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Background and Objective: The percent-predicted forced vital capacity (FVC%) in the pulmonary function test (PFT) is generally used to evaluate the respiratory function in amyotrophic lateral sclerosis (ALS). The slow vital capacity (SVC) is another method to evaluate the respiratory function. Some neurologists found that the FVC% was not reflective of respiratory symptoms and the percent-predicted SVC (SVC%) was found to be higher in some patients with bulbar-onset ALS. We aimed to compare the percent predicted SVC (SVC%) with FVC% in evaluating the respiratory function and investigate the associations between the associations between clinical characteristics and the difference between the SVC% and the FVC% (SVC%-FVC%) in bulbar-involved ALS patients.

Method: This prospective study included patients with bulbar-involved ALS who visited the Peking University Third Hospital between October 2020 and November 2021. They underwent comprehensive clinical assessments, including bulbar symptom assessments, revised ALS functional rating scale (ALSFRS-R), Rasch-Built Overall Amyotrophic Lateral Sclerosis Disability Scale (Roads), and PFTs. The group differences were analyzed using parametric and non-parametric tests.

Results: A total of 59 participants were initially enrolled, and 51 of them were included in the final analysis. In patients with bulbar-involved ALS, the SVC% (73.82 ± 21.95%) was significantly higher (p = 0.013) than the FVC% (71.42 ± 23.15%). After controlling for other relevant variables, a partial correlation analysis showed a significant correlation (r = −0.352, p = 0.041) between ALSFRS-R1 score and SVC%-FVC%.

Conclusion: Our prospective study found that the SVC% was significantly higher and more reflective of actual respiratory function than the FVC% in patients with bulbar-involved ALS. Furthermore, the severity of dysarthria was found to be positively correlated with SVC%-FVC%, providing a clinical marker for predicting SVC%-FVC%.
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INTRODUCTION

Amyotrophic lateral sclerosis is a progressive and fatal neurodegenerative disorder. The median survival time ranges from 2 to 5 years. Respiratory failure owing to the weakness of respiratory muscles is the leading cause of death in amyotrophic lateral sclerosis (ALS) (1). The American Thoracic Society/European Respiratory Society (ATS/ERS) recommends regular respiratory monitoring at baseline and every 3 months (2). The respiratory function can be assessed by several tests such as forced vital capacity (FVC), slow vital capacity (SVC), sniff nasal inspiratory pressure (SNIP), and maximal inspiratory pressure (MIP). However, novel indices such as SNIP and MIP have not been widely applied in clinic currently. FVC and SVC are still the most common approaches to evaluate the respiratory function in ALS. In addition, many patients could only measure the FVC and the SVC at home during the COVID-19 pandemic.

In clinical practice, some neurologists have found that FVC did not match the respiratory symptoms in some patients with bulbar-involved ALS. In such patients, pulmonary function tests (PFTs) suggested abnormal FVC, but these patients either did not have clinical symptoms of respiratory insufficiency or had only mild symptoms that were not consistent with the FVC. However, the SVC of these patients were observed to be higher. There were few previous studies on the difference between the FVC and the SVC in ALS. The studies of Andrews et al. (3) and Calvo, et al. (4) separately compared the FVC and the SVC on respiratory function assessments and role of predicting survival. Both studies showed that the FVC and the SVC were strongly correlated in ALS and less correlated in ALS with bulbar onset. Patients whose PFTs showed higher SVC than FVC were more likely to have bulbar symptoms. Thus, we speculated that the cause of the difference between the SVC and the FVC might be bulbar function impairment.

The SVC is another measurement in PFTs, consisting of a slow exhalation after a maximal inspiration (3). Previous studies have shown that the SVC and the FVC are interchangeable in respiratory assessments and survival prediction in ALS (3–6). However, in those with bulbar-involved ALS, we speculate that the SVC is theoretically less affected by impaired bulbar function since the SVC maneuver does not require the forced and fast exhalation needed for the FVC maneuver. Our study aimed to compare the percent-predicted SVC (SVC%) with the percent-predicted FVC (FVC%) in evaluating the respiratory muscle function in patients with bulbar-involved ALS. Additionally, we aimed to further investigate the type of patients in which it is appropriate to assess the respiratory function with SVC% rather than FVC% by exploring the associations between clinical features and the difference between the SVC% and the FVC% (SVC%-FVC%).



