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ABSTRACT: Although long-term oxygen therapy (LTOT) improves survival, it has
little effect on hypoventilation and other outcomes in patients with hypercapnic
respiratory failure due to chronic obstructive pulmonary disease (COPD).

Recent studies have shown that the use of noninvasive positive-pressure ventilation,
when used in combination with LTOT in selected stable COPD patients, controls
hypoventilation and improves daytime arterial blood gases, sleep quality, health status
and may have a benefit in reducing exacerbation frequency and severity. Patients who
show the greatest reduction in overnight carbon dioxide tension in arterial blood with
ventilation are most likely to benefit from long-term ventilatory support.

Some benefits have also been shown in patients with chronic respiratory failure due to
bronchiectasis and cystic fibrosis, though survival is inferior in this patient group.

As most studies of noninvasive positive-pressure ventilation in chronic obstructive
pulmonary disease have been relatively short term, large multicentre studies with
survival, exacerbations and hospital admissions as the primary end points are required
to evaluate longer term effects.
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Domiciliary long-term oxygen therapy (LTOT) is
one of the few interventions in patients with chronic
obstructive pulmonary disease (COPD) that improves
survival when used for o15 h?day-1 [1, 2]. LTOT has
also been shown to have a number of important
physiological benefits, although it has little effect on
other factors including health-related quality of life
or reduction in disease exacerbation. Many of these
COPD patients exhibit marked abnormalities of over-
night ventilation, with a consequent derangement of
blood gases and ventilatory muscle dysfunction, which
may contribute to the progressive deterioration seen
in this group [3–5]. It has therefore been suggested
that ventilatory support may confer further advan-
tages when used in addition to LTOT.

Early studies in patients with respiratory failure due
to COPD, using mainly negative-pressure techniques,
have largely demonstrated no benefit of ventilation
[6–8]. However, early uncontrolled studies in COPD
patients on noninvasive positive-pressure ventilation
(NPPV), mainly using nasal masks, showed that it was
possible to apply ventilation to these patients, as had

been previously found in chest wall and neuromus-
cular disease. The addition of NPPV was shown to
produce significant improvements in arterial blood
gases and control of nocturnal hypoventilation [9–11].

Chronic obstructive pulmonary disease

Physiological considerations

In patients with COPD, ventilation is reduced
during sleep compared to wakefulness, with further
reduction in ventilation during rapid eye movement
sleep. This fall in ventilation is largely due to a
reduction in tidal volume and is not usually associ-
ated with apnoea [12]. The hypoventilation will cause
considerable arterial oxygen desaturation at night,
which may be an important factor in the development
of chronic pulmonary hypertension [4–5]. During
sleep there is a reduction in carbon dioxide (CO2)
responsiveness [13] and an increase in upper airway
resistance, leading to further respiratory insufficiency
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[14]. Other mechanisms for the arterial oxygen desa-
turation include a higher physiological dead space in
patients with COPD, effects of hyperinflation and
ventilation/perfusion inequalities.

Nocturnal arterial oxygen desaturation can be
corrected with supplemental oxygen therapy, although
this may be associated with worsening hypercapnia
especially in the early hours of the morning [15],
and little effect is observed on daytime blood gases.
A study of patients with stable COPD by means of
sequential polysomnography and overnight blood
gas monitoring noted a relationship between the
fall in arterial oxygen saturation overnight and pro-
gression of the underlying disease, particularly in
those patients with concomitant hypercapnia [16]. The
deterioration in hypoventilation and hypercapnia
may further impair diaphragmatic function [17] and
respiratory mechanics and eventually have a deleter-
ious effect on central respiratory drive.

It has been suggested that in COPD the respiratory
muscles are subject to fatigue, and that improvements
in lung mechanics and a consequent reduction in
workload may facilitate muscle rest and relief of
fatigue. Several investigators have shown that the
application of noninvasive ventilation, using both
positive- and negative-pressure techniques, may pro-
duce significant reductions in diaphragmatic electro-
myogram (EMG) activity and work of breathing
[7, 18–20]. However, no long-term controlled study
has yet shown an improvement in measures of venti-
latory muscle strength with the addition of assisted
ventilation.

