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Antóng, Mónica Povedanoh and Eva Farreroa

aDepartment of Pneumology, UFIS-Respiratoria, Hospital Universitari de Bellvitge, Barcelona, Spain
bDepartment of Pneumology, Hospital Residencia Sant Camil, Consorci Sanitari Alt Pendedés-Garraf,
Barcelona, Spain
cDepartment of Pulmonology, Hospital General Universitario Gregorio Marañón, Madrid, Spain
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Abstract.
Background and objective: Forced vital capacity (FVC) less than 50% of predicted is one of the main parameters used
for Non-Invasive Ventilation (NIV) initiation in Amyotrophic Lateral Sclerosis (ALS). Recent studies suggest that higher
values of FVC could be considered as a threshold. The aim of this study is to evaluate whether early use of NIV improves
the prognosis of ALS patients compared with standard initiation.
Methods: This is a randomized, parallel, multicenter, open-label, controlled clinical trial, with recruitment at the ALS
outpatient multidisciplinary units of six Spanish hospitals. Patients were included when their FVC reached the 75% threshold
and were randomized by computer, stratifying by center in an allocation ratio of 1:1 to Early NIV (FVC below 75%) or
Standard NIV (FVC below 50%) initiation. The primary outcome was time to death or tracheostomy.

Trial registration number ClinicalTrials.gov: NCT01641965.
Results: Between May 2012 and June 2014, 42 patients were randomized to two groups, 20 to Early NIV and 22 to
Standard NIV initiation. We found differences in survival in favor of the intervention group: an incidence of mortality (2.68
[1.87–5.50] vs. 3.33 [1.34–4.80] person-months) and a median survival (25.2 vs. 19.4 months), although without reaching
statistical significance (p = 0.267).
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Conclusions: This trial did not reach the primary endpoint of survival; nevertheless, it is the first Randomized Controlled
Trial (RCT) to demonstrate the benefits of early NIV in slowing the decline of respiratory muscle strength and reducing
adverse events. Although not all the results reached statistical significance, all the analyzed data favor early NIV. In addition,
this study demonstrates good tolerance and compliance with early NIV without quality of sleep impairment. These data
reinforce the early respiratory evaluation of ALS patients and NIV initiation with an FVC of around 75%.

Keywords: ALS, Early NIV, survival, respiratory insufficiency, respiratory complications

INTRODUCTION

Amyotrophic lateral sclerosis (ALS) is a dev-
astating, progressive neurodegenerative disease of
unknown cause characterized by a loss of motor neu-
rons in the spinal cord, brainstem and motor cortex.
Progressive muscular weakness and atrophy results in
disability and ultimately death, usually within three
to five years after diagnosis. Currently, only one drug,
riluzole, has been approved worldwide for the treat-
ment of ALS, but its benefits are modest [1]. However,
other treatments have been approved in some coun-
tries. Edaravone has shown a reduction in the decline
of ALSFRS [2]; and AMX0035 has shown promising
results for both functional and survival outcomes in a
long-term analysis [3], results pending confirmation
in a phase 3 study in Europe.

Respiratory failure as a result of progressive respi-
ratory muscle weakness is the main cause of death in
more than 80% of patients [4]. Over the last decade,
Non Invasive Ventilation (NIV) has proven to be an
efficient treatment for respiratory failure, improving
the survival and quality of life of these patients [5, 6].

When to initiate NIV remains unclear [7].
Although it is widely accepted that NIV should
be started prior to the development of hypercapnia
(meaning a severe weakness of respiratory muscula-
ture), the most appropriate method of screening with
a high pre-test probability to detect early respiratory
insufficiency is still uncertain. Forced vital capacity
(FVC) is one of the main parameters used in clini-
cal practice, although varies between countries, being
the indication of NIV when FVC is between 80% and
50% of predicted [8].

Some studies suggest that higher FVC values could
be a better threshold to initiate NIV in ALS, describ-
ing increased benefits of early NIV initiation with
FVC higher than 65% [9] or higher than 75% [10].
Some studies even suggest starting NIV with normal
lung function (FVC higher than 80% of predicted)
[11].