MATERIALS AND METHODS


Study Design

This prospective study was conducted between 1 October 2020, and 30 November 2021, at the Peking University Third Hospital, Beijing, China. The study invited 59 patients with bulbar-involved ALS who fulfilled the revised El Escorial criteria for definite, probable, lab-supported probable and possible ALS (7). The exclusion criteria included (1) concomitant presence of severe complications (i.e., organ failure), (2) the inability to perform PFTs (i.e., after ophthalmologic surgeries; severe weakness of facial and oral muscles), (3) concomitant presence of respiratory diseases (i.e., chronic obstructive pulmonary disease and asthma), and (4) cognitive impairment or psychiatric disorders. Bulbar-involved ALS is defined as ALS with at least 1 clinical symptom indicating bulbar function impairment, including dysphagia, dysarthria, bucking, sialorrhea, and forced crying or laughter. At least 2 experienced doctors performed assessments for every participant. After assessing the eligibility based on the strict criteria listed above, 51 patients were finally included in the study. The institutional ethics committee of Peking University Third Hospital approved this study. Figure 1 shows a flow chart of the sample selection process in our study.


[image: Figure 1]
FIGURE 1. Flowchart of our study. A schematic summarizing the number of patients during participation and inclusion. ALS, amyotrophic lateral sclerosis; PFTs, pulmonary function tests.




Clinical Assessment

Detailed clinical features, including sex, age, body mass index (BMI), site of onset, age of onset, diagnostic delay, and diagnostic level, were collected. The Revised ALS Functional Rating Scale (ALSFRS-R) and the Rasch-Built Overall Amyotrophic Lateral Sclerosis Disability Scale (Roads) were used to evaluate the overall function (8–10). Each score related to bulbar function in the ALSFRS-R was noted separately in our study. Bulbar subscore of the ALSFRS-R (based on the first 3 questions of the ALSFRS-R) was noted. We used the King's College staging system (KCSS) to evaluate the staging of ALS (11, 12). The rate of disease progression (ΔFS) was calculated as follows: (48-[ALSFRS-R score] at time of diagnosis)/diagnostic delay (months).



Pulmonary Function Tests

The PFTs were strictly performed in accordance with the ATS/ERS guidelines by the same 2 experienced technicians with the same type of standard volumetric spirometer (Jaeger spirometer, Germany) (13). All measurements were made in a sitting position with nose clips for nose occlusion. For the FVC maneuver, patients had to forcefully and quickly exhale after full inhalation to the total lung volume. For the SVC maneuver, maximal exhalation in a slow and gentle way was encouraged after full inhalation. At least two measures were taken to reduce loss in exhalation. First, we consulted several senior experts before beginning our study and chose an oblate port which was suitable for patients with lip weakness. Second, experts instructed the patients to use hands to help wrap the ports with lips. The best result from 3 measures was retained. The percent predicted (%) was calculated for analysis. We collected the FVC%, the SVC%, and their difference (SVC%-FVC%) for further analysis.



Statistical Analysis

We used the SPSS 26.0 software (IBM SPSS Statistics, IBM Corporation) to analyze the data. The data are displayed as the means (standard deviations) for quantitative variables with a normal distribution and as the medians (interquartile range; IQR) for other variables. The data for categorical variables are shown as proportions (%). For variables with normally distributed data, the paired-sample t tests were used to compare the data between 2 groups. For variables with non-normally distributed data, the Mann–Whitney U tests were used to compare the data between 2 groups, and the Kruskal–Wallis tests were used to compare the data between more than 2 groups. Potentially relevant factors extracted from a univariate analysis (p < 0.10) were included in the partial correlation analysis model. The significance level was set at a 2-tailed p < 0.05.

In addition to evaluate SVC%-FVC% results in our study, we looked through other studies including normal people as well. Thus, we calculated the standardized mean difference (SMD), which was a value used to evaluate the similarity between 2 groups (14). The smaller the SMD is, the smaller the difference between these 2 groups.
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[image: image] is the mean value of group 1 and [image: image] is the mean value of group 2. sp is the pooled standard deviation, n1 and n2 are the sample sizes of the two groups. s1 is the standard deviation of group 1; and s2 is the standard deviation of group 2.