Evidence is emerging that the mechanisms of
reversal of the hypoventilation and thus improve-
ment of arterial blood gases during the daytime is an
improvement in CO2 responsiveness. HILL et al. [21]
showed that withdrawal of noninvasive ventilation
for a period of 1 week in patients with chest wall
and neuromuscular disease produced deterioration
in patients9 symptoms and nocturnal hypoventila-
tion, but no effects were seen on respiratory muscle
function. Similar results were reported by GOLDSTEIN

et al. [22] in patients with neuromuscular disease,
suggesting that the application of noninvasive ventila-
tion improves the sensitivity to CO2. ELLIOTT et al.
[23], in a study of nocturnal nasal ventilation in
patients with COPD, showed that those patients who
improved their blood gases had associated increased
chemosensitivity to CO2. However, they were unable
to demonstrate any effects on respiratory muscle
fatigue with the addition of NPPV.

Patients with hypoxic COPD also have sleep disrup-
tion, although the effects of supplemental oxygen
therapy on sleep quality have been variable, with some
studies showing benefit and others not documenting
any effect [15, 24]. Although some of these patients
may have coincident sleep apnoea, sleep disruption in
COPD is not usually caused by the effects of upper
airway obstruction. Patients with COPD may be seen
to arouse during episodes of oxygen desaturation,
although sleep disruption is also present in patients
with COPD who do not desaturate at night [25].
Hypercapnia may be worsened overnight with the
addition of supplemental oxygen therapy. An acute

elevation of CO2 tension in arterial blood (Pa,CO2)
during the night may contribute to arousals and thus
impaired sleep quality [26]. Control of nocturnal
hypercapnia through nasal ventilation may improve
sleep quality and thus result in increased neuropsy-
chological performance and quality of life.

Positive pressure via tracheostomy

Positive-pressure ventilation through a tracheo-
stomy has been widely used in France, although
controlled studies of its efficacy in patients with
COPD are lacking. ROBERT et al. [27] showed that
patients with COPD had a worse prognosis than in
other conditions requiring assisted ventilation such
as kyphoscoliosis or in sequelae of tuberculosis. The
survival in their COPD group treated by tracheo-
stomy was similar to that of the British Medical
Research Council (MRC) long-term oxygen trial [2].
However, a further multicentre study from France of
259 COPD patients showed an improved survival,
compared to that of the MRC group for the first 4 yrs
and then the survival curves became similar [28]. The
suggestion was made that assisted ventilation in
COPD should be used at an earlier stage in the
natural history of the condition to obtain increased
benefit.

Negative pressure

Negative-pressure ventilation, although effective in
patients with chest wall and neuromuscular disease,
has been less successful in patients with COPD,
mainly due to poor patient tolerance and compliance
with the technique. Musculo-skeletal and chest dis-
comfort are common with negative-pressure devices
and the equipment tends to be more cumbersome.
Upper airway obstruction may also be potentiated
with the use of negative-pressure equipment.

A randomised crossover study comparing the
Poncho-wrap negative ventilator with standard care
in 20 stable COPD outpatients over 6 months, showed
no improvement in blood gases, maximal inspiratory
and expiratory pressures or exercise tolerance [8].
However, 11 of the 20 patients withdrew from the
study because of inability to tolerate the ventilator.
Almost all the patients were dissatisfied with the treat-
ment and used it for 4.1 h daily, considerably less time
than recommended. Patients most frequently com-
plained of musculo-skeletal pain and inconvenience.

A further randomised study of negative-pressure
ventilation in COPD using the Pulmo-wrap device was
reported in hospital patients [6]. The trial, involving
16 patients with COPD, aimed to determine whether,
negative-pressure ventilation, when added to a stand-
ard exercise training and pulmonary rehabilitation
programme, improved ventilatory muscle function,
perception of well-being and exercise performance.
There was no physiological advantage documented
from the use of negative-pressure ventilation and
again compliance with the equipment was poor.
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However, as in the previous study described, the
patients with COPD had only modest hypercapnia.

SHAPIRO et al. [7] in Montreal reported a study in
184 patients with COPD, who were randomised to
receive either active negative-pressure ventilation or
sham treatment over a 12 week period of home
use. There were no significant changes in the active
compared to the sham group with respect to the
outcome measures, which included cycle exercise
endurance time, severity of dyspnoea, quality of life,
arterial blood gas tensions and respiratory muscle
strength. The authors concluded that negative-pressure
ventilation was ineffective as a method for resting
respiratory muscles in patients with stable COPD.
However, compliance with the technique was poor
once again, with 63 patients either not using the
respirators at all, or stopping before completing the
12-week study period. Although the aim of the study
was for the patients to use the ventilation overnight,
this was unsuccessful and most of the patients
were only treated during the daytime, with the vast
majority receivingv3.5 h of ventilation daily. The aim
of the study was to obtain at least a 50% reduction
in the amplitude of the diaphragmatic EMG signal,
with an average ventilator use of 5 h daily, but this
objective was only achieved in 29% of the patients.

