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ABSTRACT: The aim of the current study was to compare a clinical noninvasive
method of setting up noninvasive pressure support ventilation (PS-NI) in young patients
with cystic fibrosis (CF), based on parameters such as breathing frequency, arterial
oxygen saturation and comfort rating, with a more invasive method (PS-I) targeted at
optimising unloading of the inspiratory muscles and enhancing patient-ventilator
synchronisation.

PS-NI and PS-I were compared in random order in 10 children with CF.
PS-NI differed from PS-I with regard to the level of inspiratory pressure (n=5), rate

of inspiratory pressurisation (n=1), inspiratory trigger sensitivity (n=2) and expiratory
trigger sensitivity (n=5). Although both methods modified breathing pattern, improved
oxygen saturation and reduced diaphragmatic pressure time product
(450¡91 cmH2O?s-1?min-1 during spontaneous breathing, and 129¡125 and
104¡75 cmH2O?s-1?min-1 during PS-NI and PS-I, respectively), patient-ventilator
synchrony and patient comfort were enhanced more during PS-I.

In young patients with cystic fibrosis, setting up pressure support using a clinical
noninvasive approach based on easily measurable parameters, such as respiratory rate
and comfort rating, is as effective as a more invasive technique based on unloading of
the inspiratory muscles and optimising patient-ventilator synchronisation. However,
whilst the standard clinical method is satisfactory in the majority of patients, more
invasive measurements should be considered in patients who have difficulty synchronis-
ing with the ventilator to enhance patient tolerance and compliance.
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Hospital, Assistance Publique – Hôpitaux de
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Although noninvasive positive pressure ventilation (NPPV)
is less commonly used in patients with cystic fibrosis (CF)
compared to other chronic lung diseases, a definite physio-
logical rationale has been demonstrated for its use in young
CF patients with advanced lung disease [1]. Recently, it has
been shown that, as the lung disease progresses in these young
patients with CF, there is a fall in the forced expiratory
volume in one second (FEV1), and the patients develop a
compensatory mechanism of rapid shallow breathing pattern
in an attempt to reduce the inspiratory muscle load [1].
Although this breathing strategy maintains an adequate level
of ventilation, the partial arterial carbon dioxide pressure
(Pa,CO2) rises, reflecting a fall in the efficiency of the respira-
tory muscle pump to clear CO2 [1]. Furthermore, severe
ventilation-perfusion mismatching contributes to the impair-
ment of gas exchange and, in particular, hypercapnia [2].
Short-term physiological studies, during wakefulness and
sleep, have demonstrated that NPPV increases minute
ventilation (V9E), reduces respiratory muscle load and work
of breathing, and thus improves alveolar ventilation in
patients with CF [3–5]. Despite these encouraging results,
NPPV is not part of the routine management of severe lung

disease in CF. A possible explanation for this scepticism could
be the less than optimal use of NPPV with regard to the
appropriate ventilator settings in these patients.

NPPV can be set in one of two ways. A clinically driven
technique may be used, during which the different ventilator
variables are adjusted according to noninvasive parameters,
such as pulse oximetry (Sa,O2), respiratory rate, V9E and
comfort of the patient [3, 6]. These parameters are indirect
markers that indicate an increase in alveolar ventilation, but
they provide no data on the unloading of the respiratory
muscles, which can only be assessed by acquiring electro-
myographic (EMG) measurements or quantifying the pres-
sures generated by the respiratory muscles. Although the
disadvantage of the EMG or pressure technique is that it
is relatively invasive, major advantages include the ability
to quantify respiratory muscle unloading [7] and evaluate
patient-ventilator synchronisation [8, 9]. Furthermore, as
physical examination and noninvasive monitoring are unreli-
able indicators for assessing the level of respiratory work with
inappropriate ventilator settings increasing respiratory work
[10], a more thorough invasive assessment may be necessary
to ensure the optimal ventilator settings and patient compliance.
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The aim of the current study was to compare, in young
patients with CF, a clinical noninvasive method of setting
up noninvasive pressure support ventilation (PS-NI), based
on parameters such as breathing frequency, arterial oxygen
saturation and comfort rating, with a more invasive method
(PS-I), targeted at optimising the unloading of the inspiratory
muscles and patient-ventilator synchronisation.

