
Citation: Volpato, E.; Vitacca, M.;

Ptacinsky, L.; Lax, A.; D’Ascenzo, S.;

Bertella, E.; Paneroni, M.; Grilli, S.;

Banfi, P. Home-Based Adaptation to

Night-Time Non-Invasive Ventilation

in Patients with Amyotrophic Lateral

Sclerosis: A Randomized Controlled

Trial. J. Clin. Med. 2022, 11, 3178.

https://doi.org/10.3390/

jcm11113178

Academic Editor: Massimiliano

Filosto

Received: 26 April 2022

Accepted: 30 May 2022

Published: 2 June 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Journal of

Clinical Medicine

Article

Home-Based Adaptation to Night-Time Non-Invasive
Ventilation in Patients with Amyotrophic Lateral Sclerosis:
A Randomized Controlled Trial
Eleonora Volpato 1,2,* , Michele Vitacca 3 , Luciana Ptacinsky 1 , Agata Lax 1, Salvatore D’Ascenzo 1,
Enrica Bertella 3, Mara Paneroni 3 , Silvia Grilli 1 and Paolo Banfi 1

1 IRCCS Fondazione Don Carlo Gnocchi, 20148 Milan, Italy; lptacinsky@gmail.com (L.P.);
alax@dongnocchi.it (A.L.); dascenzo.salvatore@gmail.com (S.D.); s.silvia.grilli@gmail.com (S.G.);
pabanfi@dongnocchi.it (P.B.)

2 Department of Psychology, Università Cattolica del Sacro Cuore, 20123 Milan, Italy
3 Istituti Clinici Scientifici Maugeri IRCCS, Respiratory Rehabilitation of the Institute of Lumezzane,

25065 Brescia, Italy; michele.vitacca@icsmaugeri.it (M.V.); enrica.bertella@fsm.it (E.B.);
mara.paneroni@icsmaugeri.it (M.P.)

* Correspondence: eleonora.volpato@unicatt.it; Tel.: +39-329-378-2692

Abstract: Background: Initiation to Non-Invasive Ventilation (NIV) in amyotrophic lateral sclerosis
(ALS) can be implemented in an inpatient or outpatient setting. Aims: We aimed to evaluate the
efficacy of adaptation (the number of needed sessions) to home-based NIV compared to an outpatient
one in ALS in terms of arterial carbon dioxide (PaCO2) improvement. NIV acceptance (mean use of
≥5 h NIV per night for three consecutive nights during the adaptation trial), adherence (night-time
NIV usage for ≥150 h/month), quality of life (QoL), and caregiver burden were secondary outcomes.
Methods: A total of 66 ALS patients with indications for NIV were involved in this randomized
controlled trial (RCT): 34 underwent NIV initiation at home (home adaptation, HA) and 32 at multiple
outpatient visits (outpatient adaptation, OA). Respiratory function tests were performed at baseline
(the time of starting the NIV, T0) together with blood gas analysis, which was repeated at the end
of adaptation (T1) and 2 (T2) and 6 (T3) months after T1. NIV adherence was measured at T2 and
T3. Overnight cardiorespiratory polygraphy, Short Form Health Survey (SF-36), Caregiver Burden
Inventory (CBI), Caregiver Burden Scale (CBS), and Zarit Burden Interview (ZBI) were performed
at T0, T2, and T3. Results: Fifty-eight participants completed the study. No differences were found
between groups in PaCO2 at T1 (p = 0.46), T2 (p = 0.50), and T3 (p = 0.34) in acceptance (p = 0.55)
and adherence to NIV at T2 and T3 (p = 0.60 and p = 0.75, respectively). At T2, the patients’ QoL,
assessed with SF-36, was significantly better in HA than in OA (p = 0.01), but this improvement was
not maintained until T3 (p = 0.17). Conclusions: In ALS, adaptation to NIV in the patient’s home is
as effective as that performed in an outpatient setting regarding PaCO2, acceptance, and adherence,
which emphasizes the need for further studies to understand the role of the environment concerning
NIV adherence.

Keywords: amyotrophic lateral sclerosis; ALS; motor neuron disease; MND; non-invasive ventilation;
NIV; homecare

1. Introduction

The most common cause of death in amyotrophic lateral sclerosis (ALS) is respiratory
failure due to atrophy and weakness of the respiratory muscles. Diaphragmatic dysfunction
can be the first manifestation, or it can develop later as the disease progresses [1]. The
use of non-invasive ventilation (NIV) has markedly increased during the last two decades
and is now an integral part of the management of both acute and chronic respiratory
problems in different clinical conditions [2]. Since 2015, in Italy, home-based adaptation
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to NIV has become an integral part of the care options for ALS patients, re-serving the
inpatient and outpatient settings for patients who are experiencing an acute decline or who
require multiple therapies, multidisciplinary diagnosis, or need close nocturnal observation.
Recent technological advances and the increased capability to remotely monitor ventilation
have facilitated the use of the home’s adaptation to NIV, where team and skills experiences
are relevant. It has been shown that patient compliance to NIV can slow pulmonary
function decline in ALS [3], avoid or reduce the need for hospitalization, improve quality
of life (QoL), and lengthen survival [4]. One study has recently shown that very early
NIV initiation can improve survival in ALS patients [5]. A study by Bertella et al. showed
that outpatient NIV initiation is not inferior to inpatient NIV initiation in ALS in terms of
patients’ acceptance and adherence [6–9]. Indeed, Sheers and colleagues [6] have shown
that outpatient adaptation to NIV may also be the most appropriate solution.

