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Symptômes Gaz du sang EFR Capnographie

Neuromusculaires Oui > 45mmHg CV assis/couché

Force musculaire Hypoventilation

Pathologies de paroi Oui > 45mmHg

BPCO > 50mmHg

SOH sans apnée > 45mmHg



Sélection des patients

to many missing data on HRQOL. Finally, we did not assess cognitive
function using screening score.

As we only included patients for which long-term NIV initiation
was considered worth trying, the exact population at which these
results apply is unclear. However, it is a real-life study, showing the
actual benefit in the population where the NIV is currently pre-
scribed. Another limitation of our study is that patients did not have
a routine geriatric assessment before the implementation of long-
term NIV, as it is performed in patients aged ≥ 80 years who need to
be treated for cancer management [32,33]. However, in our cohort,
less than 25% of NIV in the elderly were discontinued for death-unre-
lated causes at 24 months. This suggest that clinicians in charge per-
formed an adequate assessment of the feasibility to deliver long-
term NIV for each patient.

Conclusion

Our work suggests that the improvement in PaCO2 following initi-
ation of long-term non-invasive ventilation was acceptable in
patients older than 80 years, compared to patients younger than
75 years, with an acceptable safety profile. Although survival of
patients older than 80 years was poor, it was long enough to expect
some mid-term benefit of NIV. Given the lack of control group with-
out NIV, and other limitations of this retrospective study, the actual
benefit/risk balance of NIV in patients older than 80 years is not
known and should be evaluated in prospective trials.
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Titration 
hospitalière 

nocturne

Initiation d’assistance respiratoire

Inpatient admission for NIV initiation

Follow-up ≈ 8 weeks following NIV initiation

Decision to initiate HMV 
Daytime trial of NIV 
Settings/interface 

adjustments

Clinical evaluation 
Daytime ABG 

HRQL questionnaire 
Sleep questionnaire 
Lung function test

Clinical review 
Review of data from 
built-in NIV software 
Adjustments of NIV 

settings 
Patient’s training on NIV 

use

fOvernight type 2 
polygraphy self-venting 

Overnight 
transcutaneous 
capnography 
ABG at 6am

Clinical review 
Review of data from 
built-in NIV software 
Adjustments of NIV 

settings 
Discharge

Clinical review 
Review of data from 
built-in NIV software 
Adjustments of NIV 

settings 
Discharge if satisfactory 

control achieved

First night on NIV 
Overnight oximetry 

Overnight 
transcutaneous 
capnography 

ABG at 6am on NIV

Second night on NIV 
Overnight oximetry 

Overnight 
transcutaneous 
capnography 

ABG at 6am on NIV

Third night on NIV 
Overnight oximetry 

Overnight 
transcutaneous 
capnography 

ABG at 6am on NIV

Day 1 Day 2 Day 3 Day 4 Day 5

Night 1 Night 2 Night 3 Night 4

 

Clinical evaluation 
Daytime ABG self-venting and after 1-hour on NIV 

Review of data from built-in NIV software 
HRQL questionnaire 
Sleep questionnaire 

Side-effects assessments

Day case evaluation
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Patients atteints 
de BPCO
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Table 2 Gas exchange

Home, N=23 Hospital, N=26
Adjusted mean difference in change home versus
in-hospital (95% CI)

Baseline 3 months 6 months Baseline 3 months 6 months 6 months–baseline

PaCO2, kPa 7.3±0.9 6.7±0.9* 6.4±0.8** 7.4±1.0 6.5±0.5* 6.4±0.6** 0.04 (−0.31 to 0.38)

PaO2, kPa 6.8±1.3 7.5±1.5 7.6±1.2 7.3±1.5 8.1±1.4* 8.0±1.2 −0.18 (−0.85 to 0.49)

HCO3
-, mmol/L 33.1±3.8 30.8±3.2* 29.8±2.9* 33.6±4.2 30.2±2.1* 29.7±2.8** 0.2 (−1.5 to 1.2)

Data are shown as mean±SD. A positive mean difference means an increase from baseline to 6 months for the home compared with the in-hospital group.
Compared with baseline within the group: *p<0.05 and **p<0.001.
HCO3-, bicarbonate; kPa, kilopascal; PaCO2, partial arterial carbon dioxide pressure; PaO2, partial arterial oxygen pressure.

Figure 2 Arterial carbon dioxide pressure (PaCO2) at daytime during spontaneous breathing without NIV. Shown are individual patient values of the 
home and hospital groups and the mean value (home: ∆; hospital: □). 3 mo, 3 months after NIV initiation; 6 mo, 6 months after NIV initiation; NIV, 
non-invasive ventilation.

regression analysis with correction for the baseline value calcu-
lating the adjusted mean difference between the groups. Other 
outcomes were tested in the same way. For outcome variables 
for which the change had a skewed distribution, the difference 
in change was tested with a Mann-Whitney U test. SPSS V.25.0 
was used to perform the analyses.

RESULTS
Baseline characteristics
The study flow chart is shown in figure 1. A total of 117 patients 
were screened as outpatients and 67 were randomised when they 
met all inclusion criteria, and subsequently planned for NIV 
initiation as soon as possible. Three patients dropped out during 
this period before they were initiated on NIV; one patient died, 
one patient exacerbated and was initiated on NIV acutely and 
one patient refused to participate further. The ‘waiting period’ 
was >30 days in 10 out of 31 patients (32%) with a median 
of 22 days (range 5–62 days) in the in-hospital group, while it 
was >30 days in 5 out of 30 patients (17%) with a median of 
21 days (range 7–53) days in the home group (difference not 
significant). Five patients in the home group, and four patients in 
the hospital group, were non-compliant with their NIV. Hospital 
initiation was offered in the non-compliant home group patients, 
but none of them wanted an in-hospital attempt. In total, three 
patients died during NIV therapy. Table 1 presents the baseline 
characteristics. Comorbidities were prevalent (online supple-
mentary table 1). Patients with unstable cardiac comorbidities 

or severe heart failure (left ventricular ejection fraction below 
45%) were excluded. In the included patients, cardiac function 
was generally well-preserved and comparable between the home 
and hospital groups in terms of systolic and diastolic left/right 
ventricular functional parameters (online supplementary table 
1). According to echocardiography guidelines, eight patients in 
the home group (25%) and seven patients in the hospital group 
(21%) were considered to have a high probability of pulmonary 
hypertension (p=0.49; online supplementary table 1).32 There 
were no significant differences between the home and hospital 
groups (table 1), nor between participants that dropped out and 
participants that did not drop out, except that the latter group 
less frequently followed a concurrent pulmonary rehabilitation 
programme (online supplementary table 2).

Gas exchange
In both groups, daytime PaCO2 decreased significantly over the 6 
months follow-up period (table 2, figure 2). The mean difference 
in change between the home group versus the hospital group at 
6 months was 0.04 kPa (95% CI −0.31 to 0. 38 kPa), showing 
non-inferiority of home NIV initiation. Other parameters of 
gas exchange improved in both groups, also without significant 
differences between groups.
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Non-invasive ventilation

Table 4 Ventilatory settings

Group

Home, N=25 Hospital, N=28

Baseline 3 months 6 months Baseline 3 months 6 months

IPAP, cm H2O 21.0±2.8 22.1±2.9* 23.6±2.3* 24.3±3.6† 24.7±3.3† 25.7±3.4*†

EPAP, cm H2O 4.5±0.8 4.6±0.9 4.6±0.9 5.7±1.2† 5.8±1.2† 6.0±1.3†

IPAP–EPAP, cm H2O 16.5±2.6 17.5±2.5* 19.0±2.1* 18.6±3.3† 18.9±2.8† 19.7±2.7*

BURR, breaths/min 13.5±2.5 13.8±2.2 13.9±2.0 15.6±2.9† 15.3±2.9† 15.4±3.0†
*Significant increase from baseline to 3 months or from 3 months to 6 months.
†Significant difference between the groups at equal time points.
BURR, backup respiratory rate; EPAP, expiratory positive airway pressure;IPAP, inspiratory positive airway pressure.

Figure 4 Costs (€) of NIV initiation hospital versus at home. Represented as median costs (€). Material: costs of the ventilator, telemedicine material 
and material/device for transcutaneous measurements; travel km: costs for travel kilometres of the specialised respiratory nurse; travel time: costs for 
travel time to the patients of the specialised respiratory nurse; telephone contact: costs for the time spend by the respiratory nurse to have telephone 
contact with the patients; nurse time: costs of the time spend by the specialised nurse directly with the patient; ward days: costs of the ward days. 
*p< 0.001. NIV, non-invasive ventilation.

while in the hospital group, this was not evident (only a small 
but significant increase between 3 and 6 months). Therefore, the 
IPAP–EPAP difference was significantly higher in the hospital 
group at 3 months, but not at 6 months (table 4).

Compliance with NIV was good. At 3 months, compliance 
was higher in the home group compared with the hospital 
group. Patients in the home group used their NIV a mean of 
7.7±1.7 hours per day (median: 95% of the total number of days 
(range 43%–100%)) compared with 6.6±2.1 hours use per day 
(median: 94% of the total number of days (range 50%–100%)) 
in the hospital group (p=0.037). Patients initiated in the hospital 
increased their compliance over time to 7.5±2.0 hours per day 
(p=0.028) (median percentage of the total number of days 97% 
(range 81%–100%)) at 6 months, while this remained good in 
the home group (8.2±1.7 hours per day (median: 99% of the 
total number of days (range 84%–100%))), so that no significant 
difference in compliance could be observed at this time point.

Time investment and costs
Initiating NIV at home costs less than half (€3768) compared 
with hospital initiation (€8537), mainly driven by the costs of 
admission to the respiratory ward (figure 4, table 5). The total 
time spent directly with the patient was not different between 
the groups. In the home group, the telephone contact time was 
longer, as was the number of kilometres driven and the travel 
time of the nurse to travel to patients’ homes. Differences 
occurred only during the initiation period, as costs during the 
follow-up were not different between groups.

