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Noninvasive ventilatory support does not facilitate
recovery from acute respiratory failure in

chronic obstructive pulmonary disease

F. Barbé, B. Togores, M. Rubí, S. Pons, A. Maimó, A.G.N. Agustí

Noninvasive ventilatory support does not facilitate recovery from acute respiratory fail-
ure in chronic obstructive pulmonary disease.  F. Barbé, B. Togores, M. Rubí, S. Pons,
A. Maimó, A.G.N. Agustí.  ©ERS Journals Ltd 1996.
ABSTRACT: This investigation evaluates, in a prospective, randomized and con-
trolled manner, whether noninvasive ventilatory support (NIVS) with bilevel posi-
tive airway pressure (BiPAP) facilitates recovery from acute respiratory failure
(ARF) in patients with chronic obstructive pulmonary disease (COPD).

Twenty four patients (mean age (±SEM) 68±2 yrs) with COPD (forced expiratory
volume in one second (FEV1) at discharge 33±2% predicted), who attended the
emergency room because of ARF (pH 7.33±0.01; arterial oxygen tension (Pa,O2)
6.0±0.2 kPa; arterial carbon dioxide tension (Pa,CO2) 7.9±0.3 kPa), were initially ran-
domized.  Four out of the 14 patients (29%) allocated to received NIVS did not tol-
erate it.  Of the remaining 20 patients, 10 received NIVS with BiPAP in a conventional
hospital ward during the first 3 days of hospitalization (two daytime sessions of 3 h
duration each). All 20 subjects were treated with oxygen, bronchodilators and
steroids.  On the first and third hospitalization days, before and 30 min after with-
drawing oxygen therapy and/or BiPAP ventilatory support, we measured peak expi-
ratory flow, arterial blood gas values, ventilatory pattern, occlusion pressure (P0.1),
and maximal inspiratory (MIP) and maximal expiratory (MEP) pressures.

All patients were discharged without requiring tracheal intubation and mechani-
cal ventilation.  Hospitalization time was similar in both groups (11.3±1.3 vs 10.6±0.9
days, control vs BiPAP, respectively).  Arterial oxygenation, respiratory acidosis and
airflow obstruction improved significantly throughout hospitalization in both groups.
By contrast, the ventilatory pattern, P0.1, MIP and MEP did not change.  NIVS
with BiPAP did not cause any significant difference between groups.

We conclude that noninvasive ventilatory support with bilevel positive airway
pressure does not facilitate recovery from acute respiratory failure in patients with
chronic obstructive pulmonary disease.  Furthermore, a substantial proportion of
patients (29%) do not tolerate noninvasive ventilatory support under these cir-
cumstances.  From these results, we cannot recommend the use of noninvasive ven-
tilatory support with bilevel positive airway pressure in the routine management of
chronic obstructive pulmonary disease patients recovering from acute respiratory
failure.
Eur Respir J., 1996, 9, 1240–1245.

Servei Pneumología, Hospital Univ. Son
Dureta, Palma de Mallorca, Spain.

Correspondence: A.G.N. Agustí
Servei de Pneumología
Hospital Univ. Son Dureta
07014 Palma de Mallorca
Spain

Keywords: Bilevel positive airway pressure
chronic obstructive pulmonary disease
oxygen therapy
respiratory Failure
ventilatory Support

Received: 27 April 1995
Accepted after revision January 21 1996

Supported, in part, by Fondo de Investi-
gaciones Sanitarias de la Seguridad Social
(FIS 93/0860), ABEMAR and Carburos
Metalicos SA.

Presented at the Annual Meeting of the
European Respiratory Society held in
Florence (Italy) in 1993.

Patients with chronic obstructive pulmonary disease
(COPD) often require hospitalization because of acute ex-
acerbations [1]. The standard medical treatment of acute
respiratory failure (ARF) in patients with COPD incl-
udes oxygen, bronchodilators and steroids [1].  Recently,
there has been considerable interest in the use of non-
invasive ventilatory support (NIVS) in ARF [2].  In a study
with historically matched controls, BROCHARD et al. [3]
showed that inspiratory assistance with a face mask was
effective in preventing tracheal intubation in ARF.  More
recently, BOTT et al. [4] conducted a randomized con-
trolled study and suggested that NIVS should be offered
to COPD patients with ARF if conventional therapy does
not produce a prompt response.  In practice, however, most
COPD patients with ARF are successfully managed with
conventional therapy and do not require intensive care

control [1].  Whether or not NIVS can facilitate recov-
ery in this much more common clinical scenario is pres-
ently undefined [2].  In theory, NIVS can be helpful by
enhancing pulmonary gas exchange, ventilatory control
and/or respiratory muscle function [1, 2, 5].

