
The Italian multicentre study on noninvasive ventilation in chronic
obstructive pulmonary disease patients

E. Clini*, C. Sturani#, A. Rossi}, S. Viaggiz, A. Corrado§, C.F. Donnerƒ, N. Ambrosino**,
on behalf of the Rehabilitation and Chronic Care Study Group, Italian Association of Hospital

Pulmonologists (AIPO)

The Italian multicentre study on noninvasive ventilation in chronic obstructive pulmonary
disease patients. E. Clini, C. Sturani, A. Rossi, S. Viaggi, A. Corrado, C.F. Donner,
N. Ambrosino, on behalf of the Rehabilitation and Chronic Care Study Group, Italian
Association of Hospital Pulmonologists (AIPO). #ERS Journals Ltd 2002.
ABSTRACT: Chronic obstructive pulmonary disease (COPD) patients with chronic
ventilatory failure (CVF) are more likely to develop exacerbations, which are an
important determinant of health-related quality of life (HRQL). Long-term noninvasive
positive-pressure ventilation (NPPV) has been proposed in addition to long-term
oxygen therapy (LTOT) to treat CVF but little information is available on its effects on
HRQL and resource consumption. Therefore, the current authors undertook a 2-yr
multicentric, prospective, randomised, controlled trial to assess the effect of NPPVz
LTOT on: 1) severity of hypercapnia; 2) use of healthcare resources, and 3) HRQL, in
comparison with LTOT alone.

One hundred and twenty-two stable hypercapnic COPD patients on LTOT for o6
months were consecutively enrolled. After inclusion and 1-month run-in, 90 patients
were randomly assigned to NPPVzLTOT (n=43) or to LTOT alone (n=47). Arterial
blood gases, hospital and intensive care unit (ICU) admissions, total hospital and ICU
length of stay and HRQL were primary outcome measures; survival and drop-out rates,
symptoms (dyspnoea and sleep quality) and exercise tolerance were secondary outcome
measures. Follow-up was performed at 3-month intervals up to 2 yrs.

Lung function, inspiratory muscle function, exercise tolerance and sleep quality score
did not change over time in either group. By contrast the carbon dioxide tension in
arterial blood on usual oxygen, resting dyspnoea and HRQL, as assessed by the
Maugeri Foundation Respiratory Failure Questionnaire, changed differently over time
in the two groups in favour of NPPVzLTOT. Hospital admissions were not different
between groups during the follow-up. Nevertheless, overall hospital admissions showed a
different trend to change in the NPPVzLTOT (decreasing by 45%) as compared with
the LTOT group (increasing by 27%) when comparing the follow-up with the follow-
back periods. ICU stay decreased over time by 75% and 20% in the NPPVzLTOT and
LTOT groups, respectively. Survival was similar.

Compared with long-term oxygen therapy alone, the addition of noninvasive positive-
pressure ventilation to long-term oxygen therapy in stable chronic obstructive pulmo-
nary disease patients with chronic ventilatory failure: 1) slightly decreased the trend to
carbon dioxide retention in patients receiving oxygen at home and 2) improved
dyspnoea and health-related quality of life. The results of this study show some
significant benefits with the use of nocturnal, home noninvasive positive-pressure
ventilation in patients with chronic ventilatory failure due to advanced chronic
obstructive pulmonary disease patients. Further work is required to evaluate the effect
of noninvasive positive-pressure ventilation on reducing the frequency and severity of
chronic obstructive pulmonary disease exacerbation.
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Chronic obstructive pulmonary disease (COPD) is
currently the fourth leading cause of death in the
world, and further increases in the prevalence and
mortality of the disease can be predicted in the coming
decades [1]. In a hospital accepting acute admissions,
up to 20% of the admissions may be related to COPD
exacerbations [2]. Once these patients develop chronic

ventilatory failure (CVF), i.e. a condition in which the
carbon dioxide tension in arterial blood (Pa,CO2) is
persistently w6 kPa (45 mmHg) with compensated
respiratory acidosis, their prognosis worsens and they
are more likely to develop exacerbations, be admitted
to hospital and/or the intensive care unit (ICU) [3]
and experience a deterioration of their disability. As
exacerbations are important determinants of health-
related quality of life (HRQL) [4], there is a need toFor editorial comments see page 511.

Eur Respir J 2002; 20: 529–538
DOI: 10.1183/09031936.02.02162001
Printed in UK – all rights reserved

Copyright #ERS Journals Ltd 2002
European Respiratory Journal

ISSN 0903-1936



reduce their frequency. However, to date, few inter-
ventions have been shown to reduce the frequency of
exacerbations in patients with advanced COPD and
CVF.

