Downloaded from thorax.bmj.com on October 31, 2010 - Published by group.bmj.com

Proposal for a systematic analysis of
polygraphy or polysomnography for identifying
and scoring abnormal events occurring during
non-invasive ventilation
J Gonzalez-Bermejo, C Perrin, J P Janssens, et al.
Thorax published online October 22, 2010

doi: 10.1136/thx.2010.142653

Updated information and services can be found at:
http://thorax.bmj.com/content/early/2010/10/22/thx.2010.142653.full.html

These include:

References

This article cites 26 articles, 21 of which can be accessed free at:
http://thorax.bmj.com/content/early/2010/10/22/thx.2010.142653.full.html#ref-list-1

P<P
Email alerting
service

Published online October 22, 2010 in advance of the print journal.
Receive free email alerts when new articles cite this article. Sign up in the
box at the top right corner of the online article.

Notes

Advance online articles have been peer reviewed and accepted for publication but have not
yet appeared in the paper journal (edited, typeset versions may be posted when available
prior to final publication). Advance online articles are citable and establish publication
priority; they are indexed by PubMed from initial publication. Citations to Advance online
articles must include the digital object identifier (DOIs) and date of initial publication.

To request permissions go to:
http://group.bmj.com/group/rights-licensing/permissions

To order reprints go to:
http://journals.bmj.com/cgi/reprintform

To subscribe to BMJ go to:
http://journals.bmj.com/cgi/ep

Downloaded from thorax.bmj.com on October 31, 2010 - Published by group.bmj.com

Thorax Online First, published on October 22, 2010 as 10.1136/thx.2010.142653
Review series

Proposal for a systematic analysis of polygraphy or
polysomnography for identifying and scoring
abnormal events occurring during
non-invasive ventilation
J Gonzalez-Bermejo,1 C Perrin,2 J P Janssens,3 J L Pepin,4 G Mroue,5 P Léger,6
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Assistance Publique-Hôpitaux
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ABSTRACT
Non-invasive ventilation (NIV) is recognised as an
effective treatment for chronic hypercapnic respiratory
failure. Monitoring NIV during sleep may be preferable to
daytime assessment. This paper reports the findings of
an international consensus group which systematically
analysed nocturnal polygraphic or polysomnographic
tracings recorded with either volume-cycled or pressurecycled ventilators. A systematic description of nocturnal
respiratory events which occur during NIV is proposed:
leaks, obstruction at different levels of the upper airway
(glottis and/or pharynx), with or without decrease of
respiratory drive and asynchrony.

INTRODUCTION
Non-invasive ventilation (NIV) is recognised as an
effective treatment for chronic hypercapnic respiratory failure. In many centres, when NIV is
implemented, ventilatory parameters are chosen
empirically taking into account the underlying
disease, patient tolerance while awake and changes
induced in diurnal arterial blood gas.1 However,
NIV is predominantly applied at night when
profound changes in ventilatory patterns, respiratory drive and respiratory muscle recruitment may
occur, particularly in patients with respiratory
failure. These changes also include modiﬁcations of
upper airway patency.
In addition, NIV itself may induce undesirable
respiratory events. Positive pressure ventilationinduced hyperventilation has been shown to
promote active glottic closures in normal subjects
when awake or asleep.2 3 Basic changes in ventilator settings such as favouring a ‘spontaneous’
versus a ‘controlled’ mode, have been associated
with a high rate of central apnoeas in normal
subjects.4 NIV is also associated with unintentional
leaks. Leaks have been shown to alter not only the
efﬁcacy of ventilation5 but also the quality of
sleep.6 Signiﬁcant unintentional leaks have been
reported in up to 34% of stable patients under NIV
undergoing nocturnal studies.7e9
As a result, monitoring NIV during sleep may be
preferable to daytime assessment.10 A previous
paper in this series by Janssens et al11 addressed the
usefulness of simple tools such as oximetry, transcutaneous carbon dioxide tension (PtcCO2) and
software devices but, arguably, this monitoring
should be accomplished by performing complete