To assess the role of NIVS in the routine management
of COPD patients recovering from ARF, we designed a
prospective, randomized, controlled investigation, and
decided a priori: 1) to use bi-level positive airway pres-
sure (BiPAP) support, since this type of NIVS is gene-
rally better tolerated than other systems [2]; 2) to conduct
the whole study in a conventional ward, outside the inten-
sive care setting; 3) to ventilate the patients only during
the daytime, which should theoretically facilitate its clini-
cal implementation because NIVS is a time-consuming
procedure [2, 6], and nursing staff are more available
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during the day; and 4) to use a predefined ventilatory
strategy of 6 h·day-1 (two sessions of 3 h each), during
the first 3 days of hospitalization. Clinical experience
and previous studies [4] have shown that the average
duration of NIVS in this setting is about 7 h·day-1.

Methods

Patients

Twenty four consecutive male COPD patients, who att-
ended the emergency room because of ARF, entered the
study and were initially randomized. Mean age (±SEM)
was 68±2 yrs. All patients were smokers (68±4 pack-
yrs). All patients had severe respiratory failure (arterial
oxygen tension (Pa,O2) breathing room air 6.0±0.2 kPa)
with respiratory acidosis (arterial carbon dioxide tension
(Pa,CO2) 7.9±0.3 kPa; pH 7.33±0.01).  None of the patients
showed clinical or radiological evidence of bacterial pneu-
monia, pleural effusion, left ventricular failure or nasal
deformities.  Table 1 shows the results of pulmonary func-
tion tests obtained at discharge. All patients had severe
COPD, as shown by the degree of airflow obstruction,
hyperinflation and air-trapping (table 1).

Protocol

The protocol was approved by the Local Ethics Com-
mittee. All patients (or their next of kin) gave informed
consent after being fully informed of the purpose, charac-
teristics and nature of the study. Within the first 12–48
h of hospitalization, patients were transferred to the ward
of the respiratory unit of our institution, where the inves-
tigation was carried out.  During the first 3 days of their
arrival in the ward, all patients received aerosolized salbu-
tamol (5 mg q.i.d.) and i.v. prednisolone (40 mg t.i.d.);
drugs were later tapered individually.  Controlled oxygen
therapy (Venturi mask) was used throughout to maintain
arterial oxygen saturation (Sa,O2) >90% (Criticare, USA).
Half of the patients were also randomly assigned to re-
ceive ventilatory support with BiPAP (Respironics, USA).
BiPAP was applied through a nasal mask (Respironics,
USA), for 3 h in the morning and 3 h in the afternoon,

during the first 3 days of hospitalization.  Adaptation to
BiPAP was supervised at the bedside by one of the authors.
The patients were instructed to keep the mouth closed,
in order to avoid air leaks. Inspiratory pressure was set
to the maximum tolerated value in each patient (14.8±0.5
cmH2O); expiratory pressure was always 5 cmH2O. Dur-
ing BiPAP ventilation, oxygen (2–4 L·min-1) was given
through the lateral port of the nasal mask to maintain
an Sa,O2 >90% (Criticare, USA). During the 3 days of
BiPAP support, the initial ventilatory regimen was not
modified.