All of these studies were retrospective or non-
randomized and, to the best of our knowledge, there

are no data available from any Randomized Control
Trial (RCT) to confirm these promising results.

Therefore, we decided to carry out an RCT to test
the hypothesis that the early use of NIV, in the ini-
tial phase of respiratory muscle weakness (defined
as a slight decrease in the FVC, lower than 75% of
predicted), improves the prognosis of ALS patients,
compared with the standard initiation of NIV in our
country (FVC lower than 50% of predicted).

MATERIAL AND METHODS

Design and Participants

This is a multicentre, randomized, open-label, con-
trolled clinical trial with a parallel treatment design,
conducted from May 2012 to June 2014. Patients
were recruited at the ALS outpatient multidisci-
plinary units of six Spanish tertiary hospitals. Patients
with an ALS diagnosis and slightly decreased respi-
ratory function (FVC below or equal to 75%) were
randomly assigned to Early NIV or Standard NIV
groups. The design of the study is represented in
Fig. 1.

All the patients evaluated at the outpatient clin-
ics in the multidisciplinary ALS units were eligible
to participate in the study. The inclusion criteria
were: (1) Definite or probable ALS diagnosis accord-
ing to El Escorial Criteria [12]; (2) FVC below
or equal to 75% (with recorded FVC greater than
75% within the six previous months). Exclusion
criteria were: (1) indication of NIV according to stan-
dard criteria (PaCO2 above 45 mmHg, FVC below
50%, orthopnoea); (2) cognitive impairment that pre-
vents the patient understanding and performing the
study procedures including giving informed consent,
and technically acceptable pulmonary function tests
(FVC, Maximum Inspiratory Pressure (MIP), Sniff
Nasal Inspiratory Pressure (SNIP), Cough Peak Flow
(CPF)); (3) major comorbidity (not ALS-related) that
can shorten life expectancy; (4) refusal of NIV treat-
ment; (5) previous respiratory or cardiac diseases
with known impaired spirometry; (6) ALS with a slow
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Fig. 1. CONSORT 2010 Flow Diagram.

disease progression (more than three years), and (7)
participation in another clinical trial.

The study protocol and subsequent amendments
were approved by the Clinical Research Ethics Com-
mittee of all the participant centres. Written informed
consent was obtained from all patients. The research
was conducted according to the principles of the
World Medical Association Declaration of Helsinki.

Randomisation and masking

Subjects were randomized to Early NIV or Stan-
dard NIV. They were assigned a randomization code
and a study intervention code through a random-
ization plan. A computerized randomization was
performed and the randomization plan was carried
out by blocks, stratifying by centre at an allocation
ratio of 1:1.

Patients in the Early group started NIV imme-
diately, while patients in the Standard NIV group
started when at least one criterion was fulfilled: FVC
less than 50%, orthopnea or daytime hypercapnia.

The use of a “sham” NIV was rejected since pre-
vious studies in ALS have documented its doubtful
efficacy (only 35% of the patients in the sham group
believed that they were receiving active treatment)
[13]. Therefore, an open-label approach was adopted.

Procedures/study protocol

Initial assessment
Patients were recruited from the ALS outpatient

multidisciplinary units of each participating centre.
When patients FVC reached the 75% threshold of
the predicted value a screening visit was performed.
Demographic data, medical history, symptoms, lung
function, nocturnal oximetry and the measurement
of daytime gas exchange were collected. After eligi-
bility verification and informed signed consent was
obtained, randomization was performed.

Intervention
Both groups initiated NIV treatment with a bi-

level positive airway pressure device (VIVO 40,
BREAS Medical AD, Sweden) operating in pres-
sure support assisted/control mode. The minimum
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EPAP was 4 cmH2O, with a minimum pressure
support 10 cmH2O (IPAP min 14 cmH2O), the
maximum IPAP was adjusted according to the tol-
erance and needs of the patient. In the Early NIV
patients, without or with minimum impairments,
IPAP was adjusted according to tolerance; while
in the Standard NIV group, IPAP was increased
until normal nocturnal oximetry and daytime arte-
rial PaCO2 under 45 mmHg during ventilation were
achieved. A minimum back-up respiratory rate of 10
to 12 breaths/min was set. The remaining parameters
were adjusted according to patient tolerability. Nasal
or facial mask were used according to the presence of
oral leaks and to obtain the greatest possible patient
comfort.