polysomnography (PSG) or ventilatory polygraphy
(PG) during NIV in some patients. However,
appropriate analysis of PG or PSG recordings must
take into account the type of ventilator used
(volume- or pressure-cycled), ventilator settings
(ventilatory mode, triggers) and choice of interface
(nasal or full face mask)12 (see paper by Rabec et al13
in this series). Recent observations have shown
that standard deﬁnitions for nocturnal respiratory
events in spontaneous breathing do not lend
themselves well to the description of respiratory
events occurring during positive pressure ventilation.14 Indeed, one major difference during NIV is
the continuous interaction between the ventilator,
generating an intermittent positive pressure, and
the patient’s neural respiratory drive. During NIV
the patient is assisted by a ventilator and events
can result from the patient, the ventilator or from
poor patient-ventilator coordination. Among the
small number of studies available focusing on sleep
and NIV, very few have tried to relate untoward
respiratory events to alterations in sleep structure
and/or reductions in oxygen saturation.6 7 14
This report summarises the observations of
a multicentre work group (SomnoNIV) which, over
a 2-year period, analysed PG and PSG tracings and
collected abnormal respiratory events occurring
during nocturnal NIV. The aims were (1) to identify
clinically relevant respiratory events (ie, inducing
changes in nocturnal oxygen saturation measured
by pulse oximetry (SpO2), capnography, arousals or
microarousals); (2) to describe their occurrence and
type on PG or PSG recordings; (3) to suggest plausible hypotheses as to the cause of these events; and
(4) to propose a classiﬁcation and unambiguous
deﬁnitions which could be referred to by all interested in this ﬁeld.

PHYSIOLOGICAL BASIS OF UPPER AIRWAY
PATENCY AND VENTILATORY DRIVE DURING NIV
Upper airway obstruction corresponds to any
dynamic reduction in upper airway patency
limiting or interrupting air ﬂow from the nose and/
or mouth to the trachea. During NIV this can occur
at different levels, each location corresponding to
a speciﬁc pathophysiological mechanism:15
< Nasal obstruction.
< Pharyngeal collapse: Passive collapse of the upper
airway results from the inability of positive
pressure ventilation to stabilise the upper airway
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throughout the respiratory cycle. This event is comparable to
what occurs in obstructive sleep apnoea. Upper airway
patency decreases at the end of expiration. During inspiration
a further reduction in upper airway patency can lead to
a complete collapse. Inspiratory efforts increase, reﬂecting
persistent respiratory drive against the obstruction. These
efforts continue until a microarousal occurs, re-establishing
upper airway muscular tone and patency and thus ending the
event. Out-of-phase or paradoxical thoracoabdominal movements are characteristic of these persistent efforts,16 here
against collapse of the upper airway.
< Glottic closure: Adduction of the vocal cords resulting in
progressive closure of the glottis has been described in
response to ventilator-induced hyperventilation.2 3 Glottic
closure was shown to be proportional to total ventilation and
inversely proportional to end-tidal CO2. These events,
comparable to central hypopnoea or apnoea occurring
without ventilatory support, are characterised by a simultaneous reduction or abolition of inspiratory effort (ie, reduction
or abolition of thoracoabdominal movements), most probably
reﬂecting a decrease in ventilatory command. Glottic closure
is also possible, with ongoing respiratory efforts, in amyotrophic lateral sclerosis or myotonic dystrophy.
< Ventilatory drive: Ventilatory control is physiologically
altered during sleep, with a decreased responsiveness to
chemical, mechanical and cortical inputs. The arterial carbon
dioxide tension (PaCO2) apnoeic threshold is unmasked at
1.5e5.8 mm Hg below eupnoeic PaCO2.17 If NIV settings lead
to hyperventilation, bursts of central apnoeas or hypopnoeas
can occur, particularly during transitions between sleep onset
and wakefulness. Furthermore, NIV has the potential to
induce periodic breathing during sleep. In a recent PSG study
40% of obese patients using NIV showed a high index of
periodic breathing, mostly occurring in light sleep and
associated with severe nocturnal hypoxaemia.14 The susceptibility to induction of periodic breathing varies considerably
among subjects; its occurrence during NIV is thus difﬁcult
to predict and needs to be speciﬁcally monitored. It is possible
that not only hyperventilation but also NIV-induced
decreases in PaCO2 in subjects who nevertheless remain
hypercapnic may generate central apnoeas or hypopnoeas.

