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ABSTRACT: The aim of this study was to determine the effect of domiciliary nasal
intermittent positive pressure ventilation (NIPPV) on lung function and quality of life
in hypercapnic patients with chronic obstructive pulmonary disease (COPD).

Fourteen hypercapnic COPD patients in a stable clinical condition were evaluated
in a prospective study of domiciliary NIPPV plus long-term oxygen therapy. Baseline
data obtained during a 4 week run-in period were compared with measurements at
the end of the 6 month study period. Spirometric parameters, arterial blood gas ten-
sions, and quality of life were assessed. Quality of life was measured using the St
George's Respiratory Questionnaire (SGRQ) and the French version of the Notting-
ham Health Profile (FVNHP).

All patients completed 6 months of domiciliary NIPPV. Gastro-intestinal inflation
was reported by eight patients. Daytime arterial oxygen tension and arterial carbon
dioxide tension, improved after therapy. During the NIPPV study period, the total
SGRQ score and impacts score both improved significantly; significant improvements
were also noted in the total FVNHP score and the physical mobility, emotional reac-
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tions, and energy component scores.

Domiciliary nasal intermittent positive pressure ventilation combined with long-term
oxygen therapy has been found to improve blood gases in spontaneous ventilation, as
well as the quality of life of patients with chronic obstructive pulmonary disease.

Eur Respir J 1997; 10: 2835-2839.

Nasal intermittent positive pressure ventilation (NIPPV)
is being increasingly recognized as an effective means of
ventilatory support for patients with respiratory failure due
to neuromuscular disease or chest wall deformity [1].
Although physiological benefits such as a reduction in the
workload on the respiratory muscles have been demon-
strated with NIPPV in cases of severe chronic obstructive
pulmonary disease (COPD) [2], little is known about the
impact of NIPPV on these patients' survival, quality of life,
or lung function [3, 4]. Several studies have reported vary-
ing degrees of improvement in lung function [5-7] and
quality of life [6, 7] with NIPPV. Additional investigations
have thus been recommended to determine the potential
value of NIPPV in hypercapnic COPD patients [3].

This prospective study assessed the effect of NIPPV
plus long-term oxygen therapy (LTOT) on lung function
and quality of life in patients with stable hypercapnic res-
piratory failure due to COPD, using two validated health
questionnaires. Follow-up was continued for 6 months.

Subjects and methods

Patients

Fourteen COPD patients (eight male, six female), mean
age 65 yrs (range 47-79), with severe airflow limitation

quality of life
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were enrolled. Patient characteristics are listed in tables 1
and 2. Five patients had been established on LTOT for over
1 yr prior to recruitment; their meanzsp blood gas levels in
room air on entry to the study were arterial carbon dioxide
tension (Pa,CO,) 7.2+0.3 kPa, arterial oxygen tension
(Pa,0,) 7+0.8 kPa, and pH was 7.39+0.008. The other nine
patients had been hospitalized in our department 2-3
months before inclusion in the study for acute respiratory
decompensation; six of these nine patients had required
intubation/assisted ventilation. Following this episode of
acute exacerbation, oxygen therapy was continued at home
because of nocturnal or exertional aggravation of hypox-
aemia. At the time of initiation of mechanical ventilation
by nasal mask, all patients were clinically stable, as con-
firmed by a variation of less than 10% in arterial blood gas
tensions and forced expiratory volume in one second
(FEV1), at the beginning and at the end of a 4 week run-in
period. All patients were hypoxaemic and hypercapnic at
the time of recruitment (pH 7.38+0.01; Pa,C0O, 7.8+0.8
kPa; Pa,0, 7.8+0.7 kPa; arterial oxygen saturation (Sa,0,)
89.2+2.9 %).

Study design

The patients entered in this prospective study first com-
pleted a 4 week run-in period of standard care (including
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Table 1. — Baseline characteristics of the study population

C. PERRIN ET AL.

Case Age Sex Diagnosis Prior \Y/® FEV1 TLC Arterial blood gases*
No. yrs LTOT L L L pH Pa,C0, P20,
1 75 M COB Yes 3.06 0.88 5.90 7.40 7.6 6.6
2 55 M COB Yes 2.17 0.67 6.06 7.42 7.6 7.6
3 62 M COB Yes 2.50 0.63 4.17 7.39 6.6 7.6
4 62 M COB Yes 1.77 0.72 4.00 7.38 7.4 6.8
5 68 F TS No 0.80 0.43 1.30
6 67 F TS No 1.00 0.43 2.68
7 57 M COB No 2.80 0.95 5.66
8 71 M COB No 2.29 0.73 5.82
9 47 F COB Yes 1.31 0.53 3.78 741 7.3 7.7
10 73 F COB No 1.23 0.52 3.99
11 63 M COB No 2.73 1.16 5.14
12 67 M COB No 1.45 0.74 2.62
13 63 F COB No 2.79 0.66 6.63
14 79 F TS No 0.98 0.46 2.77
Mean 65 22 0.75 4.9 7.40 7.3 7.2
SD 8 0.6 0.18 1.2 0.01 0.3 04