Safety analysis and technical problems
In the hospital group, one patient (3%) died at home unexpect-
edly after 199 days of successful NIV. In the home group, two 
patients (6%) died; one patient died 3 days after formal NIV 
initiation suddenly at home because of respiratory failure (she 
used her NIV only once at daytime for 10 min and only at day 
1) and one patient decided for euthanasia after 20 days NIV at 
home, while having improved gas exchange but without subjec-
tive benefit.

At home, technical problems with nocturnal measurements 
and transfer of transcutaneous gas exchange data occurred 
frequently, necessitating additional home visits or daytime 
measurements. Nocturnal hypoventilation was corrected equally 
between the groups (online supplementary table 5).

Side effects of NIV occurred in seven (28%) and five (18%) of 
the patients in the home and hospital groups (non-significant), 
respectively, and consisted of aerophagia (two vs two patients), 
mask decubitus (three vs three patients), excessive dyspnoea 
when NIV was disconnected in the morning (so-called ‘deven-
tilation’ dyspnoea (one patient)) and a dry mouth (one patient). 
Side effects were a reason to discontinue NIV (intermittently) 
in two patients, while in the other patients, the problems were 
either accepted or solved by changing the settings or the mask.

Per-protocol analysis of the primary outcome
Per-protocol analysis, excluding all non-compliant patients, 
showed similar results (online supplementary table 6).

6 Duiverman ML, et al. Thorax 2019;0:1–9. doi:10.1136/thoraxjnl-2019-213303
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van den Biggelaar RJM. Chest 2020

not significantly different between groups. Most patients
used the ventilator only during the night; less than
10% used it during daytime on demand. There were 41
patients using the ResMed Elisée and 52 the ResMed
Astral. The settings after 6 months for the hospital group
were as follows: inspiratory positive airway pressure,
16.8 ! 4.6 cm H2O; expiratory positive airway pressure,
5.8 ! 1.8 cm H2O; and backup frequency, 14.7 ! 2.8
breaths/min; and for the home group: inspiratory
positive airway pressure, 16.0 ! 3.7 cm H2O; expiratory
positive airway pressure, 5.4 ! 1.7 cm H2O; and backup
frequency, 14.1 ! 2.6 breaths/min.

Cost Analysis

Cost analysis from a social perspective showed an
average saving of V3,225 ($3,827) (95% CI, V4,279-
V2,107) [$5,078-$2,500] per patient when ventilatory
support was started at home rather than at the hospital
(Table 5). As indicated, during this 6-month study
period no significant differences in quality-adjusted life-
years (0.25 vs 0.26) were observed between the groups;
thus, initiation at home resulted in lower costs, and
patients at home experienced the same quality of life as
NIV patients in the hospital. The main difference in
costs was explained by the reduced number of admission
days. Costs for care provided by nurses, including travel

expenses, and costs for services by a general practitioner
and/or other caregivers, were higher in the home group,
whereas income lost due to absenteeism was lower in the
home group.

Time Spent by Nurses

The mean total time spent by the nurses was 19.1 h in the
home group vs 12.6 h in the hospital group; the mean
number of contact moments was 13.6 and 12.3 in the
home group and hospital group, respectively. Patients in
the home group had more contact with the nurses during
initiation, whereas those in the hospital group had more
contact meetings during the follow-up (Fig 3).

Discussion
This national study, including all four Dutch centers for
HMV, shows that initiation of NIV at home is not
inferior to initiation at the hospital with respect to gas
exchange, safety, and quality of life, and reduces costs in
the patient population included. On the basis of the
results of this unique study, we will now recommend to
update the national guideline with a statement that
initiation of NIV can take place at home, with similar,
satisfactorily predicted clinical and improved financial
outcomes as in a hospital setting for the patient
population studied. There is only one other study that

TABLE 3 ] Daytime Arterial Blood Gases

Parameter

Home (n ¼ 37) Hospital (n ¼ 36)

Adjusted Mean Difference in Change:
Home vs in-Hospital (95% CI)Baseline 6 Months

P
Value Baseline 6 Months

P
Value

PaCO2, kPa 6.0 ! 0.8 5.6 ! 0.7 < .01 6.3 ! 1.0 5.6 ! 0.9 < .01 0.01 kPa (–0.36 to 0.38)

PaO2, kPa 10.4 ! 2.1 11.0 ! 2.8 .12 9.5 ! 1.8 10.9 ! 2.3 < .01 –0.58 kPa (–1.62 to 0.46)

HCO3
#,

mM
28.9 ! 3.2 26.9 ! 2.4 < .01 28.9 ! 4.0 26.5 ! 3.3 < .01 0.36 mM (–1.5 to 1.2)

Data are shown as mean ! SD. A positive mean difference indicates a reduced decrease (PaCO2, HCO3
#) or an increase (PaO2) for the home group compared

with the hospital group. See Table 2 legend for expansion of abbreviation.

–0.5

Hospital initiation HMV Home initiation HMV

–1.0 0.5 KPa

PaCO2

1.00
non-inferiority margin

Figure 2 – Noninferiority analysis for PaCO2. HMV ¼ home mechanical ventilation.

2498 Original Research [ 1 5 8 # 6 CHE ST D E C EM B E R 2 0 2 0 ]

admitted for only one-half day (4 h) to get used to
HMV, with further acclimatization at home.18 No
difference in the effectiveness of ventilation was seen
between the two groups. Reduced waiting time and
improved survival were observed following the
introduction of the outpatient model compared with the
inpatient initiation. Of note, the patients involved in this
study were strictly limited to those with motor neuron
disease, unlike the participants in our study.

A more recent study showed that outpatient initiation of
NIV in patients with ALS is not inferior to inpatient
initiation in terms of patients’ acceptance and adherence
to NIV.19 Lung function tests, to determine maximal
inspiratory pressure and FVC < 70% predicted, were
used as inclusion criteria, whereas complaints of
respiratory failure and/or hypercapnia were not
considered an indication for HMV (in contrast to our
study). Results revealed that early outpatient initiation is
as effective as inpatient initiation. However, because of
completely different inclusion criteria, it is difficult (and
inappropriate) to directly compare their results with ours.

Despite the positive results, our current study has a few
limitations. As a large number of patients with ALS was
included, NIV was started because of orthopnea without
daytime hypercapnia in several of these patients,
resulting in a very modest baseline CO2 elevation during
daytime. On the other hand, nocturnal transcutaneous
assessment showed that patients were hypoventilating,

which is an indication for HMV. In addition, in a
landmark study on NIV in patients with ALS, 38 of 41
patients were included on the basis of orthopnea, and
only 18 were hypercapnic.20 This suggests that
orthopnea without hypercapnia is an accepted
indication for starting NIV in patients with ALS.
Especially in patients with ALS, the home initiation of
NIV is a huge advantage as they can stay at home in
their familiar environment with involved caregivers,
who know exactly the specific needs of these severely
disabled patients. Another weakness is that different
groups of patients have been included. However, our
study contained only 11 patients with a thoracic cage
problem and 85 with an NMD, which shows that the
focus was primarily on NMD.

Introducing new technologies into the health-care system
is challenging, both in terms of privacy and lack of
standardization of information technology
communication protocols. Initially, we were challenged
by connectivity issues regarding sending and/or receiving
data, most often due to inferior connection units or weak
network signals at the patient’s home. Consequently, the
nurse had to visit the patient more often.

Despite the longer initiation time at home than at the
hospital, with equal effectiveness after 6 months, at-
home patients can spend time on their own terms until
HMV is comfortable rather than “being stuck” in a
hospital regimen.

Regarding societal costs, there appeared to be a little more
time spent by the nurses with patients in the home group,
which was anticipated because of the home visits; however,
we cannot explain the increase in costs related to care by
general practitioners and other miscellaneous caregivers.

In terms of costs and translating some of our findings to
other international institutions, it is difficult to compare
standard hospital initiation in the Netherlands with specific
situations in other countries, where initiation often takes
place in outpatient clinics. In addition, the Dutch
organization is very specified as specialized nurses supervise
the patients during their start in hospital and do the follow-
up at home as well. To further improve this unique system,
we believe that the patients would benefit most if they start
at home and not at the outpatient clinic.

Also, in the Netherlands, specific education for
caregivers is accommodated by a national HMV
educational program; this blended learning program
contains online courses combined with practical training
for caregivers and even with examination for care
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Figure 3 – Total and subcategorized time spent by nurses during the
initiation and 6-month follow-up period. Mean time spent during
initiation and 6 months of follow-up by the nurses in (1) phone calls:
time spent by the respiratory nurse on the phone with the patients; (2)
traveling: nurse’s travel time to the patients; (3) home visit: time spent by
the nurse with the patient during a home visit; and (4) clinic: time spent
by the nurse with the patient during hospitalization.
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12% in the standard fixed level NIV group.10 A sample size of 74 
randomised 1:1 provides a power of 90% at a two- sided signif-
icance level of 0.05 using an analysis of covariance (ANCOVA) 
analysis. Accounting for a drop- out rate of 10% required a total 
sample size of 82.

The value of patient reported HRQOL was estimated using 
EQ- 5D- 5L data, converted using crosswalk calculator into 
EQ- 5D- 3L values according to published value sets for the UK 
and France.20 These were converted into quality- adjusted life 
months (QALMs) for each patient by the area under the curve 
method assuming a linear interpolation between follow- up 
points. Considering the correlation between each outcome due 
to the data from the same subjects, seemingly unrelated regres-
sion with bootstrapped confidence intervals was used to estimate 
the incremental mean cost, QALMs and SRI between treatment 
groups after adjusting for country (other stratification variables 
were not included due to low sample numbers). Baseline SRI 
score was included as an adjustment in the SRI regression anal-
ysis. Analyses were conducted on a complete case basis. The 
appropriate EQ- 5D value sets and costs were applied to individ-
uals in each country. Analysis was carried out for each country 
separately and combined.

Secondary outcomes were analysed using linear regression 
models produced of outcomes at month three adjusting for base-
line values and country.

