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Abstract
Purpose: Non-invasive ventilation (NIV) is the reference standard for managing chronic hypoventilation in patients with
Duchenne muscular dystrophy (DMD). In these patients, upper airway obstruction under NIV may compromise efficacy
and adherence.We aim to describe a novel pattern of expiratory obstructive events occurring during nocturnal barometric
NIV. Methods:We retrospectively included all patients with DMDwho underwent full-night polygraphy during NIV as part
of their usual follow-up between May 2018 and July 2019. Results: We provide a step-by-step description of this previously
undescribed pattern of obstruction. Expiratory obstructions lead to end-inspiratory breath-holding and impossibility to
take another inspiratory breath with a barometric mode until expiration occurs. These events were observed in 4 (36%) of
11 DMD patients under barometric NIV. Conclusion: Expiratory obstructions may be common in DMD patients receiving
NIV and should be sought out routinely. This previously undescribed variant of obstructive event must be identified.
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Background

Patients with Duchenne muscular dystrophy (DMD) may
experience multimodal sleep-disordered breathing with
early obstructive sleep apneas (OSAs) and, later during the
disease, diaphragmatic failure and/or central apneas. The
underlying pathophysiological mechanisms cover a wide
range of causes that include macroglossia, respiratory
muscle weakness, and cardiomyopathy.1 Nocturnal non-
invasive ventilation (NIV) has been shown to reduce the
occurrence of sleep-related breathing events and to improve
quality of life, sleep, and survival in patients with slowly
progressive neuromuscular diseases (NMDs).1,2 However,
obstructive or central apneas/hypopneas (AHs) may persist
during NIV, compromising treatment efficacy and/or
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France
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patient’s comfort.3,4 Upper airway obstruction during sleep is
common inDMDand other NMDs andmay persist under NIV
due to inappropriate ventilator settings. Residual respiratory
events may also be triggered by NIV, as the ventilator-induced
decrease in ventilatory drive may induce central AHs with or
without glottic closure.4 Furthermore, excessive tightening of
the naso–buccal interface may result in obstructive events.5

The SomnoNIV group (a group of French experts on
nocturnal ventilation during NIV) has published a sys-
tematic description of nocturnal respiratory events seen
during NIV.3,6 Residual obstructive events under NIV oc-
curred at different levels of the upper airway (glottis and/or
pharynx), with or without an alteration in respiratory drive.
The group has stated that the first step during NIV initiation
is to prevent these events as they promote the occurrence of
patient–ventilator asynchronies.6 The semiology of patient–
ventilator interactions is now better understood, thanks to

the development by the SomnoNIV group of algorithms for
analyzing polygraphs recorded during NIV.3,6

Here, we provide a step-by-step analysis of a previously
undescribed pattern of obstructive events during NIV. The
occurrence of these events at exhalation with subsequent air
retention has never been described to our knowledge.

Methods

At the first place, we identify an unusual pattern of ob-
struction when a 26-year-old man under barometric NIV
with DMD was referred to our chronic ventilation unit with
increased fatigue and morning headaches. We thus per-
formed a full night polygraphy under NIV to seek for re-
sidual obstructive events or patient–ventilator asynchronies.
This sleep recording highlights an important increase in
residual apnea hypopnea index (25.5 events per hour) but

Figure 1. Successive complete obstructions beginning at exhalation with ineffective insufflations and air stacking (without leaks). Legend:
The tracings are presented in the following order, from top to bottom: oxygen saturation (SpO2), pressure, flow, respiratory inductive
plethysmography (RIP) flow, thoracic movements, abdominal movements, heart rate, finger plethysmography (Pleth), and activity. Pressure and flow
were measured with an external pressure sensor and with an external pneumotachograph. ARmeans air retention; the vertical black arrows point
to ineffective insufflations and the vertical white arrows point to partially effective insufflations; the horizontal white arrows indicate
expiratory obstructions. [0] appropriate patient–ventilator interaction: pressure increase is associated with adapted flow wave and
synchronous thoraco-abdominal movements at both inhalation and exhalation; [1] expiratory obstruction: at the end of an effective
insufflation, expiratory obstruction occurs (no significant exhalation observed before the next cycle on the flow, RIP flow, or thoraco-
abdominal belts); [2] air stacking: complete (both inspiratory and expiratory) upper airway obstruction with three subsequent ineffective
insufflations while the patient remained above the relaxed volume. We must underline that independently of the presence or not of upper
airway obstruction, with a pressuremode, additional lung insufflation above the previous insufflation is not possible when reproducing the
same inspiratory pressure according to the pressure–volume relationship; [3] apnea resolution: obstruction release begin with a tidal
expiration characterized by a return to the relaxed volume as observed on the respiratory inductive plethysmography and flow signals.
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with an uncommon obstructive pattern beginning at ex-
halation (Figure 1).

Based on this case, we retrospectively screened all sleep
recordings performed between May 2018 and July 2019 at
our tertiary care hospital, which is part of a national ref-
erence center for the management of NMDs. We included
all patients with DMD who underwent full-night polyg-
raphy during barometric NIVas part of their usual follow-up
(Supplemental e-Figure 1) seeking for similar pattern of ex-
piratory obstructions. All recordings were interpreted by the
same investigator (F.L.). Themain patient features are provided
in the online supplement (Supplemental e-Tables 1 and 2).

