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BACKGROUND: Duchenne muscular dystrophy (DMD) is a sex-linked genetic disorder in which
progressive impairment of skeletal muscle function eventually leads to severe respiratory failure
requiring continuous noninvasive ventilation (NIV) at home. A current focus of debate is whether
NIV may slow the decline in respiratory function or, on the contrary, worsen respiratory function
when started early. Our objective here was to describe the effects of NIV on vital capacity (VC) and
maximum respiratory pressures in DMD. METHODS: We analyzed retrospective data from 71
subjects with DMD, including VC, maximum static respiratory pressures, and sniff nasal inspira-
tory pressure before and after NIV initiation. The declines in these variables from the highest value
to the most recent value were computed. RESULTS: Although respiratory function continued to
deteriorate over time, NIV introduction was followed by significant slowing in the annual rates of
decline in VC (from 4.28 to 1.36 percent predicted), maximum inspiratory pressure (from 2.77 to
1.48 cm H2O), and maximum expiratory pressure (from 2.00 to 1.00 cm H2O). NIV had no effect on
sniff nasal inspiratory pressure. CONCLUSIONS: Introducing NIV in subjects with DMD was
followed by slowing of the declines in VC and in maximum static inspiratory and expiratory
pressures. Key words: Duchenne muscular dystrophy; neuromuscular disease; noninvasive ventilation;
follow-up. [Respir Care 2016;61(11):1530–1535. © 2016 Daedalus Enterprises]

Introduction

Duchenne muscular dystrophy (DMD) is a sex-linked
genetic disorder in which abnormalities in the sarcolem-

ma-spanning protein complex dystrophin cause progres-
sive deterioration of skeletal muscle strength and struc-
ture.1 Among the resulting impairments, gradual weakening
of the respiratory muscles2 eventually leads to chronic
respiratory failure requiring noninvasive ventilation (NIV)
at home. Typically, NIV is first introduced only at night,
as soon as the patient starts to exhibit signs of hypoven-
tilation during sleep.3 Over time, hypoventilation occurs
also during wakefulness, requiring daytime NIV, intermit-
tently at first and then continuously.4 Among causes of
death in patients on continuous NIV, respiratory failure is
the most common, followed by cardiomyopathy.5 Survival
has improved significantly since the introduction of NIV
once hypercapnia occurs.6,7 Changes over time in lung
function parameters and maximum static respiratory pres-
sures in patients with DMD have been investigated,2,8 as
well as the impact on these variables of cardiac interven-
tions and NIV.7,9 Intermittent positive-pressure breathing
therapy improved lung volumes in short-term10 and long-
term11,12 studies of subjects with DMD. However, the ef-
fect of NIV on respiratory function is unclear. One study
in 14 DMD subjects suggested that nocturnal nasal venti-
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Mr Brasil Santos received a grant from the Brazilian National Council of
Scientific and Technological Development. The authors have disclosed
no conflicts of interest.

Correspondence: Frédéric Lofaso MD PhD, Service Physiologie-Explo-
rations Fonctionnelles, CHU R. Poincaré, 104 Boulevard Raymond Poin-
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lation reduced the decline of vital capacity (VC),13 whereas
another study on a highly heterogeneous population of
subjects with neuromuscular disease showed no signifi-
cant benefits from nocturnal intermittent positive-pressure
ventilation.14 Importantly, a 1994 study of subjects with
DMD raised concerns about the safety of nocturnal NIV
that was started early, with the goal of slowing the decline
in respiratory function.15

In this study of subjects with DMD, our objective was
to describe the impact of NIV on lung volumes and on
airway pressures (maximum inspiratory pressure [PImax],
maximum expiratory pressure [PEmax], and sniff nasal in-
spiratory pressure). We retrospectively analyzed data ob-
tained before and after NIV initiation.

Methods

This study was approved by the French Data Protection
Authority (Commission Nationale de l’Informatique et des
Libertés), in accordance with French legislation. Informed
consent was not required, according to French law on
retrospective evaluations of anonymized data.

