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INTRODUCTION

Noninvasive ventilation (NIV) is widely accepted as
a long-term treatment of chronic hypercapnic res-
piratory failure. NIV is predominantly applied at
night, when profound changes in ventilatory pat-
terns, respiratory drive, and respiratory and upper
airway muscle recruitment occur. These physio-
logic conditions promote sleep hypoventilation
and upper airway obstruction particularly in pa-
tients with chronic respiratory failure. NIV per se
may also induce de novo undesirable respiratory
events.1,2 Positive pressure ventilation–induced

hyperventilation has been shown to promote
active periodic breathing and glottic closures.
NIV is also inevitably associated with unintentional
leaks, which have been shown to alter not only ef-
ficacy of ventilation, but also quality of sleep.

There are simple tools, such as oximetry, trans-
cutaneous PCO2, and device software, available to
assess NIV efficacy during sleep.2 However,
increasing awareness of nocturnal respiratory
events occurring under NIV has led to a wider
use of respiratory polygraphy and polysomno-
graphy (PSG) to improve adjustment of long-term
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KEY POINTS

� Monitoring of nocturnal NIV is required to determine if NIV is correctly adapted to detect residual or
de novo respiratory events and patient-ventilator asynchrony.

� Understanding and classifying the mechanisms involved in respiratory events under NIV is crucial
for adapting appropriate NIV settings or interfaces.

� Periodic polysomnography is recommended by experts in the follow-up of home-ventilated
patients.

� Future studies are needed to establish whether recognition and correction of these abnormalities
during sleep positively impact long-term efficacy of NIV, compliance, or quality of life.
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NIV settings.3 Whether systematic PSG is neces-
sary for titrating NIV, as suggested by the American
Academy of Sleep Medicine,3 remains a subject of
debate, but the first step is to improve knowledge
about a correct classification of abnormal res-
piratory events under NIV. Appropriate analysis
of polygraphic or polysomnographic recordings
must take into account the type of ventilator used
(volume- or pressure-cycled), ventilator settings
(ventilatory mode, triggers), and type of interface
(nasal or full face mask).
During NIV, there is a continuous interaction be-

tween the ventilator, generating an intermittent
positive pressure, and the patient’s neural respira-
tory drive. Therefore, events can result from the
patient, the ventilator, or poor patient-ventilator
coordination. This article summarizes how to
score abnormal respiratory events on PSG during
NIV. The most frequent problems detected are un-
intentional leaks (ie, not related to exhalation valve
of interface), central or obstructive events (either
residual or induced by NIV), persistent rapid eye
movement (REM) hypoventilation, and patient-
ventilator asynchrony. In this article we limit our
description to pressure support ventilators with
intentional leaks, which are by far the most widely
used in chronic respiratory failure.

POLYSOMNOGRAPHIC FEATURES OF
ABNORMAL RESPIRATORY EVENTS UNDER
NIV
Unintentional Leaks

Detrimental effects of unintentional leaks
Leaks are by far themost common event occurring
during NIV.4 It has been demonstrated that major
leaks cause microarousals and disrupt patients’
sleep and conversely, that correction of mouth
leaks is associated with improved sleep struc-
ture.5 Leaks increase the probability of poor or
nondetection of inspiratory efforts and may lead
to unrewarded inspiratory efforts, or to other forms
of patient-ventilator asynchrony with or without
prolonged episodes of desaturation and hypoven-
tilation.1 Although home bilevel positive airway
pressure (PAP) ventilators have a high capacity
of leak compensation, increased flow related to
leak compensation can also be a source of
discomfort. In presence of leaks, we recently
demonstrated that a higher percentage of cycles
triggered by the ventilator occur and that there is
a marked increase in respiratory effort proportional
to the amount of the leaks.6

Recent ventilators designed for home care have
built-in software that provides potentially useful in-
formation for the clinician in terms of monitoring
NIV. Clinicians need to know if values of tidal

volume (VT), leaks, or apnea-hypopnea index re-
corded by built-in software are reliable and can
be used. There is large variability in the reliability
of the results particularly for VT and this is specially
the case with major leaks.7 This means that VT can
be overestimated when associated with important
leaks and this can lead clinicians to improperly
adjust the ventilator settings.

Polysomnographic features of unintentional
leaks occurring under NIV
The importance of the leak and the ability of the
ventilator to compensate for leaks determines
whether the pressure signal amplitude remains
stable or decreases. A fall in positive pressure
(inspiratory and expiratory) indicates major unin-
tentional leaks (Fig. 1). 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 (see Fig. 1).
Ventilator flow increases to compensate for drop
in pressure, but leaks result in decreased effective
VT delivered to the patient. 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 expira-
tory flow in the circuit and thus leaks (see Fig. 1).
Additionally, leaks may promote the nonde-

tection of the patient’s inspiratory efforts by the
ventilator. This may result in patient-ventilator
asynchrony with a switch to back-up respiratory
frequency in assist-controlled mode or to autotrig-
gering of the ventilator (Fig. 2).

Central Events Under NIV: Partial or Total
Upper Airway Obstruction with Reduction of
Ventilatory Drive

Physiologic and mechanistic background
Ventilatory control is physiologically altered during
sleep, with a decreased responsiveness to chem-
ical, mechanical, and cortical inputs.1 The PaCO2
apneic threshold is unmasked, at 1.5 to 5.8 mm
Hg below eupneic PaCO2.

8 If NIV settings lead to
hyperventilation, bursts of central apnea or hypo-
pnea can occur, particularly during transitions be-
tween sleep onset and wakefulness. Furthermore,
NIV has the potential to induce periodic breathing
during sleep (Fig. 3).9 In a PSG study, 40% of
obese patients using NIV showed a high index of
periodic breathing, mostly occurring in light stages
of sleep and associated with severe nocturnal hyp-
oxemia.10 The susceptibility to induction of peri-
odic breathing varies considerably among
subjects; its occurrence under NIV is thus difficult
to predict and needs to be specifically monitored.
It is possible that not only hyperventilation, but
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