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Purpose: Noninvasive ventilation (NIV) may improve survival and quality of life in Amyotrophic Lateral Sclerosis (ALS) patients. There is a surprising 
paucity of practical guidelines for office-based implementation and management of NIV outside of tertiary ALS centers. We saw the need for a clinical 
protocol to allow feasible and consistent NIV management in this patient population.
Methods: We created a clinical protocol for office-based initiation of NIV implemented on consecutive ALS patients referred from our regional ALS 
multidisciplinary clinic. The protocol provided initial empiric settings using a bilevel device in volume-assured pressure support mode. A respiratory ther-
apist (RT) initiated NIV in an office setting and made adjustments according to patient tolerance and therapy targets outlined in the protocol. Later setting 
changes were performed at patient or provider request. We evaluated patient adherence and efficacy via device download at 30 days and 1 year.
Results: We present data from a case series of the first 14 consecutive patients initiated on NIV over a 20-month period. Our protocol underwent iterative 
modification based on clinical experience and patient feedback. Early challenges included the significant time and resource burden required to coordinate 
device downloads and patient follow-up. Early 30-day NIV adherence was variable (median 20 out of 30 days), while 1-year NIV adherence was excellent 
(median 27.5 out of 30 days).
Conclusions: Our RT-driven clinical NIV protocol was feasible but labor intensive. Achieving real-world adherence of NIV in our ALS patients required 
iterative protocol adjustment, significant RT provider time, and tele-based follow-up.
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INTRODUCTION
Amyotrophic Lateral Sclerosis (ALS) is a progressive neuromuscular 
degenerative disease that culminates in respiratory failure and death [1]. 
Noninvasive ventilation (NIV) improves quality of life and long-term sur-
vival in ALS [2, 3]. Unfortunately, NIV initiation and maintenance are 
often hampered by this patient population’s high clinical care needs and 
rapidly evolving physiology including progressive reductions in chest wall 
compliance, compromised ability to trigger breaths, bulbar dysfunction 
[4], and poor upper extremity dexterity.

Clinicians caring for ALS patients are faced with controversial data 
on clinical indications for NIV initiation [5] and a paucity of practical 
guidelines for NIV setup and long-term management. Clinical care is 
further hampered by the population’s evolving physiologic characteris-
tics requiring frequent device and interface adjustments [6–8] as well as 
the concentration of experienced specialists at a handful of tertiary 
care centers.

We provide pulmonary consultation services for the multidisciplinary 
ALS program at the VA Puget Sound, a referral hub for veterans across 
the Pacific Northwest. We recognized the need for and created an office-
based protocol for NIV initiation and follow-up in the ALS population. 
Our hope was that a practical protocol would enable consistent NIV care 

at our own facility as well as enhance care continuity for veterans sharing 
care at partner facilities without experienced ALS providers.

In this paper, we present a case series of the first 14 consecutive ALS 
patients initiated on NIV using our office-based protocol. We hope that 
sharing our results will open a dialogue on practical aspects of NIV ther-
apy in ALS and improve consistency of care.

METHODS

Clinical Setting & Initiation Criteria
The multidisciplinary ALS program at VA Puget Sound Health Care 
System serves an average panel of 90 ALS patients from a large geo-
graphic catchment area including three states in the Pacific Northwest—
Washington, Idaho, and Alaska. This program is led by Rehabilitation 
Medicine with consultation available from the Departments of 
Pulmonary Medicine and Respiratory Therapy. Consecutive ALS 
patients were referred to Pulmonary for NIV evaluation/education 
based on institution protocol including any of the following criteria: 
orthopnea; forced vital capacity (FVC) less than 70% predicted; sniff 
nasal inspiratory force < 40cm H2O or maximal inspiratory pressure 
≤60  cm H2O; provider judgement based on symptoms including 
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progressive dyspnea, headaches, daytime somnolence, frequent noctur-
nal awakenings; or patient desire to initiate therapy.

NIV PROTOCOL
The NIV protocol offered stepwise guidance for NIV initiation criteria, 
setup, and adjustment using patient feedback and a targeted assessment 
of ventilation (protocol provided in Supplementary data1).For this case 
series, we began therapy utilizing a NIV device with the volume-assured 
pressure support mode, iVAPS (ResMedTM). We initially based our non-
invasive ventilation settings on manufacturer’s recommendations for 
their volume-assured pressure support (VAPS) mode. As we will discuss 
in further detail in the results section, some of our patients were intol-
erant of these settings, and we modified the original protocol to less 
aggressive pressure and volume targets. We also modified the protocol 
to include NIV modes.