RESULTS


Demographic and Clinical Information

Our study initially invited 59 participants, and 3 were excluded because of unwillingness and cognitive impairment. Moreover, 5 patients could not undergo PFTs, which resulted in 51 participants for inclusion and statistical analysis (Figure 1). These 5 patients were all bulbar-onset ALS and all started with dysarthria (basic information shown in Supplementary Material). Table 1 shows the demographic and clinical features of these 51 patients at baseline. The mean age was 55.5 (13.7) years old, and the mean BMI was 23.1 kg/m2. 28 of the 51 patients (54.9%) were male. Regarding the diagnostic level, 25 (49.0%) were clinically definite ALS, 19 (37.3%) were clinically probable ALS, 2 (3.9%) was lab-supported probable ALS, and 5 (9.8%) were clinically possible ALS. Regarding staging by the KCSS, 3 (5.9%) were in stage 1, 13 (25.5%) were in stage 2, 18 (35.3%) were in stage 3, and 17 (33.3%) were in stage 4. The mean age of onset was 53.2 (15) years old, and the median diagnostic delay was 12 (6–19) months. All participants were assessed with the ALSFRS-R. The median total score was 39 (35–41) and the median bulbar subscore was 10 (8–11). 44 of them were assessed with the Roads, and the mean score was 83.4 (12.9).


Table 1. Baseline characteristics of the patients examined in our study.
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Difference Between SVC% and FVC%

Figure 2 shows the difference between the SVC% and the FVC% in our study. The mean SVC% was 73.82% (21.95%), and the mean FVC% was 71.42% (23.15%). The SVC% was significantly higher (p = 0.013) than the FVC%. The SMD of our study was 0.51. In the analysis of the difference between the SVC% and the FVC% in patients with bulbar-involved ALS, we needed to consider the difference in normal people. We used the study of Saint-Pierre et al. (15), which involved 13,893 outpatients with total lung capacity at or above the lower limit of normal as a reference. The SMD in this reference study was calculated as 0.39. As a result, the SMD of our study, which represented the size of the difference between the SVC% and the FVC%, was larger than that of the reference study. This demonstrated that the difference between the SVC% and the FVC% in bulbar-involved ALS was significantly greater than that in normal people.


[image: Figure 2]
FIGURE 2. Comparison of SVC% and FVC% in bulbar-involved ALS (n = 51). SVC% (73.82 ± 21.95) was significantly higher than FVC% (71.42 ± 23.15). SMD = 0.51. p = 0.013. SVC%, percent predicted SVC values; FVC%, percent predicted FVC values; ALS, amyotrophic lateral sclerosis; SMD, standardized mean difference. *p < 0.05.




Correlation of Clinical Data With SVC%-FVC%

To explore the appropriate kind of patients for assessing respiratory function with SVC%, we analyzed the correlation between clinical features and SVC%-FVC%. The participants were divided into 2 groups based on median SVC%-FVC%: one group included patients with SVC%-FVC% ≥ 1.00% (n = 28), and the other group included patients with SVC%-FVC% <1.00% (n = 23). Comparisons of demographic features, clinical features, bulbar function assessments by symptoms and scores are shown in Table 2. Due to the small sample size of this study, variables that were likely to be associated with SVC%-FVC% (p < 0.10) were included in a partial correlation analysis model. Thus, we included age (p = 0.074), KCSS (p = 0.008), ALSFRS-R1 (p = 0.01), ALSFRS-R3 (p = 0.022), ALSFRS-R (p = 0.047) scores, bulbar subscore of ALSFRS-R (p = 0.073), and Roads scores (p = 0.034) in the analysis model (Table 3). After controlling for other relevant variables, the partial correlation analysis showed a significant correlation (r = −0.352, p = 0.041) between ALSFRS-R1 score and SVC%-FVC%. A participant with a lower ALSFRS-R score, which indicates more severe dysarthria, is likely to have a higher SVC%-FVC% value. Thus, it is more appropriate for patients with severe dysarthria to assess respiratory function with SVC% than FVC%. No significant relationship was observed for the other variables.