Initial NIV indication was nocturnal in both groups
of patients but increasing use of NIV was recom-
mended according to symptoms or the presence of
hypercapnia related to the progression of respira-
tory muscle weakness. If hypercapnia persisted, a
reassessment of ventilator parameters was carried out
to correct arterial blood gases and nocturnal oximetry
during NIV.

Treatment tolerance and adherence through a
device internal clock were assessed with a close
follow-up of the side effects, which were treated
immediately.

Follow-up
All included patients were visited every three

months, repeating all the outcome measurements. In
patients with NIV, compliance and side effects were
assessed and corrected. All the patients had the ALS
Unit telephone number and could contact us when-
ever they needed.

Outcomes

The primary study outcome was the difference in
survival between groups, measured by the time from
randomization until death or tracheostomy.

The secondary outcomes were progression of res-
piratory muscle weakness assessed by the rate of
decline in FVC, MIP and SNIP, cough effectiveness
measured by the CPF; gas exchange evolution mea-
sured by arterial blood gases while breathing room air
and nocturnal desaturation evaluated by domiciliary
nocturnal pulse oximetry; quality of sleep assessed by
the Pittsburgh Sleep Quality Index (PSQI), adherence
to NIV assessed by the machine counter clock, and
tolerance to NIV assessed through the registration of
the side effects of the NIV (skin wounds related to

mask pressure, oropharyngeal dryness, aerophagia,
rhinitis).

Other endpoints were general disease progres-
sion assessed by the ALS functional rating scale
(ALSFRS-R), and quality of life assessed by the SF-
36 questionnaire.

All Adverse Events (AE) and Serious Adverse
Events (SAE) were recorded, specifically the num-
ber and severity of respiratory decompensations that
required unplanned medical assistance (classified
according to attention requirements; mild: outpatient
clinics, moderate: emergency room or severe: hospi-
tal admission) (see Appendix).

Sample size

Since there are no previous similar studies, we
based our estimation on two criteria: a) based on
inclusion with FVC around 75% and the natural his-
tory of the progressive decline in FVC, which is
estimated at 2–2.4% per month [24], estimating than
the standard group would start treatment one year
after the intervention group; b) the difference in sur-
vival estimated in retrospective studies evaluating the
efficacy of early NIV [6, 7], we assumed an increase
in survival function of 20% at one year in the Early
NIV group compared to the Standard NIV (See Study
design in Appendix). Thus, assuming a recruitment
period of 12 months with a constant recruitment rate,
a minimum follow-up period of 18 months and a
dropout rate of 20%, a total of 72 patients, 36 in each
group, were needed to detect a 20% survival differ-
ence at one year with an alpha risk of 0.05 and a beta
risk of 0.20.

Statistics

Differences between groups in terms of demo-
graphic data, baseline clinical features and outcome
measurements at each visit were compared by
means of parametric t-tests or non-parametric U
Mann-Whitney test for continuous variables, while
Chi-Squared tests, or Fisher exact-tests were used for
categorical variables.

The survival curves for each intervention group
were analyzed by Kaplan-Meier’s estimate of the sur-
vival function and compared by a bilateral Log-rank
test. To explore the time evolution of the outcomes
within each study group, a generalized linear mixed
model was used. Additionally, the t-test was used to
compare differences between groups the first three
controls.
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Finally, the correlation between FVC and the other
functional respiratory variables and nocturnal desat-
uration were measured at each visit, by Pearson or
Spearman’s correlation coefficients.

For all variables, two-sided bilateral tests were be
used with a level of significance of 5%. The statistical
analysis was performed with SAS statistical software
(SAS Institute, version 9.2).

RESULTS

Patients

We assessed 180 patients, 42 of whom met the eli-
gibility criteria. 20 were randomised to the Early NIV
group and 22 to the Standard NIV group.

Two patients assigned to the Early NIV group
were not included in the analysis as they withdrew
their informed consent before NIV initiation, and two
patients in the Standard NIV group were not included
because one died and the other completed the follow-
up without reaching NIV initiation criteria (Fig. 1).