NIV INITIATION AND MANAGEMENT LOGISTICS
Our consultative care was provided via a respiratory therapist (RT) 
supervised by a pulmonary physician with ALS expertise. NIV was 
initiated during an outpatient clinic visit (scheduled for 90 minutes). 
Initially these visits were performed with both the pulmonologist and 
RT. Later after a 3-month period of training, the RT implemented the 
protocol alone. The patient was oriented to the device and mask inter-
face using initial settings aimed at a target tidal volume and minute 
ventilation. Device settings were further adjusted to achieve target 
ventilation goals and comfort/tolerance with the patient awake and 
recumbent.

NIV follow-up was limited by travel burden in this population. 
Patients were provided with the direct phone number of the RT so they 
could initiate telephone or in-person follow-up at any time. Patients in 
our ALS multidisciplinary clinic undergo rigorous, full-day evaluations 
led by Rehabilitation Medicine every 3 months. NIV follow-up with the 
RT was available (but not mandatory) at provider or patient request at 
each 3-month multidisciplinary visit. Therapy was adjusted per protocol 
based on patient-reported symptoms and information from data down-
loads; no routine labs were obtained. Remote-enabled devices were not 
yet available at our facility, thus device downloads were performed man-
ually (in person or via mail).

Protocol Evaluation and Adjustment
A total of 14 consecutive ALS patients initiated NIV using our protocol 
between January 2014 and October 2015. This quality-improvement 
initiative was conducted under the auspices of the VA Office of Specialty 
Care and the Office of Rural Health. In accordance with VHA 
Handbook 1058.05, we obtained approval of nonresearch status from 
the VA program office and did not require institutional review board 
review. For this type of study, formal consent is not required. All clinical 
care was provided in accordance with the ethical standards of our usual 
clinical care and in accordance with the 1964 Helsinki declaration and 
its later amendments. The protocol underwent multiple adjustments to 
meet the clinical needs of our patients.

Data Analysis
We present descriptive statistics as mean with standard deviation or 
median with interquartile range (IQR) depending on the normality of 
distribution. We assessed correlations using Spearman’s correlation as 
many of our measures were not normally distributed. For correlations, 
we used a p ≤ 0.05 as the threshold for significance.

RESULTS

Patient Characteristics and NIV Adherence
Patients presented for NIV setup at a mean of 2.9 years following ALS 
diagnosis, with a mean maximum inspired pressure of –61 cm H2O, 
median FVC of 60% predicted, and median ALS Functional Rating 

1Supplementary data available online at https://www.cjrt.ca/doi-
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Scale (ALSFRS) of 29 (Table 1). Only four patients had previously been 
on positive airway pressure therapy.

At 30 days after setup, 13 patients remained on NIV (one patient 
switched to continuous positive airway pressure for intolerance) 
(Table 2). NIV usage by download was highly variable and did not cor-
relate with either FVC (Spearman’s ρ=0.30, p = 0.32) or ALSFRS score 
(Spearman’s ρ=0.10, p = 0.75).

At one year after setup, nine patients remained on NIV (four patients 
died). Download data were available for six patients. In a 30-day period, 
these patients used NIV for a median of 27.5 days (IQR 26–30 days) for 
a median of 606 minutes (IQR 191–641 minutes) usage per night.

Feedback and Protocol Modification
At early stages of protocol implementation, our initial standard mode of 
ventilation was VAPS with a target minute ventilation of 6–8 mL/kg. 
However, many patients complained of excessive pressure, and download 
data also showed delivered ventilation exceeding targeted values 
(Table 2). We adjusted the protocol to begin therapy at a lower target 
ventilation of 4 mL/kg. We also initially used the standard auto-adjusting 
backup rate. We found that approximately one-third of patients 
experienced dyssynchrony which improved with the use of a lower set 
respiratory rate. Ultimately, we arrived at a set rate of 2 breaths less than 
the observed respiratory rate in clinic. Finally, in a subset of patients who 
found the fluctuations in pressure delivered by VAPS to be uncomfort-
able, we would transition from VAPS to bilevel with or without a backup 
rate (see Supplementary data1).

Most patients preferred to follow-up and address concerns via phone 
with our RT. Our reliance on manual or mail-in downloads posed chal-
lenges in obtaining downloads and making pressure adjustments in a 
timely fashion. Unfortunately, devices with remote download/adjust-
ment capability were not yet available at our institution.