Studies on home use of NIV have mostly focused on usage but not on the home as
a setting for training and adaptation to NIV. Furthermore, the results have not always
been noteworthy, probably due to poor initial monitoring opportunities or because the
studies were exclusively dealing with NIV modalities [10]. Unfortunately, home-based
NIV adaptation in ALS patients has not been sufficiently assessed as an option in standard
care. It has not been established what the best setting for NIV adaptation is (i.e., a hospital,
outpatient clinic, or home, with or without telemonitoring) [6,7,11,12]. To our knowledge,
there are no previous studies that demonstrated which is the best setting for NIV adaptation
(i.e., outpatient clinic, hospital, home, or telemonitoring) [6,7,11,12]. Currently, there is
a tendency to avoid hospitalization by promoting a different and less stressful approach
for ALS patients. Nevertheless, it is possible to detect differences across countries: while
patient hospitalization to initiate NIV in the United States is uncommon [13], in Europe,
Japan [14], or China [15], hospitalization remains the first choice [6,7,11].

Objectives

The main aim of this study was to examine if home-based adaptation to NIV (the
number of needed sessions) in ALS patients is effective compared to the outpatient setting
in terms of arterial carbon dioxide (PaCO2) improvement. As secondary aims, we evaluated
NIV acceptance (mean use of ≥5 h NIV per night for three consecutive nights during the
adaptation trial) and adherence (nocturnal NIV usage for ≥150 h/month), patient and
caregiver satisfaction (satisfaction with NIV started in the two different settings), QoL, and
the caregivers’ perceived burden [16,17].

2. Materials and Methods

This study was carried out following the Helsinki Declaration. All participants pro-
vided their signed informed consent at study entry, which was approved by the Ethics
Committee (on 15 April 2015); Comitato Etico della Sezione IRCCS Fondazione Don Carlo
Gnocchi, Board Affiliation: Comitato Etico IRCCS Regione Lombardia). The registration ID
at ClinicalTrials.gov is NCT02537132.

2.1. Trial Design and Participants

In this randomized controlled bicentric trial, we consecutively enrolled patients with
ALS, diagnosed according to the revised El Escorial criteria [18], who were referred to
the ALS outpatient clinics of the Heart–Respiratory Rehabilitation Unit of the IRCCS
Fondazione Don Carlo Gnocchi, Milan (Italy) and the Respiratory Rehabilitation Unit of the
Istituti Clinici Scientifici Maugeri IRCCS, Institute of Lumezzane, Brescia (Italy) between
May 2015 and December 2017 for respiratory function assessment.

Inclusion criteria were age ≥ 18 years with a clinical indication for NIV according to
EFNS criteria [2]. Exclusion criteria were refusal to participate in the study; the presence of
severe cardiac/pulmonary comorbidity, as a contraindication to NIV; distance from hospital
>40 km or other problems to reach the outpatient clinic; severe bulbar weakness (ALSFRS-R
Bulbar score < 9), also ascertained by the first neurologist’s evaluation; and cognitive
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impairment that would preclude understanding the study protocol. This latter item was
ascertained using the validated Italian version of the Edinburgh Cognitive and Behavioural
ALS Screen (ECAS) [19,20]. For clarity, the total score cut-offs were 97 (age ≤60 years,
low–middle education) and 89 (age > 60 years, low–middle education); 108 (age ≤60 years,
high education) and 107 (age > 60 years, high education).

NIV was indicated according to the following criteria: the presence of hypoventi-
lation symptoms (dyspnoea, orthopnoea, paradoxical respiration, daytime fatigue and
hyper-somnolence, and morning headache), morning arterial carbon dioxide tension
(PaCO2) > 45 mmHg, significant nocturnal desaturation measured by pulse oximetry (SpO2)
< 90% at night (%sleepSpO2 < 90 or T90) being >5%, forced vital capacity <80% of predicted
value, and Pi max < −60 cmH2O.

2.2. Measures

Data concerning age, sex, body mass index, spinal or bulbar onset, and time from ALS
onset to NIV were collected.

At baseline (the time of starting the NIV, T0), the patients underwent (Figure 1):

- Arterial blood gas analysis (ABG) (pH, PaCO2, PaO2, HCO3) measured 4 h after
awakening;

- Clinical assessment, with the Revised Amyotrophic Lateral Sclerosis Functional Rating
Scale (ALSFS-R) [21], Borg Dyspnoea Score (BDS) [22], and Epworth Sleepiness Scale
(ESS) [23];

- Pulmonary function testing, including spirometry, performed following the European
Respiratory Society guidelines [24], with the patient in a seated and supine position
via a flanged mouthpiece, and using the suggested reference values [25], forced vital
capacity (FVC), forced expiratory volume in the first second (FEV1) and FEV1/FVC%
(Master Screen Body Jaeger Vyntus™ Pneumo, Vyaire, Mettawa, IL, USA);

- Maximum inspiratory pressure (MIP) and maximum expiratory pressure (MEP) (Mi-
croRPM Pressure Meter, Micro Medical Ltd., Lewiston, ME, USA) via a flanged
mouthpiece while the cheeks were held. Three measurements for a total of eight
performed with less than 5% variability were recorded, and the highest value was
used for the data analysis (patients with MEP < 60 cmH2O were provided with a
Cough Assist device) [26,27];

- Overnight cardiorespiratory polygraphy with a nasal flow sensor, thoracic and ab-
dominal effort measured with inductive plethysmography, and finger pulse oximeter
(Embletta™ PDS, Medicare, Iceland), according to the American Academy of Sleep
Medicine clinical practice guidelines: apnoea and hypopnea were scored manually
using standard criteria [28,29];

- 36-item Short Form Survey (SF-36) [30], a questionnaire on the patient’s health status;
- The caregiver Burden Inventory (CBI) [31], Caregiver Burden Scale (CBS) [32], and

Zarit Burden Interview (ZBI) [33] are designed to detect the practical and psychological
burden of the caregiver. These tools were used both at baseline and at the end of the
study (6-month follow-up).