The two study arms had similar characteristics at
baseline (ITT population) (Table 1) without signif-
icant differences. The mean age of patients was 60
years. At enrolment, they had a quite well-preserved
ALS functional rate, good nutritional status, normal
daytime gas exchange and mean FVC 68% (SD 5).
Time from disease onset to diagnostic was similar
in both groups, and the population had mainly limb
onset.

Disease progression

Global ALS progression assessed by the ALS-
FRS scale was similar in both groups without
significant differences. All patients were taking Rilu-
zole throughout the study. The number of patiets
with feeding tubes were similar throughout the
study in both groups without statistical significance
(χ² = 0.382).

NIV settings and time to NIV

There were no significant differences between
groups in the number of patients who initiated NIV
in hospital admission or in an ambulatory setting, in
the type of mask or in the respiratory backup rate.
There were significant differences in inspiratory and
expiratory pressures, with these being higher in the
Standard NIV group (Table 2).

When we examined time to NIV initiation, we
found that the Standard group initiated NIV at 194.5
(SD 99.3) days, six months later than the Early NIV
group.

Primary outcome: time to event

Median follow-up was 16 months in the Standard
group and 18.5 months in the Early group. The inci-
dence of mortality in the Standard NIV group was
3.33 [1.87–5.50] persons/month with a median sur-
vival of 19.4 months while in the Early NIV group it
was 2.68 [1.34–4.80] persons/month with a median
survival of 25.2 months. Figure 2 shows the ITT
event-free survival of both groups, which was not sta-
tistically significant (Gehan-Breslow test p = 0.267).

A Cox regression model was applied to compare
the risk of mortality with Standard in relation to Early
treatment. A statistically significant association was
found between the value of FVC% throughout the
study and death, which suggests a protective effect
of FVC%; likewise, a statistically significant asso-
ciation was found between bulbar involvement and
death, although given the small number of patients
with bulbar involvement, caution is required when
interpreting its magnitude. See the Appendix for more
details.

SECONDARY OUTCOMES

Respiratory function

Figure 3 shows the differences in the evolution
curves of FVC, MIP and SNIP at the baseline and
the successive controls every three months.

Differences in FVC of around 20 points can be
observed in favour of the Early group between con-
trols one to three. FVC and SNIP differences are
statistically significant at control one, but not at
controls two and three. MIP and CPF also show a
difference, though it is not statistically significant
(Table 3).

From 12 months onwards, the results are highly
variable, largely due to the small number of patients in
relation to both deaths and bulbar impairment, which
prevented the correct performance of the test.

There was a good correlation between FVC and
MIP, and FVC and SNIP, but not between FVC and
nocturnal desaturation (See Appendix).
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Table 1
Baseline demographics and disease characteristics

Early NIV (n = 20) Standard NIV (n = 22)

Age, years (SD) 59.8 (13.7) 62.1 (9.6)
Sex, %female 45% 59%
BMI, Kg/m2 (SD) 27.1 (4.1) 26.3 (4.6)
Time from onset to dg, months (range) 7.40 (5.88–15.68) 7.40 (4.04–12.43)
Time from dg to inclusion, months (range) 8.47 (1.95–13.88) 9.58 (2.16–15.82)
Site onset, limb% 85% 86.36%
ALSFRS-R (SD) 33.3 (7) 34.3 (7)
FVC, % predicted (SD) 68 (5) 68.8 (4.8)
MIP, cmH2O (SD) 54.2 (25.4) 51.7 (17.7)
Mean CT90, % (SD) 8.16 (16.07) 4.0 (6.76)
Mean nSaO2, % (SD) 92.8 (1.6) 93.4 (1.6)
PaCO2, mmHg (SD) 37.5 (2.4) 38.8 (2.8)

BMI: Body Mass Index, dg: diagnostic, ALSFRS-R: Revised ALS Functional Rating Scale,
FVC: Forced Vital Capacity, MIP: Maximal Inspiratory Pressure, CT90%: nocturnal saturation
time below 90%, nSaO2: nocturnal oxygen saturation, PaCO2: daytime hypercapnia.

