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ABSTRACT
BACKGROUND: Respiratory failure is the most common cause of death in patients with amyotrophic
lateral sclerosis (ALS), and morbidity is related to poor quality of life (QOL). Non-invasive ventilation (NIV)
may be associated with prolonged survival and QOL in patients with ALS.
OBJECTIVES: To assess whether NIV is effective and safe for patients with ALS in terms of survival and QOL,
alerting the health system.
DESIGN AND SETTING: Systematic review was conducted in accordance with Preferred Reporting ltems
for Systematic Reviews and Meta-Analyses reporting standards using population, intervention, compari-
son, and outcome strategies.
METHODS: The Cochrane Library, CENTRAL, MEDLINE, LILACS, EMBASE, and CRD databases were searched
based on the eligibility criteria for all types of studies on NIV use in patients with ALS published up to
January 2022. Data were extracted from the included studies, and the findings were presented using a
narrative synthesis.
RESULTS: Of the 120 papers identified, only 14 were related to systematic reviews. After thorough reading,
only one meta-analysis was considered eligible. In the second stage, 248 studies were included; howev-
er, only one systematic review was included. The results demonstrated that NIV provided relief from the
symptoms of chronic hypoventilation, increased survival, and improved QOL compared to standard care.
These results varied according to clinical phenotype.
CONCLUSIONS: NIV in patients with ALS improves the outcome and can delay the indication for tracheos-
tomy, reducing expenditure on hospitalization and occupancy of intensive care unit beds.
SYSTEMATIC REVIEW REGISTRATION: PROSPERO database: CRD42021279910 — https://www.crd.york.
ac.uk/prospero/display_record.php?RecordID=279910.

INTRODUCTION

Amyotrophic lateral sclerosis (ALS) is a rare, progressive neurodegenerative disease characterized
by the irreversible loss of motor neurons. This leads to generalized paralysis and respiratory insuffi-
ciency, mainly due to diaphragmatic weakness, which is the main cause of death from this disease.’

Episodes of acute decompensation frequently occur during simple upper airway infections.
This is facilitated by the inability of individuals to eliminate secretions and weakness of their oro-
pharyngeal musculature, with consequent bronchoaspiration.?

Epidemiological data indicate that the onset of the disease can affect younger individuals,
especially in genetic forms.* This aspect also calls attention to the need for noninvasive ventilator
assistance (NIV) with the aid of two-level volumetric ventilators to prolong survival and increase
the involvement of respiratory specialists in this assistance.>”

Considering that, in some countries, NIV prescription is still influenced by insurance and
financial constraints, and that some publications diverge with regard to timing and prognostic

factors, the current context reinforces the need for a systematic review on the subject.

OBJECTIVE
This systematic review utilized the Population, Intervention, Comparison, Outcomes (PICO)®
strategy to focus on the effectiveness and safety of NIV and assess its impact on the survival and

quality of life of patients with ALS and respiratory failure.
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METHODS

Design and setting

The review protocol was registered with the International
Prospective Register of Systematic Reviews database (www.crd.
york.ac.uk/prospero/; registration number CRD42021279910)
and was conducted in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
reporting standards’® using the PICO strategy for research ques-

tion construction and evidence search.®!’

Research strategy

Electronic databases were searched, without language or time
restrictions, for relevant studies published until January 2022:
Cochrane Library, Cochrane Central Register of Controlled
Trials (CENTRAL), MEDLINE via PubMed, Literatura Latino-
Americana e do Caribe em Ciéncias da Saude (LILACS),
Excerpta Medica Database (EMBASE), Center for Reviews
and Dissemination (CRD), Cumulative Index to Nursing and
Allied Health Literature (CINAHL) Plus, and the Allied
and Complementary Medicine Database.

Supplementary research was conducted on the websites of
health technology assessment agencies, correlated institutions,
and their databases. Electronic searches were complemented by
manual searches of the reference lists of the included studies and
grey literature searches.

Specific descriptors, keywords, Embase subject headings
(Emtree), and Medical Subject Headings (MeSH) for each data-
base were used to construct the search strategies. Supplementary
material available at https://doi.org/10.6084/m9.figshare.22321504
presents the search strategy adopted. Systematic reviews of random-
ized clinical trials with or without meta-analyses, and individual
randomized clinical trials on the use of NIV in patients with ALS
were sought. Systematic reviews of good methodological quality
with meta-analyses were prioritized because of their higher lev-
els of evidence. If no such reviews existed, a search for individual
studies was planned.