Material and methods

Patients and experimental apparatus

Informed consent was obtained from each patient and their
parents. The protocol was part of the routine evaluation, with
five patients being naive to NPPV (patients 4, 5, 8, 9 and 10).

Only patients in a stable state who fulfilled the defined
criteria were enrolled into the study. These included: daytime
hypercapnia (Pa,CO2 w6 kPa (45 mmHg)) and/or symptoms
of nocturnal hypoventilation characterised by sleep disturb-
ance; morning headaches and/or daytime sleepiness and
fatigue; and nocturnal hypoxaemia with w20% of sleep time
spent with a Sa,O2 v90% and a increase of mean transcuta-
neous carbon dioxide tension PCO2 w1.3 kPa (10 mmHg)
between wakefulness and sleep [11, 12]. Arterialised earlobe
capillary blood gases and forced expiratory flows were
obtained during the 24-h period preceding the study session
as part of the routine assessment [13, 14]. The criteria for
exclusion were any one of the following: a history of pneu-
mothorax in the 2 previous yrs; severe nasal obstruction due
to nasal polyps; allergy to lidocaine; feverw38uC; hypercapnic
encephalopathy; multiorgan dysfunction; an arterial pH
v7.33; a Pa,O2 v9.3 kPa (70 mmHg) despite oxygen therapy;
or haemodynamic instability.

Experimental apparatus

NPPV was delivered to the patient through a well-fitting
manufactured nasal mask (Sullivan, Resmed Ltd, North
Ryde, Australia, or Respironics Inc., Murrysville, PA, USA)
or a custom-made mask applied with a chin strap. The venti-
lator used was a PS ventilator (IntegraTM; Saime, Savigny le
Temple, France), with the recommended inspiratory unre-
breathing circuit and an expiratory valve. The inspiratory
pressure delivery slope (rate of pressurisation) could be set at
four levels: 0 representing the steepest slope and 3 the most
progressive slope. The inspiratory trigger was a flow trigger
with six incremental sensitivities levels: 1 representing the
most sensitive setting and 6 the least sensitive setting. Expira-
tory trigger was based on flow and set as a percentage of peak
inspiratory flow. Oxygen therapy was delivered in six patients
targeting Sa,O2 at 92% during spontaneous breathing (SB).
The inspired oxygen flow was maintained constant through-
out the study (between 1 and 2 L?min-1). Oxygen flow was
delivered on an inlet distal to the pneumotachograph during
SB and on the inspiratory circuit at the exit of the ventilator
during the ventilatory support.

Measurements, data analysis and assessment of
respiratory effort

All data were recorded during a 5-min period following a
15-min period of stabilisation. Respiratory flow was measured
using a pneumotachograph (Fleisch #2; Fleisch, Lausanne,
Switzerland), inserted between the nasal mask and the venti-
lator circuit distal to the expiratory valve, connected to a

pressure transducer (MP 45 model, Validyne¡2 cmH2O;
Validyne, Northridge, CA, USA) and integrated to yield
tidal volume (VT). Airway pressure (Paw) was measured with
a differential pressure transducer (MP 45 model, Validyne¡
100 cmH2O; Validyne) on the nasal mask. Sa,O2, respiratory
rate and heart rate were also recorded during all stages of
the study (Ultracap; Nellcorr Puritan-Bennett, Courtaboeuf,
France). During the study periods, care was taken to avoid
any leaks, with all the patients maintaining their mouths in a
closed position and the mask being firmly applied on the face.
During SB, the patient breathed through the nasal mask with
the ventilator circuit disconnected.

Oesophageal (Poes) and gastric pressure (Pga) were
measured using a 2.1-mm external diameter catheter-mounted
pressure transducer system with two integral transducers,
mounted 5 and 35 cm from the distal tip (Gaeltec, Dunvegan,
Isle of Skye, UK), inserted pernasally after careful adminis-
tration of local anaesthesia (lidocaine 2%; Astra Zeneca,
Rueil-Malmaison, France) [3, 15]. This catheter was advanced
gently until the distal tip was in the stomach and the proximal
pressure transducer in the middle portion of the oesophagus.
Appropriate placement of the oesophageal pressure transdu-
cer was assessed with the usual method [16]. Adequate
placement of the gastric pressure transducer was ascertained
by gentle manual pressure on the patient9s abdomen to
observe fluctuations in Pga, as well as asking the patient to
swallow and verifying that the sharp increase in Poes caused
by oesophageal contraction was not observed on the Pga

tracing. Transdiaphragmatic pressure (Pdi) was obtained by
subtracting the Poes signal from the Pga signal. All the signals
were digitised at 128 Hz and sampled for analysis using an
analogic/numeric acquisition system (MP 100; Biopac Sys-
tems, Goletta, CA, USA), run on a PC computer (Elonex,
Gennevilliers, France) with Acknowledge software.