- At T1 (after the 8-day adaptation period), the following evaluations were performed:
- ABG measured 4 h after awakening;
- Verification of NIV acceptance, i.e., mean use of ≥5 h NIV per night for 3 consecutive

nights during the adaptation trial;
- A visual analog scale (VAS), on which the patient indicated the degree of satisfaction

with NIV management and nursing assistance (0–10, low–high);
- Educational learning test designed to verify the knowledge and skills acquired by the

patient concerning the path taken by the physiotherapist (see Supplementary Material
Table S1).

At T2 (2 months after T1), the patients underwent:

- ABG measured 4 h after awakening;
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- Overnight cardiorespiratory polygraphy with airway pressure proximal to the mask
thoracic and abdominal effort measured with inductive plethysmography and finger
pulse oximeter;

- Verification of adherence to NIV (night-time NIV usage for ≥150 h/month);
- Optimization of the ventilator parameters [34];
- VAS, SF-36, CBI, CBS, and ZBI (as above).

At T3 (6 months after T1), the following evaluations were performed:

- ABG measured 4 h after awakening;
- Overnight cardiorespiratory polygraphy;
- Verification of adherence to NIV;
- BDS and ESS;
- VAS, SF-36, CBI, CBS, and ZBI.

2.3. Intervention: The NIV Adaptation Trial

Participants were randomized to the following groups:

- Home Adaptation (HA): in addition to the usual medical care, patients received no fewer
than 8 sessions in the afternoon for about two hours at home with assistance provided
by the Respiratory Therapist (RT) to help them adapt to NIV and education on the
management of bronchial secretions.

- Outpatient Adaptation (OA): in addition to the usual medical treatment, patients at-
tended no fewer than 8 sessions in the afternoon for about two hours in the outpa-
tient clinic to help them adapt to NIV and were educated about the management of
bronchial secretions.

At the first access in both groups, the interface and respiratory settings were selected
(Trilogy or BiPAP® and AVAPS®, a specific device that offers a bi-level ventilation mode
allowing for application of an average tidal volume, Philips Respironics, Murrysville, PA,
USA) in spontaneous/timed mode or pressure-controlled mode with a pre-set tidal volume
of 7 mL/Kg and a fixed respiratory backup rate of 12 breaths/minute [35,36]. At least a
2 h trial of NIV was conducted to monitor SpO2 and end-tidal carbon dioxide (ETCO2)
using a CO2SMO monitor (Novametrix, Respironics, Carlsbad, CA, USA). It provides
reliable mainstream measurement and display of ETCO2 and respiratory rate under direct
RT supervision. During this period, if SpO2 < 94% or ETCO2 > 45 mmHg, RT increased
IPAP or EPAP until values normalized. A non-vented facial mask was connected to the
CO2SMO probe, and the latter was connected to a whisper swivel (Koninklijke Philips
Electronics N.V., Amsterdam, The Netherlands). Patients were recommended to use NIV
only during the night and as much as possible until they had completely adapted to NIV.
During the adaptation period, educational sessions were provided to each patient to ensure
that the NIV use was adequate and that the ventilator was being properly managed (max.
8 sessions/patient). After each session, patients expressed their level of satisfaction with
VAS. No inspired gas conditioning system was used during adaptation to NIV.

2.3.1. Criteria for a Correct Adaptation to NIV

The adaption to NIV was considered correct if the patient was able—with or without
the caregiver’s help—to put on the interface, manage the ventilator and the alarms, and
clean the ventilator components.

The data obtained from the 2 h monitoring were used to determine an average
SpO2 > 94% and average ETCO2 < 45 mmHg in patients with daytime hypoventilation [37].

The educational learning test given at the end of each session had to be passed (see
Supplementary Material Table S1). There was no objective difference between OA and HA
in professional contact time and written information received. Our centers have a team of
respiratory therapists who are specially trained in the NIV’s initiation.
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Figure 1. Scheme of the implementation procedure.

2.3.2. Criteria for Acceptance of NIV

Patients were considered adapted to NIV and they could interrupt the trial when:
(1) they used NIV ≥ 5 h/night for 3 consecutive nights verified by the data collected from
the ventilator software; (2) patients were able to accurately wear the mask, manage the
ventilator and the alarms, and clean the ventilator components. On the other hand, the
NIV adaptation was interrupted when (3) patients had failed to achieve NIV acceptance
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after 8 consecutive educational sessions, and (4) caregivers properly applied the mask to
the patients.

2.3.3. Sample Size

An initial power analysis was conducted using G*Power version 3.1.9.3 [38]. We
defined a non-inferiority margin of 0.4 kPa (3.75 mmHg) for the difference in change of
the primary endpoint, PaCO2, between home and outpatient initiation, as a difference
less than 0.4 kPa was meant to be clinically irrelevant. This preliminary statistical analysis
was performed considering previous studies with NIV’s PaCO2 changes of more than
0.45 kPa [39–41]. With a one-sided alpha of 0.05, a beta of 0.2, a Standard Deviation (SD)
of 0.71, and an expected drop-out rate of 25%, at least 57.5 participants needed to be
randomized.

2.3.4. Randomization, Sequence Generation, and Allocation Concealment

Eligible patients were allocated to HA or OA (i.e., home-based vs. outpatient clinic-
based NIV adaptation) using a method of minimization, considering baseline bulbar
function, baseline FVC, age, and sex as the minimization factors.

A centralized, web-based randomization system was used to assign treatment allo-
cation. A site-specific username and password were used to gain access to the system.
Researchers were invited to enter patient details (identification number, date of birth, and
the minimization factors) and to confirm consent and eligibility when completed. Then, the
randomization system notified the user and the study manager of the treatment allocation.

2.4. Statistical Analysis

A complete statistical analysis plan was designed and approved before any analysis
was carried out. Statistical analysis was performed using the Statistical Package for Social
Science (SPSS, IBM® version 24, IBM Corp., Armonk, NY, USA). Socio-demographic data
and clinical information were expressed as mean ± Standard Deviation or as median and
interquartile range. To compare the two groups and analyze interaction effects on outcome
and process measures, analysis of variance (ANOVA) with two groups and three time
periods was used. When there were significant interaction effects, t-tests were used to
analyze the difference in pre- and post- groups. Similarly, between-group comparisons
were performed using Welch’s test for unequal variances. H0 was rejected if the lower limit
of the 95% confidence interval (CI) was less than the non-inferiority margin. Results were
considered significant if p < 0.05.