Other studies in COPD patients have been reported
using negative-pressure ventilation on an intermittent
basis in hospital. One study showed improvement
in blood gases, though the design was uncontrolled,
with a small numbers of patients [29]. However, in
this study, the patients were significantly hypercapnic.
Another controlled study suggested a beneficial effect
on ventilatory muscle function in those patients who
received negative-pressure ventilation for 3–6 h daily
for 3 consecutive days, though no longer term follow-
up or therapy with negative pressure was available
[30].

Noninvasive positive-pressure ventilation

Following the success of NPPV in correcting hypo-
ventilation and daytime blood gases in chest wall
and neuromuscular disease, treatment was extended
to patients with COPD. Early uncontrolled studies
showed that arterial blood gases improved in patients
treated with NPPV, with improvement in sleep quality
[9, 10, 31]. Results were more favourable compared
to those achieved previously with negative-pressure
ventilation. However, in these studies compliance with
ventilation was not as good as in patients with
restrictive chest disease. Patients who showed benefit
were the patients who also had significant daytime
hypercapnia and whose nocturnal hypercapnia could
be successfully reduced by overnight ventilation [10].
Supplemental oxygen was not used routinely with the
NPPV in some early studies. This may have reduced
benefit because overnight oxygen saturation levels
were not adequately corrected with NPPV alone [18].

STRUMPF et al. [32] performed a randomised
crossover study of nasal ventilation using a bilevel
ventilator in 19 patients with COPD. Compliance
proved to be a major problem in the study and only

seven patients completed both arms of the protocol;
the poor compliance mainly resulting from problems
with the nasal/mask interface. This study showed no
changes in pulmonary function, respiratory muscle
strength, gas exchange, exercise endurance, sleep
efficiency, sleep quality, oxygenation or dyspnoea
ratings between the two arms of the trial. The only
improvements observed were in neuropsychological
function. Although these patients had severe airflow
obstruction, they showed less severe derangement
of blood gases and in particular lesser degrees of
hypercapnia, with some patients in the normocapnic
range.

MEECHAM JONES et al. [11] have recently reported
a randomised crossover study of nasal pressure
support ventilation plus oxygen therapy, compared
to domiciliary oxygen therapy alone in 18 hypercap-
nic COPD patients. The aim of this study was to
investigate the effect of the addition of NPPV to
patients already established on LTOT. Following
a run-in period, each patient received NPPV plus
oxygen and oxygen alone in random order for
3-month periods. There were significant improve-
ments in daytime arterial blood gases, with the mean
oxygen tension in arterial blood (Pa,O2) rising from
5.9 kPa (44.3 mmHg) after the oxygen period to
6.7 kPa (50.2 mmHg) after the addition of NPPV
and Pa,CO2 falling from 7.6 kPa (57.0 mmHg) to
7.0 kPa (52.5 mmHg). There were also improvements
seen after the addition of NPPV in overnight Pa,CO2,
total sleep time and sleep efficiency, suggesting that
control of hypoventilation in these patients is effective
and leads to improved sleep quality. The improvement
in daytime blood gas values was correlated with the
change in overnight Pa,CO2. This suggests that the
patients who showed the greatest improvement in
Pa,CO2 with nocturnal nasal ventilation are likely to
gain the greatest benefit from the treatment.

Compliance in this study was much better, com-
pared to most previous studies of noninvasive
ventilation in COPD, as 14 of the 18 patients com-
pleted the study and only one of the patients was
withdrawn because of inability to tolerate the equip-
ment. Previous studies had mainly initiated NPPV in
outpatients [32], while in this study all patients had
nasal ventilation initiated as inpatients, allowing them
maximum support and education while they became
familiar with the equipment. Improved compliance
may also have been due to the greater degree of hyper-
capnia present in these patients and consequent
benefit achieved with ventilation.