The search strategy was created using the PICO strategy."’
The patients (P) used in the search strategy were those with
ALS and an indication for ventilatory assistance. A rapid initial
investigation was conducted to create an intervention section
for the search strategy. Intervention (I) was the indication for
NIV. Comparison (C) was defined as a standard treatment that
did not involve NIV or other comparators. Outcomes (O) are
related to quality of care, including survival, quality of life, and
other clinical outcomes.

For this review, the following studies were excluded: dupli-
cates, non-comparative studies, comparative studies with a retro-

spective design, and studies published only in an abstract format

or the like, without complete data that would make it possible to
assess the methods.

The two reviewers searched the databases using a previously
defined strategy. Based on these criteria, they selected studies
for inclusion in this review. In the event of a lack of consen-
sus between the two reviewers, a third reviewer was consulted
regarding eligibility and was responsible for making the final
decision. The included studies were evaluated for level of evi-
dence using the Oxford Centre of Evidence-Based Medicine
Levels of Evidence."

This review was conducted in accordance with Preferred
Reporting Items for Systematic Reviews and Meta-Analyses rec-

ommendations® and is presented using narrative synthesis.

RESULTS

Search results
The articles were selected in stages. First, systematic reviews with
or without meta-analyses were selected, given their higher qual-
ity regarding the hierarchy of evidence. Through a search of the
databases for systematic reviews, 120 non-duplicated titles were
identified. Two reviewers applied the eligibility criteria and ini-
tially selected 14 articles for full reading that were potentially
related to systematic reviews. Among these, one systematic
review and meta-analysis by the Cochrane Collaboration was
considered eligible (Figure 1). Two systematic reviews with ade-
quate search and selection methods were excluded after reading
them completely because they included non-comparative cohort
studies with prospective or retrospective designs.

In the second stage, the individual studies were screened and
selected according to the strategies described above. Of the 248
registered articles, two were selected for full reading. Only two

were selected and included in this review (Figure 2).

A systematic review with meta-analysis produced through
the Cochrane Collaboration

A systematic review was conducted in accordance with the guide-
lines of the Cochrane Collaboration, in which they sought to
evaluate the effects of NIV and ventilation assisted through tra-
cheostomy (VAT) on survival, functional parameters and qual-
ity of life among patients with ALS. Furthermore, they sought to
evaluate the safety of these technologies.

Searches were conducted up to January 2022 using the fol-
lowing databases: Cochrane Library, CENTRAL, MEDLINE,
EMBASE, LILACS, CRD, CINAHL Plus, and Allied and
Complementary Medicine Database. The eligibility criteria for
the review were: the studies needed to be randomized clini-
cal trials (RCTs) or quasi-randomized studies involving NIV

or VAT among participants with a clinical diagnosis of ALS,
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Figure 2. Flow diagram showing study selection method (efficacy and safety in prospective comparative studies or randomized clinical trials).

Initially, two RCTs involving 54 participants with ALS receiv-
ing NIV were included. One of these studies (n = 13) compared the

early and late use of NIV and presented incomplete data. Missing

independent of the outcomes reported. Comparisons between
the best standard of treatment and the absence of treatment

were also considered eligible.
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data were not made available by the original authors of the arti-
cle even after contacting the Cochrane reviewers. Therefore, this
study was excluded from the analysis.

In the second study (n = 41), NIV was compared with usual care.
This study was eligible for inclusion in this review. The Cochrane
authors assessed the risk of bias in this study and noted that
the lack of blinding constituted a risk from the point of view of the
outcomes reported by the participants and doctors. However, over-
all, this was a well-designed and well-conducted study, providing
evidence of moderate quality that the overall median survival
was significantly different between the group treated with NIV
and the group that received usual care. The median survival time
in the NIV group was 48 days longer (219 versus 171 days; 95%
confidence interval, 12-91 days; P = 0.0062). This survival bene-
fit was accompanied by an improvement in the quality of life. In
the subgroup analyses, the median survival in the subgroup with
normal or moderately impaired bulbar function (20 patients) was
205 days greater (216 versus 11 days; P = 0.0059), and the quality
of life was better than that in the group receiving usual care. In
the subgroup with poor bulbar function (21 participants), NIV
did not prolong survival or improve quality of life, although there
was a significant improvement in the domain of symptoms of the
Sleep Apnea Quality of Life Index (SAQLI). None of the studies
reported any data on safety or adverse events.

