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When is the optimal time to perform polysomnography in patients
with neuromuscular disease?

N
on-invasive ventilation (NIV) is
recognised as an efficient thera-
peutic option in patients with

chronic respiratory insufficiency due to
neuromuscular disorders. However, the
long standing clinical experience with
NIV contrasts with the absence of
validated criteria for initiating this
treatment and the paucity of data on
its long term physiological and psycho-
metric effects.
Several consensus conferences agree

on the value of daytime hypercapnia
and an acute exacerbation as criteria for
starting NIV because they are character-
istic signs of established ventilatory
failure.1–3 However, these two classical
criteria are preceded by a variable period
of nocturnal hypoventilation during
which treatable symptoms—such as
frequent arousals, severe orthopnoea,
daytime fatigue, and alterations in
cognitive function—may cause dete-
rioration in the quality of the patient’s
daily life.
The first problem is to decide when to

perform polysomnography in a patient
with only a few symptoms.4

Polysomnography should be undertaken
without delay when the patient devel-
ops symptoms related to sleep disor-
dered breathing, but patients with
neuromuscular disorders tend to under-
estimate symptoms such as fatigue
before using mechanical ventilation.
Sleep disordered breathing is difficult
to establish in children because of
reliance on parents and other caregivers
who have a different perception of the
child’s disease. Lung function para-
meters are poor indicators of nocturnal
hypoventilation and data are only avail-
able for patients with neuromuscular
disorders. Indeed, forced expiratory
volume in 1 second (FEV1) has been
shown to be inversely correlated with
daytime arterial carbon dioxide tension
(PaCO2) and base excess in patients with
Duchenne muscular dystrophy.5 But the
recommendation to perform polysom-
nography when the PaCO2 is >6 kPa
(45 mm Hg) may already be too late.
Moreover, none of the physiological
parameters (FEV1, PaCO2, or base

excess) has been shown to be both
sufficiently sensitive and specific to
detect sleep disordered breathing.5 6

In the study reported by Ward and co-
workers in this issue of Thorax,7 patients
were recruited for polysomnography
when vital capacity fell below 50%
predicted or when symptoms suggestive
of nocturnal hypoventilation were pre-
sent. These screening criteria may be too
large. Indeed, even if the authors chose
a cut-off value for peak transcutaneous
carbon dioxide tension (TcCO2) of
.6.5 kPa as a definition of nocturnal
hypoventilation in the absence of day-
time hypercapnia, they admitted that, in
practice, nearly all patients had a TcCO2
value of .6.5 kPa for more than 30% of
the total study period. Sleep disordered
breathing is characterised not only by
episodes of hypercapnia but also by
desaturations.8 Nocturnal desaturation
is common in patients with respiratory
muscle weakness, especially during
rapid eye movement (REM) sleep but,
here again, no reliable correlation has
been established between any lung
function parameter and the importance
of nocturnal desaturation.8 Respiratory
muscle testing was also performed but
the correlation of these data with
nocturnal hypoventilation was not
available. Thus, neither lung function
nor respiratory muscle parameters nor
symptoms seem to be sufficiently perti-
nent for the scheduling of polysomno-
graphy in patients with neuromuscular
disease. The optimal timing of polysom-
nography is also unknown in patients
with alveolar hypoventilation resulting
from other causes such as chronic
obstructive pulmonary disease and cys-
tic fibrosis. Although it has been shown
that these patients progressively develop
rapid shallow breathing as their FEV1

falls below 50% of the predicted value,9

no correlation has been established
between any index of respiratory func-
tion or respiratory muscle performance
and the severity of sleep disordered
breathing.
The second difficulty concerns the use

of TcCO2 for the diagnosis of hypercap-
nia. TcCO2 generally overestimates

PaCO2. This is attributed to the heating
effect of the electrode. Nevertheless,
strong correlations have been observed
between TcCO2 and PaCO2 values and
between changes in TcCO2 and in
PaCO2.
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The third difficulty concerns the other
indications for nocturnal NIV. As pre-
viously discussed, the indication is
usually based on a cut-off PaCO2 value
which is transgressed during a defined
percentage of the sleep time or the study
period. But other respiratory events
during sleep—for example, those
recently recommended for the diagnosis
of sleep related breathing disorders11

such as sleep fragmentation—may also
need to be taken into account.
Moreover, it may be possible that the
optimal definition of nocturnal hypo-
ventilation differs according to the
underlying disease and also in children
compared with adults. A definition
based exclusively on the PCO2 value
may be too restrictive and insufficiently
relevant from a clinical perspective.
If NIV is proposed earlier in the course

of ventilatory failure, it should be
accompanied by a significant improve-
ment in measurable symptoms attribu-
table to nocturnal hypoventilation,
disruption of sleep architecture, and
poor quality of sleep. NIV is able to
improve nocturnal gas exchange in
patients with neuromuscular disease,
cystic fibrosis,12 13 and obstructive sleep
apnoea, both in adults and children.14