THE SOMNONIV GROUP CONSENSUS STATEMENT
The SomnoNIV Group includes eight chest physicians and two
intensive care specialists from eight university or general
hospitals in France, Belgium and Switzerland. All physicians
involved are experienced in acute and long-term NIV in patients
with chronic respiratory failure. Over a 2-year period, nocturnal
PG and PSG tracings of patients during NIV were reviewed and
thoroughly discussed in group sessions. Deﬁnitions of events
and classiﬁcation presented here are the result of a consensus
between all participants.

Monitoring PtcCO2 provides information on alveolar ventilation during NIV, especially if oxygen supplementation is
required. However, the lag time of transcutaneous capnometers
is too long for PtcCO2 tracings to contribute to the analysis of
short respiratory events18 19 (see previous paper in the series by
Janssens et al).11 Furthermore, assessment of sleep quality and
sleep fragmentation (EEG) when possible is of interest.

POLYGRAPHIC FEATURES UNDER NIV
In all ﬁgures provided, tracings are presented in the following
order (from top to bottom): pressure, ﬂow, thoracic movements,
abdominal movements and SpO2. Pressure and ﬂow were always
measured with an external pressure sensor and with an external
pneumotachograph.

NORMAL PATTERNS DURING APPROPRIATE PATIENTRESPIRATOR INTERACTION IN NIV
Important items which must be identiﬁed are synchronisation
between the beginning and end of pressurisation and thoracoabdominal movements and stability of the SpO2 signal.
Triggering and cycling occur at the same time as the beginning
and end of inspiratory efforts on thoracoabdominal signals.
There are no ‘unrewarded’ inspiratory efforts or, conversely,
pressurisations without synchronous thoracoabdominal movements (ﬁgure 1).

Respiratory events
A respiratory event was deﬁned as the occurrence of a modiﬁcation, discontinuity or instability of ventilation which had
deleterious consequences on SpO2, PtcCO2 and/or sleep (ie,
arousals or microarousals).

Unintentional leaks
Decrease in pressure signal amplitude
The importance of the leak and the ability of the ventilator to
compensate for leaks will determine whether pressure signal
amplitude remains stable or decreases. A fall in positive pressure
(inspiratory and expiratory) indicates major unintentional leaks
(ie, inability of the ventilator to maintain the preset pressure in
the ventilator circuit) (ﬁgure 2). This sign has a strong positive
predictive value but a fall in the pressure signal in some cycles
may also indicate a major increase in patient effort (see below
and ﬁgure 3A).

MONITORING EQUIPMENT
The following parameters were required as a minimal prerequisite
for tracing analysis: mask pressure, ﬂow rate in the circuit
measured close to the mask, thoracic and abdominal movements
(piezoelectric strain gauges, respiratory inductive plethysmograph effort belts), and pulse oximetry (SpO2). Other signals
useful for the interpretation of certain events were optional:
monitoring of respiratory efforts (diaphragmatic electromyogram
(EMG), cervical muscle EMG, oesophageal pressure, pulse transit
time, suprasternal notch pressure).
2 of 7