An a priori safety analysis was embedded to ensure clinical 
efficacy was equivalent. The safety analysis was defined as non- 
inferiority of outpatient NIV setup in term of the decrease in 
PaCO2. Non- inferiority was assessed using an ANCOVA model 
adjusting for baseline PaCO2. A non- inferiority margin of 0.5 kPa 
was prespecified based on clinical consensus. Data from previous 
work demonstrated a SD of PaCO2 at 3 months of 0.7 kPa.10 
Therefore, 74 patients randomised 1:1 provides a power of 86% 
using an ANCOVA analysis with a single sided level of signifi-
cance set at 0.025.

RESULTS
Seven centres with established treatment programmes for 
chronic respiratory failure were selected to participate in the 
study; four from the UK, two from France and one from Swit-
zerland. The first patient was recruited on 13 May 2015 and 
the last study assessment was performed on 7 August 2018. 

Following a trial steering committee meeting in January 2017, 
the Swiss centre withdrew from the trial due to trial infeasi-
bility having screened 71 patients without randomisation of a 
patient. The subsequent data reported are from the four UK 
and two French centres. There were 385 patients screened at 
the 6 centres which randomised patients for trial participation 
of which 82 were randomised (UK 53 and France 29) and 76 
(inpatient 37, outpatient 39) completed the final trial assess-
ment (figure 1). The most common reason for screening failure 
was absence of chronic respiratory failure, that is, the patients 
did not meet the definition for OHS. A total of six participants 
withdrew from the study (two from each group following 
randomisation and before the 6- week trial visit and a further 
two participants in the inpatient group withdrew between the 
6- week and 3- month visit).

Baseline demographic data are reported by allocated group 
(table 1) and country of randomisation (online supplemental 
OLS table E1).

Severity of SDB, based on baseline sleep study, was similar 
between groups (table 1). Supplementary oxygen was required 
by 18 patients (inpatient 8, outpatient 10; mean flow rate 
0.4±0.9 and 0.4±0.7 Lpm, respectively). Humidification was 
added as per patient preference in 53 patients (inpatient 27, 
68%; outpatient 26, 65%). Inpatient setup required a median 
1.0 range (1.0–2.0) night stay. Discharge NIV settings for the 
inpatient group, set during overnight sleep study, were inspira-
tory PAP (IPAP) of 22.8±6.3 cmH2O, expiratory PAP of 9.8±3.3 
cmH2O and back up rate 14.4±2.9. The outpatient group had a 
target tidal volume of 575±83 mL set to be delivered by variable 
pressure support mode. Full device settings can be found in the 
online supplemental OLS eTable 9.

The initial safety analysis conducted demonstrated improve-
ment in PaCO2 in both groups (inpatient −0.44±1.06 kPa; 
outpatient −0.85±1.04 kPa) with the 95% CI of the change in 
PaCO2 within the prespecified non- inferiority margin allowing 
for subsequent health economic analysis (figure 2).

Total per patient cost (fixed, OHS- related and non- OHS- 
related healthcare utilisation) for inpatient setup (£2962±£580) 
were similar to outpatient cost (£3169±£525) with no signifi-
cant difference in cost of NIV setup between groups (£188.20, 
95% CI £−61.61 to £438.01). Healthcare utilisation and costs 
differed between groups with higher healthcare utilisation in the 
outpatient arm (table 2).

There were similar HRQL improvements at month three in 
both groups when measured by EQ- 5D- 5L (inpatient 0.11±0.09, 
outpatient 0.11±0.10; difference −0.006, 95% CI −0.05 to 
0.04) and SRI (inpatient 56.4±20.1, outpatient 62.9±21.2; 
difference −1.96, 95% CI −8.8 to 4.9). QALMs were similar 
between groups (inpatient 1.35±1.06, outpatient 1.28±1.19; 
mean difference −0.07, 95% CI −0.57 to 0.43 months). When 
applying country specific costs to own country data there was no 
difference in cost- effectiveness whether inpatient or outpatient 
NIV setup was used (table 3).

Health economic sensitivity analysis extrapolating country 
specific costs across the dataset (French costs used for patients 
recruited in both UK and France and conversely UK costs 
used for all patients) demonstrated a cost saving in the French 
health system when using inpatient NIV setup (mean difference 
£700.18, 95% CI £449.04 to £951.32) with the cost difference 
attributable to reduced cost of inpatient titration (online supple-
mental OLS eTables 2–3).

Figure 1 Trial profile and patient participation diagram. BMI, body 
mass index; NIV, non- invasive ventilation.
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Clinical secondary outcomes
There was no difference in clinically relevant secondary outcomes 
between inpatient and outpatient setup at 3 months, including 
change dyspnoea, lung function, exercise capacity, body compo-
sition and anthropometrics. Furthermore, there was no change 
in quality of life, with the exception of the physical function 
domain of the SRI score which favoured patients established 
on NIV using the inpatient strategy (∆−8.90 95% CI −17.4 to 
−0.37; p=0.041) (online supplemental OLS eTables 4–6).

Management of SDB, change in sleep quality and NIV settings 
at 3 months
There was no difference between inpatient and outpatient setup 
in terms of SDB management, subjective and objective sleep 

quality, NIV adherence and NIV settings at 3 months (online 
supplemental OLS eTables 7–9).

Discussion
This current clinical trial demonstrated that there was no differ-
ence in medium- term cost- effectiveness between home NIV 
setup employing an outpatient pathway and an autotitrating 
NIV device, compared with inpatient NIV setup incorporating 
clinician- led attended overnight titration, in clinically stable 
ambulatory patients with OHS. Furthermore, these current 
data confirm the safety of an outpatient pathway with a similar 
improvement in daytime carbon dioxide level at 3 months 
compared with inpatient home NIV setup.

Clinical outcomes
At 3 months, there was similar overnight control of SDB when 
using either an inpatient attended nurse- led manual NIV titra-
tion or an outpatient clinician- led auto- NIV titration approach. 
It is important to acknowledge that there are important param-
eters that require close attention to optimally set an auto- NIV 
device to ensure that there is appropriate acclimatisation and 
delivery of therapeutic NIV. However, these data confirm that 
this approach produces not only similar control of SDB but 
also important physiological and clinical parameters including 
daytime symptoms, sleep quality, HRQOL, lung function and 
exercise performance. Although a statistical difference was 
detected in the physical function domain of the SRI this must be 
viewed in the context of a secondary outcome without correc-
tion for multiplicity. Furthermore, the analysis of objective phys-
ical activity on actigraphy, patient reported activity measured on 
visual analogue scale and exercise capacity indicated no differ-
ence between groups and is therefore not supportive of a clini-
cally relevant difference.

Healthcare utilisation
Of importance is that the outpatient arm required more health-
care contacts (outpatient hospital visits, telephone calls, hospital 
stays and emergency home visits) and more frequent modifica-
tion of ventilator settings (ventilator setting changes post initial 
NIV setup: inpatient 56% vs outpatient 62%). The outpatient 
setup model used the autotitrating device, daytime acclima-
tisation and home oximetry which may have failed to control 
nocturnal hypoventilation in the initial period, although control 
of SDB was similar at 3 months once the additional modifica-
tions to NIV settings had been completed. The difference in 

Table 1 Baseline demographics by allocated non- invasive ventilation 
(NIV) setup strategy

Baseline characteristics

Inpatient NIV 
setup
(n=41)

Outpatient NIV 
setup
(n=41)

Total
(n=82)

Stratification

*Prior use of NIV/CPAP (n 
(%))

17 (41) 19 (46) 36 (44)

*Gender (female) (n (%)) 22 (54) 22 (54) 44 (54)

Baseline demographics

Age (years) 56.9 (13.3) 60.8 (14.8) 58.8 (14.1)

BMI (kg/m2) 47.2 (10.8) 46.0 (8.0) 46.6 (9.5)

Smoking status (current, n 
(%))

8 (20) 7 (17) 15 (18)

Smoking pack year history† 19.0 (9.0–45.0) 20.0 (10.0–36.0) 20 (9.5–41.5)

Neck circumference (cm) 44.3 (5.1) 44.6 (5.5) 44.4 (5.3)

Waist circumference (cm) 132.0 (20.1) 134.5 (18.7) 133.2 (19.3)

FEV1 (l) 1.94 (0.90) 1.55 (0.69) 1.75 (0.82)

FEV1 (%) 68.6 (23.9) 59.3 (20.3) 63.8 (22.4)

FVC (l) 2.24 (0.97) 1.83 (0.81) 2.04 (0.91)

FVC (%) 65.6 (22.7) 56.6 (19.0) 61.0 (21.3)

FEV1/FVC 0.87 (0.10) 0.86 (0.12) 0.86 (0.11)

PaO2 on room air (kPa) 8.87 (1.03) 8.61 (1.25) 8.74 (1.15)

PaCO2 on room air (kPa) 6.62 (0.62) 6.91 (0.61) 6.76 (0.63)

4%ODI 48.8 (35.0) 46.9 (28.1) 47.9 (31.6)

Mean SpO2 (%) 88.0 (7.2) 87.5 (4.6) 87.8 (6.1)

Total analysis time <90% (%) 39.6 (31.2) 49.1 (32.9) 47.8 (33.3)

Mean tcCO2 (kPa) 6.8 (1.4) 7.5 (0.9) 7.1 (1.3)

Max tcCO2 (kPa) 10.2 (11.6) 9.0 (1.5) 9.6 (8.3)

ESS 13.1 (6.9) 9.85 (6.76) 11.5 (7.0)

SRI Summary (QoL) 48.0 (16.7) 55.1 (21.0) 51.5 (19.2)
Data summarised as mean (SD) unless otherwise stated.
*Stratification factors.
†In current/ever smokers, median (25th–75th percentiles). (score 0–100 with higher 
values representing beter quality of life; validated to measure quality of life in 
patients with chronic respiratory failure).
BMI, body mass index; CPAP, continuous positive airway pressure; ESS, Epworth 
Sleep Score; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; ODI, 
Oxygen desaturation index; PaCO2, Arterial partial pressure of carbon dioxide; PaO2, 
Arterial partial pressure of oxygen; SpO2, Saturation of pulsatile oxy- haemoglobin; 
SRI, Severe Respiratory Insufficiency Questionnaire; tcCO2, transcutaneous carbon 
dioxide.