Home long-term oxygen therapy (LTOT) has been
shown to improve survival in patients with severe
COPD and chronic hypoxaemia [5]. Long-term non-
invasive positive pressure ventilation (NPPV) has
been proposed, in addition to LTOT, to treat chronic
hypercapnia, with the theoretical rationale of improv-
ing gas exchange, unloading the respiratory muscles,
and resetting the central respiratory drive [6]. How-
ever, the evidence for the long-term benefits of NPPV
remains rather scarce [7] and a matter of controversy
[8]. Even less information is available on the effects on
HRQL and healthcare resource consumption.

Therefore, the current authors undertook this 2-yr
multicentric, prospective, randomised, controlled study
in patients with CVF due to advanced COPD to assess
the effect of the addition of NPPV to LTOT in com-
parison with LTOT alone on: 1) severity of hyper-
capnia; 2) use of healthcare resources; and 3) HRQL.

Methods

The investigative protocol was approved by the
local ethical committees of all the institutions parti-
cipating in the study which was conducted according
to the declaration of Helsinki. Patients gave their
informed consent to participate in the study.

Patients

One hundred and twenty-two patients with severe
COPD as defined by the American Thoracic Society
criteria [9] were consecutively enroled in 20 Italian and
one French Respiratory Unit between June 1996 and
January 2000. The diagnosis of CVF was based on the
clinical records showing values of Pa,CO2 w6.6 kPa
(50 mmHg) during room air spontaneous breathing in
the months if not years preceding the study. All
patients were in stable clinical condition, as assessed
by an arterial pH w7.35, and were free from exacer-
bation in the 4 weeks preceding recruitment. Patients
were included if they met the following criteria: age
f75 yrs, LTOT for at least 6 months, dyspnoea score
as assessed by the Medical Research Council (MRC)
score o2 [10], forced expiratory volume in one second
(FEV1) v1.5 L, FEV1 to forced vital capacity ratio
v60%, total lung capacity o90% predicted, Pa,CO2

w6.6 kPa (50 mmHg) and arterial oxygen tension
(Pa,O2) v7.8 kPa (60 mmHg) breathing room air at
rest. Patients were excluded if they had: a 15%
increase in FEV1 after inhaled salbutamol (200 mg),
pH f7.34, active smoking, documented history of
obstructive sleep apnoea syndrome as defined by an
apnoea/hypopnoea index w10 episodes?h-1 during
polysomnography, therapy with systemic steroids,
important concomitant chronic systemic diseases (i.e.
chronic heart failure, diabetes, infections, neoplasm,
etc), other chronic respiratory diseases (e.g. significant
fibrothorax, bronchiectasis, cystic fibrosis), previous

or concomitant NPPV or participation in any home-
care program apart from LTOT.

All patients received regular treatment (broncho-
dilators) adjusted to achieve optimal symptomatic
control and were strongly encouraged to remain
active; all of them received anticholinergics; other
drugs including topical steroids, if any, were recorded
on a diary card. Antibiotics and systemic steroids were
prescribed, when requested, by the patient9s general
practitioner (GP) who also decided hospitalisation
when necessary.

Measurements

All physiological measurements were performed by
personnel blind to treatment and not involved in the
study.

Lung and respiratory muscle function. Routine static
and dynamic lung volumes were measured with
constant volume body plethysmograph with the
patients in the seated position according to standard
procedure [11]. The predicted values of QUANJER et al.
[12] were used. Arterial blood was sampled at the radial
artery while the patients were in semirecumbent
position, both breathing room air and on their usual
oxygen flow. Pa,O2, Pa,CO2 and pH were measured by
means of automated analysers. The inspiratory muscle
strength was assessed by measuring maximal inspira-
tory pressure at the level of functional residual
capacity, according to the method of BLACK and
HYATT [13]. The highest of three reproducible attempts
was recorded.

Dyspnoea and exercise tolerance. Resting dyspnoea
was assessed by the MRC score [10]. Exercise capacity
was assessed by the 6-min walking distance test
(6MWD) [14] while patients breathed room air.
Verbal encouragement was given at definite intervals
during the test. Three practice tests were performed on
2 consecutive days and the highest value was recorded.
All measurements were performed and recorded under
the supervision of a nurse not involved in the study.
Arterial oxygen saturation (Sa,O2) was monitored
throughout the walk using a pulse oximeter and the
lowest value was recorded.