Figure 1 Tracings during pressure-controlled ventilation with a nasal
mask during appropriate patient-respirator interaction. Ventilator:
pressure-controlled ventilator, single branch tubing, facial mask with
leak. Settings: assist-control mode with back-up respiratory rate of 15/
min, inspiratory positive airway pressure 20 cm H2O, expiratory positive
airway pressure 5 cm H2O, maximum inspiratory time 1.5 s, minimum
inspiratory time 0.8 s. Tracing duration 2 min.
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case, the increase in insufﬂation ﬂow amplitude is associated
with an increase in thoracic and abdominal belt signal
amplitudes (ﬁgure 4).
Because of the inability of volume-controlled ventilators to
compensate for leaks, a decrease in thoracic and abdominal belt
signal amplitude can occur even in the presence of small leaks
without any increase in ﬂow signal. However, a decrease in
pressure signal is usual (ﬁgure 5).
With any ventilation mode, disappearance of thoracic and
abdominal belt signals can also be observed in case of major
unintentional leaks (ﬁgure 2B).

Amputation of expiratory flow signal
If present on baseline tracing (pneumotachograph between
mask and expiratory valve), an amputation of the expiratory
part of the ﬂow curve indicates the loss of expiratory ﬂow in the
circuit and thus leaks (ﬁgure 2A and ﬁgure 5).

Patient-ventilator asynchrony and switch of ventilator to back-up
respiratory frequency
Leaks favour the non-detection of the patient’s inspiratory
efforts by the ventilator and a switch to back-up respiratory
frequency in assist-controlled mode (ﬁgure 5). The appearance of
the ﬂow and pressure curves may change signiﬁcantly according
to the ventilator used and its cycling mechanism (see paper in
the series by Rabec et al13). This may result in patient-ventilator
asynchrony (ﬁgure 5).

Decrease in ventilatory drive
Figure 2 Unintentional leaks with a pressure-controlled ventilator:
Typical patterns: (1) expiratory and inspiratory pressures not maintained;
(2) increase in machine flow amplitude and reduction in thoracic and
abdominal belt signals (A), with possible disappearance of thoracic and
abdominal belt signals in the presence of a major leak (B); (3) note the
amputation of the expiratory part of the flow curve; (4) an initial rapid
increase in inspiratory flow followed by a slower increase in flow until
cycling, suggesting a leak. Ventilator: pressure-controlled ventilator,
double branch tubing with expiratory valve. Settings: assist-control
mode, inspiratory positive airway pressure 22 cm H2O, expiratory
positive airway pressure 3 cm H2O, back-up respiratory rate 14/min,
inspiratory/expiratory time ratio 1/2. Tracing duration 30 s.

Changes in inspiratory flow curve (with pressure-controlled
ventilation)
The inspiratory ﬂow curvedin the absence of leaksdshows
a very rapid increase in ﬂow, reaching an early peak (when
predetermined inspiratory pressure is reached) followed by
a progressive decrease until cycling (ﬁgures 1 and 2). In case of
leaks, the inspiratory ﬂow curve shows a characteristic twoslope aspect, with an initial rapid increase followed by a slower
increase in ﬂow until cycling occurs (ﬁgure 2). An increase in
inspiratory time may also happen in the case of ﬂow cycling
(ﬁgure 2B). This aspect most probably results from a progressive
acceleration of the ventilator turbine to compensate for leaks.

Decrease in abdominal and thoracic belt signals
With pressure-controlled ventilators, an increase in ventilator
ﬂow signal during insufﬂation with a simultaneous decrease in
thoracic and abdominal belt signal amplitude is suggestive of
unintentional leaks (ﬁgure 2A). Ventilator ﬂow increases to
compensate for drop in pressure, but leaks result in decreased
effective tidal volume.
An increase in ﬂow amplitude during insufﬂation can also be
seen in case of increased inspiratory efforts of the patient
occurring simultaneously to inspiratory pressurisation. In that

On a simple PG without measurement of either oesophageal
pressure, respiratory muscle EMG or any other indirect signal of
inspiratory effort (such as pulse transit time20), the essential
feature of a decrease in ventilatory command is a proportional
and simultaneous reduction in ﬂow and in thoracic and
abdominal belt signal amplitudes. A decrease in ﬂow and in
thoracic and abdominal belt signal amplitudes occurs without
phase opposition (ﬁgure 6A). In the absence of a back-up respiratory rate (ventilator in ‘spontaneous’ mode), thoracic and
abdominal belt signals may disappear completely (ﬁgure 6B),
generating a pattern of recurrent central apnoeas. With a backup respiratory rate, the length of the events is limited by the
preset maximal interval between breaths (ﬁgure 6A).