As progressive COPD is associated with significant
disturbances in activities of daily living, measures of
quality of life are essential for assessing the effective-
ness of therapies [33]. Studies of LTOT have generally
not demonstrated any benefit with respect to quality
of life [34]. MEECHAM JONES et al. [11] measured
quality of life in their study using the St George9s
Respiratory Questionnaire (SGRQ), which provides a
disease-specific measure of quality of life, with three
component scores (symptoms, activities and impacts)
and a total score [35]. The combination of NPPV with
oxygen therapy produced significant improvements
in symptom, impact and total quality of life scores as
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compared to oxygen alone. There was no change in
the activity component in the two study groups and
no change in 6-min walking distance after ventilation.
A study involving patients with restrictive ventilatory
disorders showed that quality of life was related to
sleep quality [36]. Although these findings were not
confirmed in the study by MEECHAM JONES et al. [11],
it is possible that improvements in sleep time and
efficiency contribute to parallel improvements in
health-related quality of life. SEEMUNGAL et al. [37]
have recently shown that quality of life, as assessed
using the SGRQ, is strongly related to exacerbation
frequency. It is possible that the improvement in
health status observed reflects reduction in exacerba-
tion frequency, although this was not addressed in
this particular study. NPPV may also protect the
patient against deterioration in blood gases during an
exacerbation, and this may be the mechanism of any
observed survival benefit.

PERRIN et al. [38] followed 14 patients with hyper-
capnic COPD over a 6-month period and found
similar improvements in daytime arterial blood gases.
This study is also of interest in that improvements
were also found in the total SGRQ score and in the
impacts component of the SGRQ score. Another
small study investigated the effects of the addition of
NPPV to oxygen therapy in severe COPD, but found
no significant benefit of NPPV after only 2 weeks of
therapy [39]. However, acclimatisation to the venti-
lator may take longer than a 2-week period and thus
the study time was too short. In this study, patients
had problems with higher levels of inspiratory posi-
tive airway pressure (o15 cm) and this suggests that
they required a longer period of acclimatisation to the
ventilator.

There is some data on longer term outcome with
NPPV in COPD, although this is mainly from uncon-
trolled studies. LEGER et al. [40] followed 50 COPD
patients on NPPV and showed a significant decrease
in Pa,CO2 in long-term survivors over 2 yrs, again
emphasising the importance of control of hypoventi-
lation in outcome of NPPV. Probability of continuing
nasal ventilation was lower in patients with COPD at
56%, compared to patients with kyphoscoliosis at
80%, and sequelae of tuberculosis at 76%. In a UK
series of 33 COPD patients treated with NPPV over a
5-yr period, the probability of continuing ventilation
was lower at 43% [41], which is comparable to sur-
vival achieved with LTOT [1, 2]. However, patients
included in this series were at the severe end of the
spectrum of chronic respiratory failure and most were
deteriorating despite LTOT. It is likely that NPPV
was instituted too late in the natural history of the
condition to achieve optimum benefit.

A study of NPPV in COPD patients who were
unable to tolerate LTOT showed that survival was
similar to those able to take oxygen therapy and better
than historical controls [42]. Factors predicting a
poor survival included a high overnight transcuta-
neous CO2 tension, again emphasising that control
of nocturnal hypoventilation is an important factor
in the use of NPPV in hypercapnic COPD. Another
recent small uncontrolled study of NPPV in COPD
found that hospital admissions and primary care

consultations were halved with NPPV, although this
type of analysis is subject to bias as the use of NPPV
involves more supervision and hospital visits [43].
A recent study assigned patients with hypercapnic
COPD to two groups depending on whether or not
they were able to tolerate NPPV. Although there was
no difference in mortality between the two groups,
patients taking NPPV had a reduction in intensive
care admissions compared to those on LTOT alone
[44]. However, this study has some important limi-
tations, as patients were not randomised and only
selected on ability to tolerate NPPV. The results of
randomised controlled trials, comparing long term
outcome of NPPV to oxygen therapy, are awaited.