Figure 2 Comparison of change in PaCO2 between NIV setup 
strategies. PaCO2, arterial partial pressure of carbon dioxide, The blue 
dashed line labelled Δ represents the non- inferiority threshold or the 
maximum allowable excess of PaCO2 difference arising from the Out- 
patient NIV compared with the inpatient NIV. The tinted area represents 
the non- inferiority zone. NIV, non- invasive ventilation.
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healthcare utilisation required to alter NIV settings after the 
initial setup impacted on the overall cost of the setup strategy. 
We acknowledge the use of advanced home monitoring with 
transcutaneous carbon dioxide monitoring may have altered the 
need for additional NIV setting manipulation, but this would 
have required more patient training and specialist equipment, 
which is not routinely available. Indeed, this would have further 
added to healthcare costs.

The study protocol used both telephone and face to face visits 
to modify ventilator settings in response to patient symptoms and 
overnight oximetry results. This process may have been simpli-
fied with an impact on health practitioner time, and thus cost, 
if remote monitoring system capable of NIV device prescription 
changes capacity were used in the study. However, this approach 
has not been tested robustly and at the start of this study this 
type of technology was not available.

Comparison with previous studies
Previous data investigating the economic advantage of outpa-
tient NIV setup in chronic respiratory failure has indicated 
cost reductions and similar efficacy of therapy. The cost reduc-
tions reported with outpatient NIV setup are largely delivered 
through the reduction in inpatient bed day cost. In the study 
by Luján et al,17 the cost saving was demonstrated to be £1019 
(inpatient £2301 vs outpatient £1755), however, this was based 
on a median length of stay of 6 days to establish home NIV.16 If 
the median length of stay were reduced to 2 days (one night), 
similar to that observed in the current clinical trial, the cost of 
the outpatient setup would be similar to inpatient setup. Interest-
ingly, the data of Luján et al showed excess costs in the outpatient 
arm that were driven by unscheduled emergency hospitalisation 
events (inpatient £216 vs outpatient £5289).16 The reasons for 
this significant cost difference are speculative but could include 
the lower contact time in the outpatient group reducing the 
time for education for NIV troubleshooting and education. This 
rationale is supported by data from other studies assessing inpa-
tient and home setup of NIV where direct contact time with 
the nurse specialist was shown to be lower in the home setup 
group compared with inpatient group.21 Furthermore, the time 
to acclimatisation to home NIV was longer with home setup (14 
days vs 7 days; p<0.001).22

Unscheduled care
In the current trial, the excess treatment costs in the outpatient 
NIV setup group were driven by the cost of the autotitrating 
ventilator, outpatient hospital visits, telephone calls, unsched-
uled hospital stays and emergency home visits. Similar to the 
study by Lujan et al, the current trial demonstrated a predom-
inance of unscheduled admissions to hospital in the outpatient 
NIV setup group.16 It would be possible to modify the outpa-
tient strategy to increase contact time in an attempt to reduce 
unplanned admissions but this would require further work to 
demonstrate that this is effective. The imbalance of emergency 
admissions provides an argument to use the inpatient approach 
for those patients with clinical instability, significant comorbidi-
ties and when unplanned admissions are important to avoid from 
a patient and healthcare perspective. A home ventilation service 
should offer both inpatient and outpatient approach with a 
personalised assessment of patient preference, risk of emergency 
admission, clinical stability and predicted adherence to select the 
setup strategy that will best deliver care for the individual.

Critique of the method
Although the authors acknowledge that the data from this trial 
are limited as there was no blinding of the participants or super-
vising clinicians to the allocation group, blinded assessors were 
used for outcome measures whenever possible. In addition, and 
unlike other health economic evaluations which use healthcare 
tariffs (‘top down’ costings provided by healthcare provider price 
schedules),16 22 23 this present trial comprehensively costed inpa-
tient and outpatient NIV setup using the ‘bottom up’ costing for 
each of the home ventilation centres involved. The actual cost 
of service delivery was based on unit expenditure and activity. 
However, it must be acknowledged that for the healthcare utili-
sation outside of NIV setup, generic costs were used in- line with 
other published data. It is important to understand that the cost- 
effectiveness data presented cannot necessarily be extrapolated 
beyond the time horizon of the trial as patterns of healthcare 
utilisation cannot be assumed to remain stable, although health-
care utilisation is known to be highest in the year before and 
after diagnosis of OHS and so healthcare utilisation is likely to 
fall over time.24

The use of a multicentre international study design allowed for 
evaluation of country specific costs. We demonstrated lower cost 

Table 3 Cost- effectiveness analysis of inpatient and outpatient non- invasive ventilation setup in obesity hypoventilation syndrome
UK France

Difference (outpatient–inpatient) (n=47) 95% CI*
Difference (outpatient–inpatient)
(n=28) 95% CI*

Fixed costs (£) −209.82 360.46

OHS healthcare utilisation costs 93.04 −160.87 to 346.96 317.32 55.95 to 578.69

Non- OHS healthcare utilisation costs 0.38 −92.38 to 93.14 22.40 −13.36 to 58.17

Total costs (£) −116.40 −393.82 to 161.02 700.18 435.85 to 964.51

Seemingly unrelated regression Difference (n=45) 95% CI† Difference (n=28) 95% CI†

Total costs (£) −140.64 −400.09 to 118.81 700.18 449.04 to 951.32

QALM 0.24 −0.34 to 0.81 −0.57 −1.50 to 0.37

SRI summary score‡ −1.37 −11.29 to 8.55 −1.49 −10.96 to 7.97
*Difference and CIs from t- test.
†Difference and CIs from seemingly unrelated regression involving all outcomes, bootstrapped CI.
‡Adjusted for baseline SRI.
§Total costs including OHS and non- OHS costs.
OHS, obesity hypoventilation syndrome; QALM, quality- adjusted life month; SRI, Severe Respiratory Insufficiency.
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healthcare utilisation required to alter NIV settings after the 
initial setup impacted on the overall cost of the setup strategy. 
We acknowledge the use of advanced home monitoring with 
transcutaneous carbon dioxide monitoring may have altered the 
need for additional NIV setting manipulation, but this would 
have required more patient training and specialist equipment, 
which is not routinely available. Indeed, this would have further 
added to healthcare costs.

The study protocol used both telephone and face to face visits 
to modify ventilator settings in response to patient symptoms and 
overnight oximetry results. This process may have been simpli-
fied with an impact on health practitioner time, and thus cost, 
if remote monitoring system capable of NIV device prescription 
changes capacity were used in the study. However, this approach 
has not been tested robustly and at the start of this study this 
type of technology was not available.

Comparison with previous studies
Previous data investigating the economic advantage of outpa-
tient NIV setup in chronic respiratory failure has indicated 
cost reductions and similar efficacy of therapy. The cost reduc-
tions reported with outpatient NIV setup are largely delivered 
through the reduction in inpatient bed day cost. In the study 
by Luján et al,17 the cost saving was demonstrated to be £1019 
(inpatient £2301 vs outpatient £1755), however, this was based 
on a median length of stay of 6 days to establish home NIV.16 If 
the median length of stay were reduced to 2 days (one night), 
similar to that observed in the current clinical trial, the cost of 
the outpatient setup would be similar to inpatient setup. Interest-
ingly, the data of Luján et al showed excess costs in the outpatient 
arm that were driven by unscheduled emergency hospitalisation 
events (inpatient £216 vs outpatient £5289).16 The reasons for 
this significant cost difference are speculative but could include 
the lower contact time in the outpatient group reducing the 
time for education for NIV troubleshooting and education. This 
rationale is supported by data from other studies assessing inpa-
tient and home setup of NIV where direct contact time with 
the nurse specialist was shown to be lower in the home setup 
group compared with inpatient group.21 Furthermore, the time 
to acclimatisation to home NIV was longer with home setup (14 
days vs 7 days; p<0.001).22

Unscheduled care
In the current trial, the excess treatment costs in the outpatient 
NIV setup group were driven by the cost of the autotitrating 
ventilator, outpatient hospital visits, telephone calls, unsched-
uled hospital stays and emergency home visits. Similar to the 
study by Lujan et al, the current trial demonstrated a predom-
inance of unscheduled admissions to hospital in the outpatient 
NIV setup group.16 It would be possible to modify the outpa-
tient strategy to increase contact time in an attempt to reduce 
unplanned admissions but this would require further work to 
demonstrate that this is effective. The imbalance of emergency 
admissions provides an argument to use the inpatient approach 
for those patients with clinical instability, significant comorbidi-
ties and when unplanned admissions are important to avoid from 
a patient and healthcare perspective. A home ventilation service 
should offer both inpatient and outpatient approach with a 
personalised assessment of patient preference, risk of emergency 
admission, clinical stability and predicted adherence to select the 
setup strategy that will best deliver care for the individual.

Critique of the method
Although the authors acknowledge that the data from this trial 
are limited as there was no blinding of the participants or super-
vising clinicians to the allocation group, blinded assessors were 
used for outcome measures whenever possible. In addition, and 
unlike other health economic evaluations which use healthcare 
tariffs (‘top down’ costings provided by healthcare provider price 
schedules),16 22 23 this present trial comprehensively costed inpa-
tient and outpatient NIV setup using the ‘bottom up’ costing for 
each of the home ventilation centres involved. The actual cost 
of service delivery was based on unit expenditure and activity. 
However, it must be acknowledged that for the healthcare utili-
sation outside of NIV setup, generic costs were used in- line with 
other published data. It is important to understand that the cost- 
effectiveness data presented cannot necessarily be extrapolated 
beyond the time horizon of the trial as patterns of healthcare 
utilisation cannot be assumed to remain stable, although health-
care utilisation is known to be highest in the year before and 
after diagnosis of OHS and so healthcare utilisation is likely to 
fall over time.24

The use of a multicentre international study design allowed for 
evaluation of country specific costs. We demonstrated lower cost 
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Difference (outpatient–inpatient) (n=47) 95% CI*
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1 - Choisir son mode ventilatoire

14 ERS Practical Handbook Noninvasive Ventilation

The basics: equipment

by varying the level of pressure support provided by the ventilator. Various VAPS 
modes exist and may require the practitioner to set a target VT, minute ventilation 
or target alveolar ventilation (i.e. total ventilation minus the ventilation estimated 
to be “wasted” within the patient’s anatomical dead space). Different approaches 
exist to enable the practitioner to establish this ventilatory target. In all cases, the 
ventilator adjusts the pressure support, within practitioner-determined  limits, 
to meet the preset ventilatory target. Some VAPS modes also have the ability 
to automatically adjust the EPAP (auto-EPAP) in order to eliminate upper airway 
obstruction, which may be particularly helpful in patients with unstable upper 
airways.