Partial or total upper airway obstruction with reduction of
ventilatory drive
A few simple signs can be suggestive of airway closure with
reduced ventilatory command:
1. Progressive and smooth reduction in ﬂow amplitude while
amplitude of pressure signal is unchanged (ﬁgure 3A,B).
2. Simultaneous reduction or disappearance of thoracic and
abdominal belt signal.
3. Switch of ventilator to back-up respiratory rate (assistcontrol mode) without thoracic or abdominal movements
(ﬁgure 3A).
4. Patient-ventilator asynchrony because the ventilator may not
detect the patient’s inspiratory efforts during upper airway
closure, the abovementioned change to back-up respiratory
rate may be associated with patient-ventilator asynchrony.

Mixed events: partial or total closure of the upper airways and
reduced ventilatory drive followed by passive closure of the
upper airways and resumption of respiratory drive
A synchronous reduction in ﬂow, thoracic and abdominal
movements and respiratory rate with resumption of thoracic
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and abdominal movements before restoration of normal ﬂow
suggests initial obstruction of the upper airway with reduced
ventilatory command followed by persistent obstruction of the
upper airways in spite of resumption of ventilatory command
(ﬁgure 3B).

Partial or total upper airway obstruction without reduction of
ventilatory drive
Sudden reduction in flow amplitude with different evolutions of the
pressure signal
With a pressure-controlled ventilator, a sudden reduction in ﬂow
amplitude during insufﬂation while inspiratory positive pressure
is maintained suggests upper airway obstruction or instability
(ﬁgure 3C). With a volume-controlled ventilator, a sudden
reduction in ﬂow amplitude with an increase in insufﬂation
pressure until maximal preset peak pressure is reached also
suggests upper airway obstruction or instability. In this case an
inversion of the pressure curve can be seen with an initial peak
pressure followed by a decrease of pressure related to mouth
leak.

Phase opposition or phase angle in thoracic and abdominal belts
A phase opposition or a phase angle with a negative inﬂexion of
the thoracic belt signal on inspiration associated with a positive
inﬂexion of the abdominal belt signal suggests ﬁghting,16 here
against upper airway obstruction (ﬁgures 3C and 7). Note that
the phase opposition can be seen with a positive inﬂexion of the
thoracic belt signal and a negative inﬂexion of the abdominal
belt signal in the case of diaphragmatic weakness and use of
accessory muscles. A large increase in abdominal and thoracic
belt signals, with an increase in respiratory rate of the patient
due to increasing efforts to open the airways also suggests upper
airway obstruction (ﬁgures 3C and 7).

Patient-ventilator asynchrony and switch to back-up respiratory rate

Figure 3 Upper airway obstruction. (A) With decrease in ventilatory
command: switch to back-up respiratory rate without thoracoabdominal
movements indicating recurrent airway closure with reduced ventilatory
command: (1) progressive decrease in flow; (2) pressure signal
unchanged; (3) disappearance of thoracoabdominal movements and
change to back-up ventilation; (4) entirely synchronous resumption of
flow and thoracoabdominal movements without fighting movements.
Note: When ventilatory command reappears, pressure may decrease
due to patient effort. Ventilator: pressure-controlled, single branch
tubing, nasal mask with leak. Settings: assist-control mode with back-up
respiratory rate of 14/min, inspiratory positive airway pressure
18 cm H2O, expiratory positive airway pressure 4 cm H2O. Tracing
duration 4 min. (B) Mixed event: upper airway obstruction with
reduction of ventilatory drive + passive closure of the upper airways
and resumption of respiratory drive: (1) disappearance of flow and
thoracic and abdominal belt signal; (2) change to back-up rate during
phase of flow reduction; (3) resumption of thoracoabdominal movements
before normal flow is re-established (suggesting upper airway
obstruction occurring after resumption of ventilatory command).
Ventilator: pressure-controlled, single branch tubing, nasal mask with
intentional leak. Settings: assist-control mode with back-up respiratory
rate of 14/min, inspiratory positive airway pressure 18 cm H2O,
expiratory positive airway pressure 4 cm H2O. Tracing duration 4 min.
(C) Without reduction of ventilatory drive: (1) sudden reduction in flow
4 of 7