Sleep study. Sleep was evaluated [15] by monitoring
pulse oxymetry, heart rate, oronasal flow and body
position, while patients breathed their usual prescribed
oxygen flow. The quality of sleep was assessed by
means of a semiqualitative multipoint scale with a
range 1 (best) to 4 (worst) [16].

Health-related quality of life. HRQL was assessed
by validated Italian versions of the St. George9s Res-
piratory Questionnaire (SGRQ) [17] and of the
Maugeri Foundation Respiratory Failure Question-
naire (MRF-28) [18].

Hospitalisations. Number and location of hospital
admissions, total hospital stay (days) in the previous
3 yrs (follow-back) were recorded. These data were
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obtained by patient interview at admission, from the
hospital registers and by interview of the patient9s
relatives or GP. Follow-up hospitalisations were
decided by the patient9s GP, who was aware of but
not participating in the study. Patients were asked to
record hospital admissions for the 2 yrs following
inclusion in the study. Neither exacerbations treated in
the community nor the extra therapy taken at exacer-
bations were recorded. Finally, mortality rate was
recorded in the follow-up.

Treatment compliance. Actual time spent on NPPV
and LTOT was recorded at each visit during the
follow-up. The use of the ventilator was obtained from
the time counter, and reported use was obtained from
daily cards. Daily use of LTOT was assessed by asking
the patient and his/her relatives; a cross check was then
performed with the report of homecare companies
responsible for LTOT.

Ventilatory support. The modality of NPPV was
pressure support ventilation (PSV), delivered by a
BiPAP-ST30 "auto-trak"TM ventilator (Respironics
Inc, Murrysville, PA, USA, distributed in Italy by
Markos-Mefar, Air Liquide Group) through a nasal
mask (Respironics Inc). The commercial masks were of
adequate size to fit to each patient9s nose. A one-way
circuit was provided with a plateau exhalation valve to
avoid rebreathing [19]. The ventilator was set in
spontaneous/timed mode, as previously described [20],
at the maximal tolerated inspiratory positive airway
pressure (IPAP) and at an expiratory positive airway
pressure (EPAP) tolerated in the range of 2–5 cmH2O,
with a back-up respiratory rate of 8 breaths?min-1.
Oxygen was added to the mask side-port at a flow able
to achieve a target Sa,O2 o90%. Effectiveness of NPPV
had to be proven by a 5% decrease in Pa,CO2 after 1 h of
continuous support and by night-time oxymetry;
NPPV was considered as effective when patients
spent w90% of recording time with Sa,O2 o90%
under NPPV. Both criteria were achieved in all
patients.

Study design. This was a parallel-group, controlled,
randomised study. After inclusion (M-1), all patients
were followed as outpatients for 1 month (run-in). At
the end of the run-in period (M0), patients still meeting
all the inclusion criteria above and showing a change in
arterial blood gases v10% from baseline values inde-
pendent of the cut-off limit (6.6 kPa) for inclusion,
were admitted to hospital and randomised to have
NPPV added to LTOT or to continue their usual
LTOT (max eight per centre). Because of the small
number of eligible patients in each centre, a centralised
randomisation was used. Blocks were used to provide
balanced groups in the overall enrolment (not inside
each centre).

Patients of both groups received the same in-
hospital management including NPPV trial before
randomisation. Therefore, all patients underwent 10-
night NPPV trials before randomisation. Patients
were instructed to use the ventilator overnight for
o5 h?night-1 throughout the study period. After
randomisation, close contact was maintained with all

randomised patients of both groups and their relatives
at home, in order to ensure good compliance to both
NPPVzLTOT and to LTOT alone. A phone number
was provided to all patients if they had any problems.
Technically skilled personnel performed installation
of the NPPV apparatus in the patient9s home and
provided periodic controls throughout the study
period.

Follow-up was performed one month after dis-
charge (M1) and at 3-month intervals up to 2 yrs
(M3–M24). Table 1 shows the panel of evaluations at
each follow-up step.

Definitions. Henceforth NPPV group indicates the
treatment group (n=43) undergoing NPPVzLTOT,
while LTOT group indicates the control group (n=47)
receiving LTOT alone. Compliance to NPPV was
defined as the use of ventilator for o5 h?night-1;
compliance to LTOT was defined by o15 h?day-1 use.
Patients not compliant to NPPV or refusing their
consent within 10 days after randomisation (before
discharge from the hospital) were defined as "early
drop-outs" and replaced. A "drop-out" was defined as a
patient who refused to continue the protocol, showed
any exclusion criteria, or was not compliant to therapy
after 10 days from randomisation (after discharge).

