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ABSTRACT: Background: Non-invasive ventilation (NIV) improves quality of life and survival in patients with amyotrophic lateral
sclerosis (ALS) and respiratory symptoms. Little is known about the patterns of NIV use over time and the impact of NIV on end-of-life
decision-making in ALS. Objective: This study assessed the pattern of NIV use over the course of the disease and the timing of end-of-life
discussions in people living with ALS. Method: A retrospective single-center cohort study was performed at London Health Sciences
Centre. Daily NIV duration of use was evaluated at 3-month intervals. The timing of diagnosis, NIV initiation, discussions relating to
do-not-attempt-resuscitation (DNAR) and death were examined. Results: In total, 48 patients were included in the analysis. Duration of
NIV use increased over time, and tolerance to NIV was observed to be better than expected in patients with bulbar-onset ALS. There was a
high degree of variability in the timing of end-of-life discussions in patients with ALS (356± 451 days from diagnosis). In this cohort, there
was a strong association between the timing of discussions regarding code status and establishment of a DNAR order (r2= 0.93).
Conclusion: This retrospective cohort study suggests that the use of NIV in ALS increases over time and that there remains a great deal of
variability in the timing of end-of-life discussions in people living with ALS. Future prospective studies exploring the use NIV over the
disease trajectory and how NIV affects end-of-life decision-making in people with ALS are needed.

RÉSUMÉ: Caractéristiques de l’utilisation de la ventilation non-invasive dans des cas de sclérose latérale amyotrophique. Contexte: La
ventilation non-invasive (VNI) améliore la qualité de vie et la durée de vie de patients atteints de sclérose latérale amyotrophique (SLA) ainsi que les
symptômes respiratoires qui lui sont associés. On connaît toutefois peu de choses quant aux caractéristiques de l’utilisation de la VNI au fil du temps et à
son impact en ce qui regarde les décisions prises en fin de vie lorsqu’il est question de la SLA.Objectifs: Cette étude a cherché à évaluer les caractéristiques
d’utilisation de la VNI au fur et à mesure de la progression de la SLA et le moment choisi pour aborder la question de la fin de vie dans les cas de patients
atteints de cette maladie.Méthodes:Une étude de cohorte rétrospective a été menée dans un seul établissement de santé, à savoir le Centre des sciences de la
santé de London. Le temps d’utilisation de la VNI a été évalué tous les trois mois. D’autres aspects ont également été examinés: le moment où un diagnostic
de SLA a été posé ; où l’on a commencé à utiliser la VNI ; et où des discussions portant sur la non-réanimation et l’éventualité d’un décès ont été initiées.
Résultats: Au total, 48 patients ont été inclus dans le cadre de notre analyse. Si le temps d’utilisation de la VNI a augmenté au fil du temps, on a aussi
remarqué, chez des patients atteints dès le début de la forme bulbaire de la SLA, une tolérance meilleure que ce qui était escompté. Un fort degré de
variabilité a été noté quant au moment choisi pour initier des discussions portant sur la fin de vie (356 + /- 451 jours à partir d’un diagnostic). Dans cette
cohorte, on a pu établir une forte association entre le moment choisi pour initier des discussions portant sur les interventions en cas d’arrêt cardiaque ou
respiratoire et l’inscription d’une ordonnance de non-réanimation (r2 = 0,93). Conclusions: Cette étude de cohorte rétrospective suggère donc que
l’utilisation de la VNI dans le cas de la SLA augmente au fil du temps. Elle suggère également qu’il subsiste une variabilité considérable en ce qui a trait aux
discussions portant sur la fin de vie de patients atteints de SLA. D’autres études prospectives demeurent néanmoins nécessaires. Elles devront en effet se
pencher sur l’utilisation de la VNI au cours de la trajectoire de la maladie et sur ses impacts quant aux décisions prises en fin de vie.
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INTRODUCTION

Assisted ventilation is an important supportive modality
available for respiratory symptoms in amyotrophic lateral
sclerosis (ALS). Non-invasive ventilation (NIV) uses a face
or nasal mask and volume-cycled or bi-level pressure-limited
ventilation to provide intermittent positive pressure to decrease
the work of breathing.1 The use of NIV has been shown
to improve both quality of life and survival in patients with ALS
and respiratory symptoms.1-5 However, few studies address the
extent to which patients use NIV throughout the course of the
day over time and how the total daily use of NIV may affect
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decision-making at the end of life.6,7 Advance care planning and
end-of-life decision-making are important elements in the
management of ALS.8-10 Understanding how NIV use changes
throughout the disease trajectory will help guide patients and
families in decisions regarding end of life, as well as the timing of
end-of-life discussions. It will also assist physicians with optimiz-
ing timing for broaching these discussions. Few prospective
observational or large retrospective studies assess the daily use of
NIV over time in ALS.11

The aim of this study was to assess the pattern of NIV use over
time in people living with ALS and to discuss the possible impacts
of NIV on palliative care in ALS. A retrospective cohort study
was performed in order to describe the pattern of use of NIV and
to report on end-of-life discussions.