As mentioned above, upper airway obstruction is associated
with poor detection of the patient’s inspiratory efforts; thus
a switch to back-up respiratory rate in assist-controlled mode
can be observed. In this situation, the appearance of the ﬂow and
pressure curves may change signiﬁcantly according to the
ventilator used and its cycling mechanism (see paper by Rabec
et al13 in this series). The shape and duration of insufﬂation can
either increase or dramatically decrease (ﬁgure 3B). This can
result in patient-ventilator asynchrony (ﬁgures 3C and 7).

DISCUSSION
This paper reports the ﬁndings of an international consensus
group which systematically analysed nocturnal PG and PSG
tracings recorded with either volume-cycled or pressure-cycled
ventilators. Over a period of 2 years this group has identiﬁed
respiratory events occurring speciﬁcally under NIV, described the
PG semiology of these events and proposed pathophysiological
mechanisms underlying the occurrence of such events.
[Continued]
amplitude; (2) phase opposition or phase angle in thoracic and
abdominal belts; (3) increase in respiratory rate at the end of the event
due to increase in patient efforts to open the airways; (4) patientventilator asynchrony. Ventilator: pressure-controlled, double branch
tubing, nasal mask. Settings: assist-control mode with back-up
respiratory rate of 14/min, inspiratory positive airway pressure
12 cm H2O, expiratory positive airway pressure 5 cm H2O, maximum
inspiratory time 1.7 s, minimum inspiratory time 1.2 s.
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Figure 4 Increase in flow amplitude during insufflation without
unintentional leaks with a pressure-controlled ventilator: simultaneous
increase in signal from the thoracic and abdominal belts suggesting
inspiratory efforts and increase in inspiratory flow, with no change in
pressure. Ventilator: pressure-controlled ventilator, single branch tubing,
facial mask with leak. Settings: assist-control mode with back-up
respiratory rate of 14/min, inspiratory positive airway pressure
18 cm H2O, expiratory positive airway pressure 6 cm H2O, maximum
inspiratory time 2.0 s, minimum inspiratory time 1.2 s. Tracing duration
30 s.
Our main ﬁndings are that: (1) nocturnal respiratory events
occur during NIV: leaks, obstructions at different levels of the
upper airway (glottis and/or pharynx), with or without
a decrease in respiratory drive and asynchrony; (2) the nomenclature deﬁning abnormal nocturnal respiratory events during
sleep in spontaneous breathing is not applicable for describing
PG or PSG under NIV and a new speciﬁc terminology is
proposed9; and (3) these events may lead to drops in SpO2 and/or
sleep disruption and are certainly clinically relevant even if their
impact on outcome measures such as morbidity and survival has
yet to be established.

Technical considerations

Figure 6 Decrease in ventilatory drive. (A) With back-up ventilation:
reduction in abdominal and thoracic belt signal amplitudes without phase
opposition and with change to back-up ventilation. Ventilator: pressurecontrolled, single branch tubing, nasal mask with leak. Settings: assistcontrol mode with back-up respiratory rate 14/min, inspiratory positive
airway pressure 13 cm H2O, expiratory positive airway pressure
5 cm H2O, maximum inspiratory time 1.7 s, minimum inspiratory time
1.3 s. Tracing duration 3 min. (B) In the absence of back-up ventilation:
disappearance of pressure signal, flow signal and thoracic and
abdominal belt signals. Ventilator: pressure-controlled, single branch
tubing, nasal mask with leak. Settings: assist mode, inspiratory positive
airway pressure 12 cm H2O, expiratory positive airway pressure
3 cm H2O. Tracing duration 3 min.

