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INTRODUCTION AND OBJECTIVE 
The use of non-invasive ventilation (NIV) has become one of the cornerstone treatments for ALS. 

NIV has been shown to prolong survival and improve both cognition and quality of life in patients 

living with ALS (1-5). Multidisciplinary clinics are now the cornerstone of ALS management and 

they have been shown to prolong survival of all ALS patients. Part of the success comes from the 

use of NIV (6). The timing of NIV depends on objective measurements of pulmonary function and 

respiratory symptoms.  

 

Current guidelines of the American Academy of Neurology recommend the use of NIV when 

respiratory symptoms start or when FVC drops to about 50% of predicted value (7). Clinical 

practitioners initiate NIV based on the AAN and Medicare guidelines. Medicare guidelines for 

noninvasive respiratory assistance devices in patients are based on restrictive lung disease and 

require a MIP < -60 mmHg or an FVC ≤ 50% predicted (8). While FVC is currently regarded as the 

standard indicator of disease progression, previous studies have suggested that other pulmonary 

function measures may be more sensitive indicators of respiratory dysfunction and thus using them 

could lead to earlier initiation of NIV (9). 

  

As  a component of a multicenter pilot study to examine nutrition and NIV in ALS patients, serial 

pulmonary function tests were performed over 12 months. The objective of this presentation is to 

determine the most sensitive indicator of early decline and compare it to the “standard of care” 

using AAN parameters. We also aim to determine whether Medicare criteria for initiation of NIV 

were met first by FVC or by other more sensitive measures (including inspiratory measures). This 

will have a direct impact on clinical care at multidisciplinary ALS clinics. 

RESULTS 
73 subjects (63% male, 37% female) enrolled with a median age of 59 years. 65 subjects had at least 

3 visits and were used for the analysis of pulmonary function decline (median follow-up 336 days, 

range 73 - 371). Over the interval measured, all of the slopes were significantly different than 0. 

MEP showed the fastest decline among all measures (-0.06%/day) compared to MIP (-0.04%/day), 

sFVC (-0.03%/day), lFVC (-0.02%/day), MVV (-0.03%/day), sSNP (-0.03%/day) and lSNP (-0.02% 

/day). All 73 patients were analyzed for NIV initiation criteria. Overall 69 subjects qualified for NIV 

with IP criteria prior to FVC criteria and no one qualified by NIV first. 55 met NIV initiation criteria 

based on IP alone at baseline visit, whereas only 3 met criteria at baseline based on FVC. 32 of the 

subjects that met NIV criteria by IP  never dropped their FVCs low enough to qualify.  

METHODS 
We collected serial pulmonary function measures every 4 weeks over 12 months on patients with 

definite or probable ALS. FVC and maximum voluntary ventilation (MVV) were measured by 

spirometry (Respironics Renaissance). Inspiratory and expiratory pressure measurements were 

obtained using a portable electronic pressure meter (MicroMedical). Subjects were coached to 

perform a maximal inspiratory and expiratory effort. Spirometry and respiratory pressures were 

measured using an airtight full-face mask if subjects were unable to use a mouthpiece. Sniff nasal 

pressure (SNP) was measured by placing a nasal catheter in one nostril with occlusion of the 

contralateral nostril and coaching the subject to sniff with a maximal inspiratory effort. Because of 

known effects of position on diaphragm function, SNP and FVC were measured in both sitting 

(sSNP and sFVC) and lying supine (lSNP and lFVC) positions. The best value from 3 efforts was 

used for analysis, except for MVV, for which only one effort was obtained. In terms of NIV 

initiation criteria, we used Medicare guidelines for initiation - FVC < 50% of predicted or 

inspiratory pressures < -60 mmHg.  

 

Rate of decline of each pulmonary function parameter was estimated using the median of subject-

specific slopes for the percentage drops from the initial baseline value. We performed our statistical 

analysis using SAS v9.4. Given that most of pulmonary function measures were not normally 

distributed, we used non-parametric tests such as the Wilcoxon rank sum test to compare the 

respiratory measures between groups. For each measure we obtained the subject-specific slope by 

using the best fitted line of all the over time change values for that subject (i.e., all percentage drops 

from the initial baseline value). A mixed-effect model was also used to determine if the slopes were 

significantly different than zero after having adjusted for possible confounders or effect modifiers 

(i.e., age and gender). 
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Figure 1: 

This figure shows the rate of 

decline for each pulmonary 

function. All slopes were 

significantly different than zero. 

MEP shows the most 

significant decline followed 

MIP and laying SNP.  

Figure 2: 

This figure shows the number 

of patients in this study 

qualifying for NIV at each visit 

depending on respiratory 

measure used. Most patients 

qualified at baseline visit based 

on MIP alone and very few 

qualified initially based on FVC 

alone. 

CONCLUSION 

1. Our findings in this pilot study demonstrate that MEP declines fastest in patients with ALS suggesting a more 

rapid deterioration of expiratory muscle strength.  

2. Criteria to initiate NIV were met earlier using IP underscoring the need to perform this measure in the 

clinical setting. 
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