Table 2
NIV initiation parameters

Early NIV (n = 18) Standard NIV (n = 20) p

Hospital initiation, % 50% 75% 0.104
Facial mask, % 66.66% 85% 0.173
IPAP, cmH2O (SD) 13.8 (1.07) 15.1 (1.8) 0.02
EPAP, cmH2O (SD) 4 (0) 4.5 (1.09) 0.037
BUR, n (SD) 13.2 (1.9) 13.6 (2.0) 0.57

BUR: Backup Respiratory Rate, SD: Standard Deviation.

Fig. 2. Kaplan-Meier survival curves by groups.
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Fig. 3. Evolution of respiratory function parameters. (3A) FVC, (3B) SNIP, (3 C) PIM, (3D) CPF.

Table 3
Comparison of respiratory function parameters in the first three

controls

Standard Early p*

Baseline
FVC% (SD) 68.87 (4.9) 68.20 (5) 0.6595
MIP, cmH2O 37.48 54.24 0.104
SNIP, cmH2O 46.8 57.67 0.0961

Control 1 (3 months)
FVC% (SD) 54.83 (13.2) 65.09 (15.3) 0.0429
MIP, cmH2O 29.96 50.25 0.062
SNIP, cmH2O 27.3 56.4 0.0051

Control 2 (6 months)
FVC% (SD) 47.34 (18.9) 56.36 (15.1) 0.1396
MIP, cmH2O 26.71 46.68 0.1225
SNIP, cmH2O 34.53 44.20 0.3071

Control 3 (9 months)
FVC% (SD) 45.33 (18.5) 52.75 (11.5) 0.2202
MIP, cmH2O 33.11 44.24 0.3103
SNIP, cmH2O 38.09 46.15 0.502

*t-test.

Gas exchange

There were no significant differences between
groups in pCO2 and pO2, nor in nocturnal desatu-
ration (Appendix), although there was an increase of
pCO2 in the Standard group.

Adverse events

The number of adverse events was significantly
greater in the Standard group (n = 70) versus Early
groups (n = 49). None of these events were related
to treatment. The intensity of events was also higher
in the Standard than in the Early group (Wilcoxon
p = 0.0325).

Regarding respiratory events, there were more in
the Standard group than in the Early group with-
out reaching statistical significance. The number
of patients that suffered a respiratory event was
greater in the Standard group, this difference being
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Table 4
Total and Respiratory adverse events

Early NIV Standard NIV P

R. events, n 12 24 0.34*
R. patients, n (%) 7 (35) 15 (68) 0.065**
Severity, n (%):
Mild/Moderate 10 (83) 15 (62)
Severe 2 (17) 9 (38) 0.07**

*Chi2; **Fisher; R. events: number of total respiratory events; R.
patients: number of patients with respiratory events.

almost significant as was the number of severe events
(Table 4).

The main respiratory events were respiratory infec-
tions (n = 16 Standard, n = 3 Early); followed by
pneumonia (n = 6 Standard, n = 5 Early) and aspi-
ration (n = 2 Standard, n = 2 Early). One patient in
the Early group suffered respiratory failure after the
placement of GRP.

Adherence, quality of sleep and side effects

There were no differences in adherence between
groups, with good adherence from the first control
after NIV initiation, when the average use of NIV
was 5.28 hours (SD 2.65) in the Standard group and
5.19 hours (SD 3.58) in the Early group.

There were no significant differences in quality of
sleep assessed by the Pittsburgh Quality Sleep Index
(PSQI), through it was slightly higher in the Early
group (p = 0.36). There were also no differences in
physical SF-36 nor in mental SF-36 (See Appendix).

Finally, there were no differences in the number
of NIV related side effects between groups (Table 7
- Appendix). These were mainly mild and in no
case did they lead to treatment withdrawal. The most
frequent side effect in both groups was oropharyn-
geal dryness, which was effectively controlled with a
humidifier.

DISCUSSION

This is the first randomized controlled trial to show
the benefits of early NIV on respiratory outcomes,
slowing the progressive decline in respiratory mus-
cle strength and reducing the number and severity of
respiratory events, while treatment adherence and tol-
erance were good without worsening sleep or overall
quality of life.