*Arterial blood gas values 12 months before entry into the study. COB: chronic obstructive bronchitis; TS: tuberculous sequelae; VC:
vital capacity; FEV1: forced expiratory volume in one second; TLC: total lung capacity; M: male; F: female; LTOT: long-term oxygen
therapy; Pa,CO,: arterial carbon dioxide tension; Pa,0,: arterial oxygen tension.

Table 2. — Daytime arterial blood gas values immediately
prior to the initiation and after 6 months of nasal intermit-
tent positive pressure ventilation (NIPPV) breathing room
air at rest

Case NIPPV Paco, P20,
No. US¢ Baseline Follow-up Baseline Follow-up
1 D 7.2 5.4 6.5 7.3
2 D 9.6 8.0 7.3 8.0
3 D 7.3 6.5 7.3 8.4
4 D 8.6 6.8 6.4 6.9
5 N 8.0 6.5 8.0 9.3
6 N 6.5 6.5 8.9 9.2
7 N 8.0 6.2 8.0 10.0
8 N 7.3 6.5 8.4 10.1
9 N 8.9 6.6 7.4 9.3
10 N 8.1 6.8 8.1 10.1
11 N 6.5 53 8.0 8.6
12 N 7.3 5.0 8.6 10.0
13 N 8.1 5.7 8.6 9.4
14 N 8.1 6.5 8.6 9.4
Mean 7.8 6.3 7.8 9.0
) 0.8 0.7 0.7 09

Pa,co,: arterial carbon dioxide tension; Pa0,: arterial oxygen
tension; D: daytime; N: nocturnal.

LTOT) during which baseline measurements were obtain-
ed. Initial evaluation included two all-night polysomno-
graphy studies consisting of continuous monitoring of
oronasal airflow, chest and abdominal wall movement,
oxygen saturation, electrocardiogram, electro-oculograms,
submental electromyograms, and electroencephalograms
recorded on a polygraph (Hypnotrace, Techneme, Nice,
France). No sleep staging could be performed. None of the
patients had any evidence of obstructive sleep apnoea,
defined as more than five apnoeic or hypopnoeic episo-
des-h-! [7]. The run-in period was followed by a 6 month
study period during which patients received oxygen ther-
apy plus nocturnal NIPPV delivered by a volume preset
ventilator (Eole 2NA, Saime, Savigny-le-Temple, France).

All ventilators were operated in the assist/control mode.
Patients used commercial nasal masks (Respironics, Inc.,
Murrysville, PA, USA). LTOT was delivered at a constant
flow rate of 1-2 L-min‘! via nasal cannulae, and supple-
mental oxygen was entrained through the ventilator during
NIPPV.

At the beginning of the study, all patients were accli-
matized to NIPPV in the hospital for a period of 5 days.
During hospitalization, they were instructed in the use of
the ventilator and the mask, and the ventilator settings
were adjusted for the patients' comfort and to maximize
gas exchange (tidal volume: 20 mL-kg'!; respiratory fre-
quency: 12-14 breaths-min’!, inspiratory/expiratory ratio
1-1:2). After initiation of NIPPV, they were seen as in-
patients for 24 h every month, at which time clinical sta-
tus, nocturnal Sa,0,, and awake arterial blood gases on
NIPPV were assessed. Minor adjustments were made to
ventilator settings when required. During hospitalization,
therapeutic compliance was determined by systematic
readings of the integrated respirator timers.

Spirometry and arterial blood gases

Static lung volume, FEV 1, and vital capacity (VC) were
measured during initial evaluation and at the end of the 6
month study period. Static lung volumes were determined
by a constant-volume whole body plethysmograph (Jaeger
Masterscreen Body, Wuerzburg, Germany). FEV1 and VC
were measured with a pneumotachograph (Jaeger Master-
screen Body). Resting daytime blood gases were meas-
ured in blood taken from the radial artery at midday with
the patient breathing room air (Ciba-Corning 288 blood
gas analyser, Medfield, MA, USA).