Table 2. The difference of demographics, clinical characteristics and scale scores at baseline between 2 groups which were divided by median SVC%-FVC%.
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Table 3. Partial correlation analysis between characteristics and SVC%-FVC% of the patients with bulbar-involved ALS.
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DISCUSSION

Non-invasive ventilation is the standard therapy for respiratory insufficiency in ALS. The time of initiation mainly depends on the FVC% in PFTs (16). The FVC maneuver requires forced and fast exhalation, which is easily affected by other factors. For example, patients with bulbar and facial disturbances may not adequately perform FVC maneuvers, leading to lower FVC% compared with the actual ventilator function of these patients. Some patients with bulbar-involved ALS were observed to complain of no or mild respiratory symptoms with low FVC% (17). Hence, the FVC% was unable to precisely assess the respiratory muscle function in such patients. Given this situation, the appropriate timing for non-invasive ventilation (NIV) initiation could not be precisely determined by doctors. In addition, compliance with NIV was reported to be poor in bulbar-involved patients (18). For these 2 reasons, these patients were doubtful and found it difficult to adhere to treatment protocols given by doctors. We speculated that the SVC% might be less affected by bulbar and facial disturbances because of its smoother nature and therefore designed this study.

This study shows a significant difference between the SVC% and the FVC% in patients with bulbar-involved ALS. To indirectly demonstrate that the cause of the difference was impaired bulbar function, we referred to a previous study (15) that included individuals with normal respiratory function. The difference between the SVC% and the FVC% in our study was more significant than that in the reference study. Furthermore, a number of previous studies have shown that the SVC and the FVC are interchangeable in respiratory assessments and survival prediction in ALS (3–6). Therefore, we believe the difference found in our study is valuable and reflects impairments in bulbar function. Several previous studies showed that FVC may underestimate SVC in other diseases (15, 19–22). In bulbar-involved ALS, patients are required to exhale forcefully and quickly with the help of facial and bulbar muscles for the FVC maneuver. Expiratory imperfections caused by paralysis of glossopharyngeal muscles might lead to a lower FVC% in patients with bulbar-involved ALS. We speculated that the FVC% overestimated the loss of respiratory function in these patients, and the SVC% was able to reduce the misjudgment. Thus, we speculated that the SVC% was more reflective of the actual respiratory function than the FVC%.

To explore the type of patients in which the SVC% would more appropriately assess the respiratory function, we analyzed the correlation between SVC%-FVC% and the clinical features of patients, including their demographic features, disease-related features, and ALSFRS-R and Roads scores. Consequently, ALSFRS-R1 score was found to be significantly correlated with SVC%-FVC%. The ALSFRS-R1 question (scored from 0 to 4) is about speech assessment of ALS patients. A score of 4 indicates normal speech processes, 3 indicates detectable speech disturbance, 2 indicates intelligible speech with repeating, 1 indicates speech combined with non-vocal communication, and 0 indicates the loss of useful speech. We found that patients with more severe dysarthria had a higher SVC%-FVC% values. This suggested us that we should focus on the SVC% in patients with severe dysarthria to precisely assess their respiratory function. Furthermore, there were 5 patients who were unable to perform the FVC maneuver in our study. Arterial blood gas tests were performed, and none of these patients showed signs of respiratory failure. After clinical assessments and analysis, we hypothesized that the reasons were glossopharyngeal weakness and cough. We found that all of them were bulbar onset, and dysarthria was their first and main clinical manifestation. Unfortunately, we could not perform the SVC maneuver for these patients due to procedural problems. However, these observations partially supported the notion that the FVC% was unable to assess the respiratory function of ALS patients with dysarthria as their main symptom.

The reason why dysarthria was significantly related to SVC%-FVC% remains unclear. Speech is produced and regulated by nearly 70 highly coordinated muscles (23). Several mechanisms, such as pronunciation and resonance, cooperate with each other to ensure speech production (24). Dysarthria is caused by muscular paralysis of the face, tongue, palate, pharynx, and larynx (25). Weakness and reduced flexibility of these muscles, as well as disrupted antagonist synergy, can result in dysarthria in patients with bulbar-involved ALS (23). Forced and fast exhalation requires the coordinated work of all respiratory muscles, so we speculated that the mechanisms underlying dysarthria might be the reason for the high SVC%-FVC% in our study.

This study had several limitations. First, strict inclusion and exclusion criteria led to a small sample size, which may have partially affected the statistical power. Second, bulbar assessments were performed by traditional methods, such as symptom assessments and ALSFRS-R, Roads scores in our study. We expect future studies will use novel technologies such as automatic speech recognition technology for speech assessments (26) and oral manometry for swallowing assessments (27). Additionally, our study was conducted in a single center. Multicenter studies are needed to verify our findings.