Recommendations for the use of noninvasive positive-
pressure ventilation in chronic obstructive pulmonary

disease

Recommendations for the use of NPPV in COPD
are shown in table 1. Results from randomised studies
described above suggest that there is now sufficient
evidence for the use of NPPV in selected patients
with COPD [11]. However, there is no evidence from
controlled trials that NPPV in hypercapnic COPD
improves survival. Patients must have daytime hyper-
capnia and documented nocturnal hypoventilation
that can be controlled with the chosen ventilator.
Patients with the most effective reduction of hyper-
capnia during the night will be expected to achieve
most benefit from the addition of NPPV [11]. Thus,
prior to establishment of a patient on home NPPV,
investigation with overnight monitoring of hypoven-
tilation and the response to NPPV is required. COPD
patients with hypercapnia and considerable sleep
disruption will be particularly suitable for long-term
ventilation as sleep quality has been shown to improve
with NPPV. Obstructive sleep apnoea may coexist
with COPD and must be assessed prior to prescribing
home NPPV.

Initiation of NPPV for COPD on an inpatient basis
may improve compliance [10, 11], although this will
increase treatment costs. Compliance is frequently
affected by complications related to the nasal mask
used for ventilation. Although nasal mask complica-
tions are common at the start of ventilation, most
resolve with specific attention [45]. Early identification
of nasal mask complications and intervention will

Table 1. – Noninvasive positive-pressure ventilation
(NPPV) in chronic obstructive pulmonary disease:
selection criteria of patients for long-term therapy

Established on long-term oxygen therapy
Daytime hypercapnia
End stage disease excluded
Blood gas tensions stable
Evidence of nocturnal hypoventilation
Poor sleep quality with frequent arousals
Nocturnal hypoventilation confirmed to be controlled by

NPPV
Appropriate support and education for patient
Adequate patient motivation
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improve compliance and thus efficiency of NPPV.
Patients chosen for home NPPV must be appropri-
ately motivated and prepared to accept the ventilator
at home. An acclimatisation period to ventilation may
allow careful adjustments of the settings to increase
patient comfort. In some patients with COPD, the
presence of intrinsic positive end-expiratory pres-
sure may produce asynchrony between the ventilator
and the patient9s respiratory efforts [46]. Care must
be taken during the initiation of NPPV to ensure
adequate capture of ventilation. Patients will be
monitored with blood gases and adjustments of the
ventilator may be required later, especially when the
disease eventually progresses. Various types of venti-
lators are available for NPPV in COPD, and the
choice will depend on local experience, cost and
patient acceptance. Both volume and pressure-cycled
ventilators are effective in patients with hypercapnic
COPD [47], and the choice will depend on patient
experience and success in ventilation. Equipment for
pressure-support ventilation is generally less expensive
than that required for assist-control ventilation and
has been used in a number of the reported studies.

The point in the natural history of hypercapnic
COPD at which treatment with NPPV should be
commenced has not been evaluated. Although LTOT
improves survival in patients with hypoxaemic COPD,
eventually patients die with progressive irreversible
airflow obstruction, with blood gases deteriorat-
ing before death [48]. Studies that showed benefit
of NPPV in COPD recruited mainly stable patients.
However, patients are often referred for further
management when blood gases are deteriorating,
despite optimum management and LTOT. A study
of nine patients with advanced hypercapnic COPD
and hypoxaemia refractory to oxygen therapy (Pa,O2v

8.0 kPa (60 mmHg) on supplemental oxygen) has
been reported by MEECHAM JONES and WEDZICHA [49].
The addition of chronic NPPV to LTOT in these
patients produced no improvement in clinical con-
dition or blood gases. This suggests that chronic
NPPV should be used at an earlier stage in the natural
history of the condition, before rapid clinical deter-
ioration occurs. However, several studies demonstrate
that patients with acute respiratory failure due to
COPD are successfully treated with NPPV [50–52].
Further studies are required to assess the specific
subgroup and the optimum time for starting long-
term NPPV in patients with COPD. A recently
published review [53] about noninvasive ventilation
proposes the indications shown in patients with
COPD (table 2); these remain to be assessed by
prospective clinical trials.

Bronchiectasis

Patients with bronchiectasis may be difficult to
distinguish in clinical practice from patients with
COPD. Pulmonary function tests will show an
obstructive defect, with or without a restrictive
pattern. With disease progression, there is worsening
of the ventilation/perfusion ratio and the develop-
ment of hypoxaemia. Later, the patients will develop

hypoventilation with hypercapnia, although at this
stage there is often severe "end stage" lung disease.
In addition to the progressive lung disease, patients
with bronchiectasis have copious sputum production
and recurrent infection, which cause further problems
during assisted ventilation and weaning [54].