Statistical analysis

Sample size. Although this study addresses several
outcome measures, only one was considered for sample
size determination. Changes in daytime Pa,CO2 under
usual oxygen breathing was the outcome selected for
determining a minimum sample size able to ensure
powerful testing on treatment effect. In order to ensure
80% power to detect a 0.66 kPa (5 mmHg) reduction in
Pa,CO2 (from 7.23 to 6.57 kPa (55 to 50 mmHg) mean,
SD 0.66) as significant at the 0.05 level, o17 patients per
group were needed for the study. Considering a
probability of 30% drop-out rate of randomised
patients, minimum target sample size was fixed at 25
patients per group.

Efficacy analysis and intention to treat. The main
parameters were evaluated both in terms of patient
completers and in terms of the intention to treat
approach (ITT). Last observation carried forward was
used as a method of ITT and data are presented
accordingly. Time controls recorded in the analysis
were baseline, 12 and 24 months. Data on patients9
compliance were evaluated only in terms of patient
completers in order to document "per protocol"
analysis.

Arterial blood gases (ABG), HRQL questionnaires,
lung function tests, Borg scale, and MRC dyspnoea
scale were evaluated with analysis of variance (one-
way ANOVA) on group differences from baseline.
ANOVA models were applied to ITT analysis in order
to detect group differences.

The 6MWD test was also evaluated with a non-
parametric approach, coding changes from baseline at
12 and 24 months. Fisher9s exact test was used to
compare percentages of changes between groups.
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No correction for multiple testing was made in the
statistical analysis. Although the study addressed
several outcomes, the current authors were unable to
predict in which ones a clear treatment effect would be
found.

Hospitalisations. Number of hospitalisations, and
number of hospital days were calculated according
to time in the study and normalised per year. ICU
admissions and length of stay were also considered. In
order to take into account hospitalisation frequency
before the start of the study, previous hospitalisations?
yr-1 and hospital days?yr-1 were provided and consi-
dered as "baseline". Two linear models were utilised to
compare these rates between groups. ANOVA was
used to compare groups on differences in rates from
"baseline" (prestudy values); analysis of covariance was
used to adjust study rates according to "baseline" rates,
so testing differences in group rates conditionally to
equal overall "baseline" values.

Survival analysis. Differences in survival rates between
groups were evaluated with the Kaplan-Meier appro-
ach. The Wilcoxon and log-rank tests of equality over
strata were utilised.

Drop-out rate. In order to compare treatment groups
on the length of time patients remained in the study, a
Kaplan-Meier approach was used. Log-rank and
Wilcoxon tests were utilised to compare drop-outs
between groups.

General considerations. All tests were considered two
tailed, with a=0.05, without correction for multiple
testing.

Results

Randomisation

The trial profile is shown in figure 1. Among the 122
patients included in the study, six were excluded from
randomisation because they did not meet criteria for
postbronchodilator reversibility, another 26 were
excluded as they showed a Pa,CO2 change w10% of
baseline value at the end of the run-in period. Charac-
teristics of 90 patients randomised after run-in (not

Table 1. – Evaluations during the study period

Time related to discharge

M-1 M0 M1 M3 M6 M9 M12 M15 M18 M21 M24

Physical examination 3 3 3 3 3 3 3 3 3 3 3

Dyspnoea score 3 3 3 3 3 3

ABG 3 3 3 3 3 3 3 3 3 3 3

Spirometry 3 3 3 3 3 3

MIP 3 3 3 3 3 3

Biochemistry 3 3 3 3

Chest radiography 3 3 3 3

ECG 3 3 3

6MWD 3 3 3

Sleep quality score 3 3 3 3 3 3

Polysomnography 3

MRF-28 3 3 3

SGRQ 3 3 3

CT scan#
3

Echocardiography#
3 3 3

Drugs check 3 3 3 3 3 3 3 3 3 3 3

Side-effects 3 3 3 3 3 3 3 3 3

Hospitalisation 3 3 3 3 3 3 3 3 3

Treatment compliance 3 3 3 3 3 3 3 3 3

M: months; M0: discharge; ABG: arterial blood gas analysis; MIP: maximal inspiratory pressure; ECG: electrocardiogram;
6MWD: 6-min walking distance test; MRF-28: Maugeri Foundation Respiratory Failure Questionnaire; SGRQ: St George9s
Respiratory Questionnaire; CT: computed tomography. #: optional.