But, in all these studies, patients had
overt daytime hypoventilation. NIV
initiated according to the ‘‘classical
criteria’’ was associated with an
improvement in survival in patients
with Duchenne muscular dystrophy,15 16

but the only study that has evaluated
the ‘‘preventive’’ use of NIV in patients
with Duchenne muscular dystrophy
showed negative results with a signifi-
cantly greater mortality rate in the NIV
group.17 In this study the main inclusion
criteria were a vital capacity of 20–50%
of the predicted value and a PaCO2 value
below 6 kPa. The patients did not
undergo polysomnography before and
after the initiation of NIV and no
information was given on the symptoms
attributable to sleep disordered breath-
ing. Patients with a variable level of
nocturnal hypoventilation could there-
fore have been included without a
control to determine the efficacy of
NIV and an objective measure of com-
pliance with its use. This argues for a
more precise evaluation of subjective
measures (such as symptoms) and
objective measures of sleep disordered
breathing before initiation of NIV.
In addition to an improvement in

nocturnal hypoventilation and survival,
it would be highly desirable if the use of
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‘‘early’’ NIV was also associated with a
significant decrease in acute exacerba-
tions and, in patients with neuromus-
cular disease and cystic fibrosis, with a
slowing in the decrease in lung function
and respiratory muscle performance. A
delay in acute exacerbations has not
been observed in neuromuscular
patients and would be very difficult to
prove in patients with cystic fibrosis.
NIV seems to be associated with a
slower rate of decline in pulmonary
function in patients with Duchenne
muscular dystrophy compared with
control subjects,15 18 and in children
with various neuromuscular disorders.19

However, in cystic fibrosis, such data are
not yet available. In children, particu-
larly those with neuromuscular disor-
ders, it would be interesting to examine
whether ‘‘early’’ NIV is associated with
better lung growth. Indeed, mechanical
forces generated by the contractile
activity of the diaphragm and the
intercostal muscles have been shown
to play an important part in normal lung
growth and development in animal
models by their effect on cell prolifera-
tion.20 21

Two other major aspects of NIV have
been poorly studied. Sleep disordered
breathing causes impaired cognitive
function and is associated with a poor
quality of life. These adverse effects may
affect the patient’s daily life and the
school performances of a child before
the occurrence of daytime hypercapnia.
Studies of the effect of ‘‘early’’ initiation
of NIV should evaluate these outcomes
according to the underlying disease and
the age of the patient.
In conclusion, having established that

NIV can reverse alveolar hypoventilation
in patients with neuromuscular and
lung disease, the time has come to
evaluate, for each disease, the optimal
timing for polysomnography—the most

pertinent indicator for proposing NIV—
and to evaluate its benefits with regard
to the course of the disease, stabilisation
of lung function and respiratory muscle
performance, improvement in cognitive
functioning, possible preservation of
lung growth in young children and,
most importantly, the quality of life of
the patient and his/her family.
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Paris, 75571 Paris Cedex 12, France; brigitte.
fauroux@trs.ap-hop-paris.fr

REFERENCES
1 Robert D, Willig TN, Paulus J. Long-term nasal

ventilation in neuromuscular disorders: report of a
Consensus Conference. Eur Respir J
1993;6:599–606.

2 Rutgers M, Lucassen H, Kesteren RV, et al.
Respiratory insufficiency and ventilatory support.
39th European Neuromuscular Centre
International workshop. Neuromusc Disord
1996;6:431–5.

3 ATS Consensus Conference. Respiratory care of
the patient with Duchenne muscular dystrophy.
Am J Respir Crit Care Med 2004;170:456–65.

4 Lofaso F, Quera-Salva MA. Polysomnography for
the management of progressive neuromuscular
disorders. Eur Respir J 2002;19:989–90.

5 Hukins CA, Hillman DR. Daytime predictors of
sleep hypoventilation in Duchenne muscular
dystrophy. Am J Respir Crit Care Med
2000;161:166–70.

6 Bye PTP, Ellis ER, Issa FG, et al. Respiratory failure
and sleep in neuromuscular disease. Thorax
1990;45:241–7.

7 Ward S, Chatwin M, Heather S, et al. Randomised
controlled trial of non-invasive ventilation (NIV) for

nocturnal hypoventilation in neuromuscular and
chest wall disease patients with daytime
normocapnia. Thorax 2005;60:1019–24.

8 Bourke SC, Gibson GJ. Sleep and breathing in
neuromuscular diseases. Eur Respir J
2002;19:1194–201.

9 Hart N, Polkey MI, Clément A, et al. Changes in
pulmonary mechanics with increasing disease
severity in children and young adults with cystic
fibrosis. Am J Respir Crit Care Med
2002;166:61–6.

10 Hanly PH. Transcutaneous monitoring of carbon
dioxide. In: Tobin MJ, ed. Principles and practices
of intensive care monitoring. Paris: McGraw Hill,
1997:401–14.

11 American Academy of Sleep Medicine. Sleep-
related breathing disorders in adults:
recommendations for syndrome definition and
measurement techniques in clinical research.
Sleep 1999;22:667–89.

12 Gozal D. Nocturnal ventilatory support in patients
with cystic fibrosis: comparison with supplemental
oxygen. Eur Respir J 1997;10:1999–2003.

13 Milross MA, Piper AJ, Norman M, et al. Low-flow
oxygen and bilevel ventilatory support. Effects on
ventilation during sleep in cystic fibrosis.
Am J Respir Crit Care Med 2001;163:129–34.

14 Fauroux B, Pigeot J, Polkey MI, et al. Chronic
stridor caused by laryngomalacia in children.
Work of breathing and effects of noninvasive
ventilatory assistance. Am J Respir Crit Care Med
2001;164:1874–8.

15 Simonds A, Muntoni F, Heather S, et al. Impact of
nasal ventilation on survival in hypercapnic
Duchenne muscular dystrophy. Thorax
1998;53:949–52.

16 Jeppesen J, Green A, Steffensen BF, et al. The
Duchenne muscular dystrophy population in
Denmark, 1977–2001: prevalence, incidence
and survival in relation to the introduction of
ventilator use. Neuromusc Disord
2003;13:804–12.

17 Raphael J, Chevret S, Chastang C, et al.
Randomised trial of preventive nasal ventilation in
Duchenne muscular dystrophy. Lancet
1994;343:1600–4.
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