Moreover, our RCT shows a trend towards an
increase of survival in patients with Early NIV ini-
tiation, however, it was not able to reach statistical
significance, probably as a result of not having

reached the estimated simple size. The main lim-
itation in recruiting patients was competition with
drug trials (dexpramipexole, masitinib, and docosa-
hexaenoic acid (DHA)), which were running at the
same time as our trial, and two new trials which
were pending when we decided to close the inclusion
period.

Until now, NIV has proven to be the best treatment
for respiratory insufficiency in ALS. The initiation of
NIV in early stages has been suggested in recent years
since FVC is a major prognostic factor for survival
[6, 14].

Two initial studies reported increased survival
when NIV was started with FVC clearly over 50%.
In a retrospective study, Lechtzin and colleagues [9]
described a survival rate from time of diagnosis nearly
one year longer in the early group (mean FVC 74%)
than in the control group (mean FVC 48%). Likewise,
Carratú and colleagues [10] reported a significantly
better one-year survival rate in patients treated with
early NIV (mean FVC 65%) compared to patients
that did not accept or did not tolerate NIV, as well
as reporting a slowing in the progressive decline of
FVC in treated patients.

Two recent retrospective studies, with a large num-
ber of patients, also showed the benefits of early
NIV treatment. Vitacca and colleagues [15] com-
pared NIV initiation below 80% FVC with NIV over
80% FVC in 194 patients, finding a mortality rate
of 35% at 36 months from diagnosis in the Early
group versus 52% in Standard group. In the same
way, Khamankar et colleagues [11] described a sig-
nificant increased survival from diagnosis in NIV
users than in non-users in 474 patients, and consis-
tently increased survival according to FVC initiation
threshold (<50%: 20.3 m.,≥50%: 23.6 m. or≥80%:
25.36 m).

Despite the rather impressive results of these stud-
ies, important differences should be highlighted that
lend value to the results of our study. First, its
retrospective or non-controlled design. Second, the
analysed survival based on time from disease diag-
nosis, which can overestimate the effects of NIV.
Finally, the homogeneity of the included study pop-
ulation, since none of the afore-mentioned studies
excluded patients with slow disease progression, such
as flail leg or flail arm, which have markedly pro-
longed survival rates [16].

Our randomized controlled trial excluded patients
with a slow progression, without differences between
groups in time from onset symptoms to diagnosis.
Patients were at the same disease stage at inclusion
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and also had similar disease progression throughout
the study, as reflected by the ALSFRS score both at
inclusion and throughout the study. Finally, survival
times are analysed from NIV initiation to ensure they
mainly reflect the effects of NIV.

One of the possible mechanisms to explain the ben-
efits of early NIV is a reduction in the progressive
decrease in FVC through the resting of the respiratory
muscles that present incipient denervation, avoiding
fatigue and the development of hypoventilation [17].
In fact, our study is the first to demonstrate a slower
FVC decline in an RCT. Patients on early NIV main-
tained their FVC value, while in those who do not start
NIV, it declined very quickly during the first controls.
Patients in the control group met the criteria to start
NIV at an average time of six months, which was
earlier than expected (See the Appendix for Proto-
col design), suggesting that once there is an incipient
respiratory muscle impairment, it progresses rapidly
unless NIV treatment is started.

Our results support the recommendations of some
recent guidelines to start NIV when FVC is below
80% [18, 19]. Swiss guidelines [20] recommend
the initiation of NIV based only on symptoms,
which may be inaccurate as respiratory symptoms
often go unnoticed. On the other hand, some stud-
ies recommend initiating NIV with FVC higher than
80%, which is probably unnecessary as they have
a normal lung function, and better survival could
be confounded by long-term phenotypes and better
FVC.

Despite these clinical recommendations and the
increasing evidence in favor of early NIV, real-world
practice shows that NIV is frequently initiated with
FVCs below 50% and mostly on hypercapnic patients
[21, 22]. Therefore, in addition to defining the FVC
threshold, the most important issue is probably to
assess and follow-up respiratory function from dis-
ease diagnosis in order to adequately identify the
onset of respiratory muscle deterioration [5].