Breathing pattern and V9E were determined from the flow
tracing. Inspiratory work of breathing (WOB), oesophageal
(PTPoes) and diaphragmatic pressure time product (PTPdi)
were computed from the Poes and VT loops as previously
described [17–23]. After elimination of the cycles modified
by artefact, such as coughing or oesophageal spasms, 10–30
successive breaths were used to calculate the values.

Protocol

PS-NI was determined during the day, prior to the PS-I
protocol, and was adjusted to achieve the optimal breathing
pattern based on the increase in V9E (with a target VT of
15 mL?kg-1) and Sa,O2 (with an increase of o1%), decrease in
respiratory rate and greatest achievable value for patient
comfort. Inspiratory pressure was initially set at 1.1 kPa
(8 cmH2O) and was increased in steps of 0.1 kPa (1 cmH2O)
to the level associated with the maximal comfort. The
inspiratory pressure delivery slope (rate of pressurisation)
was initially set at the lowest level (3) and was then
progressively increased to meet the maximal comfort of the
patient. The inspiratory trigger was set initially at the most
sensitive value. Less sensitive inspiratory triggers were then
proposed to meet the patient9s best comfort. PS-NI was
started with an expiratory trigger at 35% of maximal
inspiratory flow and was then adjusted, in a random order,
in steps of 5%, from 25 to 50% of maximal inspiratory flow, to
achieve the maximal patient comfort level. Positive end-
expiratory pressure (PEEP) was not added as it has previously
been shown that young stable patients with CF have minimal
intrinsic PEEP [1]. The back-up rate was set at 10 breath-
s?min-1 in accordance with published guidelines [11, 12].

On the following day, the pressure measurements were
made. The first period was a 15-min SB period. The patients
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breathed through a mouthpiece for the first 10 min and
through the nasal mask during the last 5 min. Recordings
were made during these two SB periods, but only the nasal
mask period was used for the comparison between the NPPV
periods. This SB period was followed by a period of NPPV
using the noninvasive settings determined from the previous
day (PS-NI). After a second 15-min SB period, a series of
different NPPV settings were performed to determine PS-I.
PS-I was adjusted to provide optimal unloading of the
respiratory muscles, reflected by the normalisation in Poes

and Pdi swings, and also to provide the optimal synchrony
between the patient and ventilator. The following parameters
were titrated consecutively to achieve the invasive setting:
level of inspiratory pressure; inspiratory pressure delivery
slope (rate of pressurisation); and inspiratory and expiratory
triggers sensitivity. Inspiratory pressure and the inspiratory
pressure delivery slope were set at a level associated with the
normalisation in Poes and Pdi swings (i.e. 5–8 cmH2O). The
inspiratory trigger was set at the maximal sensitivity without
auto-triggering or ineffective triggering. Auto-triggering was
defined as the delivery of a positive-pressure waveform by the
ventilator but not preceded by a negative deflection in Poes.
Ineffective triggering effort was defined byw0.1 kPa (1 cmH2O)
decrease in Poes without a subsequent positive inspiratory
pressure [6, 24]. The quality of the inspiratory trigger was
analysed as previously described [25, 26]. In brief, the follow-
ing parameters were computed from each pressure and/or flow
trace: trigger pressure (maximum negative pressure deflection
from baseline (DP)), trigger time delay (time delay between
the onset of inspiratory effort and the moment during which
the airway pressure exceeds the expiratory pressure (DT)) and
the pressure time product (PTP), defined as the total area of
the pressure-time curve below baseline during a cycle. The
sensitivity of the expiratory trigger was set to obtain the shortest
time delay between the Pdi peak and the end of the positive
inspiratory pressure. When PS-NI and PS-I were determined,
and after a third 15-min SB period, two 15-min PS-NI and PS-I
sessions were performed in a random order. The patients9
comfort rating was evaluated at the end of each of these final PS-
NI and PS-I sessions using a visual analogue score, a valid test in
young patients with CF [3]. The patients rated the intensity of
comfort on an interval scale, which was a 10-cm horizontal line
with the words "least comfortable" and "most comfortable" on
the left and the right end, respectively. The patients were
instructed to place a vertical mark on the line such that its
position relative to the two extremes indicated the magnitude of
their comfort at the moment of the assessment. The comfort
rating score was expressed in mm (0–100) and was the distance
of the mark from the left hand of the visual analogue scale.