The work group identiﬁed a certain number of pitfalls adding to
the complexity of a systematic analysis of PG or PSG during NIV.
Among these pitfalls are the major differences between ventilators in terms of leak compensation. This is particularly true
between volume-cycled and pressure-cycled ventilators. The
semiology of leaks is therefore completely different depending on
the technology used. Pressure and ﬂow curves also differ markedly among the different ventilators available for home care.21
Recording analysis must take into account differences in available

settings for triggering or cycling,21 or new modes of ventilation
such as volume-targeted pressure support,22 23 autotitrating
pressure support24 or proportional assist ventilation.
Our work group considers as a minimal prerequisite for PG
analysis the presence of signals for pressure, ﬂow, abdominal and
thoracic movements and SpO2. These tools are generally sufﬁcient to identify, with an adequate speciﬁcity, events such as
leaks, periodic breathing, typical obstructive events and their

Figure 5 Unintentional leaks with a volume-controlled ventilator: (1)
inspiratory pressure is not maintained; (2) inspiratory flow amplitude is
maintained with reduction in thoracic and abdominal belt signals; (3)
note the amputation of the expiratory part of the flow curve; (4)
asynchrony patient/ventilator at the end of the leaks. Ventilator: volumecontrolled ventilator, double branch tubing with expiratory valve.
Settings: assist-control mode, tidal volume 700 ml, expiratory positive
airway pressure 0 cm H2O, back-up respiratory rate 12/min, inspiratory/
expiratory time ratio 1/2. Tracing duration: 2 min. Oxygen saturation by
pulse oximetry (SpO2) is missing.

Figure 7 Upper airway obstruction in a volume-controlled mode: (1)
sudden reduction in flow amplitude; (2) increase in insufflation pressure;
(3) phase opposition in thoracic and abdominal belts; (4) patientventilator asynchrony. Ventilator: volume-controlled, double branch
tubing, facial mask. Settings: assist-control mode, tidal volume 600 ml,
respiratory rate 16/min, inspiratory/expiratory time ratio 1/2, maximal
peak pressure 50 cm H2O. Tracing duration 2 min.
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consequences. It is possible that events such as leaks are
underscored by PG or PSG. Future research should aim to validate quantiﬁcation of leaks by ventilator software (see previous
paper in this series by Janssens et al11) and confront ventilator
signals and PG /PSG analysis. Reduction of ventilatory drive and
subtle increases in inspiratory effort related, for instance, to
increased upper airway resistance are more difﬁcult to document
using only these tools and may also be underestimated. This
underlines the importance of having reliable quantitative
measurements of respiratory effort. Oesophageal pressure is the
reference signal validated both in the ICU for improving the
setting of the ventilators and in the ﬁeld of sleep medicine.25
However, in clinical routine its acceptability is questionable
because of associated sleep fragmentation and leaks around the
mask induced by the oesophagal probe. Non-invasive alternatives for respiratory effort assessment are necessary. Diaphragmatic or cervical muscle EMG, suprasternal notch pressure or
pulse-transit time, which are used during sleep studies in
spontaneous breathing as indirect indicators of inspiratory
effort, are promising candidates.20 Further studies should aim to
determine the sensitivity and speciﬁcity of these additional tools
for accurately identifying residual respiratory events under NIV.