Pressure

Flow

Volume

Pressure
b)a)

Flow

Volume

Figure 2. Positive pressure ventilators. a) Pressure-preset ventilators: pressure is 
constant; flow and volume differ with each breath. These include bilevel ventilators, which 
have been designed specifically for NIV. b) Volume-preset ventilators: volume and flow 
are constant; pressure is variable with each breath. Reproduced and modified from Skills-
based Simulator Training in Non-Invasive Ventilation. © ResMed Limited. All rights 
reserved.

Table 1. Comparison of pressure- and volume-preset ventilators

Pressure-preset ventilators 
(including bilevel)

Volume-preset  
ventilators

Main clinician-
determined 
setting

Level of inspiratory and/or 
expiratory pressure to be 

delivered

V T or minute volume to be 
delivered

VT delivery Delivered V T will fall if airway 
resistance increases or lung 

compliance decreases

Delivers constant V T despite 
changes in airway resistance 

or lung compliance

Airway 
pressures 
generated

Pressure generated 
predetermined by clinician

Generates increased pressures 
to achieve target V T: may 
generate high peak airway 

pressures

Leak 
compensation

Good leak compensation: 
flow increases to compensate 

for leak and delivered V T is 
maintained

Poor leak compensation: 
no increase in flow to 
compensate for leak; 

therefore, delivered V T falls 
in the presence of significant 

leaks

Reproduced from Skills-based Simulator Training in Non-Invasive Ventilation. © ResMed Limited. 
All rights reserved.
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by varying the level of pressure support provided by the ventilator. Various VAPS 
modes exist and may require the practitioner to set a target VT, minute ventilation 
or target alveolar ventilation (i.e. total ventilation minus the ventilation estimated 
to be “wasted” within the patient’s anatomical dead space). Different approaches 
exist to enable the practitioner to establish this ventilatory target. In all cases, the 
ventilator adjusts the pressure support, within practitioner-determined  limits, 
to meet the preset ventilatory target. Some VAPS modes also have the ability 
to automatically adjust the EPAP (auto-EPAP) in order to eliminate upper airway 
obstruction, which may be particularly helpful in patients with unstable upper 
airways.
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Figure 2. Positive pressure ventilators. a) Pressure-preset ventilators: pressure is 
constant; flow and volume differ with each breath. These include bilevel ventilators, which 
have been designed specifically for NIV. b) Volume-preset ventilators: volume and flow 
are constant; pressure is variable with each breath. Reproduced and modified from Skills-
based Simulator Training in Non-Invasive Ventilation. © ResMed Limited. All rights 
reserved.

Table 1. Comparison of pressure- and volume-preset ventilators

Pressure-preset ventilators 
(including bilevel)

Volume-preset  
ventilators
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determined 
setting

Level of inspiratory and/or 
expiratory pressure to be 

delivered

V T or minute volume to be 
delivered

VT delivery Delivered V T will fall if airway 
resistance increases or lung 

compliance decreases

Delivers constant V T despite 
changes in airway resistance 

or lung compliance

Airway 
pressures 
generated

Pressure generated 
predetermined by clinician

Generates increased pressures 
to achieve target V T: may 
generate high peak airway 

pressures

Leak 
compensation

Good leak compensation: 
flow increases to compensate 

for leak and delivered V T is 
maintained

Poor leak compensation: 
no increase in flow to 
compensate for leak; 

therefore, delivered V T falls 
in the presence of significant 

leaks
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by varying the level of pressure support provided by the ventilator. Various VAPS 
modes exist and may require the practitioner to set a target VT, minute ventilation 
or target alveolar ventilation (i.e. total ventilation minus the ventilation estimated 
to be “wasted” within the patient’s anatomical dead space). Different approaches 
exist to enable the practitioner to establish this ventilatory target. In all cases, the 
ventilator adjusts the pressure support, within practitioner-determined  limits, 
to meet the preset ventilatory target. Some VAPS modes also have the ability 
to automatically adjust the EPAP (auto-EPAP) in order to eliminate upper airway 
obstruction, which may be particularly helpful in patients with unstable upper 
airways.
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Figure 2. Positive pressure ventilators. a) Pressure-preset ventilators: pressure is 
constant; flow and volume differ with each breath. These include bilevel ventilators, which 
have been designed specifically for NIV. b) Volume-preset ventilators: volume and flow 
are constant; pressure is variable with each breath. Reproduced and modified from Skills-
based Simulator Training in Non-Invasive Ventilation. © ResMed Limited. All rights 
reserved.

Table 1. Comparison of pressure- and volume-preset ventilators

Pressure-preset ventilators 
(including bilevel)

Volume-preset  
ventilators

Main clinician-
determined 
setting

Level of inspiratory and/or 
expiratory pressure to be 

delivered

V T or minute volume to be 
delivered

VT delivery Delivered V T will fall if airway 
resistance increases or lung 

compliance decreases

Delivers constant V T despite 
changes in airway resistance 

or lung compliance

Airway 
pressures 
generated

Pressure generated 
predetermined by clinician

Generates increased pressures 
to achieve target V T: may 
generate high peak airway 

pressures

Leak 
compensation

Good leak compensation: 
flow increases to compensate 

for leak and delivered V T is 
maintained

Poor leak compensation: 
no increase in flow to 
compensate for leak; 

therefore, delivered V T falls 
in the presence of significant 

leaks
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by varying the level of pressure support provided by the ventilator. Various VAPS 
modes exist and may require the practitioner to set a target VT, minute ventilation 
or target alveolar ventilation (i.e. total ventilation minus the ventilation estimated 
to be “wasted” within the patient’s anatomical dead space). Different approaches 
exist to enable the practitioner to establish this ventilatory target. In all cases, the 
ventilator adjusts the pressure support, within practitioner-determined  limits, 
to meet the preset ventilatory target. Some VAPS modes also have the ability 
to automatically adjust the EPAP (auto-EPAP) in order to eliminate upper airway 
obstruction, which may be particularly helpful in patients with unstable upper 
airways.
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Figure 2. Positive pressure ventilators. a) Pressure-preset ventilators: pressure is 
constant; flow and volume differ with each breath. These include bilevel ventilators, which 
have been designed specifically for NIV. b) Volume-preset ventilators: volume and flow 
are constant; pressure is variable with each breath. Reproduced and modified from Skills-
based Simulator Training in Non-Invasive Ventilation. © ResMed Limited. All rights 
reserved.
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generated

Pressure generated 
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to achieve target V T: may 
generate high peak airway 
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Leak 
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Good leak compensation: 
flow increases to compensate 

for leak and delivered V T is 
maintained

Poor leak compensation: 
no increase in flow to 
compensate for leak; 

therefore, delivered V T falls 
in the presence of significant 

leaks
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modes exist and may require the practitioner to set a target VT, minute ventilation 
or target alveolar ventilation (i.e. total ventilation minus the ventilation estimated 
to be “wasted” within the patient’s anatomical dead space). Different approaches 
exist to enable the practitioner to establish this ventilatory target. In all cases, the 
ventilator adjusts the pressure support, within practitioner-determined  limits, 
to meet the preset ventilatory target. Some VAPS modes also have the ability 
to automatically adjust the EPAP (auto-EPAP) in order to eliminate upper airway 
obstruction, which may be particularly helpful in patients with unstable upper 
airways.
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Figure 2. Positive pressure ventilators. a) Pressure-preset ventilators: pressure is 
constant; flow and volume differ with each breath. These include bilevel ventilators, which 
have been designed specifically for NIV. b) Volume-preset ventilators: volume and flow 
are constant; pressure is variable with each breath. Reproduced and modified from Skills-
based Simulator Training in Non-Invasive Ventilation. © ResMed Limited. All rights 
reserved.
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Volume-preset  
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expiratory pressure to be 

delivered

V T or minute volume to be 
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changes in airway resistance 
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Good leak compensation: 
flow increases to compensate 
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no increase in flow to 
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therefore, delivered V T falls 
in the presence of significant 

leaks

Reproduced from Skills-based Simulator Training in Non-Invasive Ventilation. © ResMed Limited. 
All rights reserved.

Pression

Débit

Volume

Volumétrique Barométrique



1 - Choisir son mode ventilatoire : Mode volumétrique

• Un volume prédéfini sur une durée prédéfinie

Un débit prédéfini

• Principal facteur limitant

Les fuites
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by varying the level of pressure support provided by the ventilator. Various VAPS 
modes exist and may require the practitioner to set a target VT, minute ventilation 
or target alveolar ventilation (i.e. total ventilation minus the ventilation estimated 
to be “wasted” within the patient’s anatomical dead space). Different approaches 
exist to enable the practitioner to establish this ventilatory target. In all cases, the 
ventilator adjusts the pressure support, within practitioner-determined  limits, 
to meet the preset ventilatory target. Some VAPS modes also have the ability 
to automatically adjust the EPAP (auto-EPAP) in order to eliminate upper airway 
obstruction, which may be particularly helpful in patients with unstable upper 
airways.
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Figure 2. Positive pressure ventilators. a) Pressure-preset ventilators: pressure is 
constant; flow and volume differ with each breath. These include bilevel ventilators, which 
have been designed specifically for NIV. b) Volume-preset ventilators: volume and flow 
are constant; pressure is variable with each breath. Reproduced and modified from Skills-
based Simulator Training in Non-Invasive Ventilation. © ResMed Limited. All rights 
reserved.