Statistical analysis

Data are given as mean¡SD. Repeated measures analysis of
variance (ANOVA) were used to test the effect of the different
conditions (SB, PS-NI and PS-I sessions) on the different
variables measured. The SB period data used for the analysis
were the mean of the data obtained during the different
periods of SB. When ANOVA appeared appropriate, pair-wise
comparisons were performed using the Bonferroni test. A
p-valuev0.05 was considered as the limit of significance.

Results

Patients and ventilator settings

All the patients tolerated the gastro-oesophageal catheter
and the NPPV sessions well. In general, 1–2 h were necessary
to fully assess and determine the noninvasive settings for each
patient, and the mean duration to find the optimal PS-I
was 30 min. The clinical characteristics of the patients are
presented in table 1. Although only small differences in all
aspects of the ventilator settings were observed between PS-
NI and PS-I (table 2), the most common difference was the
level of PS (higher in three patients and lower in two patients
during PS-I compared to PS-NI). Despite the rate of
inspiratory pressurisation (inspiratory pressure slope) being
greater in one patient (patient 4) during PS-I compared to PS-
NI, the inspiratory trigger was set at a more (patient 7) and a
less sensitive (patient 8) value. Furthermore, the expiratory
trigger was set at a higher (patient 2, 4, 6) and a lower (patient 9)
inspiratory flow threshold during PS-I. This modification of

Table 1. – Characteristics of the patients

Patients n 10
Male/female 6/4
Age yrs 15.4¡3.0 (10–21)
Height cm 154¡13 (135–179)
Weight kg 40.4¡9.9 (27–57)
VC % pred 46¡11 (33–58)
FEV1 % pred 29¡6 (18–37)
Pa,O2 mmHg 57.9¡7.8 (52–72)
Pa,CO2 mmHg 43.3¡6.3 (35–57)
pH 7.40¡0.02 (7.36–7.45)

Data are presented as mean¡SD (range). VC: vital capacity; FEV1:
forced expiratory volume in one second; Pa,O2: partial arterial oxygen
pressure; Pa,CO2: partial arterial carbon dioxide pressure.
1 mmHg=0.133 kPa.

Table 2. – Comparison of the noninvasive (PS-NI) and invasive (PS-I) settings of noninvasive pressure support (PS) ventilation

Patients Level of PS cmH2O Inspiratory pressure delivery slope} Inspiratory triggerz Expiratory trigger %§

PS-NI PS-I PS-NI PS-I PS-NI PS-I PS-NI PS-I

1 14 16 2 2 1 1 35 35
2 18 18 2 2 1 1 30 40
3 17 18 2 2 1 1 35 35
4# 16 16 2 1 1 1 25 40
5# 16 16 2 2 1 1 35 35
6 18 18 1 1 1 1 40 50
7 12 12 1 1 4 2 30 30
8# 17 15 1 1 1 2 35 35
9# 11 10 1 1 1 1 35 25
10# 16 20 1 1 1 1 35 35

#: patients naive to noninvasive ventilation; }: four different levels of inspiratory pressure delivery slope were available with 0 representing the highest
value and 3 the lowest peak inspiratory flow;z: six values of inspiratory trigger sensitivity were available with 1 representing the most sensitive setting
and 6 the least sensitive setting; §: expiratory trigger was set as a percentage of peak inspiratory flow.
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the expiratory trigger shortened the delay between the peak
Pdi and the end of the positive inspiratory pressure delivered
by the ventilator by 60% (from 400¡75 to 211¡163 ms during
PS-NI and PS-I, respectively). Patient 5 had similar settings
during PS-NI and PS-I. No differences were observed
between the patients who were naive to NPPV (n=5) and
those on long-term NPPV (n=5). The patients on long-term
NPPV used other ventilators at home, a comparison of the
settings obtained during the study with those used at home
was thus not possible.