3. Results

Out of 82 ALS patients referred for evaluation for NIV initiation during the study
period, 68 met the criteria to start NIV. Of these, two patients were pre-emptively initiated
on NIV in the Intensive Care Unit because of an episode of acute respiratory failure.
Therefore, 66 subjects started NIV and were randomized to HA (n = 34) or OA (n = 32)
(Figure 2).

The population was Italian-speaking, Caucasian, and mostly female (54.5%). The
baseline characteristics are illustrated in Table 1.

A total of 58 participants completed the study. Overall, four participants (6.9%), two in
OA (6%) and two in HA (5.9%), did not reach the goal of 150 h/month prescribed, and four
participants died (6.9%), two in HA (5.9%) and two in OA (6%), and they were withdrawn
from the study. Among the four participants who did not reach the 150 h/month target,
two (OA) did not perceive the need for NIV and rejected it, one (HA) was a bulbar onset
patient who had trouble using NIV for the sialorrhea problems, and one (HA) preferred to
only use NIV during the day (Figure 1). No significant side effects were detected in the
remaining ALS patients in the two study groups.
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Figure 2. Flow chart of participant inclusion.

Table 1. Baseline characteristics of the overall sample and both the experimental and the control
group.

Characteristics Overall Sample (n = 66) Home Adaptation
(HA) (n = 34)

Outpatient Adaptation
(OA) (n = 32) p-Value

Female, n, % 36 (54.5) 14 (41.2) 16 (50)
Age, y, mean (SD) 69.1 (8.6) 67.4 (7.5) 70.9 (9.5) 0.11
BMI, mean (SD) 24.09 (6.7) 23.4 (2.9) 24.7 (4.3) 0.15

Bulbar onset, n, % 19 (28.8) 7 (20.6) 12 (37.5)
Spinal onset, n, % 43 (65.1) 25 (73.5) 18 (56.2)

Respiratory onset, n, % 4 (6.1) 2 (5.9) 2 (6.3)
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Table 1. Cont.

Characteristics Overall Sample (n = 66) Home Adaptation
(HA) (n = 34)

Outpatient Adaptation
(OA) (n = 32) p-Value

ALS duration (from
symptom onset), months,

mean (SD)
32 (4.7) 31.6 (5.2) 32.3 (4) 0.53

FVC (% predicted) 69.9 (23.8) 70 (23.09) 70 (21.4) 0.52
FEV1 (% predicted) 68 (24.3) 72 (22.8) 64 (25.8) 0.20

FEV1/FVC (% predicted) 99.3 (2.4) 98.8 (1.8) 99.7 (2.2) 0.40
MIP (% predicted) 40.2 (17.4) 44.7 (16.05) 35.2 (17.7) 0.26
MEP (% predicted) 47.2 (26.4) 37.9 (20.8) 43.3 (27.5) 0.25

Ventilatory Mode, n, %
S/T AVAPS 30 (45.5) 13 (38.2) 17 (53.1)

S/T 28 (42.2) 19 (55.8) 9 (26.5)
PACV 7 (10.6) 2 (5.9) 5 (14.7)

APC/AVAPS 1 (1.5) 0 (0) 1 (2.9)
Kind of masks used, n, %
Respironics non-vented

masks 66 (100) 34 (100) 32 (100)

Comfort Gel Blue Full 25 (37.9) 14 (41.2) 11 (34.4)
Easy Life 18 (27.3) 9 (26.5) 9 (28.1)

Amara Gel 23 (34.8) 11 (32.3) 12 (35.3)
ECAS, mean (SD) 90.5 (6.82) 90.5 (3.8) 90 (9.03) 0.55

ALSFRS-R, mean (SD) 29.2 (6.6) 28.7 (6.4) 29.8 (6.9) 0.53
ALSFRS-R Bulbar score,

mean (SD) 9.84 (1.04) 9.71 (1.11) 9.91 (0.99) 0.50

BORG Dyspnoea Scale,
mean (SD) 0.49 (0.5) 0.39 (0.8) 0.59 (0.31) 0.19

ESS, mean (SD) 9.2 (0.4) 9.8 (0.3) 9.4 (0.4) 0.25
Abbreviations: SD = standard deviation; BMI = body mass index; ALS = amyotrophic lateral sclerosis; FVC = forced
vital capacity; FEV1 = forced expiratory volume in the first second; MIP = maximum inspiratory pressure;
MEP = maximum expiratory pressure; AVAPS = average volume-assured pressure support; PACV = pressure
assist-control ventilation; ECAS = Edinburgh Cognitive and Behavioural ALS Screen; ALSFRS-R = Amyotrophic
Lateral Sclerosis Functional Rating Scale-Revised; ESS = Epworth Sleepiness Scale; S/T = spontaneous time;
APC = adaptive pressure control.

Table 2 shows that the baseline differences between groups in terms of the ABG
analysis and overnight cardiorespiratory polygraphy did not change significantly at follow-
up. In both groups, PaCO2 significantly improved during the 2-month follow-up but not
during the 6-month follow-up.

Ten patients belonging to HA (29.4%) complained of difficulties in adapting to NIV
due to: more than eight sessions required for the adaptation (three patients, 8.8%), pain or
nose lesions (four patients, 11.8%), or low perceived need for NIV (three patients, 8.8%).
These patients required two more sessions than the others to correctly adapt to NIV. On
the other hand, 12 participants in OA (37.5%) also needed more than 8 sessions to adapt to
NIV. Nevertheless, no significant differences in terms of NIV hours of usage were found
between the groups (F (1, 42.3) = 0.27, p = 0.60) at T2 and (F (1, 40) = 0.10, p = 0.75) at the
6-month follow-up (Figure 3).
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Table 2. Arterial blood gas analysis and polygraphy between groups.