METHODS

Study Design and Setting

We conducted a retrospective cohort study of patients with
ALS using NIV between January 2011 and December 2014 who
attended the Multidisciplinary Motor Neuron Diseases Clinic at
the London Health Sciences Centre (LHSC; London, Ontario,
Canada). LHSC is a tertiary-care referral center (catchment area
two million) with a specialist (neurologist and respirologist)
multidisciplinary motor neuron disease clinic. The study was
approved by the Health Sciences Research Ethics Board at
Western University. The requirement for written informed
consent was waived because of the retrospective nature of the
study and because all included patients were deceased.

Patients

The diagnosis of ALS was confirmed by a neurologist (CS),
and all patients were followed up at ~ 3-month intervals from the
time of diagnosis of ALS until the time of death. Only ALS
patients prescribed NIV were included in the analysis.

Exposure

Non-invasive ventilation was initiated in an outpatient setting
when patients described one “at-risk” respiratory symptom
(e.g., orthopnea, excessive daytime sleepiness, morning headache)
or one “at-risk” pulmonary function abnormality (e.g., sitting
forced vital capacity [FVC]<70% predicted, supine FVC drops
>20%, daytime pCO2 >45mmHg, maximum inspiratory pressure
less negative than −40 cm H2O) or nocturnal hypoxemia. Non-
invasive ventilation was implemented using with a bi-level pressure
ventilator in spontaneous-timed mode with an oronasal mask
interface.

Outcome

During each clinic visit, neurologic and respiratory symp-
toms were documented in the patient’s chart along with dis-
cussions surrounding end-of-life and resuscitation preferences.
Data were downloaded from the bi-level device and reviewed
for duration of use and for effectiveness of the ventilator
prescription to relieve symptoms. Data were documented within
a ventilator database from the device that the patient brought to
clinic. If a patient had more than one device, which was not
brought to clinic visits, then the usage data for the alternate
devices were not accessible.

Variables and Data Sources

Demographics (gender, age at diagnosis, region of symptom
onset, presence of cognitive symptoms, time from symptom onset
to diagnosis and time from diagnosis to death) and comorbidities
were determined from chart analysis. Baseline lung function,
ventilator settings, arterial blood gas values and percent-
of-predicted FVC at the time of NIV initiation, time from
diagnosis to NIV initiation, time from NIV initiation to death,
duration of daily NIV use over time and duration of nocturnal
NIV use (both median and mean) were recorded prospectively
for all patients in a clinical electronic ventilator database (Micro-
soft Excel 2008) at each clinic visit. Timing of radiologically
inserted gastrostomy (RIG), the preferred procedure for feeding
support at our center (note: percutaneous endoscopic gastrostomy
tubes were not used in this cohort), was recorded from the patient
chart. Other variables of interest included discussions regarding
placement of a RIG, the timing of first end-of-life discussion and
timing of do-not-attempt resuscitation (DNAR) order. All data
were abstracted retrospectively from patient charts and the venti-
lator database.

Statistical Analysis

Means, standard deviations and ranges were determined for
baseline characteristics. Proportions and their 95% confidence
intervals were calculated using the Clopper-Pearson method. We
assessed for an association between average NIV use and long-
term survival on NIV using linear regression. We assessed the
association between time of first goals of care discussion and
establishment of a DNAR order using linear regression.

RESULTS

All patients (50) having initiated NIV andwho subsequently died
within the study period (2011-2014) were included. Two patients
were excluded because of an incomplete data set, leaving 48 patients
in total for the analysis (mean age 62 years). Regions of symptom
onset were lower extremity (21), bulbar (16), upper extremity (10)
and diaphragm (1). After initiation of NIV, mean survival was
10.0 [9.92] months (range 0-36.8 months). Detailed demographic
information describing the study cohort is outlined in Table 1.

Out of 48 patients, six were noted to have an unusually long
disease trajectory. These patients were considered outliers because
their disease trajectory varied a great deal from the remainder of the
group. Variability in disease trajectory is well recognized in ALS;
therefore, outliers are to be expected12 (up to 20% live >5 years
from the time of diagnosis). Data points>2 SD from the mean were
noted, and the statistical analysis was performed both with the
entire group of patients and with the outliers excluded.