Breathing pattern and gas exchange

As expected, the two ventilator settings induced a signifi-
cant increase in VT and V9E (table 3). Peak inspiratory flow
(VI,max) and mean inspiratory flow (VT/TI) increased
significantly during the two settings. Respiratory rate and
the inspiratory time/duty cycle ratio (TI/Ttot) decreased
during the two ventilatory settings, but this did not reach
statistical significance. This improvement in alveolar ventila-
tion explained the significant increase in Sa,O2 (p=0.02).
Patient comfort score was significantly better during PS-I
than during PS-NI (95¡6/100 versus 85¡11/100, p=0.006).

Work of breathing and inspiratory and expiratory trigger

The patients9 inspiratory effort indexes are presented
in table 4 and the individual results of PTPoes?min-1 and
PTPdi?min-1 are shown in figure 1. All indices of respiratory
effort decreased significantly with the two ventilatory settings,

with no significant difference observed between PS-NI and
PS-I.

In patients 8 and 9, 13 and 20% of the breaths were
auto-triggered during PS-NI. This auto-triggering was not
observed during PS-I. Three other patients (patients 4, 5 and
6) had 4–20% ineffective triggering efforts during PS-NI.
During PS-I, this ineffective triggering disappeared in patients
4 and 6, and was reduced tov5% in patient 5. The inspiratory
trigger parameters calculated during the two settings are
presented in table 5. No significant differences were observed
between the two settings. No expiratory efforts, evaluated as
an increase in Pga, were observed during the two settings.

Discussion

In stable young patients with CF, noninvasive PS ventila-
tion effectively unloads the respiratory muscles and improves
gas exchange irrespective of whether the ventilator is set up
using a noninvasive clinical or a more invasive physiological
approach. However, there is a moderate comfort benefit with
the invasive method, which may be explained by the improved
patient-ventilator synchronisation observed with this technique.

Experience with NPPV is limited in CF. Different
ventilatory modes have been used, with volume-targeted
ventilators being used in the first reports and PS ventilators in
the more recent studies [3–5, 27–32]. With the exception of
two recent studies [3, 31], in the majority of the studies the
ventilatory settings were determined using noninvasive
parameters. GRANTON and KESTEN [31] measured Poes in
two patients and FAUROUX et al. [3] showed that both PS
and assist control- or volume-targeted ventilation were able to

Table 3. – Breathing pattern and gas exchange changes in patients during spontaneous breathing compared with the ventilator
set noninvasively (PS-NI) and the ventilator set invasively (PS-I)

Spontaneous breathing PS-NI setting PS-I setting

VT L} 0.44¡0.15 0.69¡0.29 0.73¡0.29
RR breaths?min-1# 21.6¡6.5 22.1¡6.1 20.9¡6.4
V9E L?min-1} 8.9¡1.8 14.1¡5.1 14.2¡4.6
VI,max L?s-1} 0.49¡0.11 0.83¡0.21 0.84¡0.22
VT/TI L?s-1} 0.35¡0.09 0.56¡0.18 0.55¡0.17
TI/Ttot %# 43.6¡4.5 42.6¡4.9 43.4¡4.0
Sa,O2 %# 95.2¡1.6 95.4¡1.7 96.0¡1.1
Patient9s comfort scorez NA 85¡11/100 95¡6/100

Data are presented as mean¡SD; VT: tidal volume; RR: respiratory rate; V9E: minute ventilation; VI,max: maximal inspiratory flow; VT/TI: mean
inspiratory flow; TI/Ttot: inspiratory time–total respiratory time ratio; Sa,O2: arterial oxygen saturation as measured by pulse oximetry. #: pv0.0001
between the three conditions (ANOVA), differences between PS-NI and PS-I were not statistically significant; }: nonsignificant (ANOVA);z: p=0.006
between PS-NI and PS-I.