Quality of life

Quality of life was assessed using two validated health
questionnaires: the St George's Respiratory Questionnaire
(SGRQ) and the French version of the Nottingham Health
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Profile (FVNHP) [8-10]. The SGRQ was developed spe-
cifically for patients with severe COPD while the FVNHP
is a general health questionnaire. The SGRQ [8] com-
prises 76 items which are weighted to produce three
component scores (symptoms, activity, impacts) as well
as a total score. The "symptoms" section is concerned
with respiratory symptoms, their frequency and severity;
the "activity" section is concerned with activities that
cause or are limited by breathlessness; and the "impacts"
section covers a range of aspects concerned with social
functioning and psychological disturbances resulting from
airways disease. The FVNHP [9, 10] contains 38 state-
ments which are weighted to obtain six component scores
(sleep, pain, energy, physical mobility, social isolation,
and emotional reactions) and a total score.

Statistical analysis

Statistical analysis of all data was performed with the
Wilcoxon signed rank test, with the level of significance
set at p<0.05.

Results

All patients completed 6 months of domiciliary NIPPV.
Four patients complained of sleep disturbance with mech-
anical ventilation via the nasal mask and were placed on
NIPPV for 5 h each day. The mean+sp duration of utiliza-
tion of NIPPV by these patients was 4+1 h. Ten patients
completed 6 months of NIPPV; these patients used the
machine for 8+2 h every night. Nasal mask intolerance
was never a problem although six patients complained of
nasal dryness and eight complained of gastro-intestinal
distention due to air insufflation. Four patients presented
one to three episodes of acute respiratory decompensa-
tion due to infectious bronchitis requiring admission to
the respiratory intensive care unit. Two of these patients
were on daytime NIPPV at home and two utilized domi-
ciliary nocturnal NIPPV. Endotracheal mechanical venti-
lation was never necessary. All four patients responded
favourably to medical therapy associating oxygen, admi-
nistration of PB,-agonists by a nebulizer, antibiotics and
positive pressure nasal ventilation using a volume preset
ventilator (Servo 900 C, Siemens, Solna, Sweden) for 5 h
sessions every 24 h. The mean stay in the intensive care
unit was 7+3 days.

Outcome measurements

Lung function and blood gases. Blood gases measured
using the ventilator during daytime and nocturnal NIPPV
are listed in table 3. No significant improvements were
noted in spirometric values or lung volumes over the
course of the study, but significant changes were observed
in daytime blood gas values. Daytime blood gas data over
the study period are shown in table 2. Six months of
NIPPV in addition to LTOT resulted in significant im-
provements in daytime Pa,0, and Pa,CO, compared to base-
line values. Pa,0, rose from 7.8+0.7 kPa at baseline to
9.0£0.9 kPa at completion of the NIPPV study period
(p=0.001). Mean Pa,CO, decreased significantly, from
7.84£0.8 kPa at baseline to 6.3+0.7 kPa after 6 months

Table 3. — Blood gas measurements during nasal inter-
mittent positive pressure ventilation (NIPPV)
Daytime NIPPV Nocturnal NIPPV
Following Following Following Following
NIPPV 6 months NIPPV 6 months
acclimatiza- of NIPPV acclimatiza- of NIPPV
tion tion
pH 7.47+0.05 7.43+0.03 7.44+0.03 7.44+0.06
Paco,kPa  5.9+0.5 5.9+0.1 5.9+0.3 6.1+0.8
Pa,0, kPa 11.9+£2.2 11.1£1.8 13£2.6 129+2.4

Values are presented as mean+sp . Pa,CO,: arterial carbon diox-
ide tension; Pa,0,: arterial oxygen tension.

of NIPPV (p=0.001), vital capacity, FEV1, and total lung
capacity (TLC) were all improved after 6 months of NI-
PPV, (VC 2.2+0.6 to 2.5+0.7 L; FEV1 0.75%0.18 to 0.77+
0.18 L; TLC 4.9+1.2 to 5.1+1.3 L) but these changes were
not statistically significant. Comparison of blood gases for
patients treated by nocturnal NIPPV versus daytime NIP-
PV revealed that Pa,CO, in the group treated at night de-
creased from 7.6+0.7 kPa at entry to 6.1+0.5 kPa after 6
months of treatment; this difference is statistically signifi-
cant (p=0.007). In contrast, the decrease was nonsignifi-
cant in the group treated during the day.