Outcomes
Baseline After Adaptation Follow Up (2 Months Later) Follow Up (6 Months Later)

HA n = 34 OA n = 32 95%Cl, p Value HA n = 34 OA n = 32 95%Cl, p
Value HA n = 31 OA n = 27 95%Cl, p Value HA n = 31 OA n = 27 95%Cl, p-Value

ABG
ph, mean (SD) 7.39 (1.27) 7.42 (0.44) 7.32–7.42, p = 0.34 7.39 (2.8) 7.39 (3.1) p = 0.34 7.39 (3.45) 7.41 (0.02) 7.35–7.37, p = 0.33 7.42 (0.02) 7.40 (14.6) 7.37–7.39, p = 0.33

PaCO2, mean (SD) 42.29 (5.56) 43.58 (8.17) 41.21–44.62, p = 0.46 34.6 (3.3) 34.9 (2.9) p = 0.46 33.0 (17.24) 29.93 (19.16) 27.05–35.97, p = 0.50 43.4 (2.81) 43.3 (2.29) 38.0–48.0, p = 0.46
PaO2, mean (SD) 77 (9.13) 75.26 (9.84) 73.83–78.88, p = 0.46 78.1 (9) 77.4 (9.7) p = 0.46 77.0 (5.79) 77.9 (6.71) 75.67–79.15, p = 0.61 78.3 (5.95) 76.27 (6) 68.0–91.0, p = 0.24
HCO3, mean (SD) 29.97 (3.95) 29.19 (3.72) 28.19–30.96, p = 0.80 27.8 (3.4) 28.1 (3.61) p = 0.28 29.24 (2.16) 29.74 (1.74) 28.03–30.91, p = 0.37 29.95

(2.02) 31.04 (1.9) 24.2–33.0, p = 0.11

SaO2, mean (SD) 94.17 (2.17) 94.51 (2.8) 93.72–94.95, p = 0.59 95.2 (2.12) 94.9 (2.1) p = 0.21 94.51 (1.47) 95.00 (1.38) 93.33–95.15, p = 0.24 94.86
(1.38)

94.53
(1.49) 92.0–97.0, p = 0.44

Polygraphy

AHI, mean (SD) 13.34 (11.71) 19.99 (17.96) 12.58–20.22, p = 0.09 — — — 5.90 (4.99) 6.65 (5.83) 7.47–13.7, p = 0.09 5.20 (4.57) 7.11 (7.45) 4.58–7.66, p = 0.22
SpO2, mean (SD) 91.91 (2.13) 90.69 (3.51) 90.60–92.05, p = 0.10 — — — 91.8 (5.2) 92.1 (6.1) 89.1–93.5, p = 0.88 91.60

(16.25)
91.43

(16.76) 87.46–95.47, p = 0.96

ODI, mean (SD) 11.47 (10.36) 11.10 (7.52) 8.95–13.36, p = 0.76 — — — 8.6 (3.8) 8.15 (3.23) 1.72–2.44, p = 0.05 4.85 (4.91) 6.57 (8.20) 4.00–7.36, p = 0.31
T90%, mean (SD) 14.78 (26.03) 27.38 (34.78) 13.00–28.04 p = 0.10 — — — 7.61 (6.62) 5.7 (6.63) 2.34–2.54, p = 0.07

12.09
(6.07)

12.08
(2.06) 1.98–11.88, p = 0.14

Abbreviations: SD = standard deviation; HA = Hospital Adaptation; OA = Outpatient Adaptation; ABG = Arterial Blood Gas Analysis; ph = measurement of acidity or alkalinity;
PaCO2 = partial pressure of carbon dioxide; PaO2 = partial pressure of oxygen; SaO2 = Oxygen Saturation (arterial blood); SpO2 = Spot peripheral capillary oxygen saturation;
HCO3 = bicarbonate; AHI = Apnea Hypopnea Index; ODI = Oxygen Desaturation Index; T90% = total sleep time in oxygen saturation ≤ 90%. Data are reported in mmHg
(1 kPa = 7.5 mmHg).
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Figure 3. PaCO2 and NIV adherence (hours of NIV used/month).

At the 2-month follow-up, QoL, assessed with the SF-36, improved more significantly
in HA (F (1, 55.82) = 6.98, p = 0.01) than in OA. This result, however, was not maintained
over time at the 6-month follow-up (F (1, 1.94) = 42.3, p = 0.17). Moreover, only the General
Health subscale of the SF-36 reported a significant improvement between the groups in
favor of home adaptation at the 6-month follow-up (Table 3). Figure 4, on the other hand,
shows the changes within the groups in terms of the subscales of the SF-36, in which there is
a significant improvement in the Physical Component Summary (F (1, 62) = 68.04, p < 001)
in both groups. However, despite an improvement in General Health, both groups showed
a worsening in Bodily Pain (F (1, 62) = 3.59, p = 0.063), Role Emotional (F (1, 62) = 0.87,
p = 0.355) and Mental Health (F (1, 62) = 0.41, p = 0.840) over time.

Considering the perceived burden of caregivers and its effect on their QoL, assessed
with the CBS, no differences were found between the groups at either 2 (F (1, 25) = 1.29,
p = 0.27) or 6 months (F (1, 25) = 0.00, p = 0.93). However, significant differences were found
within HA between T1 and T2 (t (17) = 3.03, p = 0.00) but not within OA (t (18) = 2.08,
p = 0.05) (Table 4).

Physical, psychological, and social burdens examined with both the CBI and ZBI
only significantly improved immediately after the adaptation process to NIV in OA (CBI:
p = 0.01; ZBI: p = 0.00) but not in HA (CBI: p = 0.18; ZBI: p = 0.05) (Table 3).

