): median and interquartile range, n (%): number of 

RETs and percentage, PImax: maximal inspiratory mouth pressure, RET: Respiratory Endurance Test, SMA: 

Spinal Muscular Atrophy. 

 

Table 2: Characteristics per threshold load protocol for RET2. 

Threshold load 20% of PImax 

n=14 (28%) 

35% of PImax 

n=17 (34%) 

45% of PImax 

n=11 (22%) 

55% of PImax 

n=4 (8%) 

70% of PImax 

n=4 (8%) 

Gender, n (%) 

Female 

 

4 (29%) 

 

8 (47%) 

 

7 (64%) 

 

3 (75%) 

 

3 (75%) 

Age (year), M (IQR) 24.5 (26) 26 (19) 19 (26) 47 (34) 34.5 (16) 

SMA subtype, n (%) 

Type 2 

Type 3a 

Type 3b 

 

8 (57%) 

4 (29%) 

2 (14%) 

 

8 (47%) 

3 (18%) 

6 (35%) 

 

7 (64%) 

0 (0%) 

4 (36%) 

 

2 (50%) 

1 (25%) 

1 (25%) 

 

3 (75%) 

1 (25%) 

0 (0%) 

HFMSE, M (IQR) 4.5 (39) 7 (57) 21 (56) 

(n=9) 

9 (28) 4  

(n=3) 

FEV1 (% of predicted), 

M (IQR) 

75 (68.25) 74 (65) 

(n=16) 

56 (58.75) 

(n=10) 

91.5 (64.25) 

 

49 (60.25) 

FVC (% of predicted), 

M (IQR) 

76 (67.75) 

 

79 (64.75) 

(n=16)  

59 (68) 97.5 (70.25) 

 

52 (57.75) 

If data were missing, n was expressed by (n=...). The missing data were completely at random. FEV1: Forced 

Expiratory Volume in 1 second, FVC: Forced Vital Capacity, HFMSE: Hammersmith Functional Motor Scale 

Expanded, M (IQR): median and interquartile range, n (%): number of RETs and percentage, PImax: maximal 

inspiratory mouth pressure, RET: Respiratory Endurance Test, SMA: Spinal Muscular Atrophy. 

 

Table 3: Characteristics and respiratory fatigability response per subgroup for 

RET2. 



 

This article is protected by copyright. All rights reserved. 

A
c

c
e

p
te

d
 A

r
ti

c
le

 
  RMF (TF) 

n=16 (32%) 

no RMF (no TF) 

n=34 (68%) 

C
h

a
ra

ct
e
ri

st
ic

s 

Age (year), M (IQR) 29 (32) 25.5 (21) 

SMA subtype, n (%) 

Type 2 

Type 3a 

Type 3b 

 

10 (63%) 

3 (19%) 

3 (19%) 

 

18 (53%) 

6 (18%) 

10 (29%) 

HFMSE, M (IQR) 5 (38) (n=14) 7 (49) (n=33) 

FEV1 % of predicted, M (IQR) 70 (65.25) (n=14) 67.5 (63.75) 

FVC % of predicted, M (IQR) 67 (66) (n=15) 68.5 (65.25) 

PImax % of predicted
1
, M (IQR) 69 (56) 87 (46) (n=33) 

R
e
sp

ir
a

to
ry

 f
a

ti
g

a
b

il
it

y
 

re
sp

o
n

se
 

∆PImax (cmH2O), M (IQR) -0.5 (5) 1 (8) (n=33) 

∆PImax (%), M (IQR) -0.64% (7.47%) 1.38% (8.02%) (n=33) 

∆perceived fatigue, M (IQR) 0 (1) (n=15) 0 (2) (n=33)
 

+∆perceived fatigue (increase), n (%) 5 (33%) 17 (52%) 

No differences in perceived fatigue, n (%) 10 (67%) 16 (49%) 

If data were missing, n was expressed by (n=...). The missing data were completely at random. 
1
Reference values of 

Neder et al.(34) were used for age 20-60yrs and those of Hulzebos et al.(35) for age 8-19yrs, Δ: post RET – pre RET, 

cmH2O: centimetre of water, FEV1: Forced Expiratory Volume in 1 second, FVC: Forced Vital Capacity, HFMSE: 

Hammersmith Functional Motor Scale Expanded, M (IQR): median and interquartile range, n (%): number of RETs and 

percentage, PImax: maximal inspiratory mouth pressure, RET: Respiratory Endurance Test, RMF: Respiratory Muscle 

Fatigability, SMA: Spinal Muscular Atrophy, TF: Task Failure. 

 

Table 4: Characteristics and respiratory fatigability response per subgroup for 

RET1. 

  RMF (TF) 

n=16 (31%) 

no RMF (no TF) 

n=36 (69%) 

C
h

a
r

a
c

te
r

is
t

ic
s Age (year), M (IQR) 21.5 (35) 26 (22) 
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SMA subtype, n (%) 

Type 2 

Type 3a 

Type 3b 

 

10 (63%) 

4 (25%) 

2 (13%) 

 

18 (50%) 

6 (17%) 

12 (33%) 

HFMSE, M (IQR) 4 (13) (n=15) 8.5 (54) (n=34) 

FEV1 % of predicted, M (IQR) 56.5 (71.75) (n=14) 78 (62) (n=35) 

FVC % of predicted, M (IQR) 60 (72) (n=15)  76 (60.75) 

PImax % of predicted
1
, M (IQR) 60 (47) 85.5 (50) 

R
e
sp

ir
a

to
ry

 f
a

ti
g

a
b

il
it

y
 

re
sp

o
n

se
 

∆PImax (cmH2O), M (IQR) 1.5 (14.75) 0 (7.75) 

∆PImax (%), M (IQR) 3.17% (17.01%) 0% (10.27%) 

∆perceived fatigue, M (IQR) 0.5 (2) (n=14) 0 (2) (n=33)
 

-∆ perceived fatigue (decrease), n (%) 1 (7%) 3 (9%) 

+∆perceived fatigue (increase), n (%) 7 (50%) 16 (49%) 

No differences in perceived fatigue, n (%) 6 (43%) 14 (42%) 

If data were missing, n was expressed by (n=...). The missing data were completely at random. 
1
Reference values of 

Neder et al.
 
(34) were used for age 20-60yrs and those of Hulzebos et al.(35) for age 8-19yrs, Δ: post RET – pre RET, 

cmH2O: centimetre of water, FEV1: Forced Expiratory Volume in 1 second, FVC: Forced Vital Capacity, HFMSE: 

Hammersmith Functional Motor Scale Expanded, M (IQR): median and interquartile range, n (%): number of RETs and 

percentage, PImax: maximal inspiratory mouth pressure, RET: Respiratory Endurance Test, RMF: Respiratory Muscle 

Fatigability, SMA: Spinal Muscular Atrophy, TF: Task Failure 

 

 