Table 1. Comparison of pressure- and volume-preset ventilators

Pressure-preset ventilators 
(including bilevel)

Volume-preset  
ventilators

Main clinician-
determined 
setting

Level of inspiratory and/or 
expiratory pressure to be 

delivered

V T or minute volume to be 
delivered

VT delivery Delivered V T will fall if airway 
resistance increases or lung 

compliance decreases

Delivers constant V T despite 
changes in airway resistance 

or lung compliance

Airway 
pressures 
generated

Pressure generated 
predetermined by clinician

Generates increased pressures 
to achieve target V T: may 
generate high peak airway 

pressures

Leak 
compensation

Good leak compensation: 
flow increases to compensate 

for leak and delivered V T is 
maintained

Poor leak compensation: 
no increase in flow to 
compensate for leak; 

therefore, delivered V T falls 
in the presence of significant 

leaks

Reproduced from Skills-based Simulator Training in Non-Invasive Ventilation. © ResMed Limited. 
All rights reserved.

P

Q

V



1 - Choisir son mode ventilatoire : Mode volumétrique

• Comment limiter les fuites?



1 - Choisir son mode ventilatoire : Mode volumétrique

• Ventilation sans fuite
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• Mode anecdotique en ventilation non invasive 
de domicile

Mauvaise compensation des fuites

Circuits plus encombrants

Moins d’interfaces disponibles
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by varying the level of pressure support provided by the ventilator. Various VAPS 
modes exist and may require the practitioner to set a target VT, minute ventilation 
or target alveolar ventilation (i.e. total ventilation minus the ventilation estimated 
to be “wasted” within the patient’s anatomical dead space). Different approaches 
exist to enable the practitioner to establish this ventilatory target. In all cases, the 
ventilator adjusts the pressure support, within practitioner-determined  limits, 
to meet the preset ventilatory target. Some VAPS modes also have the ability 
to automatically adjust the EPAP (auto-EPAP) in order to eliminate upper airway 
obstruction, which may be particularly helpful in patients with unstable upper 
airways.
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Figure 2. Positive pressure ventilators. a) Pressure-preset ventilators: pressure is 
constant; flow and volume differ with each breath. These include bilevel ventilators, which 
have been designed specifically for NIV. b) Volume-preset ventilators: volume and flow 
are constant; pressure is variable with each breath. Reproduced and modified from Skills-
based Simulator Training in Non-Invasive Ventilation. © ResMed Limited. All rights 
reserved.

Table 1. Comparison of pressure- and volume-preset ventilators

Pressure-preset ventilators 
(including bilevel)

Volume-preset  
ventilators

Main clinician-
determined 
setting

Level of inspiratory and/or 
expiratory pressure to be 

delivered

V T or minute volume to be 
delivered

VT delivery Delivered V T will fall if airway 
resistance increases or lung 

compliance decreases

Delivers constant V T despite 
changes in airway resistance 

or lung compliance

Airway 
pressures 
generated

Pressure generated 
predetermined by clinician

Generates increased pressures 
to achieve target V T: may 
generate high peak airway 

pressures

Leak 
compensation

Good leak compensation: 
flow increases to compensate 

for leak and delivered V T is 
maintained

Poor leak compensation: 
no increase in flow to 
compensate for leak; 

therefore, delivered V T falls 
in the presence of significant 

leaks

Reproduced from Skills-based Simulator Training in Non-Invasive Ventilation. © ResMed Limited. 
All rights reserved.

P

Q

V



1 - Choisir son mode ventilatoire : Mode volumétrique - Encore?

• Non

• Hormis en ventilation
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Sur canule de trachéotomie
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by varying the level of pressure support provided by the ventilator. Various VAPS 
modes exist and may require the practitioner to set a target VT, minute ventilation 
or target alveolar ventilation (i.e. total ventilation minus the ventilation estimated 
to be “wasted” within the patient’s anatomical dead space). Different approaches 
exist to enable the practitioner to establish this ventilatory target. In all cases, the 
ventilator adjusts the pressure support, within practitioner-determined  limits, 
to meet the preset ventilatory target. Some VAPS modes also have the ability 
to automatically adjust the EPAP (auto-EPAP) in order to eliminate upper airway 
obstruction, which may be particularly helpful in patients with unstable upper 
airways.
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Figure 2. Positive pressure ventilators. a) Pressure-preset ventilators: pressure is 
constant; flow and volume differ with each breath. These include bilevel ventilators, which 
have been designed specifically for NIV. b) Volume-preset ventilators: volume and flow 
are constant; pressure is variable with each breath. Reproduced and modified from Skills-
based Simulator Training in Non-Invasive Ventilation. © ResMed Limited. All rights 
reserved.

Table 1. Comparison of pressure- and volume-preset ventilators

Pressure-preset ventilators 
(including bilevel)

Volume-preset  
ventilators

Main clinician-
determined 
setting

Level of inspiratory and/or 
expiratory pressure to be 

delivered

V T or minute volume to be 
delivered

VT delivery Delivered V T will fall if airway 
resistance increases or lung 

compliance decreases

Delivers constant V T despite 
changes in airway resistance 

or lung compliance

Airway 
pressures 
generated

Pressure generated 
predetermined by clinician

Generates increased pressures 
to achieve target V T: may 
generate high peak airway 

pressures

Leak 
compensation

Good leak compensation: 
flow increases to compensate 

for leak and delivered V T is 
maintained

Poor leak compensation: 
no increase in flow to 
compensate for leak; 

therefore, delivered V T falls 
in the presence of significant 

leaks
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by varying the level of pressure support provided by the ventilator. Various VAPS 
modes exist and may require the practitioner to set a target VT, minute ventilation 
or target alveolar ventilation (i.e. total ventilation minus the ventilation estimated 
to be “wasted” within the patient’s anatomical dead space). Different approaches 
exist to enable the practitioner to establish this ventilatory target. In all cases, the 
ventilator adjusts the pressure support, within practitioner-determined  limits, 
to meet the preset ventilatory target. Some VAPS modes also have the ability 
to automatically adjust the EPAP (auto-EPAP) in order to eliminate upper airway 
obstruction, which may be particularly helpful in patients with unstable upper 
airways.

Pressure

Flow

Volume

Pressure
b)a)

Flow

Volume

Figure 2. Positive pressure ventilators. a) Pressure-preset ventilators: pressure is 
constant; flow and volume differ with each breath. These include bilevel ventilators, which 
have been designed specifically for NIV. b) Volume-preset ventilators: volume and flow 
are constant; pressure is variable with each breath. Reproduced and modified from Skills-
based Simulator Training in Non-Invasive Ventilation. © ResMed Limited. All rights 
reserved.

Table 1. Comparison of pressure- and volume-preset ventilators

Pressure-preset ventilators 
(including bilevel)

Volume-preset  
ventilators

Main clinician-
determined 
setting

Level of inspiratory and/or 
expiratory pressure to be 

delivered

V T or minute volume to be 
delivered

VT delivery Delivered V T will fall if airway 
resistance increases or lung 

compliance decreases

Delivers constant V T despite 
changes in airway resistance 

or lung compliance

Airway 
pressures 
generated

Pressure generated 
predetermined by clinician

Generates increased pressures 
to achieve target V T: may 
generate high peak airway 

pressures

Leak 
compensation

Good leak compensation: 
flow increases to compensate 

for leak and delivered V T is 
maintained

Poor leak compensation: 
no increase in flow to 
compensate for leak; 

therefore, delivered V T falls 
in the presence of significant 

leaks

Reproduced from Skills-based Simulator Training in Non-Invasive Ventilation. © ResMed Limited. 
All rights reserved.
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2 - Choisir son ventilateur

Ventilateurs réanimation

V60

Astral / Vivo 60 / Trilogy / Eove / Vent 40

Stellar / A40 / Vivo 40 / Vent 40

Dreamstation / Lumis / Vivo 30 / Vent 30

PPC

"Puissance"

Usage à domicile



3 - Choisir son circuit

• Fermé / sans fuite

un tuyau inspiratoire et un expiratoire

pas de fuite sur le masque 

• Ouvert / à fuite 

un seul tuyau

fuites intentionnelles sur le masque
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5 - Choisir ses réglages - L’aide inspiratoire

• Le choix de la pression inspiratoire positive

Doit permettre un contrôle de l’hypoventilation

FIGURE 3 | Event-free survival. Event-free survival: time to the composite endpoint ICU admission or death. “hypercapnia[2]”: TcCO2 > 49 mmHg during ≥10% of 
the total recording time; “hypercapnia[3]”: peak TcCO2 > 55 mmHg.

FIGURE 2 | Cumulative incidence of respiratory events requiring ICU admission. “hypercapnia[2]”: TcCO2 > 49 mmHg during ≥10% of the total recording 
time; “hypercapnia[3]”: peak TcCO2 > 55 mmHg.

4

Ogna et al. Hypoventilation in Ventilated Neuromuscular Patients

Frontiers in Medicine | www.frontiersin.org September 2016 | Volume 3 | Article 40

were found exploring the event (mortality or ICU admission)-
free survival of the patients (p =  0.005 for “hypercapnia[2]” 
definition and p  =  0.02 for the “hypercapnia[3]” definition, 
Figure 3).

However, using “hypercapnia[2]” as a diagnostic criterion 
identified almost twofold inefficiently ventilated patients as 
compared with the “hypercapnia[3]” criterion.