Events occurring during NIV
The frequency of occurrence of the abovementioned abnormal
respiratory events found in stable patients under long-term NIV
is still largely undetermined and may depend on the underlying
disease. To our knowledge, only two studies have analysed and
quantiﬁed speciﬁc nocturnal respiratory events related to NIV. In
a small group of patients with stable obesity-hypoventilation,14
although asymptomatic (ie, not complaining of sleep disruption
or ventilator-related nocturnal discomfort), a high proportion of
subjects had prolonged periods of patient-ventilator asynchrony
(55%) and 40% had recurrent events which would qualify as
‘recurrent decreases or suppression of ventilatory command’.
Fanfulla et al26 found, in a heterogeneous population of 48
patients on long-term home NIV, that more than half of these
patients had patient-ventilator asynchrony. Apparently this did
not inﬂuence compliance with NIV and the patients did not
report perception of arousals. In this study there was a correlation between the index of asynchrony and the severity of
nocturnal desaturation. These desaturations may potentially be
associated with long-term cardiovascular consequences and
neuropsychological alterations. A recent randomised controlled
study comparing volume-targeted bi-level pressure support
versus conventional bi-level pressure support showed a signiﬁcant difference in the perception of sleep and microarousals
between the two techniques, suggesting that repeated changes
in pressure related to volume targeting may themselves generate
untoward respiratory events despite improving alveolar ventilation.22 In this last study, contrary to the study by Fanfulla
et al,26 agreement between subjective perception of quality of
sleep and sleep disruption on PSG suggests that the impact of
NIV on quality of sleep may be important for compliance and
patient motivation. Some teams have suggested that the use
of high pressure is required for improving long-term evolution
of ventilated patients with chronic obstructive pulmonary
disease,27 but the effects of such settings on sleep and residual
events is so far unknown and could be deleterious.
Two authors emphasised the importance of leaks in long-term
NIV and their negative impact on sleep structure, as well as the
improvement in quality of sleep after correction of leaks.6 9 28
When mouth leaks were abolished, both sleep and efﬁcacy of
ventilation improved. Teschler et al6 reported that large leaks
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could occur without obvious opening of the mouth as air
escaped through a corner of the apparently closed mouth.

Relevance of detailed analysis of respiratory events occurring
under NIV
An understanding of how NIV ‘works’ is critical in determining
the therapeutic end point of NIV and its monitoring, but this
remains unresolved.29 Competing theories include resting of
chronically fatigued respiratory muscles, increasing the compliance of the respiratory system through increased tidal volumes,
reducing the load against which the respiratory muscle pump
must work, resetting of respiratory centres at a more physiological value of PaCO2, improving quality of sleep and avoiding
cardiovascular consequences of repeated or prolonged nocturnal
desaturations. We can therefore only speculate that identifying,
quantifying and trying to correct nocturnal events which affect
quality of sleep,6 increase work of breathing,22 alter central
respiratory drive2 3 or induce oxygen desaturations are clinically
relevant. One can postulate that improving quality of sleep
through a better adjustment of NIV is itself clinically relevant in
improving quality of life. However, the impact of this approach
on compliance, morbidity and survival remains undetermined
and speculative. It is also unclear at this time whether fully
ventilated patients without any effort during the night have
a positive impact on their evolution. Our standardised way of
analysing quality of ventilation and related efforts might lead to
a better understanding of this topic.
In conclusion, the list of events identiﬁed by our work group
creates a common framework which allows standardisation of
reports and comparison of future studies in this ﬁeld. Further
studies are now needed to replicate this standardised scoring in
different centres, to document other as yet unreported events, to
establish the prevalence of these problems according to patient
diagnosis and type of equipment type and ﬁnally to correlate the
acute events with chronic outcomes. Once identiﬁed, it is
necessary to determine how best to deal with these events and
to determine their relevance as to major end points such as
compliance and morbidity compared with simple monitoring
such as overnight oximetry and PtcCO2. Clearly, performing
more complex PG and PSG will have cost implications and will
affect sleep laboratory workloads. This analysis should provide
a useful basis for investigating the role of more detailed monitoring strategies in patients on home ventilation.
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