Finally, the overall degree of satisfaction with the adaptation to NIV, measured by VAS
at the end of the NIV adaptation, was significantly higher in HA than OA (F (1, 26) = 7.48,
p = 0.01). However, this result was not maintained at T2 (F (1, 59) = 0.35, p = 0.55) and T3
(F (1, 48) = 0.43, p = 0.51).
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Table 3. Quality of life and caregiver burden result between groups.

Baseline Follow Up (2 Months Later) Follow Up (6 Months Later)

Outcomes
Home

Adaptation (HA)
n = 34

Outpatient Clinic
Adaptation (OA)

n = 32
95% Cl, p-Value Home Adaptation

(HA) n = 29
Outpatient Clinic
Adaptation (OA)

n = 23
95% Cl, p-Value Home Adaptation

(HA) n = 29

Outpatient
Clinic

Adaptation (OA)
n = 23

95% Cl, p-Value

SF-36, mean (SD) 26.78 (7.92) 25.19 (9.71) 22.36–27.32, p = 0.150 52.21 (32.04) 38.69 (21.63) 41.43–56.66, p = 0.011 28.2 (3.57) 30.0 (4.80) 15.0–30.0; p = 0.171
Physical

Component
Summary(PCS)

6.59 (3.88) 6.06 (3.92) 1.4–13.1, p = 0.636 62.8 (31.7) 35.1 (18.6) 17.1–99, p = 0.551 28.2 (3.57) 30 (4.80) 0–30.8, p = 0.967

Mental Component
Summary(MCS) 7.44 (3.88) 6.75 (4.10) 0–13.4, p = 0.588 24.1 (16.5) 21.8 (13.8) 0–50.1, p = 0.446 15.5 (9.73) 15.6 (8.45) 0–29.9, p = 0.517

Physical
Functioning(PF) 18.5 (5.70) 19.7 (5.10) 10–27.3, p = 0.494 15.3 (11.2) 17.5 (11.9) 0–40, p = 0.742 16 (8.68) 14.6 (9.33) 10–19.9, p = 0.719

Role Physical(RP) 9.59 (2.33) 8.44 (2.15) 6.1–13.2, p = 0.395 10.4 (1.07) 10.5 (1.19) 9.2–12.3, p = 0.068 9.97 (10.5) 9.47 (5.95) 0–12, p = 0.409
Bodily Pain(BP) 73.8 (4.20) 72.90 (4.09) 67.3–80, p = 0.143 13.5 (4.03) 11.6 (4.45) 6–20.5, p = 0.066 7.84 (3.97) 7 (4.15) 0–10.9, p = 0.847

General
Health(GH) 27.9 (4.69) 25.6 (4.38) 20.2–34, p = 0.419 73.9 (4.94) 71.6 (4.96) 63.8–80, p = 0.369 6.25 (2.69) 4.19 (3.43) 5.3–30, p = 0.010

Vitality(VT) 42.7 (5.89) 42.1 (5.32) 34–52.5, p = 0.251 12 (6.46) 13.6 (7.58) 2–25, p = 0.578 14.6 (16.8) 18 (8.67) 10–16.3, p = 0.078
Social

Functioning(SF) 31.7 (3.51) 31.1 (3.37) 27.1–37, p = 0.471 18.8 (6.44) 17.9 (6.06) 8.1–30, p = 0.486 7.13 (4.24) 7.84 (4.40) 6.7–30, p = 0.508

Role
Emotional(RE) 77.7 (9.26) 77.3 (9.07) 60.4–90.2; p = 0.871 26.3 (12.6) 22.7 (13.2) 3.4–45, p = 0.269 25.9 (15) 24.8 (13.8) 1.2–50, p = 0.776

Mental
Health(MH) 62.8 (8.15) 63.8 (8.75) 51.3–78, p = 0.814 43.1 (24.5) 41.3 (26.1) 1–44, p = 0.772 6.88 (4.48) 6.41 (4.60) 2–14.3, p = 0.681

CBI, mean (SD) 20.51 (16.31) 23.60 (13.50) 17.99–25.45, p = 0.652 16.35 (17.26) 13.28 (14.11) 10.51–21.9, p = 0.486 24.22 (13,64) 24.89 (12.61) 11.2–25.3; p = 0.008
ZBI, mean (SD) 23.87 (15.86) 28.72 (16.08) 21.71–30.86, p = 0.150 18.16 (17.98) 14.00 (16.73) 11.42–20.60, p = 0.591 25.94 (15.81) 26.89 (14.60) 10.4–27.1; p = 0.847
CBS, mean (SD) 47.33 (22.43) 37.89 (23.71) 36.39–49.45, p = 0.206 31.00 (29.21) 23.78 (23.71) 10.70–28.77, p = 0.991 46.57 (19.93) 38.31 (17.85) 36.0–51.0; p = 0.269

Abbreviations: SD = standard deviation; OA = outpatient clinic adaptation (OA); HA = home adaptation; Cl = Class; SF-36 = Short Form Health Survey-36; CBI = Caregiver Burden
Inventory; ZBI = Zarit Burden interview; CBS = Caregiving Burden Scale. In bold, find the items defined as significant.
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Figure 4. Development of scores from the SF-36 subscales before and after adaptation to NIV in the two settings.
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Table 4. Quality of life and caregiver burden results within groups.