Assessment at inclusion
n=122

Excluded  n=32
Randomised  n=90

Allocated NPPV  n=43 Allocated LTOT  n=47

Followed  n=39 Followed  n=47

Died  n=8
Drop-outs  n=8

Completers  n=23

Died  n=8
Drop-outs  n=15

Completers  n=24

Early drop-
outs  n=4

Fig. 1. – Trial profile. NPPV: noninvasive positive-pressure ventila-
tion and long-term oxygen therapy; LTOT: long-term oxygen
therapy alone.
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including four early drop-outs) are shown in table 2.
At M0 there were no significant differences between
groups. Early drop-outs were not different from other
subjects.

Treatment compliance

Mean daily LTOT use was 19¡1 and 20¡2 h in
NPPV and LTOT groups, respectively. Mean daily
use of ventilator in the compliant patients of the
NPPV group was 9¡2 h. On average, the NPPV
setting was: IPAP 14¡3 and EPAP 2¡1 cmH2O,
respectively.

Drop-out and survival rates

The drop-out rate during follow-up was similar in
the two groups. Eight and 15 patients dropped out in
the NPPV and LTOT groups, respectively: causes
were related to noncompliance to oxygen (one patient
among LTOT) or to ventilator use (three patients
among NPPV), voluntary withdrawal from the study
(four and two patients in LTOT and NPPV, respec-
tively), new diagnosed neoplasm (two and one patients
in LTOT and NPPV, respectively), lost to follow-up
(seven and one patients in LTOT and NPPV,
respectively), tracheostomy (one patient in both
LTOT and NPPV groups). Baseline characteristics

of drop-outs of either group were not different from
those of patients completing the study.

Mortality rate was similar in the two groups (18 and
17% in NPPV and LTOT, respectively). Deaths were
due to acute respiratory failure (three and five patients
in LTOT and NPPV groups, respectively), cardiac
failure (one patient in both LTOT and NPPV groups)
and other acute diseases (four and two patients in
LTOT and NPPV, respectively).

Clinical and physiological assessments

Table 3 shows the time course of the main physio-
logical variables during the study period. Pulmonary
function, inspiratory muscle strength, exercise toler-
ance and sleep quality score did not significantly
change over time in either group, although the sleep
score showed a slight trend to improve in NPPV
patients.

Figure 2 shows the changes in ABG over time.
Pa,CO2, measured on patients9 usual oxygen regimen
(fig. 2d), increased in patients receiving LTOT alone,
whereas it decreased in patients receiving NPPV.
Although the change was small (though of opposite
direction) in the two groups compared to baseline, i.e.
0.26 kPa (2 mmHg) on average, the difference bet-
ween the two groups widened from 0.13 kPa at the
beginning of the study to 0.66 kPa (1–5 mmHg), such
that after 2 yrs of treatment Pa,CO2 on oxygen
averaged 7.23 and 7.89 kPa (55 and 60 mmHg) in
NPPV and LTOT groups, respectively. Figure 2 also
clearly shows a different behaviour over time. Pa,CO2

exhibited a tendency to increase in LTOT patients,
whereas it consistently decreased in NPPV patients.
No significant difference between groups was found in
ABG during room air breathing (fig. 2a and c).

Resting dyspnoea, assessed by the MRC scale,
significantly improved over time in the NPPV group
and at M24 was significantly better than in the LTOT
group (fig. 3).

Results of HRQL are illustrated in figure 4. SGRQ
total score (fig. 4a and b) showed a trend to improve
in both groups (-5 and -4% in NPPV and LTOT
groups, respectively) after 2 yrs, mainly due to impro-
vement in symptoms without any significant differ-
ences between groups. In contrast, the MRF-28 total
score significantly improved in the NPPV group
compared to the LTOT group (fig. 4c and d).

Hospitalisations

During the follow-up, hospital admissions (0.9¡1.2
and 1.4¡2.3 n?patient-1?yr-1 in NPPV and LTOT,
respectively) and ICU admissions (0.2¡0.4 and 0.4¡
0.8 n?patient-1?yr-1 in NPPV and LTOT, respectively)
were not different between groups. Compared with
the 3 yrs preceding the study, days spent in hospital
after 24 months showed a nonsignificant within-group
reduction (from 19.9¡20.2 to 13.6¡18.3 n?patient-1?
yr-1; treatment effect 6.996, 95% confidence inter-
val -4.30–18.29, p=0.2281) in the NPPV but not in
the LTOT group (from 18.5¡18.3 to 19.3¡32.9