Table 4. – Changes in the work of breathing between spontaneous breathing and the ventilator set noninvasively (PS-NI) and the
ventilator set invasively (PS-I)

Spontaneous breathing PS-NI setting PS-I setting

Swing Poes cmH2O# 19.8¡4.6 6.8¡6.4 5.2¡4.2
Swing Pdi cmH2O# 21.3¡4.4 7.5¡6.2 6.0¡4.1
PTPoes?breath-1 cmH2O?s-1# 20.0¡6.3 6.2¡4.4 5.5¡3.4
PTPdi?breath-1 cmH2O?s-1# 22.3¡7.0 5.2¡4.3 4.9¡3.3
PTPoes?min-1 cmH2O?s-1?min-1# 405¡91 145¡127 121¡88
PTPdi?min-1 cm H2O?s-1?min-1# 450¡91 129¡125 104¡75
WOB J?cycle-1 0.74¡0.34 0.41¡0.42 0.36¡0.34
WOB J?min-1 15.0¡5.8 9.5¡10.4 7.7¡7.4
WOB J?L-1# 1.64¡0.38 0.60¡0.50 0.49¡0.36

Swing Poes: mean swing in oesophageal pressure; swing Pdi: mean swing in transdiaphragmatic pressure; PTPoes?breath-1: mean oesophageal
pressure time product per breath; PTPdi?breath-1: mean diaphragmatic pressure time product per breath; PTPoes?min-1: mean oesophageal pressure
time product per minute; PTPdi?min-1: mean diaphragmatic pressure time product per minute; WOB: work of breathing. #: pv0.0001 between the
three conditions (ANOVA) with no significant difference between PS-NI and PS-I.
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effectively unload the respiratory muscles, as assessed by
decreases in both PTPoes and PTPdi. Although the ability
of PS and proportional assist ventilation to unload the

diaphragm in adult patients with CF was recently demon-
strated by the noninvasive recording of diaphragmatic surface
electromyography [5], there are few clinical studies that have
assessed respiratory mechanics and muscle activity during
NPPV [6, 33–37]. These studies have quantified the unloading
of the respiratory muscles by PS in stable chronic obstructive
pulmonary disease patients [36] and during exhaustive
exercise [35]; however, data on the ventilatory settings, in
particular the values of the inspiratory and expiratory
triggers, and the rate of inspiratory pressurisation (inspiratory
pressure slope), are limited. In our experience, using this
physiological approach to systematically evaluate all the
domiciliary NPPV ventilators that are used in our clinical
practice, the deleterious effect of trigger insensitivity on
respiratory effort has been demonstrated (unpublished data).

Although a randomised design was incorporated into the
current study throughout all the stages, it can be argued that
the results could have been influenced by the order of
adjustment, i.e. the study design used was randomised, but the
ventilator settings established in the first part of the study was
determined using the standard clinical method. However, our
usual practice, consistent with that of most other centres, is
to start with a clinical method which seems appropriate
considering the goal of this type of mechanical ventilation is
noninvasive.

This study highlights the benefits and limitations of a
noninvasive and an invasive approach to the setting of NPPV
in young patients with CF. Both methods were equally
effective in improving gas exchange and unloading the
diaphragm, with the invasive approach offering a slight
advantage in patient-ventilator synchronisation and comfort.
Three important factors could explain the similar reductions
in respiratory load during NPPV. First, the level of PS was
not very different between the two settings. In five patients,
the level of PS was the same and in the five others the
difference ranged from 1–4 cmH2O (table 2). Secondly, a
ventilator was used which was able to reduce the patient9s
respiratory load almost as well as some of the more sophis-
ticated and expensive intensive care unit ventilators. Indeed,
the reduction in respiratory load reached almost 80%, which
was greater than the 50% reduction observed in a previous
study in eight stable CF patients with a similar level of lung
function [3]. As shown in figure 1, all the patients reduced
their PTPoes and PTPdi during NPPV, with the quality of the
inspiratory trigger during both PS-NI and PS-I being superior
to that reported in previous studies [26]. Thirdly, it was
observed that young patients with CF and severe lung disease
were able to express, very precisely, their perception of
breathing comfort. After a standardised training session, they
were able to distinguish and perceive even small differences in
the settings of inspiratory pressure, inspiratory and expiratory
trigger, and the inspiratory pressure slope. This agreement
between the respiratory comfort and the degree of unloading
of the respiratory muscles has been observed previously and
represents a useful tool to optimise ventilatory settings [3].