Table 1 demonstrates that there was evidence of moderate
quality from a single RCT comparing the use of NIV with the best
usual care among the 41 patients, indicating that NIV significantly
prolonged the survival of patients with ALS. Additionally, there was
evidence that the quality of life was maintained at better levels for
a longer time among patients receiving NIV in comparison with
those who received usual care without NIV. However, the results
regarding this outcome might be due to the lack of blinding between
the groups. Moreover, survival and some measurements of quality
of life were significantly better in the subgroups with better bul-
bar function than in the subgroup with severe bulbar impairment.
Adverse events related to NIV or the comparators were not evalu-

ated or reported; thus, no information was obtained from the RCT.

Comparative observational study

Berlowitz et al.’? conducted a study covering the period between
1991 and 2011 to determine the effects of NIV on survival and
pulmonary function among patients with ALS of all phenotypes.
They included 1198 patients from the Bethlehem Hospital data-
base. Of them, 929 (77.5%) met the eligibility criteria and were
included in the analysis. The phenotypic distribution was as fol-
lows: bulbar ALS, n = 312 (33.5%); cervical ALS, n = 240 (25.8%);
lumbar ALS, n = 295 (31.7%); flail arms, n = 62 (6.6%); and flail
legs, n = 21 (2.2%). As the samples of the flail arm and leg phe-

notypes were small, and their patterns of disease progression and

survival were similar, they were considered together as the flail
limb group (n = 83; 8.9%).

Univariate comparisons were made between baseline charac-
teristics and survival analyses, with adjustments for age at disease
onset, sex, use of riluzol, and use of percutaneous endoscopic gas-
trostomy. In addition, a mixed-model analysis was used to assess
the rate of decline in respiratory function (forced vital capacity,
forced expiratory volume in 1 second, maximal inspiratory pres-
sure, maximal expiratory pressure, and sniff nasal inspiratory
pressure) before and after initiation of NIV. This model enabled
analysis involving “before and after” comparison among patients
using NIV, in which the main parameter of interest was the inter-
action between the use of NIV and the time elapsed since the start
of NIV use. As this analysis did not make a comparison with any
group of patients who did not receive NIV, these results were not
considered eligible and were not included as an outcome of inter-
est in the present review.

As shown in Table 2, with regard to survival, Cox univariate
regression showed that among the individuals using NIV, survival
was almost 40% longer for all phenotypes of ALS (hazard ratio
[HR] = 0.61). The positive effect of NIV on survival was main-
tained after adjusting for model for age at symptom onset, sex, use
of riluzol, and use of gastrostomy (HR = 0.72). Tracheostomy-free
survival starting from the time of symptom onset was 28 months
among patients treated with NIV compared to 15 months among
patients who did not receive NIV. Among the patients with bulbar
ALS, NIV significantly increased survival by 19 months (univar-
iate HR = 0.50; multivariate HR = 0.59). The survival advantage
observed among patients with onset of bulbar disease was con-
firmed by a sensitivity analysis conducted by the authors using a

paired cohort model.

DISCUSSION
It has been consistently demonstrated that NIV therapy relieves
the symptoms of chronic hypoventilation and increases survival.”

Two studies evaluated the effects of NIV among patients with
ALS and respiratory insufficiency with an indication for ventila-
tory support: a Cochrane systematic review and a retrospective
analysis of a prospective cohort conducted in Australia. This sys-
tematic review included only a single eligible RCT with 41 partic-
ipants; however, the methodological quality was considered ade-
quate (low risk of bias).

As shown by the available evidence, patient survival is
increased through the use of NIV, including in specific sub-
groups that are defined according to bulbar function® and the
ALS phenotype.'? In addition, the Cochrane systematic review
conducted by Radunovic et al.> demonstrated an improvement
in quality-of-life parameters among patients who were treated

with NIV for a longer time. The author identified scores > 75%



Table 1. Summary of the main results from Radunovic et al.®

Outcomes

Survival

Quality

of life

(SF-36 Mental
component
summary)

Quality

of life

(SF-36 Physical
component
summary)

Sleep Apnea
Quality of Life
Index (SAQLI)

Comparative risks (95% confidence interval)

Assumed risk
Usual care
All participants
Median survival 171 days
Participants with better bulbar function
Median survival 11 days

Participants with poor bulbar function
Median survival 261 days

All participants

Median length of time for which the
score remained more than 75% above the
baseline was 99 days

Participants with better bulbar function
Median length of time for which the
score remained more than 75% above the
baseline was 4 days