Table 2. – Demographic, anthropometric, lung function and
clinical characteristics of patients at randomisation

Characteristics NPPV group LTOT group

Subjects n 39 47
Sex M:F 32:7 37:10
Age yrs 64¡7 66¡14
BMI 26¡5 25¡6
Cigarette smoking

pack-yrs
29¡6 26¡5

FEV1 % pred. 27¡8 31¡11
VC % pred. 55¡17 62¡15
RV % pred. 193¡78 178¡48
TLC % pred. 118¡29 110¡16
6MWD m 200¡125 247¡110
MIP cmH2O 50¡20 46¡21
pH 7.39¡0.04 7.39¡0.03
Pa,CO2 kPa# 7.2¡0.6 7.4¡0.6
Pa,O2 kPa# 6.7¡0.8 6.6¡0.8
Hospital stays

day?patient-1?yr-1}
19¡20 18¡18

SGRQ total score 66¡14 62¡21
LTOT months 30¡22 29¡23

Data are presented as mean¡SD. NPPV: noninvasive
positive-pressure ventilation and long-term oxygen therapy;
LTOT: long-term oxygen therapy; M: male; F: female; BMI:
body mass index; FEV1: forced expiratory volume in one
second; VC: vital capacity; RV: residual volume; TLC: total
lung capacity; 6MWD: 6-min walking distance test; MIP:
maximal inspiratory pressure; Pa,CO2: carbon dioxide ten-
sion in arterial blood; Pa,O2: oxygen tension in arterial
blood; SGRQ: St George9s Respiratory Questionnaire. #:
breathing room air; }: year mean data for the 3 yrs before
the study.
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n?patient-1?yr-1). Compared with the period before the
start of the study, total hospital admissions increased
by 27% in the LTOT group and decreased by 45% in
the NPPV group. ICU admissions decreased more
in the NPPV than the LTOT group (by 20% and 75%
in LTOT and NPPV groups, respectively) although
differences between groups were not significant.

Discussion

Controlled clinical trials of NPPV in stable COPD
patients have reported conflicting results regarding
short-term clinical and functional outcome [21–24].
Even less data are reported on the long-term effects
[25, 26]. This 2-yr prospective, randomised, controlled
study adds important information on the effects of
NPPV in COPD patients with CVF.

The data here show that the addition of NPPV to
LTOT, compared with LTOT alone: 1) improves
daytime Pa,CO2 levels during oxygen breathing; and 2)
improves dyspnoea and HRQL, as assessed by a
questionnaire specific for patients with CVF.

Drop-out rate

Patients with COPD are considered to be less
tolerant and/or to gain less benefit from NPPV than
most neuromuscular and restrictive patients [6].
CRINER et al. [27] found that only 50% of COPD
patients continued to use NPPV during a prolonged
follow-up of y6 months, despite enrolment in a
comprehensive in-patient and out-patient programme.

The results of the current study differ from the study
by CRINER et al. [27]. In the current study, if the
training period is excluded, drop-outs due to lack of
compliance or voluntary withdrawal from the study
were five out of 39 (13%) in the NPPV group and five
out of 47 (11%) in the LTOT group, respectively. With
the limitation of an experimental setting and its
peculiar characteristics (motivation of patients and
investigators, training period, exclusion of early drop-
outs) the low incidence of drop-outs over a period of
2 yrs is good news on the acceptance of long-term
NPPV by patients allowed the treatment and com-
pleting an appropriate training period.

Ventilator setting

Selection of patients, modalities of ventilation [28],
types of ventilators [29] and their setting [20] have
been claimed to account for conflicting results of
NPPV studies [21–24]. Three possible physiological
mechanisms of the effects of NPPV in COPD patients
have been suggested: 1) the night-time improvement in
arterial blood gases [21, 30]; 2) a direct effect on
respiratory mechanics; and 3) respiratory muscle
unloading, which may lead to a clinical improvement
of a supposed but still unproven chronic respiratory
fatigue [31].