Subjects

We included consecutive patients with DMD who received
follow-up at the home-ventilation unit of the Raymond Poin-
caré University Hospital, Garches, France, between Septem-
ber 1992 and June 2014; were �16 y of age; and were re-
ferred for long-term monitoring of respiratory function before
and after NIV initiation to detect and treat respiratory failure.
DMD was diagnosed based on clinical findings, massive cre-
atine phosphokinase elevation, absence of dystrophin stain-
ing by immunocytochemistry of muscle biopsy specimens,
and identification of dystrophin gene mutations.16 We did not
include patients with intermediate forms of DMD, Becker
muscular dystrophy, or tracheostomy.

According to our regional guidelines, all subjects re-
ceived prophylactic cardiac treatment with angiotensin-
converting enzyme inhibitors, and none received cortico-
steroids. None of the subjects were smokers.

Data Collection

The data were collected retrospectively from the med-
ical records. We recorded lung function test results, PImax,
PEmax, and sniff nasal inspiratory pressure values mea-
sured before NIV initiation and during follow-up. All data
were obtained at the lung function testing laboratory; we
did not use data collected in the ICU, since patients re-
quiring critical care may have acute unstable conditions.

The standard follow-up of patients with NIV in our
department includes routine lung function and respiratory-
muscle tests at each visit. The frequency of the visits is at

the discretion of the physician in charge of the patient.
Lung function testing is performed according to American
Thoracic Society/European Respiratory Society recom-
mendations,17 using a Vmax 229 Sensormedics system
(Yorba Linda, California) with the patient in the upright
position,18 VC was measured also in the supine position.
VC is expressed as a percentage of the predicted value.18

PImax and sniff nasal inspiratory pressure19,20 were mea-
sured from the functional residual capacity in the upright
position, and PEmax was measured at total lung capacity,
and they are expressed as percentages of the predicted
values.21,22 For each parameter, the best value was re-
corded.23,24 Airway pressures used to assess respiratory
muscle function are reported in cm H2O. Nocturnal NIV
was initiated based on published criteria,25 however we
did not use the VC and maximal mouth pressure thresh-
olds usually recommended for progressive neuromuscular
disorders,25 which are not appropriate for DMD and, ac-
cordingly, were not included in the 2004 ATS guidelines
for patients with this disease.11

Statistics

A segmented linear-mixed effect regression model was
used to analyze changes over time in VC (percent pre-
dicted) and in PImax, PEmax, and sniff nasal inspiratory
pressure (cm H2O). The time variable was the time from
NIV initiation. A random intercept and a random slope
were used for each subject. Pre-NIV and post-NIV values
were estimated with their 95% CIs, and the paired t test
was chosen to compare pre-NIV and post-NIV slopes. The
level of significance was set at 5%.

Results

We obtained data from 71 subjects with DMD, includ-
ing 33 (46%) already receiving NIV at the first visit. At the
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Current knowledge

Hyperinflation by intermittent positive-pressure breathing
therapy improves lung volumes in Duchenne muscular
dystrophy. However, the effect of home noninvasive ven-
tilation on respiratory function is unclear.

What this paper contributes to our knowledge

Home noninvasive ventilation was followed by slowing
of the declines in lung volumes and maximum static
respiratory pressures in subjects with Duchenne mus-
cular dystrophy.
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first visit, mean age was 20.7 � 3.4 y in subjects not yet
started on NIV and 21.6 � 3.8 y in those already receiving
NIV (usually started in the pediatric units). Mean age at
NIV initiation was 20 � 4 y, and NIV follow-up duration
in our laboratory overall was 4 � 3 y. Lung function tests
with VC values were available for all 71 subjects, PImax

and PEmax values were available for 68 subjects, and sniff
nasal inspiratory pressure values were available for 41
subjects (Fig. 1). At least 2 values of the study variables
were available for 64 subjects (90%). In the overall pop-
ulation (N � 71), the age range at the first home ventila-
tion unit visit was 16–39 y. Table 1 reports the main
subject characteristics at the time of the first tests.