CONCLUSION

To conclude, our findings indicated that the SVC% was significantly higher and more reflective of actual respiratory function than the FVC% in patients with bulbar-involved ALS. The difference was significantly related to dysarthria. Thus, it is helpful for doctors to assess the respiratory function with SVC% in ALS patients with severe dysarthria. Further studies are still needed.
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Bulbar-involved ALS, n = 51

Demographics

Age, mean (SD), y 555(13.7)
Sex, no. (%), male 28(54.9)

BMI, mean (SD), kg/m? 23.1(3.6)

Disease characteristics
Diagnosis level, no. (%)

Definite 25 (49.0)
Probable 19(37.3)
Lab-supported probable 239
Possible 5(9.8)

KCSS, no. (%)

Stage 1 3(5.9)

Stage 2 13 (25.5)
Stage 3 18 (35.3)
Stage 4 17 333)

Onset site, bulbar, no. (%) 22(43.1)

Age of Onset, mean (SD), y 53.2(15.0)

Diagnostic delay, median 12 (6-19)

(IQR),months

ALSFRS-R, median (IQR) 39 (85-41)

B sub-score, median (IQR) 10 (8-11)

Roads score, mean (SD)* 83.4(12.9)

ALS, amyotrophic lateral sclerosis; BM, body mass index; KCSS, King's College staging
system; ALSFRS-R, ALS functional rating scale-revised; B sub~score, bulbar sub-score
of ALSFRS-R; Roads, Rasch-Buit Overall Amyotrophic Lateral Sclerosis Disabilty Scale;
SD, standard deviation; IQR, interquartile range.

aForty-four of all 51 patients completed roads.
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Variables Group 1(SVC%- Group2(SVC%-  p
FVC%<1.00%)  FVC%21.00%)

h=23) (n=28)

Demographics
Age, mean (SD), y 51.74 (13.27) 58,61 (13.43) 0.074*
Sex, no. (%), male 15 (65.20) 13 (46.40) 0.183
BMI, mean (SD), kg/m? 22.92 (3.87) 23.26 (3.40) 0744
Clinical characteristics
Age of onset, mean (SD),y 4996 (13.25) 5579(1607)  0.170
Diagnostic delay, median 12 (5-24) 10 (6-14.75) 0314
(IQR),months
Onset site, no. (%), bulbar 8(34.80%) 14 (50%) 0277
KCSS, no. (%)

1 1(4.30) 2(7.10) 0.008"

2 6(26.10) 7(25)

3 13 (56.50) 5(17.90)

4 3(13.00) 14(60)
AFS, median (IQR) 0.75(0.29-1.90)  1.25(0.77-1.44)  0.110
Baseline SVC%, mean (SD)  79.04 (19.11) 6054 (2851) 0125
Clinical symptoms.
Forced crying or laughter, 8(34.80) 8(28.60) 0.764
no. (%)
Dysphagia, no. (%) 11(47.80) 18 (64.30) 0269
Bucking, no. (%) 16 (69.60) 21 (75) 0.757
Sialorrhoea, no. (%) 15 (65.20) 16(57.10) 0580
Dysarthria, no. (%) 21(91.30) 25 (89.30) 1.000
Scale scores at baseline
ALSFRS-R, median (IQR) 40 (38-42) 37.50 (34-40) 0.047*
ALSFRS-RI (speech), 3(3-9) 2(2-9) 0010*
median (IQR)
ALSFRS-R2 (salivate), 3(3-4) 334 0992
median (IGR)
ALSFRS-R3 (swallow), 4(3-4) 3(3-9) 0.022"
median (IGR)
8 sub-score, median (QR) 10 (9-11) 850 (8-10) 0073*
Roads?, mean (SD) 87.30 (13.95) 79.14(1023  0.034*

SVC%, percent predicted SVC values; FVC%, percent predicted FVC values; BMI, body
mass index; KCSS, King's College staging system; AFS, (48-ALSFRS-R at time of
dlagnosis)/diagnostic delay (months); ALSFRS-R, ALS functional rating scale-revised;
B sub-score, bulber sub-score of ALSFRS-R; Roads, Rasch-Built Overall Amyotrophic
Lateral Sclerosis Disability Scale; SD, standard deviation; IQR, interquartile range.
2Forty-four of all 51 patients completed roads.

0 <0.1.
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