Nevertheless, the comfort quoted by the patient was
significantly greater during PS-I than during PS-NI. Because
breathing pattern, gas exchange and respiratory muscle
unloading did not differ between the two settings, we hypo-
thesise that this improved comfort is a consequence of the
enhancement of patient-ventilator synchrony [8, 9]. Indeed,
the auto-triggering and ineffective triggering efforts observed
in the five patients during PS-NI were significantly less during
PS-I. Although it is important to consider the clinical
relevance of such findings, this study has the limitation of a
short-term study, which does not allow any conclusion with
regard to long-term benefits. Moreover, the difference in
comfort between the invasive and noninvasive settings,
although statistically significant, was moderate and possibly

Table 5. – Synchronisation of the patient with the ventilator
and quality of the inspiratory trigger between the ventilator set
noninvasively (PS-NI) and the ventilator set invasively (PS-I)

PS-NI setting PS-I setting

Synchronisation
Auto-triggering 13 and 30% (n=2) No auto-triggering
Ineffective

triggering efforts
4–20% (n=3) 5% (n=1)

Inspiratory trigger
DP cmH2O -0.49¡0.27 -0.54¡0.18
DT ms 124¡21 161¡72
PTPaw cmH2O?s-1 0.047¡0.018 0.064¡0.041

Auto-triggering was defined by the delivery of a positive pressure by the
ventilator not preceded by a negative deflection in oesophageal pressure
(Poes) and ineffective triggering efforts by a w0.1 kPa (1 cmH2O)
decrease in Poes that was not followed by a positive inspiratory
pressure. The percentages represent the average breaths and the number
of patients in whom these synchronisation problems occurred. The
quality of the inspiratory trigger was evaluated on the following
parameters: trigger pressure (maximum negative pressure deflection
from baseline (DP)), trigger time delay (time delay between the onset of
inspiratory effort and the moment during which the airway pressure
exceeds the expiratory pressure (DT)) and the pressure time product
(PTPaw) defined as the total area of the airway pressure below baseline
during a cycle [25, 26]. The differences between the inspiratory trigger
during the two settings were not statistically significant.
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Fig. 1. – Individual variations of a) oesophageal pressure time product
per minute (PTPoes?min-1) and b) diaphragmatic pressure time product
per minute (PTPdi?min-1) between the ventilator set noninvasively (PS-
NI) and the ventilator set invasively (PS-I) compared with spontaneous
breathing (SB). #: pv0.0001 compared to SB with no difference between
PS-NI and PS-I.
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of small clinical relevance. However, one can hypothesise that
improved comfort and patient-ventilator synchrony could
translate into improved long-term ventilator compliance,
which is crucial in patients with stable chronic respiratory
insufficiency.

Diaphragmatic EMG (EMGdi) was not evaluated in this
study. The main limitation of EMGdi is that the quantifica-
tion of the reduction in respiratory effort is more difficult
than with pressure indexes. Despite this, BECK et al. [38] have
shown correlations between oesophageal EMGdi and Pdi in
adults with acute respiratory failure during different levels of
ventilatory support [38]. The main advantage of EMGdi is
the quantification of neural inspiratory time, which is less
accurate with pressures indexes. PARTHASARATHY et al. [19]
have shown that all indirect estimates of neural inspiratory
time, such as the point of rapid decrease in Poes and the Pdi

peak, have a poor agreement with the EMGdi measurements
of neural TI. A further limitation of the current study is that it
was a short-term study performed in awake patients during
daytime. But it would be difficult to perform such detailed
measurements of pressure during different conditions in
children during sleep. Furthermore, daytime mechanical
ventilation in awake patients has been reported to be equally
effective in reversing chronic hypercapnia as nocturnal
mechanical ventilation.

Conclusions

This study shows, in young patients with cystic fibrosis,
that, with adequate skill and expertise, a noninvasive approach
to setting up noninvasive positive pressure ventilation is as
effective at unloading the respiratory muscles and improving
gas exchange as a more invasive approach. However, adjust-
ments made to the ventilator based on these invasive
measurements can improve patient-ventilator synchrony and
comfort. From these data, our recommendation would be
that using a standard noninvasive clinical method to set up
the ventilator is satisfactory in the majority of young patients
with cystic fibrosis, but that more in-depth measurements
should be reserved for those patients in which tolerance and
compliance with noninvasive positive pressure ventilation is a
problem.
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