Home Adaptation (HA) Outpatient Clinic Adaptation (OA)

Outcomes Baseline Follow-Up
(2 Months Later) 95% Cl, p-Value Baseline

Follow-Up
(2 Months

Later)
95% Cl, p-Value

SF-36, mean (SD) 26.78 (7.92) 52.21 (32.04) 18.69–42.15, p = 0.000 25.19 (9.71) 38.69 (21.63) 4.11–22.88, p = 0.007
CBI, mean (SD) 20.51 (16.31) 16.35 (17.26) 2.08–10.40, p = 0.183 23.60 (13.50) 13.28 (14.11) 2.68–17.95, p = 0.010
ZBI, mean (SD) 23.87 (15.86) 18.16 (17.98) 0.070–11.42, p = 0.050 28.72 (16.08) 14.00 (16.73) 4.24–19.06, p = 0.003
CBS, mean (SD) 47.33 (22.43) 31.00 (29.21) 4.96–27.70, p = 0.008 37.89 (23.71) 23.78 (23.71) 0.12–28.33, p = 0.052

Abbreviations: SD = standard deviation; OA = outpatient clinic adaptation; HA = home adaptation; SF-36 = Short
Form Health Survey-36; CBI = Caregiver Burden Inventory; ZBI = Zarit Burden interview; CBS = Caregiving
Burden Scale. In bold, find the items defined as significant.

4. Discussion

In our study, the primary outcome was PaCO2 equality between home and outpatient
NIV adaptation and its maintenance over time. PaCO2 initially increases during sleep,
leading to nocturnal hypoventilation and, thus, diurnal hypercapnia. Hypercapnia leads to
clinical symptoms such as headaches on awakening, daily fatigue, sleep disturbances, and
depression. Starting NIV at home, in our study, was shown to be as effective in reducing
CO2 as starting it in an outpatient setting.

ABG was performed at least 4 h after removing night-time ventilation to check whether
the daytime hypoventilation state remained, demonstrating that there was no difference
in PaCO2 values between the two groups over time. However, a significant difference
(p = 0.02) was found between the PaCO2 measured at T2 compared with that at T3: this was
due to the progression of the disease, although the patient increased the number of hours
of NIV during the day. However, this increase in ventilation hours at 6 months did not
maintain PaCO2 at similar levels compared with those measured at T2. Dorst [11] showed
that ventilation times naturally increase due to clinical worsening to the point of 24 h of
ventilation. Markovic [42] demonstrated that ALS patients, after 3 months of adaptation
to NIV, increased their ventilator use hours, demonstrating the natural progression of
respiratory dysfunction as the disease worsened. Manera et al. found that in 186 post-NIV
ALS patients after NIV start, PaCO2 levels were not correlated to survival in ALS patients,
and only HCO3 and Subacute Bacterial Endocarditis (SBE) levels were predictive of death
or tracheostomy, and the risk for death/tracheostomy was increased by more than 40%,
and survival was significantly shortened. Unfortunately, the limitation of this paper is that
it does not describe how patients’ adherence to NIV was assessed [43]. Furthermore, the
ABG data are often influenced by numerous factors such as the use of diuretics, vomiting,
sodium retention, or ingestion of alkaline substances. In our study, three participants in the
HA group and one participant in the OA group had a tracheostomy. Four participants died
(6.9%), two in HA (5.9%) and two in OA (6%), and they were withdrawn from the study.

The evaluation of ETCO2, compared to transcutaneous CO2 (TcCO2), has been a
debated issue for many years. In our work, a non-vented facial mask was connected to the
CO2SMO probe, and the latter was connected to a whisper swivel to avoid leaks as much
as possible: if SpO2 < 94% or ETCO2 > 45 mmHg, RT increased IPAP or EPAP until values
were normalized. In this way, we checked for fixed leaks and then that the ETCO2 was
stable throughout the afternoon monitoring period. We have also chosen this monitoring
system because, compared to TcCO2, it is lighter and easily transportable at home. Sung-
Min Kim [37], in his paper, demonstrated that brief waking supine capnography (EtCO2)
could be useful as a screening tool for nocturnal hypoventilation and compliance with
subsequent NIV treatment.

Perceptions of difficulties with NIV acceptance reported by patients were similar
in the two groups. Our results are similar to those obtained by Chatwin et al. [8] in
non-ALS neuromuscular patients, in whom outpatients increased their hours of night-
time ventilation more than inpatients. In our study, the acceptance of NIV during home
adaptation was the same as in the outpatient group. Our results show high feasibility
within the home NIV adaptation group compared to the outpatient adaptation group that
needed more than eight sessions in a higher percentage (29.4% in HA vs. 37.5% in OA).
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Moreover, ALS patients’ adherence to NIV at 2 and 6 months indicate that outpatient and
home-based initiation of NIV are equivalent: only eight patients did not complete the study
(four participants (6.9%), two in OA (6%), and two in HA (5.9%), did not reach the goal of
150 h/month prescribed, and four participants died (6.9%), two in HA (5.9%) and two in
OA (6%)].

There are no Consensus Guidelines for NIV regarding an optimal monitoring strat-
egy [44], adherence goals, or the best follow-up testing [44]. In a prospective controlled
study of ALS patients using NIV at home, Pinto et al. [12] demonstrated that NIV adjust-
ment was successfully managed through telemonitoring and that NIV compliance was
comparable to that of evaluated outpatients. This study emphasizes how telemedicine
improves survival and functional status in ALS patients and likely reduces disease costs.
In our study, the home setting for NIV adaptation showed a greater improvement in the
patients’ QoL but not in the caregiver’s burden. On the other hand, based on the results of
the SF-36 administration, no significant differences emerged between the groups in terms
of the different subscales, except for General Health, and some domains, such as Vitality
or Social Functioning, showed stabilization or even deterioration compared to baseline,
confirming the results of other studies that have explored QoL change in the past [45]. The
physical, psychological, and social burdens of the respective caregivers only improved
in the OA and not in the HA, suggesting the importance of the perceived safety for the
person who is constantly at the patient’s side. In selecting which setting is most appropriate
for NIV adaptation, it is important to consider factors such as the patient’s transportation
availability, distance from the hospital, the presence of a competent caregiver at night,
severe bulbar weakness, and any anxiety or cognitive issues the patient may have [46–48].
Patients who have the option of starting NIV at home are obviously in a more comfortable
environment than in the hospital. Our home patients reported being in their environment
with the help of family and being able to sleep as much as needed, whereas patients seen
in an outpatient setting were in an impersonal environment without the usual landmarks,
except for caregiver support.