Table 2 reports the results of the mixed model analysis
comparing the changes in variables over time before and
after NIV initiation. At the end of follow-up, the subjects
used NIV for 11.2 � 4.9 h/d. VC, PImax, PEmax, and sniff
nasal inspiratory pressure declined over time. However,
the annual decreases in VC, PImax, and PEmax were signif-
icantly smaller after NIV initiation.

Three subjects using NIV died during follow-up, after
35, 27, and 24 y (2 due to heart failure and one due to
acute respiratory failure). In addition, 24 subjects un-
derwent tracheostomy, according to international crite-
ria.11,26,27

Fig. 1. Individual and mean (bold lines) values for vital capacity (A), maximum inspiratory pressure (PImax) (B), maximum expiratory pressure
(PEmax) (C), and sniff nasal inspiratory pressure (D) over time, before and after initiation of NIV at home.

Table 1. Main Features of the Subjects With Duchenne Muscular
Dystrophy at the Time of the First Tests

Characteristics
Overall

Population
n

No Home
NIV

n
Home
NIV

n

Age, y 20.7 � 3.4 71 20.0 � 2.8 38 21.6 � 3.8 33
VC, % predicted 20.8 � 12.7 71 27.0 � 13.0 38 14.1 � 8.3 33
PImax, cm H2O 22.0 � 11.4 68 26.5 � 11.0 32 17.9 � 10.3 36
PEmax, cm H2O 19.5 � 9.9 68 23.3 � 8.8 32 16.1 � 9.7 36
SNIP, cm H2O 16.7 � 9.9 41 19.6 � 7.2 17 14.7 � 11.2 24

Data are mean � SD.
VC � vital capacity
PImax � maximum inspiratory pressure
PEmax � maximum expiratory pressure
SNIP � sniff inspiratory pressure
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Discussion

Lung function tests may reflect the severity of respira-
tory muscle weakness in patients with DMD.28 NIV is
usually started when evidence of nocturnal hypoventila-
tion develops, even in the absence of symptoms.3 The
beneficial effects of NIV in patients with DMD are well-
documented.3,6,9,29 However, whether NIV initiation at an
early stage of respiratory muscle weakness improves or
worsens patient outcomes is debated.15

Signs of respiratory muscle dysfunction usually develop
at about 14 y of age in patients with DMD.2,30 They consist
of decreases in maximum static respiratory pressures31 and
in lung volumes.4 Data about the effects of positive-
pressure support on lung function in patients with DMD
come from a 1994 study in only 10 subjects,32 a pedi-
atric study,10 and studies using intermittent positive-
pressure breathing rather than NIV.10,12 Another study13

collected similar data from 14 subjects with DMD treated
with nocturnal NIV and showed benefits in the VC de-
cline (reported in mL). In our study, we presented data
from a larger DMD population, showing the effects not
only on VC but also on maximum static respiratory
pressures. Positive-pressure insufflation was usually
beneficial; the only exception was a study in an ex-
tremely heterogeneous population of subjects with var-
ious neuromuscular diseases.14

Our results support previous evidence of benefits from
NIV.13 Importantly, the decline in lung function was slower
after NIV initiation. Although we cannot establish a causal
relationship between NIV initiation and slowing of lung
function decline, our results support earlier NIV initiation
during the course of DMD. VC, PImax, PEmax, and sniff
nasal inspiratory pressure were higher in the group of sub-

jects who did not start NIV than in the group receiving
NIV. This finding may be related to the respiratory func-
tion criteria used to initiate NIV.25 Both lung volumes and
maximum airway pressures decreased more slowly after
NIV initiation. The pace of sniff nasal inspiratory pressure
decline, in contrast, was unchanged. However, sniff nasal
inspiratory pressure may lack reliability for evaluating in-
spiratory muscle strength in patients with DMD,23 since
failure of the nostrils to collapse at pressures below 15 cm
H2O may result in spuriously low sniff nasal inspiratory
pressure values.33 Most of our subjects had values �15 cm
H2O (Fig. 1D). One hypothesis to explain the lung-volume
improvements is that NIV might contribute to preserve
lung and chest-wall compliance, thereby slowing the lung-
volume decreases associated with progressive respiratory
muscle weakness. Support for this hypothesis comes from
previous evidence that similar lung-volume improvements
occur with intermittent positive-pressure breathing.10,12 The
application of positive pressure might slow the develop-
ment of the restrictive respiratory pattern due in DMD to
rib-cage deformities and respiratory muscle weakness.