DISCUSSION

We report the first data on the prognostic value of different 
tools to identify residual hypoventilation in mechanically ven-
tilated neuromuscular patients. Analyzing an unselected NMD 
population, we found that inefficiently ventilated patients are at 
increased risk of mortality or ICU admission when compared 

Ogna A. Frontiers in Medicine 2016
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• Pression inspiratoire positive
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5 - Choisir ses réglages - La pression expiratoire

• Le choix de la pression expiratoire positive

Doit maintenir les voies aériennes supérieurs 
ouvertes

Georges M. J. Neurol. Neuros. Psy 2015

PUTATIVE MECHANISMS
Abnormal upper airway collapsibility in ALS
A number of ALS-related factors can theoretically increase
upper airway collapsibility. Upper airway involvement has been
extensively described in this disease, particularly in the pharynx
and larynx,23 24 due to degeneration of corticobulbar fibres,
with bilateral glossopharyngeal and hypoglossal nerve lesions
responsible for so-called ‘bulbar’ symptoms with impairment of
voice and swallowing, atrophy of the tongue with fasciculations
and abnormal corticobulbar reflexes.23 25 Very heterogeneous
appearances in endoscopy were observed, ranging from a com-
pletely normal airway to complete collapse of the entire airway
(figure 3 and online supplementary video). However, recent
studies in ALS have confirmed that the endoscopic appearance
of the pharynx and larynx may be normal despite the spontan-
eous and permanent electromyographic activity of the tongue in
a great majority of patients,26 although demonstration of fasci-
culations is limited by the marked difficulty of obtaining com-
plete relaxation of the tongue (only 6% of patients25). More
simply, DePaul et al24 demonstrated decreased strength of the
tongue in almost all patients, even in patients with no dysarthria
or swallowing disorders. The decreased strength of the tongue
would constitute a predisposing factor to increased upper
airway collapsibility and we believe that the prevalence of this
abnormality in ALS (with or without an obvious bulbar lesion)
is probably severely underestimated. Clinical evaluation (bulbar
score) and nasal endoscopy are clearly unable to identify
patients at high risk of upper airway collapse when treated by
NIV, indicating the need for a specific diagnostic approach. We
did not have enough data to differentiate between bulbar and
pseudobulbar patients, a differentiation that should be explored
in future studies. Finally, other mechanisms, described in differ-
ent diseases, may also be responsible for upper airway obstruc-
tion; these include, for example, chronic irritation of the surface
of the pharynx,27 28 a higher propensity of the airways to col-
lapse at low lung volume29 30 or upper airway nocturnal redis-
tribution of interstitial fluid.31

NIV-related inhibition of compensatory mechanisms
ALS-related obstructive events are observed only during sleep
and/or NIV, suggesting the existence of wakefulness-related com-
pensatory mechanisms that have been shown to involve cortical
processes. A similar finding has been observed in obstructive
sleep apnoea syndrome (OSAS), in which snoring and obstruct-
ive events are not observed during wakefulness, despite the fact

that the upper airways of patients with OSAS present anatomical
and functional abnormalities predisposing to airway collapse.
These abnormalities are compensated for by the increased venti-
latory drive to the upper airway dilator muscles,32 33 in which a
specific cortical drive participates.34 NIV could affect this com-
pensation via several mechanisms. First, NIV may reduce
PaCO2, which would decrease the global ventilatory drive and
could promote glottal closure phenomena in the same way as
induction of hypocapnia in healthy participants.35 Second, NIV
could induce mechanical inhibition of the ventilatory drive,
independent of any variations in CO2, and related to changes in
thoracic afferents36 and their cortical processing,37 as NIV
abolishes the cortical activity related to breathing that charac-
terises some patients with ALS, which has been interpreted to be
a compensatory mechanism.38 Finally, a third mechanism could
be related to sleep induction, as described in OSAS.39

PROGNOSTIC IMPACT
In the patients of this series, obstructive events were associated
with poorer prognosis, without any obvious confounder for low
survival (smoking habits, riluzole use, respiratory secretions
management and nutritional support). Of note, the presence of
a gastrostomy was noted less often in the patients with obstruct-
ive events, probably because of the lower number of bulbar
patients in this group (table 1). We did not find any difference
in survival between patients with or without gastrostomy, as all
the patients received nutritional support. We were surprised to
find that a poorer survival was observed both in patients consid-
ered to be inadequately ventilated and in patients considered to
be adequately ventilated, that is, with no nocturnal desaturations
(group 1 O+ patients). Nocturnal SpO2 monitoring is therefore
probably not sufficiently precise to detect poor quality sleep in
patients with obstructive events or the criteria of nocturnal
SpO2<90% for more than 5% of the nocturnal recording
time11 could be too high as suggested in table 3 of supplemen-
tary material. However, this is an important point, as correction
of obstructive events is associated with improved survival. The
present study shows that adjustments of ventilator settings can
control obstructive events in 58% of cases, with no survival dif-
ference between patients corrected during treatment and those
who were adequately ventilated immediately. The most fre-
quently effective treatment was to try to reduce upper airway
collapsibility by increasing EPAP to high levels. Unfortunately,
this was not always effective and no therapeutic intervention
effective in all patients has yet been identified. Nethertheless,

Figure 4 Patient survival from onset
of disease according to the presence of
obstructive events, whether or not they
were corrected. Group 1 O−: Group of
patients without obstructive events
and immediately adequately ventilated.
Group 1 O+: Group of patients with
obstructive events considered to be
adequately ventilated. Group 2 O−:
Group of inadequately ventilated
patients without leaks or obstructive
events. Group 2 O+/−: Group of
patients with obstructive events
inadequately ventilated and then
adequately ventilated after treatment.
Group 2 O+/+: Group of patients with
obstructive events inadequately
ventilated and remaining inadequately
ventilated after treatment.

Georges M, et al. J Neurol Neurosurg Psychiatry 2016;87:1045–1050. doi:10.1136/jnnp-2015-312606 1049
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5 - Choisir ses réglages - La fréquence respiratoire

• Le choix de la fréquence respiratoire minimale

« - 2 par rapport à la fréquence respiratoire 
spontanée » 

Contal O. Chest 2013

journal.publications.chestnet.org CHEST / 143 / 1 / JANUARY 2013   43 

the difference in central events among the S mode and 
both S/T modes was highly signifi cant, changes in the 
quality of sleep were minor among the three venti-
lator settings. Interestingly, the signifi cant difference 
in sleep latency shows that patients had more diffi -
culties in falling asleep when they had to trigger and 

under NPPV.  27-29   Conversely, the results may be dif-
ferent in naive subjects with OHS. 

 There are a few limitations to this study. Only 
10 patients could be included because going through 
three consecutive PSGs was perceived as tedious by 
subjects who declined participating. Also, although 

  Figure  3. Respiratory events occurring under NPPV during three consecutive polysomnography record-
ings under NPPV and the S mode, the S/T mode with low BURR, and the S/T mode with high BURR. 
A, Central apnea-hypopnea index (No. of events/h  ). B, Mixed apnea-hypopnea index (No. of events/h). 
 P  values for Wilcoxon rank sum test. n.s.  5  not signifi cant  . See Figure 1 legend for expansion of other 
abbreviations.   

 Table 2— Results of Sleep Studies Under Three Different BURR Settings  

Sleep Parameters S Mode S/T Mode Low BURR S/T Mode High BURR  P  Value

Sleep data
 TST, min 413 (345, 478) 445 (420, 511) 425 (284, 464) .273
 Sleep effi ciency, % 73 (60, 82) 83 (73, 87) 71 (67, 142) .273
 WASO 134 (81, 192) 81 (71, 151) 142 (67, 206) .905
 Sleep latency, min 20 (9, 33) a 4 (1, 8) 8 (4, 12) .025
 REM sleep, % TST 20 (16, 21) 18 (13, 23) b 13 (9, 15) c .067
 N1 sleep, % TST 14 (12, 20) 14 (7, 19) 13 (12, 18) .497
 N2 sleep, % TST 56 (44, 63) 58 (45, 63) 61 (49, 69) .273
 N3 sleep, % TST 9 (4, 14) 13 (7, 20) 11 (5, 22) .122
 Microarousal index 37 (28, 53) 26 (21, 37) 26 (19, 39) .150
Event data
 AHI, /h 60 (44, 77) a 19 (9, 40) 12 (3, 26) c .006
 Central AHI, /h 17.7 (13.7, 37.6) a 0.8 (0.1, 4.1) 0.2 (0, 4.4) c  ,  .001
 Mixed AHI, /h 9.5 (4.7, 13.2) a 0.1 (0, 1.7) 0 (0, 0.6) d  ,  .001
 Obstructive AHI, /h 22 (15.3, 37.3) 17.2 (4.1, 36.5) 8.6 (1.8, 21.6) .067
 PVA, % TST 11 (7, 20) 8 (2, 32) 6 (0, 31) .729
 Mean Ptc co  2 , mm Hg 44 (40, 47) 44 (41, 50) 47 (38, 52) .117
 Average Sp o  2 92 (91, 94) 92 (91, 93) 92 (91, 94) .575
 Minimal Sp o  2 79 (73, 85) 82 (79, 86) 83 (77, 86) .590
 Sp o  2   ,  90%, % TST 13 (4, 27) 11 (5, 27) 7 (2, 23) .670
 ODI   !  4%, /h 59 (52, 71) a 26 (15, 39) 19 (7, 36) c .002

Data are presented as median (interquartile range).  P  values obtained with Friedman test. AHI  5  apnea-hypopnea index; ODI  5  oxygen desaturation 
index; Ptc co  2   5  transcutaneous Pco 2 ; PVA  5  patient-ventilator asynchrony; REM  5  rapid eye movement sleep; S  5  spontaneous; Sp o  2   5  oxygen 
saturation of hemoglobin measured by pulse oximetry; S/T  5  spontaneous/timed; TST  5  total sleep time; WASO  5  wake after sleep onset. 
See Table 1 legend for expansion of other abbreviation.
 a  P   ,  .05, S vs S/T low BURR (Wilcoxon rank sum test).
 b  P   ,  .05, S/T low BURR vs S/T high BURR (Wilcoxon rank sum test).
 c  P   ,  .05, S vs S/T high BURR (Wilcoxon rank sum test).
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5 - Choisir ses réglages - Le choix du trigger