Participants with poor bulbar function
Median length of time for which the
score remained more than 75% above the
baseline was 164 days

All participants

Median length of time for which the
score remained more than 75% above the
baseline was 81 days

Participants with better bulbar function
Median length of time for which the
score remained more than 75% above the
baseline was 4 days

Participants with poor bulbar function
Median length of time for which the
score remained more than 75% above the
baseline was 132 days

All participants

Median length of time for which the
score remained more than 75% above the
baseline was 99 days

Participants with better bulbar function
Median length of time for which the
score remained more than 75% above the
baseline was 4 days

Participants with poor bulbar function
Median length of time for which the
score remained more than 75% above the
baseline was 132 days

Corresponding risk

Noninvasive ventilation
All participants
Median survival 48 days longer (12 to 19)
Participants with better bulbar function
Median survival 205 days longer (Cl not reported)
Participants with poor bulbar function
Median survival 39 days shorter (statistically non-
significant)
All participants
Median length of time for which the score
remained more than 75% above the baseline was
69 days longer (45 to 667)
Participants with better bulbar function
Median length of time for which the score
remained more than 75% above the baseline was
195 days longer (P = 0.001; Cl not reported)
Participants with poor bulbar function
Median length of time for which the score
remained more than 75% above the baseline was
37 days shorter (P = 0.64; Cl not reported)
All participants
Median length of time for which the score
remained more than 75% above the baseline was
69 days longer (P = 0.004)
Participants with better bulbar function
Median length of time for which the score
remained more than 75% above the baseline was
175 days longer (P < 0.001)
Participants with poor bulbar function
Median length of time for which the score
remained more than 75% above the baseline was
18 days longer (P = 0.88)
All participants
Median length of time for which the score
remained more than 75% above the baseline was
74 days longer (P =0.031)
Participants with better bulbar function
Median length of time for which the score
remained more than 75% above the baseline was
195 days longer (P < 0.001)
Participants with poor bulbar function
Median length of time for which the score
remained more than 75% above the baseline was
29 days shorter (P =0.77)

Number of
participants

41
(one study)

41
(one study)

41
(one study)

41
(one study)

Quality of
evidence
(GRADE)

Moderate

Low

Low

Low

SF-36: Medical Outcomes Study 36-item Short-Form Health Survey; GRADE = Grading of Recommendations Assessment, Development and Evaluation.

Table 2. Analysis on Cox univariate and multivariate survival

. Sample, n Median survival, months Univariate analysis Multivariate analysis”
Variables NIV Non-NIV NIV Non-NIV HR (95%Cl) P HR (95%Cl) P
All phenotypes™ 219 710 28.63 15.02 0.61(0.51t0 0.73) <0.001 0.72 (0.60 to 0.88) 0.001
Bulbar ALS™ 58 254 32.61 13.57 0.50 (0.36 to 0.70) <0.001 0.59 (0.41 t0 0.83) 0.003

NIV = noninvasive ventilation; HR = hazard ratio; Cl = confidence interval; ALS = amyotrophic lateral sclerosis; "Multivariate models included the following
variables: percutaneous endoscopic gastrostomy, riluzol, age at symptom onset, and sex; “Analysis stratified according to phenotype and index year in the
database (i.e., before or after 2003); ™ Analysis stratified according to index year in the database.
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above baseline measurements in the mental and physical com-
ponents of the SF-36 instrument and in the SAQLI quali-
ty-of-life measurement.

NIV can provide a better quality of life for individuals in their
homes and close to their families. It also delays the indication for
tracheostomy, reduces expenditure on hospitalization, and reduces
the occupancy of intensive care unit beds."

Patients should begin NIV at the time of their first signs and
symptoms of hypoventilation. Vital capacity is one of most com-
monly used clinical parameters; a decline greater than 50% of pre-
dicted value is associated with decreased chance of survival. Recent
studies have attempted to optimize protocols for initiating NIV. A
recent study demonstrated that there was an improvement in sur-
vival when the use of NIV was started with a vital capacity < 80%
of the expected value and by incorporating a device for mechan-

ical assistance for coughing.®

CONCLUSION
The benefits of NIV in patients with ALS have been demon-
strated over the last two decades. It improves the outcome and
can delay the indication for tracheostomy, reduce expenditure
on hospitalization, and increase the occupancy of intensive
care unit beds.

The information presented in this review can be used as a
source of knowledge for physicians and researchers to aid public

policy strategies.
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