Use of Non-Invasive Ventilation Over Time

In the first 3 months after initiation of NIV, 16 patients used NIV
nocturnally for <4 hour per day, 10 patients used NIV for 4-8 hours
per day and 6 patients used NIV for >8 hours per day (nine died
before 3 months, and seven had no data available). The pCO2 in
patients using>4 hours per day (48.6 [7.4]mmHg) from the initiation
of NIV was significantly greater than those using NIV <4 hours
per day (43.1 [4.6]mmHg, p<0.05). There was no significant
difference between these two groups with respect to age or FVC at
time of referral for NIV. There were an equal number of patients (8)
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in both groups with bulbar-onset ALS. After 6 months, four patients
usedNIV nocturnally for<4 hours per day, five patients usedNIV for
4-8 hours per day and 12 patients used NIV for >8 hour per day
(17 died before 6 months, and 10 had no data available). Figure 1

shows the pattern of NIV use over time. Regression analysis of
average daily NIV use at 3 months and survival was r2=0.13 (32
data points), and at 6 months it was r2=0.04 (21 data points).
Patterns of NIV use over time are represented in Table 2. All but three
of the bulbar-onset patients tolerated NIV for greater than 4 hours
per day over a period of multiple visits (visits at 3-month intervals,
detailed data not shown).

End-of-Life Discussions

Patterns of end-of-life discussions are represented in Figure 2.
Overall, 40 patients had a documented DNAR as part of their care
plan, 35% were established before initiation of NIV, whereas the
remainder were established after initiation of NIV. The time from
diagnosis to first documented discussions regarding code status
was 356 [451] days when considering all patients (221 [139] days
with outliers excluded). The time from diagnosis of ALS to the
establishment of a DNAR order was 427 [475] days (274 [168]
days with outliers excluded). The time from diagnosis of ALS to
death was 613 [562] days (430 [245] days with outliers excluded).
The time from initiation of NIV to establishment of a DNAR order
was 96 [266] days (65 [191] days with outliers excluded; Figure 3)
and the time from initiation of NIV to death was 301 [298]
(260 [226] days with outliers excluded). Eight patients had no
documented orders regarding code status within the available
charts. There was a strong association between the timing of first

Figure 1: Regression analysis of the daily non-invasive ventilation
(NIV) use in hours at 3-month intervals and its relationship to survival
(r2= 0.13). Patients with bulbar-onset amyotrophic lateral sclerosis are
represented by an × and patients with other regions of onset are
represented by a diamond shape.

Table 1: Demographic information for the retrospective cohort of patients with amyotrophic
lateral sclerosis using non-invasive ventilation

Demographic variable n= 48

Age (years) 31-86 (mean 62)

Gender

Male 24

Female 24

Region of symptom onset

Lower extremity 21

Bulbar 16

Upper extremity 10

Diaphragm 1

Time from symptom onset to diagnosis of ALS (days± SD) 29-2281 (mean 458 [412])

Time from diagnosis of ALS to death (days± SD) 33-2679 (mean 614 [563])

Time from diagnosis of ALS to initiation of NIV (days± SD) 2-2129 (mean 312 [407])

CO2 at time of NIV initiation (mmHg± SD) by capillary gas 34-66 (mean 44.8 [6.2])

FVC at time of NIV initiation (% predicted± SD) 25-88 (mean 57 [15])

Patients with DNAR order at any time 40

Presence of cognitive symptoms

Yes 6

No 42

Radiologically inserted gastrostomy

Yes 23

No 25

ALS= amyotrophic lateral sclerosis; DNAR= do not attempt resuscitation; FVC= forced vital capacity; NIV=
non-invasive ventilation
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documented discussion regarding code status and establishment
of a DNAR order (Figure 3A; r2= 0.93) and between the time
to the initiation of NIV and establishment of a DNAR order
(Figure 3B; r2= 0.89).

DISCUSSION

This study suggests the following: (1) NIV use increases over time
in most patients with ALS; (2) NIV may be tolerated in patients with
bulbar-onset ALS; (3) there remains a high degree of variability in the
timing of end-of-life discussions in patients with ALS; and (4) in this
cohort, there is a strong association between the timing of discussions
regarding code status and establishment of a DNAR order.