In the current study, PSV with the addition of an
EPAP was used, both set at the patient9s comfort. It
has been shown that in COPD patients with chronic
hypercapnia, mask PSV and EPAP, both set at
patients9 comfort, led to an improvement in ABG,

Table 3. – Time course of lung volumes, respiratory muscle strength, exercise capacity and sleep quality for both groups

Time related to discharge

M0 M12 M24

FEV1 % pred
NPPV group 26.6¡8.7 26.8¡8.9 27.5¡10.6
LTOT group 31.0¡11.4 30.9¡11.3 30.8¡11.1
Treatment effect (lower and upper 95% CI) -0.3 (-13.1–z2.4) -1.1 (-4.5–z2.1)

VC % pred
NPPV group 54.4¡17.2 52.9¡17.0 55.3¡18.2
LTOT group 62.1¡14.7 60.0¡14.3 59.8¡12.3
Treatment effect (lower and upper 95% CI) -0.7 (-6.2–z4.8) -3.1 (-8.1–z1.8)

MIP cmH2O
NPPV group 50.0¡20.0 50.7¡19.7 50.6¡20.6
LTOT group 45.7¡20.9 48.4¡27.5 48.1¡27.2
Treatment effect (lower and upper 95% CI) 2.1 (-3.6–z7.7) 1.8 (-4.2–z7.9)

6MWD m
NPPV group 201¡125 202¡120 183¡118
LTOT group 247¡110 244¡108 232¡111
Treatment effect (lower and upper 95% CI) -4.4 (-37.5–z28.6) 3.3 (-39.0–z45.7)

Sleep score
NPPV group 2.5¡1.1 2.0¡0.9 1.7¡0.8
LTOT group 2.2¡1.2 2.58¡1.1 2.3¡1.3
Treatment effect (lower and upper 95% CI) 0.29 (0.0–z0.7) 0.31 (z0.1–z1.0)

Data are presented as mean¡SD. M: month; M0: discharge; FEV1: forced expiratory volume in one second; NPPV:
noninvasive positive pressure ventilation and long-term oxygen therapy; LTOT: long-term oxygen therapy alone; CI:
confidence interval; VC: vital capacity; MIP: maximal inspiratory pressure; 6MWD: 6-min walking distance test. Patient
numbers for analysis of considered variables in NPPV and LTOT groups, respectively: FEV1 39 and 46; VC 39 and 45; MIP
38 and 46; 6MWD 37 and 42; and sleep score 39 and 46.
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as in this study, and were able to unload significantly
the patients9 inspiratory muscles, in the same way to a
setting tailored to a patient9s respiratory muscle effort

and mechanics [20]. In both the chronic [32] and acute
[33] settings, the application of some level of positive
expiratory pressure during pressure assisted ventila-
tion provided better unloading of the diaphragm, and
in some instances of ABG, than inspiratory assistance
alone.

Clinical and physiological assessments

Pulmonary and inspiratory muscle function, exer-
cise tolerance and sleep quality score did not signi-
ficantly change over time in the two groups, although
sleep score showed a trend to improve only in NPPV
patients. As the study was not powered to assess
differences in sleep quality, the lack of significance in
differences in sleep quality might be due to a beta
error. With this limitation, the current data confirm
and extend, over a longer period of time, the results of
GAY et al. [23] and LIN [24]. In the 3-month, sham-
controlled, randomised study by GAY et al. [23], no
significant improvement was observed in gas exchange,
sleep quality or walking endurance. In the study by
LIN [24], NPPV conferred no added benefit over
oxygen alone, with regard to oxygenation, ventricular
function or sleep quality.
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Fig. 2. – Time course of oxygen tension in arterial blood (Pa,O2) on a) ambient air and on b) usual oxygen, and of carbon dioxide tension
in arterial blood (Pa,CO2) on c) ambient air and on d) usual oxygen over the study period in the study groups. %: long-term oxygen
therapy (LTOT) alone; .: noninvasive positive-pressure ventilation and LTOT. M: month; M0: discharge. #: p=0.005, treatment effect
2.997, 95% confidence interval (CI) 0.94–5.05; }: p=0.002, treatment effect 4.270, 95% CI 1.58–9.96.
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Due to the lack of information from previous
studies on long-term effects of NPPV on other out-
come measures (hospitalisations, HRQL, etc.), Pa,CO2

was the only variable chosen to power the study.
Although there was no within or between group
difference in ABG, assessed during breathing of
ambient air, an original result of the current study is
the improvement over time in Pa,CO2 during breathing
of the usual oxygen inspiratory fraction observed with
NPPVzLTOT compared to LTOT alone. This result
is particularly interesting in the light of the fact that
breathing oxygen is the common condition of these
patients (19–20 h a day for both groups). A 3-month
crossover trial by MEECHAM-JONES et al. [21] found
that nocturnal and daytime gas exchange, total sleep
time, and symptoms improved during NPPV use. The
degree of improvement in day-time Pa,CO2 was corre-
lated with changes in mean overnight values, indicat-
ing that control of nocturnal hypoventilation was the
key factor for the success of ventilatory support.