In the French series on patients using positive-
pressure ventilation via tracheostomy, survival was
inferior for those with bronchiectasis, compared to
patients with COPD and chest wall deformity or
neuromuscular disease [27]. In a series of patients
with bronchiectasis and respiratory failure treated
by NPPV recently reported in the UK, the major
outcome measure was probability of continuing
NPPV, which was v20% after 2 yrs [41]. The NPPV
was started late in the natural history of the condi-
tion and the patients became increasingly ventilator-
dependent during the treatment period. All the
patients with bronchiectasis had been referred for
consideration of heart/lung transplantation. In the
study by LEGER et al. [40], 25 patients were treated
with NPPV for bronchiectasis. There was a higher
probability of continuing NPPV than in the British
study. However, significant changes in blood gases
were not seen and in contrast to the other indications
for NPPV, there was no reduction observed in days of
hospitalisation for respiratory illness. One retrospec-
tive study of NPPV using volume-cycled ventilators
in bronchiectasis, found that although the Pa,CO2

was not reduced, it was stabilised with NPPV and
that the number of days in hospital was reduced [54].
Another retrospective, case-controlled study of 14
severe patients with severe bronchiectasis and chronic
respiratory failure showed a satisfactory long-term
tolerance and compliance in 11, with a beneficial effect
on hospitalisation rate and functional status, but no
effect on survival [55].

Cystic fibrosis

Patients with cystic fibrosis who are intubated
may have a prolonged clinical course in the intensive
care unit and considerable difficulties with weaning.
The availability of heart/lung transplantation provides
hope to end-stage patients with cystic fibrosis and

Table 2. – Possible indications for long-term noninvasive
positive-pressure ventilation in patients with chronic
obstructive pulmonary disease

Exclude possible associated OSAS
Propose NIV if

Symptoms of nocturnal hypoventilation:
fatigue, dyspnoea, morning headache

And at least one of
Pa,CO2o7.3 kpA
Pa,CO2 6.7–7.2 kpA and nocturnal oxygen desaturation

(f88% during 5 consecutive min with O2o2 L?min-1)
Pa,CO2 6.7–7.2 kpA and number of hospitalisations due

to episodes of acute hypercapnic decompensation
o2 during the 12 past months.

OSAS: obstructive sleep apnoea syndrome; NIV: noninva-
sive ventilation; Pa,CO2: carbon dioxide tension in arterial
blood; O2: oxygen. Information taken from [53].
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progressive respiratory failure, as such patients may
be removed from transplantation lists if intubated.
NPPV has been used in the management of these
patients in an effort to avoid complications of intu-
bation and to serve as a bridge to transplantation [56].

PIPER et al. [57] treated four patients with cystic
fibrosis, who had hypercapnic respiratory failure
for up to 18 months. Within a few days of starting
NPPV, hypercapnia was reduced and patients reported
improved length and quality of sleep. After stabilisa-
tion, all the patients were discharged home, with
improvements maintained for up to 18 months. HILL

et al. [58] followed 10 patients with cystic fibrosis
awaiting transplantation who were treated with home
NPPV for up to 15 months, NPPV being used as a
bridge to lung transplantation. At 3 months after
treatment they observed improvements in forced vital
capacity, Pa,CO2 and also a significant reduction in the
number of hospital inpatient days. However, in this
study patients were generally started on NPPV late in
the natural history of their disease, though earlier use
may have advantages and requires study.

Conclusion

Noninvasive positive-pressure ventilation, when
used in combination with domiciliary long-term
oxygen therapy in selected stable chronic obstructive
pulmonary disease patients with hypercapnic respira-
tory failure, can control hypoventilation and this
is associated with improved daytime arterial blood
gas tensions, sleep and quality of life. The patients
who show the greatest reduction in overnight carbon
dioxide tension in arterial blood with ventilation are
most likely to benefit from long-term ventilatory sup-
port. Although there is now evidence for short-term
benefit of noninvasive positive-pressure ventilation
in hypercapnic chronic obstructive pulmonary disease,
large multicentre studies with survival, exacerbations
and hospital admissions as the primary end points
are required to evaluate longer term effects of
this potentially important intervention. Current data
suggest a possible role, particularly as a bridge to
transplantation in patients with bronchiectasis and
cystic fibrosis, but again further data are needed to
establish whether earlier intervention is indicated.
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