Quality of life. Quality of life was assessed using the
SGRQ and FVNHP questionnaires. The SGRQ provides
individual scores for symptoms, activities, and psycho-
social impacts and a total score derived from all three
components. During the NIPPV study period, small but
significant improvements were noted in impacts (p=0.04)
and the total score (p=0.04) compared to run-in values.
Like the SGRQ, the FVNHP gives individual scores for
sleep, energy, physical mobility, emotional reactions, pain
and social isolation, plus a total score derived from all six
components. During the NIPPV study period, FVNHP
scores improved significantly for physical mobility (p=
0.02), emotional reactions (p=0.04) and energy (p=0.01).
The total FVNHP score was also significantly improved
(p=0.007) with NIPPV. SGRQ and FVNHP results were
expressed as a percentage of the maximum possible score,
with a decrease reflecting improvement (figs. 1 and 2).
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Fig. 1. — St George's Respiratory Questionnaire (SGRQ) scores. Values
are presented as a percentage of the maximum possible score for
patients using nasal intermittent positive pressure ventilation (NIPPV)
for 6 months. : SGRQ score before NIPPV; []: SGRQ score after 6
months of NIPPV.
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Fig. 2. — French Version of the Nottingham Health Profile (FVNHP).
Values are presented as a percentage of the maximum possible score for
patients using nasal intermittent positive pressure ventilation (NIPPV)
for 6 months. : FVNHP score before NIPPV;_1: FVNHP score after
6 months of NIPPV. *: p<0.05; **: p<0.01.

Discussion

The association of oxygen therapy and NIPPV at home
for 6 months significantly improved blood gases and the
quality of life of our stable hypercapnic patients with
COPD. Our findings, however, conflict with data in other
literature, as other authors question the efficacy of domi-
ciliary NIPPV for use in patients with COPD [3, 11].

In their randomized prospective crossover study, STRuMpF et
al. [5] treated 19 COPD patients by oxygen therapy plus
NIPPV for 3 months and compared results with oxygen
therapy alone for 3 months. These authors failed to observe
any significant change in blood gases after 3 months of
mechanical ventilation despite a significant improvement in
cognitive functions.

Lecir et al. [12] described management of chronic
hypercapnic respiratory failure by oxygen supplemen-
tation plus domiciliary NIPPV. In their study, 276 pati-
ents (105 kyphoscoliosis, 80 post-tuberculosis sequelae,
16 Duchenne muscular dystrophy, 50 COPD, 25 bron-
chiectasis) were followed-up for 5 yrs. COPD patients
showed a significant reduction in Pa,CO, during spontane-
ous ventilation (SV) in the first and second years of treat-
ment, but there was no related improvement in Pa,0,. The
authors attributed this to the wide variety of obstructive
respiratory disorders caused by bronchial hypersecretion
and chronic airways inflammation.

In their open prospective study, ELuorr et al. [6] investi-
gated 12 hypercapnic COPD patients treated by domi-
ciliary nocturnal mechanical ventilation for 6 months.
Eight of their patients completed the protocol, and seven
of the eight continued the treatment for 1 yr. One patient
died early in the study and three were excluded because
they were unable to tolerate nocturnal NIPPV. After 1 yr
of NIPPV, findings were similar to those of LR et al.
[12]: Pa,0, remained unchanged and Pa,CO, had decreased
significantly in SV.

Our study findings show that a combination of oxygen
therapy plus NIPPV for 6 months can significantly im-
prove Pa,0, and Pa,CO, in hypercapnic COPD patients in
SV. These results agree with those of Meecuam Jongs et al.
[71 who compared oxygen therapy alone for 3 months
with oxygen therapy plus nocturnal NIPPV for 3 months

in a randomized prospective crossover study of 14 hyper-
capnic COPD patients. These authors are the only ones
to have reported significant improvements in Pa,0, and
Pa,cO, during spontaneous ventilation after 3 months of
treatment associating oxygen therapy and NIPPV.

It should be pointed out, however, that the criterion of
ventilatory stability we used for inclusion was not as strict
as that of Eriotr et al. [6]. These last authors defined venti-
latory stability as less than 5% variation in blood gas
parameters and FEV1 for 1 month versus approximately
10% in our study. In addition, while the respiratory ill-
nesses in our patients were less severe (meantsp FEV1
0.75+18 L) than those of the subjects studied by Strumpr et
al. [5] (mean FEV1 0.56+£0.03 L) or Eworr et al. [6]
(mean+sp FEV1 0.60+0.25 L), they were more severe than
the disorders of the COPD patients investigated by MegcHam
Jones et al. [7]) (mean=sp FEV1 0.86+0.3 L).

While these differences may help explain the signifi-
cant improvement in blood gases noted in our study after
6 months of NIPPV, four of our patients were unable to
adapt to nocturnal mechanical ventilation via nasal mask
and required hourly daytime sessions; no significant im-
provement was seen in Pa,CO, in spontaneous ventilation
after 6 months of treatment. During the study, four other
patients presented one to three episodes of acute respi-
ratory decompensation due to infectious bronchitis re-
quiring hospitalization in the intensive respiratory care
unit, but this did not mask the improvement in the blood
gas parameters of the study population as a whole.