Regarding respiratory muscle function, a study in a
mouse model of DMD suggests that forced lengthening of
the diaphragm fibers induced by the elastic recoil of the
thorax as the diaphragm contracts may lead to eccentric
contraction injury.34 Eccentric contraction per se may in-
jure the contractile and cytoskeletal components of the
muscle fibers.35 The absence of functional dystrophin in
patients with DMD may lower the mechanical-stress thresh-
old above which eccentric contraction induces injury.36

We can speculate that the slowing of the declines in PImax

and PEmax after NIV initiation might indicate an ability of
mechanical support to protect the respiratory muscles from
further injury.

There are some limitations to this study, including the
retrospective design. In addition, the intensity of follow-up
varied considerably between subjects. Thus, some subjects
came to the clinic every 2 months and others only once/y.
This heterogeneity prompted us to use a mixed model for
the statistical analysis. The absence of data before NIV
from subjects started on this treatment early is also a major
limitation. Many of our subjects were initially followed up
at the pediatric units and were then referred to our adult
unit after NIV initiation, explaining the lack of informa-
tion before NIV. We generated the slopes for post-NIV
respiratory muscle strength by combining data from sub-
jects with and without pre-NIV assessments. The results
were then compared with those in the subgroup of subjects
with pre-NIV data. There were no substantial differences.
Thus, in the group with data from both periods, the values
before and after NIV were 4.3% versus 1.4% for VC,
2.4 cm H2O versus 1.7 cm H2O for PImax, and 2.8 cm H2O
versus 1.1 cm H2O for PEmax (all P values �.001). Finally,
in our study, NIV duration was 4.0 � 3.0 y, which is short

Table 2. Annual Declines in Vital Capacity, Maximum Inspiratory
Pressure, Maximum Expiratory Pressure, and Sniff
Inspiratory Pressure Before and After Initiation of NIV

Parameter
Before
NIV

Initiation
95% CI

After
NIV

Initiation
95% CI P

VC, % predicted 4.28 2.76–5.92 1.36 0.98–1.74 �.001
VC, L 0.16 0.11–0.21 0.06 0.04–0.07 �.001
PImax, % predicted 2.4 2.1–2.7 1.3 1.1–1.5 �.001
PImax, cm H2O 2.77 1.47–4.39 1.48 1.05–1.95 �.001
PEmax, % predicted 1.8 1.5–2.1 0.6 0.5–0.7 �.001
PEmax, cm H2O 2.00 0.76–3.59 1.00 0.58–1.42 �.001
SNIP, % predicted 0.7 �0.01 to 1.47 1.12 0.99–1.26 .35
SNIP, cm H2O 0.84 �2.02 to 3.53 1.28 0.76–1.92 .35

NIV � noninvasive home ventilation
VC � vital capacity
PImax � maximal inspiratory pressure
PEmax � maximal expiratory pressure
SNIP � sniff inspiratory pressure
ns � not significant
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for a population with DMD. This finding is ascribable to
the fact that 3 subjects died while receiving NIV and 24
others underwent tracheostomy. Nevertheless, NIV dura-
tion in our study was consistent with that in another study
from a similar European center.37

Conclusions

In our study, the introduction of NIV was followed by
slowing of the declines in lung volumes and maximum
static respiratory pressures in subjects with DMD. Studies
are needed to assess whether these associations between
NIV and improvements in lung volumes are affected by
the stage of respiratory dysfunction at the time of NIV
initiation.
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