Different measures have been proposed for respira-
tory assessment, and some studies suggest that other
techniques as more sensitive for the early detection
of respiratory impairment, such as MIP [23], SNIP
[24] and nocturnal desaturation [25]. Morgan and col-
leagues [26] observed a better sensitivity with SNIP
(97%) than FVC (58%). In our study we found a good
correlation between FVC and SNIP and FVC and
MIP, but not between FVC and nocturnal desatura-
tion. We have not specifically studied the sensitivity
of each of the techniques, but we think FVC is the
best option since it is the easiest, most reproducible,

low-cost technique and accessible to all health levels,
including home, while MIP and SNIP are more com-
plex techniques with more variability and are only
accessible at specialized centers.

Another possible effect of early NIV on survival
is the prevention of nocturnal hypoventilation with
hypercapnia and respiratory acidosis, which may
reduce the impairment of muscle contractility [27].
We found differences in PaCO2 level evolution in
favor of the early group, although these differences
were not significant.

Finally, one important effect of NIV may be the
prevention of severe acute respiratory decompensa-
tions reducing the risk of death or intubation [28]. The
principal causes of death in ALS patients are respira-
tory infections [29] and the progression of respiratory
muscle impairment (diaphragm insufficiency) [30].
Our study found that a higher number of patients
on Standard NIV had respiratory complications and,
more importantly, these were more severe than in the
early NIV group.

One of the main fears regarding early NIV is the
lack of compliance or treatment rejection in proba-
bly asymptomatic patients. Our study clearly shows
no differences in adherence, with good adherence
from the first control and an average use of NIV of
more than five hours. In the same way, tolerance was
good without differences in side effects and, more-
over, good quality of sleep and quality of life were
reported, which is in line with recent publications
[31].

Moreover, a recent randomized trial conducted to
evaluate the use and tolerability of Early NIV [32]
reported good results. Nevertheless, in comparison,
the average use of NIV was very low (three hours or
less in both groups), with low pressures (pressure-
support of 4) and a follow-up of a small number of
patients with NIV (n = 35). As in our study, a lower
decline in FVC was found in the Early NIV group.

Mechanical ventilation can be a traumatic and
intimidating step [33], and may be associated by the
patient with end of life or with tracheostomy. In our
opinion, it is important how therapy is presented to
patients and how convinced the staff is, as well as
compliance reinforcement.

In conclusion, FVC is probably the best option to
assess respiratory function in ALS patients and the
optimal time to start NIV is when FVC is less than
80% and around 75%. At this stage there is a slight
affection of respiratory muscles, and this is when NIV
can do its job: maintaining muscle strength, slow-
ing the decline in FVC, and preventing nocturnal
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hypoventilation and respiratory complications, and
thus prolonging survival.

Strengths and limitations

The main strength of this study lies in its design
as a randomized controlled trial, conducted in ter-
tiary hospitals and its multicentre character. In
addition, the ALS phenotype population was very
homogeneous. The study was led by pulmonolo-
gists with extensive experience in NIV management
in ALS.

The most important limitation is the low number
of participants (42 out of 72) as we failed to reach
the estimated sample size, which probably influenced
the lack of statistical significance of the results. As
mentioned previously, the main reason for this was
competition with drug trials, which is the usual sce-
nario in multidisciplinary ALS units. In this situation,
patients were either entered into a drug trial before
they met our trial criteria or, given both options, they
generally chose the drug trial because of the chance,
however remote, of a cure. In this sense, it’s important
to highlight the difficulty in conducting studies like
this, both now and in the future. Few more studies
like this will be conducted, not only because of com-
petition with drug trials, their complexity, and high
costs; but also with many centers opting for an earlier
start of NIV.

CONCLUSION

This is the first and only randomised control trial
to date to show that NIV initiation in early stages of
respiratory failure in ALS may improve survival, sug-
gesting that NIV should be initiated when FVC falls
below 80% and not 50%, as was considered standard
care previously.

Our findings highlight the importance of assessing
respiratory function from diagnosis and encourage
the early initiation on NIV in order to extend sur-
vival, slow the decline of muscle strength, improve
the quality of sleep and reduce severe complications.
Although our study is not totally conclusive, further
RCT will be very difficult to repeat.

Trial registration. Trial registration number Clini-
calTrials.gov: NCT01641965.
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