Within the first 3 months of NIV initiation, more patients were
already using NIV for longer than 4 hours and by 6 months most
patients were using NIV for more than 8 hours. This demonstrates

Table 2: The pattern of non-invasive ventilation (NIV) use at 3-month intervals following initiation

Encounter no. Number of surviving
patients/encounter

Number of patients
with NIV data available

<4 hour/day NIV use
(% patients)

4-8 hour/day NIV use
(% patients)

>8 hour/day NIV use
(% patients)

1 (0-3 months) 39 32 16 (50) 10 (31) 6 (19)

2 (4-6 months) 31 21 4 (19) 5 (24) 12 (57)

3 (7-9 months) 12 12 2 (17) 2 (17) 8 (67)

4 (10-12 months) 10 10 1 (10) 3 (30) 6 (60)

5 (13-15 months) 7 7 - 2 (29) 5 (71)

6 (16-18 months) 3 3 - - 3 (100)

7 (19-21 months) 3 3 - - 3 (100)

8 (22-24 months) 1 1 - - 1 (100)

9 (25-27 months) 1 1 - - 1 (100)

10 (28-30 months) 1 1 - - 1 (100)

11 (31-33 months) 1 1 - - 1 (100)

Each encounter occurred at 3-month intervals after initiation of NIV. Data are included only for patients fromwhom a full data set was available at each visit
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Figure 2: The time from diagnosis of amyotrophic lateral sclerosis to
the first documented code status discussion, to establishment of a do-
not-attempt-resuscitation order and to death. Data are presented as a
mean± SD. The data are presented with (left) and without outliers
(right; outliers= data points >2 SD from the mean).
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Figure 3: (A) The timing of first documented code discussion versus the
timing of a first documented do-not-attempt-resuscitation (DNAR)
order. There is a strong association with r2= 0.93. (B) The timing of
initiation of non-invasive ventilation (NIV) versus the timing of a first
documented DNAR order, r2= 0.89.
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the natural progression of respiratory dysfunction as the
disease advances and offers preliminary objective information for
patients and families regarding NIV use over time.11 Increased
use of NIV over time is expected, but not well documented
in the literature. Non-invasive ventilation remains the most
important supportive modality in ALS and has been shown to
improve median survival time in patients with respiratory symp-
toms more than any other treatment to date.13,14 A randomized
control trial by Bourke et al1 in 2006 found that this survival
benefit was in patients without severe bulbar symptoms. A more
recent and larger retrospective study of 929 patients found the
opposite result where patients with bulbar-onset ALS had the
greatest survival benefit.15Within our cohort, one-third of patients
had bulbar-onset disease in keeping with the more recent literature
suggesting that bulbar-onset patients may tolerate and benefit
from NIV.15

There remains poor consensus on optimal timing for end-
of-life discussions in ALS.16 There is consensus that advance care
planning discussions should occur, but there is little evidence to
support the timing of such discussions.8-10 Within our cohort, there
was a strong association between the timing of first documented
discussion regarding code status and establishment of a DNAR
order. It is difficult to understand whether this relationship exists
because the physician was good at gauging patient’s readiness to
address the topic or that patients are prepared to talk about end-
of-life decisions from even earlier in the course of the disease. In
another retrospective study of 43 patients with ALS, of the patients
who chose a DNAR status, 83% made the decision at the
initial clinic visit and it seemed to be independent of their
level of respiratory insufficiency.17 In our study, 40 patients had
a documented DNAR as part of their care plan, 35% were
established before initiation of NIV, whereas the remainder were
established after initiation of NIV. Advance care planning, includ-
ing discussion regarding code status, should take place early in the
disease trajectory. Consideration of NIV in ALS should be a trigger
for palliative care discussions if they have not already taken place.16

Limitations to our study relate to the retrospective nature of
data collection. Although all patients used NIV nocturnally, a
small number of patients (<8) also used NIV during the day as
their disease advanced. The ventilator database contains infor-
mation primarily from nocturnal NIV because these patients had a
separate daytime machine and did not bring it to clinic visits.
Therefore, we did not have accurate data on daytime use in these
eight patients, which probably resulted in an underestimation of
their daily usage of NIV. Other contributing factors to duration of
use such as intolerance to the machine or effects on quality of life
were not addressed in this study. Last, discussions regarding
resuscitation status and end-of-life care may have occurred at
earlier clinic visits and not necessarily documented if no specific
decision had been made.

This study was performed at a single academic center in
Canada. However, the demographics of this cohort are consistent
with the current literature (e.g., age, gender distribution, region
of onset). This suggests that despite being a single-centered
retrospective study, the results may be generalizable to greater
populations of people living with ALS.

In conclusion, this retrospective cohort study suggests that
NIV use in ALS increases over time and provides objective
number of hours of NIV use that can be informative to patients
and families when starting NIV. It also shows that there remains

a great deal of variability in the timing of end-of-life discussions
in people living with ALS. Although this study remains relatively
small and retrospective in nature, it serves as the groundwork
for the design and development of future prospective studies
exploring the use of NIV over the disease trajectory and how NIV
affects end-of-life decision-making in people with ALS.
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