Health-related quality of life

After 2 yrs the SGRQ total score, in both groups,
showed a mean slight improvement (4%, 5%) at the
limit of clinical significance, mainly due to an
improvement in symptoms [17] (fig. 4a and b).

MEECHAM-JONES et al. [21] found an NPPV-associated
improvement in SGRQ scores in their 3-month study.
In the current study, unlike the SGRQ, the MRF-28
total score showed an improvement only in NPPV
group (fig. 4c and d). The MRF-28 is a questionnaire
specifically designed to evaluate HRQL in patients
with chronic respiratory failure [18]. In this regard,
this is the first study to show a clear long-term benefit
of the addition of NPPVzLTOT over LTOT alone in
HRQL. At the same time, the lack of correspondence
in results between the SGRQ and MRF-28 indicates
the need to evaluate HRQL with specific instruments,
tailored to patients9 condition.

Hospitalisations

Hospital admissions showed only a nonsignificant
trend to be lower in the NPPV group during follow-
up. Total hospital admissions increased by 27% in the
LTOT group but decreased by 45% in the NPPVz
LTOT group (when comparing the follow-up with the
follow-back periods). At the same time, number of
ICU admissions changed over time by -20% and -75%
in LTOT and NPPV groups, respectively. These data
confirm the preliminary results of the European
multicentric study of NPPV (with volume-cycled
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Fig. 4. – Change from baseline in total and dimension scores of St George9s Respiratory Questionnaire (SGRQ) (a and b) (%: symptoms;
&: activity; +: impact; .: total) and Maugeri Foundation Respiratory Failure Questionnaire (MRF-28) (c and d) (#: cognitive
behaviour; %: activity; &: disability; +: others; .: total). M0: discharge; M24: 24 months after discharge. Group comparison for changes
from baseline in total SGRQ score was not significant, p=0.554. #: p=0.041, treatment effect 7.100, 95% confidence interval 0.13–4.07.
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ventilators) in severe hypercapnic COPD, showing
that NPPV is well accepted and is associated with a
reduction in hospitalisation for acute-on-chronic
ventilatory failure [34]. CASANOVA et al. [25], in a
1-yr randomised study of NPPVzstandard care versus
standard care alone (93% with LTOT) found that,
given an identical survival and acute exacerbations
rate, the number of hospital admissions fell signifi-
cantly in the third month in the NPPV group (5 versus
15%) but remained unchanged after the third month.
The only benefits observed in the NPPV group were a
reduction in dyspnoea and an improvement of one of
the neuropsychological tests on the 6th month [25].

Exacerbations treated in the community and extra
therapy taken at exacerbations were not recorded in
the current study. Therefore, evaluation of healthcare
resources presents an important limitation.

Survival

Although the sample size of this study was not
powered to evaluate survival, survival rate was similar
in the two groups. As yet no study has provided
convincing evidence that survival in COPD is pro-
longed by NPPV. The continuation curve for patients
with COPD, in an English follow-up study [35], was
virtually identical to that of survival in patients with
COPD using LTOT in the Nocturnal Oxygen Therapy
Trial [36], suggesting that any survival benefit of
NPPV over that of LTOT alone is minimal. The cur-
rent study and the preliminary results of the European
study [34] confirm this view, although the latter study
suggests that patientsw65 yrs of age may have a slight
improvement in survival.

In conclusion, this 2-yr prospective, randomised,
controlled study shows that the addition of noninva-
sive positive-pressure ventilation to long-term oxygen
therapy in stable chronic obstructive pulmonary
disease patients with chronic ventilatory failure is
able to: 1) improve daytime carbon dioxide in arterial
blood during oxygen breathing; and 2) improve
dyspnoea and health-related quality of life. The data
from this prospective trial would help in the design of
a larger, possibly European, and longer prospective
study on the effects of noninvasive positive-pressure
ventilation in patients with chronic ventilatory failure,
due to advanced chronic obstructive pulmonary dis-
ease. Due to the socioeconomic, individual and clini-
cal relevance of chronic ventilatory failure in chronic
obstructive pulmonary disease, the confirmation of a
significant reduction in hospital and intensive care
unit stay would have important implications for the
management of advanced chronic obstructive pulmo-
nary disease in the home setting. Further work is also
required to evaluate the effect of noninvasive positive-
pressure ventilation on reducing frequency and
severity of chronic obstructive pulmonary disease
exacerbation.
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