The mechanisms by which long-term NIPPV improves
blood gases in spontaneous breathing remain controver-
sial. The respiratory muscles of COPD patients are sub-
ject to chronic fatigue owing to pulmonary hyperinflation
caused by the obstructive ventilatory disorder [13] and to
nocturnal respiratory acidosis which impairs the con-
tractility of the diaphragm [14]. In COPD, NIPPV can
reduce diaphragmatic electromyographic activity [2, 15]
and can lighten the workload on the respiratory muscles
[2]. However, the cause-effect relationship between respi-
ratory muscle "rest" induced by nasal mask mechanical
ventilation and improvement of blood gases in spontane-
ous breathing after a period of nasal ventilation has not
been established in COPD [3, 7]. Moreover, prolonged
nasal mask mechanical ventilation has never been shown
to improve the strength or endurance of the respiratory
muscles [3, 7].

The predominant mechanism behind improved blood
gas tensions in spontaneous ventilation appears to be an
increase in chemosensitivity to CO, [3, 16]. Re-expansion
of micro-atelectatic areas by positive pressure ventilation
might contribute to improvement of blood gases in sponta-
neous ventilation [6]. The increase in the VC observed in
our study, although statistically nonsignificant, may
reflect this phenomenon.

The nasal mask was well tolerated by 10 patients but
four others complained that it disturbed their sleep, and
they were unable to use NIPPV on a nocturnal basis. Over
half of our subjects (eight out of 14) suffered from gastro-
intestinal inflation caused by positive pressure mechani-
cal ventilation. This adverse effect has been mentioned in
over 50% of cases reported in the literature [1]. Gastric
distension is reportedly less frequent when positive pres-
sure ventilation is performed with an inspiratory muscle
effort [1], but MeecHam Jones and Wepzicha [17] failed to find
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this difference between volume preset ventilators and
inspiratory muscle effort in their comparative study.

Hypoxaemia in patients with chronic respiratory fail-
ure causes multiple disturbances, such as impairment of
cognitive functions, disruption of sleep architecture, and
reduction of the walking distance, which in turn generates
anxiety and depression [18-20]. While LTOT improves
exercise tolerance [21, 22] and neuropsychological func-
tion [22], no objective improvement has been observed in
the quality of life [20]. However, the questionnaires uti-
lized to evaluate quality of life in patients on domiciliary
oxygen therapy, such as the Sickness Impact Profile (SIP)
and the Quality of Well-being Scale (QWB), merely pro-
vide measures of general health; they do not contain
parameters specific to respiratory disease [19]. The fact
that these questionnaires failed to find any correlation
between hypoxaemia and alteration of quality of life in
COPD contrasts with findings provided by the SGRQ,
which was specifically designed to assess the quality of
life of these patients [19].

Although our study was concerned with more severely
ill patients (all were hypercapnic), an association of oxy-
gen therapy and domiciliary NIPPV improved their qual-
ity of life, as revealed by the two health questionnaires
used. The SGRQ, which has been specifically validated
for COPD, and the FVNHP, both revealed a significant
improvement in the patients' perception of their disease
and the global quality-of-life score. The FVNHP also
indicated a significant improvement in physical activity
and energy; this difference with the SGRQ can be explai-
ned by the wide variety of responses possible with the
FVNHP, a feature for which this questionnaire has been
criticized [23]. While none of the other items evaluated by
these two questionnaires improved significantly after 6
months of NIPPV, they did not deteriorate either, despite
the cumbersome nature of the equipment and the difficul-
ties involved in adaptation to ventilation by a nasal mask.
Using the Chronic Respiratory Disease Questionnaire,
Ewiorr et al. [6] failed to find any significant difference in
the dimensions dyspnoea, fatigue, emotional function or
mastery after 6 months of mechanical ventilation by nasal
mask. Our results are thus similar to those of MEecHaM JonEs
et al. [7], who were the first to observe a significant
improvement in the quality of life in COPD after 3 months
of NIPPV plus oxygen therapy using the SGRQ.

In our trial, a combination of oxygen therapy plus nasal
intermittent positive pressure ventilation at home, improved
blood gases in spontaneous ventilation as well as the qual-
ity of life of patients with chronic obstructive pulmo-nary
disease. This is all the more interesting because four of our
14 patients required daytime mechanical ventilation for 6
months and this did not adversely affect the study group's
respiratory function results or quality-of-life scores.
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