TABLE 1
Patient characteristics at NIV setup (n = 14)
Age in years, mean (SD) 66.5 (8.6)
Years since ALS symptom onset, median (IQR)* 2 (1–3)
ALS Functional Rating Score, median (IQR)†  
(range 0 worst to 40 best)

29 (23–32)

FVC (% predicted), median (IQR)† 60 (40–70)
FVC less than 50% predicted, n (%) 6 (43)
MIP in cm H2O, mean (SD) 61 (23)
MEP in cm H2O, median (IQR) 65 (56–84)
Previously on PAP therapy, n (%) 4 (29)

Note: NIV, noninvasive ventilation; ALS, Amyotrophic Lateral Sclerosis; IQR, 
interquartile range; FVC, forced vital capacity; MIP, maximum inspiratory 
pressure; MEP, maximum expiratory pressure; PAP, positive airway pressure.
*Available for n = 8
†Closest values to time of setup

TABLE 2
NIV adherence and efficacy by 30-day download (n = 13)
Days used, median (IQR) 20 (8–29)
Days with ≥4-h use, median (IQR) 2 (0–21)
Average hours on days used, median (IQR) 1.8 (1.3–7.2)
Usage of ≥4 h per night on ≥70% of nights, n (%) 4 (31%)
Leak, median (IQR) 5.5 (1.2–16)
AHI, median (IQR) 14.8 (1.9, 24.8)
Median TV delivered in mL/kg, mean (SD) 6.7 (2.0)
Median RR, mean (SD) 15.8 (3)
Median MV in L/min, mean (SD) 8.3 (2.3)

Note: NIV, noninvasive ventilation; IQR, interquartile range; AHI, apnea 
hypopnea index; TV, tidal volume; RR, respiratory rate; MV, minute 
ventilation.
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DISCUSSION
Early evaluation of our office-based NIV protocol for ALS demonstrated 
that it was feasible yet resource intensive. We encountered clinical, logis-
tic, and operational challenges. Modifying our protocol to less aggressive 
initial ventilation targets and incorporating telemedicine strategies for 
follow-up proved valuable in improving NIV care for our patients. 
Our  findings highlight the unique challenges of NIV adherence and 
follow-up in ALS, an issue that receives little attention in publications on 
this topic. When we performed a PubMed search of these terms we 
found no published trials relating to interventions designed to improve 
adherence in this population.

The main clinical challenge encountered was early intolerance. In a 
clinical case series, we cannot determine if the improved NIV usage among 
1-year survivors was a result of modifying our protocol to less aggressive 
ventilation targets, clinical progression, or other unmeasured factors. Early 
NIV usage did not appear to correlate with standard disease markers 
(ALSFRS, functional residual capacity), consistent with previously pub-
lished data [7–10]. While attractive due to their frequent availability, these 
measures are in fact non-specific for hypoventilation. Future modification 
of our protocol will incorporate clinical triggers that may be more specific 
to hypoventilation, including daytime hypoxia or hypercapnia, headaches, 
sleep disturbances, daytime somnolence, and positional dyspnea [11].

Additionally, our project encountered logistical and infrastructure 
challenges. Obtaining manual downloads and face-to-face follow-up were 
difficult for patients, especially those with advanced disease. Remote-
enabled devices (not available at the time of our project) are crucial in 
caring for patients with ALS on NIV, and we have since implemented 
these as a standard practice. Telephone, online, and telemedicine strate-
gies may also be needed. Lastly, our program required a full-time, dedi-
cated RT. NIV setups and troubleshooting for ALS patients are time 
consuming even for an experienced RT, sometimes requiring consulta-
tion with a supervising physician.

Our clinical experience with NIV in ALS should be interpreted 
within the context of several important limitations. Our office-based 
protocol was designed for clinical care; it was not a research project 
designed to rigorously assess clinical effectiveness or patient outcomes. 
Our choice of NIV device was based on availability at our institution and 
does not reflect a preference or recommendation of a specific device or 
mode. Choice of NIV mode is complicated by an abundance of technol-
ogies and limited comparative data. Our experience suggests that mode 
is less important than iterative adjustment to patient needs and system-
atically addressing adherence barriers.

Our clinical protocol is neither a definitive nor an exhaustive answer 
to all the challenges of NIV care in ALS. We continue to refine our 
protocol to meet the specific needs of our ALS patients, and we believe 
that standardized protocols may certainly be useful in the leveraging of 
ALS-specific resources across partner institutions. By sharing our clinical 
experience, we hope to highlight important practical considerations for 
the clinician interested in NIV therapy in ALS.
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