• Trigger inspiratoire

Déclenchement de la pressurisation

Limiter l’effort du patient

Sans que la machine s’emballe

• Nomenclatures « constructeurs »
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5 - Choisir ses réglages - Le choix du trigger

Trigger Inspiratoire 
(du plus au moins sensible)Lumis et Stellar Très haute à très faible

Dream Station Automatique

Prisma 30 ST 1 – 3 ou automatique

A40 1 – 9 l/min ou automatique

Vendom 30/40 Sensible Moyen Dur

Prisma Vent 40/50 1 - 8

Astral Très haute à très basse

Trilogy 100 /200 1 – 9 l/min ou automatique

Vivo 50/60 1 - 9

EO 150 1 – 5 et « pseudo-auto »
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5 - Choisir ses réglages - Le choix du cyclage

• Cyclage


Indique la fin de la pressurisation


Déterminant important de la durée de 
l’expiration


Précoce pour les pathologies obstructives


• Tardif pour les pathologies restrictives 
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5 - Choisir ses réglages - Le choix du cyclage

Cyclage expiratoire
(du plus au moins sensible)Lumis et Stellar Très haute à très faible

Dream Station Automatique

Prisma 30 ST 1 – 3 (90%-70%-50%)

A40 90 à 10% ou automatique

Vendom 30/40 95 à 5%

Prisma Vent 40/50 75%-50%-25%

Astral 90 à 5%

Trilogy 100 /200 90 à 10% ou automatique

Vivo 50/60 1 - 9

EO 150 90 à 10%
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5 - Choisir ses réglages - Le choix de la pente

Notre route est droite, mais la pente est forte 

Jean-Pierre Raffarin
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5 - Choisir ses réglages - Le choix de la pente

Pente inspiratoire
Lumis et Stellar Min à 900 ms

Dream Station 1 – 6

Prisma 30 ST 0 – 3 (10%-20%-40%-60%)

A40 1 – 6 (100 – 600 ms)

Vendom 30/40 1 - 4

Prisma Vent 40/50 1 – 3 (200-400-700 ms)

Astral Min à 900 ms

Trilogy 100 /200 1 – 6 (100 – 600 ms)

Vivo 50/60 1 - 9

EO 150 1 - 5



Mode barométrique

Gold-standard
Avec masques 

avec fuites 
intentionelles

Bonne 
compensation des 

fuites



6 - Choisir son interface

27
ER

S Practical H
andbook N

oninvasive V
entilation

The basics: equipm
ent

Oronasal mask# Full face mask#

Covers mouth and nose
Special subtype: hybrid masks (a combination  
  of nasal pillows and an oral mask)
With or without forehead spacer

Covers the whole nose but not the mouth
With or without forehead spacer

Placed between the patient’s lips
Mouthpieces have various degrees of  
  flexion and are held in place by a lip seal 
  or the teeth
Oral masks can also have headgear as a
  securing system

Also called total face mask, cephalic or 
  integral mask
Covers mouth, nose and eyes and seals
  around the perimeter of the face

Subtype of nasal mask, also nasal plugs or
  nasal slings
Applied externally to the nares

Transparent hood with collar
Covers the whole head and all or part of the
  neck, no contact with the head
Has at least two ports
Most helmets have an anti-asphyxia valve

Nasal mask# Nasal pillows

Oral masks and mouthpieces Helmet

Figure 1. The six main interface types for NIV. #: available as a vented or non-vented version. Image of the human head by Patrick J. Lynch reproduced 
from Wikimedia Commons under CC BY 2.5 licence.
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Le type de 
masque n’est pas 

neutre

Facial Nasal
30

35

40

45

50

M
ea

n 
co

nt
ac

t p
re

ss
ur

e 
(m

m
H

g) 0.207

Facial Nasal
-2

0

2

4

6

8

10

In
sp

ira
to

ry
 e

xp
ira

to
ry

 d
iff

er
en

ce
in

 c
on

ta
ct

 p
re

ss
ur

e 
(m

m
H

g) 0.040

Facial Nasal
25

30

35

40

45

50

55

M
ea

n 
na

sa
l c

on
ta

ct
 

pr
es

su
re

 (m
m

H
g)

<0.001

Facial Nasal
0.0

0.1

0.2

0.3

M
as

k 
m

ov
em

en
t (

cm
)

<0.001

Facial Nasal
25

30

35

40

45

50

55

M
ea

n 
le

ak
s 

(L
/m

in
)

<0.001

Facial Nasal
0

10

20

30

40

M
ax

im
al

 d
el

iv
er

ed
pr

es
su

re
 (c

m
H

2O
)

<0.001

Facial Nasal
-80

-60

-40

-20

0

Pa
tie

nt
 w

or
k 

of
 b

re
at

hi
ng

 (m
J)

0.204

Facial Nasal
0

200

400

600

Ti
m

e 
to

 tr
ig

ge
rin

g 
(m

s)

0.064

Facial Nasal
0

5

10

15

20

25

Fl
ow

 to
 tr

ig
ge

r (
L/

m
in

) 0.067

Facial Nasal
-10

-8

-6

-4

-2

0

In
sp

ira
to

ry
 e

ffo
rt 

to
 

tri
gg

er
 (c

m
H

2O
)

0.015

Facial Nasal
0

500

1000

1500

Ti
da

l v
ol

um
e 

(m
l)

0.592

Facial Nasal
0

20

40

60

80

100

Pa
tie

nt
-v

en
til

at
or

 a
sy

nc
hr

on
y 

(%
)

0.012

Facial Nasal
30

35

40

45

50

M
ea

n 
co

nt
ac

t p
re

ss
ur

e 
(m

m
H

g) 0.207

Facial Nasal
-2

0

2

4

6

8

10

In
sp

ira
to

ry
 e

xp
ira

to
ry

 d
iff

er
en

ce
in

 c
on

ta
ct

 p
re

ss
ur

e 
(m

m
H

g) 0.040

Facial Nasal
25

30

35

40

45

50

55

M
ea

n 
na

sa
l c

on
ta

ct
 

pr
es

su
re

 (m
m

H
g)

<0.001

Facial Nasal
0.0

0.1

0.2

0.3

M
as

k 
m

ov
em

en
t (

cm
)

<0.001

Facial Nasal
25

30

35

40

45

50

55

M
ea

n 
le

ak
s 

(L
/m

in
)

<0.001

Facial Nasal
0

10

20

30

40

M
ax

im
al

 d
el

iv
er

ed
pr

es
su

re
 (c

m
H

2O
)

<0.001

Facial Nasal
-80

-60

-40

-20

0

Pa
tie

nt
 w

or
k 

of
 b

re
at

hi
ng

 (m
J)

0.204

Facial Nasal
0

200

400

600

Ti
m

e 
to

 tr
ig

ge
rin

g 
(m

s)

0.064

Facial Nasal
0

5

10

15

20

25

Fl
ow

 to
 tr

ig
ge

r (
L/

m
in

) 0.067

Facial Nasal
-10

-8

-6

-4

-2

0

In
sp

ira
to

ry
 e

ffo
rt 

to
 

tri
gg

er
 (c

m
H

2O
)

0.015

Facial Nasal
0

500

1000

1500

Ti
da

l v
ol

um
e 

(m
l)

0.592

Facial Nasal
0

20

40

60

80

100

Pa
tie

nt
-v

en
til

at
or

 a
sy

nc
hr

on
y 

(%
)

0.012

Facial Nasal
30

35

40

45

50

M
ea

n 
co

nt
ac

t p
re

ss
ur

e 
(m

m
H

g) 0.207

Facial Nasal
-2

0

2

4

6

8

10

In
sp

ira
to

ry
 e

xp
ira

to
ry

 d
iff

er
en

ce
in

 c
on

ta
ct

 p
re

ss
ur

e 
(m

m
H

g) 0.040

Facial Nasal
25

30

35

40

45

50

55

M
ea

n 
na

sa
l c

on
ta

ct
 

pr
es

su
re

 (m
m

H
g)

<0.001

Facial Nasal
0.0

0.1

0.2

0.3

M
as

k 
m

ov
em

en
t (

cm
)

<0.001

Facial Nasal
25

30

35

40

45

50

55

M
ea

n 
le

ak
s 

(L
/m

in
)

<0.001

Facial Nasal
0

10

20

30

40

M
ax

im
al

 d
el

iv
er

ed
pr

es
su

re
 (c

m
H

2O
)

<0.001

Facial Nasal
-80

-60

-40

-20

0

Pa
tie

nt
 w

or
k 

of
 b

re
at

hi
ng

 (m
J)

0.204

Facial Nasal
0

200

400

600

Ti
m

e 
to

 tr
ig

ge
rin

g 
(m

s)

0.064

Facial Nasal
0

5

10

15

20

25

Fl
ow

 to
 tr

ig
ge

r (
L/

m
in

) 0.067

Facial Nasal
-10

-8

-6

-4

-2

0
In

sp
ira

to
ry

 e
ffo

rt 
to

 
tri

gg
er

 (c
m

H
2O

)
0.015

Facial Nasal
0

500

1000

1500

Ti
da

l v
ol

um
e 

(m
l)

0.592

Facial Nasal
0

20

40

60

80

100

Pa
tie

nt
-v

en
til

at
or

 a
sy

nc
hr

on
y 

(%
)

0.012

6 - Choisir son interface



6 - Choisir son interface

Patout M, ERJ, 2024

Repartition of mask-related side effects type according to mask (p=0.508)

Facial masks 
(n=331)

Nasal masks 
(n=47)

0 % 25 % 50 % 75 % 100 %

Due to insufficient fitting Due to excessive fitting Due to both

Frequency of moderate to very severe side effects according to mask type (p=0.023)

Facial masks 
(n=676, 84%)

Nasal masks 
(n=124, 16%)

0 % 25 % 50 % 75 % 100 %
Moderate to very severe side effect No to mild side effect

n=331 (49%) n=345 (51%)

n=77 (62%)n=47 (38%)

n=166 (50%) n=84 (25%) n=81 (25%)

n=25 (53%) n=14 (30%) n=8 (17%)

A)

B)
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