Our data are in line with the systematic review by Macintyre et al. [49] and the study
of Bourke et al. [50] that showed an improved time-weighted mean HRQoL in ALS patients
treated with NIV. However, they are in contrast with previous studies showing that the
QoL of ALS patients tends to worsen, compared to the non-ALS group, after 6 months
of NIV [45]. On the other hand, as Hazenberg et al. noted in their observational study,
methodological challenges regarding the measurement of QoL over time in ALS patients
because of disease progression go hand-in-hand with a change in QoL [45].

The results of our study indicate that patients who prefer OA or HA initiation may
be allowed to choose between the two. Factors to consider are the distance to the referral
center, whether they have cognitive or bulbar difficulties, anxiety, and the presence of a
caregiver who is knowledgeable and familiar with the patient’s needs.

Limitations

An accurate cost analysis was not performed in this study, but we can speculate
that home-based NIV initiation is cost-effective, considering that the Italian health system
reimbursement for 1 day of hospitalization for an ALS patient in a rehabilitation center is
EUR 370.37/day, and for one outpatient visit is EUR 230/day, while the reimbursement for
home-based adaptation is EUR 47.00/day. The hourly cost of a physiotherapist at home,
according to the regional health service, is EUR 23.50 per access. In our case, two accesses
per day were reimbursed. However, the costs of NIV are high, limiting the ability to extend
the time of adaptation, especially given the out-of-pocket costs that are likely to significantly
increase the economic burden. Indeed, Meng and colleagues found that monthly costs tend
to increase nine months before diagnosis, with a significant increase in the index month
(Medicare: USD 10,398; commercial: USD 9354), which persists post-indult. In addition,
prescriptions and equipment costs are burdensome in the post-diagnosis period, reaching
70.2% of the annual cost trend due to disease progression, with 9% of total costs associated
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with the disease (USD 126,161 over a 10-year disease duration) [51]. The limitations of
our study also include the fact that it did not investigate in depth the subjective reality
of adaptation to NIV in the two settings, an aspect that future research could investigate
in greater depth using semi-structured interviews. The SF-36 sub-scales themselves, as
well as emotional aspects such as anxiety or depression, could help in understanding the
factors affecting the adaptation process to NIV, that, in other studies, are relevant in the
adaptation process [46–48]. Finally, another limitation is that we only considered patients
within 40 km, which is certainly different from the situation in many countries, where they
may come from further distances.

5. Conclusions

In ALS, adaptation to NIV at the patient’s home is as effective as that performed
in an outpatient setting in terms of improved PaCO2, acceptance, and adherence. QoL
seems better when NIV is offered at home, whereas there seems to be no benefit in terms
of caregiver burden. HA was preferred in stable patients and their caregivers and was
probably less costly.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/jcm11113178/s1, Table S1: Educational Learning Test.

Author Contributions: P.B. conceived and designed the study with M.V.; E.V. obtained ethics ap-
provals, performed data analysis, prepared figures and tables, and drafted the manuscript, which
was edited and approved by all authors; L.P., S.D., S.G., E.B. and M.P. were leaders in recruiting
participants and carrying out the intervention; A.L.—methodology. All authors have read and agreed
to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was approved by the Ethics Committee (ap-
proved on 15 April 2015; Comitato Etico della Sezione IRCCS Fondazione Don Carlo Gnocchi, Board
Affiliation: Comitato Etico IRCCS Regione Lombardia). The study was conducted according to the
Declaration of Helsinki 2013. The requirements of the CONSORT checklist were met.

Informed Consent Statement: All participants provided signed informed consent to take part in the
study.

Data Availability Statement: All data generated or analyzed during this study are included in this
article and/or its supplementary material files. Further inquiries can be directed to the corresponding
author.

Acknowledgments: The authors thank the participants, caregivers, and the team at each site (Res-
piratory Rehabilitation Unit of the IRCCS Santa Maria Nascente, Fondazione Don Carlo Gnocchi,
Milan; Respiratory Rehabilitation Unit of ICS Maugeri, Lumezzane, Brescia).

Conflicts of Interest: The authors declare that there are no conflict of interest.

Abbreviations

RCT = randomized controlled trial; ALS = amyotrophic lateral sclerosis; NIV = non-invasive venti-
lation; QoL = quality of life; ALSFRS-R = Amyotrophic Lateral Sclerosis Functional Rating Scale—
Revized; BDS= Borg Dyspnoea Scale; ECAS = Edinburg Cognitive and Behavioural ALS Screen;
ARF = acute respiratory failure; HA = home adaptation; OA = outpatient adaptation; MIP = maximum
inspiratory pressure; MEP = maximum expiratory pressure; BMI = body mass index; RT = respira-
tory therapist; SpO2 = peripheral capillary oxygen saturation; ABG = arterial blood gas analysis;
pH = measurement of acidity or alkalinity; PaCO2 = partial pressure of carbon dioxide; PaO2 = par-
tial pressure of oxygen; HCO3 = bicarbonate; ETCO2 = end-tidal carbon dioxide; SBE = Subacute
Bacterial Endocarditis, ESS = Epworth Sleepiness Scale; VAS = Visual Analogue Scale; SF-36 = 36-Item
Short Form Survey; CBI = Caregiver Burden Inventory; CBS = Caregiver Burden Scale; ZBI = Zarit
Burden Interview; SPSS = Statistical Package for Social Science; ANOVA= Analysis of Variance;

https://www.mdpi.com/article/10.3390/jcm11113178/s1
https://www.mdpi.com/article/10.3390/jcm11113178/s1


J. Clin. Med. 2022, 11, 3178 16 of 18

aPCV = assisted pressure-controlled ventilation; AVAPS = average volume-assured pressure support.
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