Results

Description of the novel expiratory
obstruction pattern

Expiratory obstructions (EOs) consisted in upper airway
obstruction at the end of an effective insufflation, resulting
in the absence of exhalation before the next cycle. No
significant expiration was observed on the nasal flow signal

as well as thoracic and abdominal respiratory inductive
plethysmography (RIP) signals eliminating presence of
mouth expiration. Consequently, air retention occurred,
with persistent inflation of the lungs. The next insufflations,
with the same target pressure, remained ineffective until the
occurrence of a tidal expiration characterized by a return to
the relaxed volume and pressure (see RIP signals; Figure 1).
Figures 2 and 3 provide a detailed step-by-step analysis of
the phenomenon.

Results of the retrospective analysis

Among 21 DMD patients who underwent full-night polyg-
raphy, 11 were ventilated with a barometric mode. Expiratory
obstructions (EOs) occurred during NIV in 4 (36%) of these
patients (e-Table 1 reports the patient characteristics).

The only significant difference in patient characteristics
between patients with versus without EOs (e-Table 2) was
slightly lower mean nocturnal oxygen saturation (SpO2) in
patients with EOs. EOs seemed to have moderate conse-
quences on SpO2, which seemed mainly dependent on
apnea duration.

Figure 2. Brief and prolonged expiratory obstructions leading to ineffective and partially effective insufflations and leaks. Legend: The
tracings are presented in the following order, from top to bottom: oxygen saturation (SpO2), pressure, flow, respiratory inductive plethysmography
(RIP) flow, thoracic movements, abdominal movements, heart rate, finger plethysmography (Pleth), and activity. Pressure and flow were measured
with an external pressure sensor and with an external pneumotachograph. AR means air retention; the vertical black arrows point to
ineffective insufflations and the vertical white arrows point to partially effective insufflations; the horizontal white arrows indicate
expiratory obstructions. The presence of inspiratory flow during AR periods suggests occurrence of leaks due to the remaining inflation
observed on the thoracic and abdominal belts (see Figure 3). * Detailed analysis provided in Figure 3.
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Discussion

To our knowledge, EOs during nocturnal NIV have not been
previously reported. We found this expiratory upper airway
collapse phenomenon under NIV in a third of our DMD
patients ventilated with a pressure mode.

In OSA, it has been shown that upper airway obstruction
may occur not only during inspiration but also during
expiration.7,8 Since muscle tone and upper airway pressure
differ during inspiration and expiration, the mechanisms and

sites of upper airway occlusion are believed to differ also
between these two phases. During sleep, the loss of expiratory
muscle tone increases the supraglottic/retroglossal airway
obstruction.8 Mechanisms promoting EOs during NIV may
include dynamic pulmonary hyperinflation, afferent mecha-
noreceptor inhibition of upper airway reflexes, macroglossia
(which is common in patients with DMD), and increased
collapsibility due to loss of positive intraluminal pressures.
Increased positive expiratory pressure has been observed prior
to apneic events, suggesting that expiratory flow limitation
with increased airway instability may precede apneas and that
expiratory obstruction may play a critical role in the patho-
genesis of upper airway obstruction during sleep.

In DMD, expiratory obstruction might be promoted by
multiple mechanisms including impaired upper airway
muscle activity and macroglossia. The mdx mouse, a widely
used animal model of human DMD, shows evidence of
impaired pharyngeal dilator muscle function, which may
have implications for the control of airway patency inDMD.9

Lofaso et al.10 showed that expiratory abdominal muscle
activity might be an indirect marker of expiratory upper
airway obstruction, which may be related to an insufficient
CPAP setting rather than to excessive settings in OSA pa-
tients. These data and the pathophysiological considerations
stated above may justify the use of higher EPAP values in
DMD patients to prevent expiratory obstruction.

To better pick-up these events, we propose a three step
definition of expiratory obstruction in DMD patients un-
dergoing barometric ventilation: (1) no significant exhalation
observed before the next cycle on the flow, and thoraco-
abdominal belts; (2) subsequent ineffective insufflations
while the patient remained above the relaxed volume; and (3)
obstruction release begin with a tidal expiration.

The retrospective single-center design of our study and the
small sample size precludes definitive conclusions about the
frequency of EOs under NIV in DMD or about risk factors.
Yet, the expiratory pattern of these events (with subsequent
air retention) represents a novel finding which should
complete the panel of asynchronies occurring with NIV.

Further studies with larger samples and polysomno-
graphic measurements may shed light on the clinical rel-
evance of our findings.

Conclusion

EOs may be common in DMD patients receiving NIV and
should be sought routinely.
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Figure 3. Step-by-step analysis of expiratory obstruction under
non-invasive ventilation. AR means air retention; the vertical
black arrows point to ineffective insufflations; the horizontal
white arrows indicate expiratory obstructions. [0] appropriate
patient–ventilator interaction: pressure increase is associated
with adapted flow wave and synchronous thoraco-abdominal
movements at both inhalation and exhalation; [1] expiratory
obstruction: at the end of an effective insufflation, expiratory
obstruction occurred (no significant exhalation observed before
the next cycle on the flow, RIP flow, or thoraco-abdominal belts);
[2] ineffective insufflation with leaks: pressure delivery did not
allow additional inflation above the previous inflation (see the RIP
signals), independently of the presence or not of upper airway
obstruction, according to the pressure–volume relationship; [3]
apnea resolution: obstruction release begin with a tidal expiration
characterized by a return to the relaxed volume; [4] return to
appropriate patient–ventilator interaction. RIP: respiratory
inductive plethysmography.
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