Measurements

Measurements were obtained at the bedside on the first
and third day of hospitalization, both before and 30 min
after withdrawing oxygen therapy and/or BiPAP support.
The patient lay in a semirecumbent position and breathed
room air through a one-way valve (Hans Rudolph, USA).
A computer-controlled system allowed on-line monitor-
ing and simultaneous recording of airflow (Pneumotacho-
graph Jaegger, Wurtzburg, Germany) and mouth pressure
(Siebel, Barcelona, Spain).  From the flow signal, the fol-
lowing values were obtained: the respiratory rate (fR),
inspiratory time (t I), total respiratory time (t tot) and the
duty cycle (tI/ttot) ratio.  The expired gas was collected in
a nondiffusable gas bag (Hans Rudolph, USA) for meas-
urement of total minute ventilation (V 'E). From these
data, tidal volume (VT) (VT=V 'E/fR) and mean inspira-
tory flow (VT/tI) were calculated.  From the pressure sig-
nal recorded at the mouth, maximal inspiratory (MIP)
and expiratory pressures (MEP) from residual volume
(RV) and total lung capacity (TLC), respectively were
measured [7], and also the occlusion pressure (P0.1) using
the standard occlusion technique [7]. Airflow obstruc-
tion was evaluated using peak flow measurements (Wright
peak flow meter, UK).  Shortness of breath was assessed
with the Borg [8] scale. Arterial blood gas values were
measured in a sample obtained anaerobically by direct
punction of the radial artery, after local anaesthesia
(Instrumentation Laboratories BG3, Izasa, Barcelona,
Spain).  The alveolar-arterial oxygen gradient (P(A-a),O2)
was calculated according to the standard formula [7]
(P(A-a),O2=(((barometric pressure-47)*0.21)-(Pa,CO2/R))-
Pa,O2). The respiratory quotient (R) was assumed to be
0.8.  A complete set of measurements included, in this
order, measures of shortness of breath, ventilatory pat-
tern, P0.1, arterial blood gas values, peak flow, MIP and
MEP.  A set was obtained for each patient on the first
and third day of hospitalization (morning and evening),
and at discharge.

Patients were discharged following the clinical judge-
ment of the physician in charge, who was not blind to
the presence or absence of BiPAP. At discharge, forced
spirometry, lung volumes and transfer factor of the lungs
for carbon monoxide (TL,CO) (W.E. Collins, USA) were
measured.  Reference values were from a Mediterranean
population [9].

Statistical analysis

Data are presented as mean±SEM.  Anthropometric vari-
ables and those measured at hospital discharge (table 1)
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Table 1.  –  Anthropometric data and pulmonary function
results (measured at discharge) 

Control BiPAP

Age  yrs 65±3 70±2
BMI  kg·m-2 25.2±1.1 24.9±1.3
FEV1 % pred 30±3 36±4
FEV1/FVC  % 40±2 48±3
TLC  % pred 117±7 102±5
RV  % pred 191±12 166±11
RV/TLC  % 65±2 64±2
TL,CO % pred 71±8 90±6

BiPAP: bilevel positive airway pressure; BMI: body mass index;
FEV1: forced expiratory volume in one second; FVC: forced
vital capacity; TLC: total lung capacity; RV: residual volume;
TL,CO: transfer factor of the lungs for carbon monoxide; %
pred: percentage of predicted value.  No variable was signifi-
cantly different between groups.
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Fig. 2. –  Evolution through hospitalization (mean±SEM) of: a) arter-
ial oxygen tension (Pa,O2); b) arterial carbon dioxide tension (Pa,CO2);
c) arterial pH; and d) alveolar to arterial oxygen gradient (P(A-a),O2).
Asterisks indicate significance of differences within groups, compared
to measures in the emergency room (ER) on admission.  *: p<0.05;
**: p<0.001.          : controls;          : bilevel positive airway pres-
sure (BiPAP).  For further explanation, see text.

in each group (control vs BiPAP) were compared using
an unpaired t-test. The analysis of the effects of BiPAP
on the variables measured sequentially throughout hos-
pitalization was made using a two-way analysis of vari-
ance (ANOVA) followed by a post-hoc contrast analysis
(Tukey test).  A p-value lower than 0.05 was considered
to be significant.

Results

Clinical data

Clinical evolution throughout hospitalization was adequ-
ate in all patients. All patients were successfully dischar-
ged from hospital, and none required tracheal intubation
and invasive mechanical ventilation.  Four out of the 14
patients (29%) initially randomized to receive BiPAP did
not tolerate NIVS; three due to claustrophobia, and the
one unable to co-operate because of anxiety.  These four
patients were excluded from further analysis.  Therefore,
the effects of NIVS during recovery from ARF were in-
vestigated by comparing two groups of 10 patients each.

Mean age and body mass index (BMI) were similar in
the control and treatment groups (table 1). Theophylline
serum levels at entrance were not different between groups
(1.4±0.7 (control) vs 2.8±1.2 mg·dL-1 (BiPAP).  Shortness
of breath decreased significantly throughout hospitaliza-
tion (p<0.001), but differences between groups were not
significant (fig. 1). Hospitalization time was not differ-
ent between groups (11.3±1.3 vs 10.6±0.9 days, control
vs BiPAP).

Physiological data

Pa,O2 increased steadily throughout hospitalization in
both groups (fig. 2a). As a result, Pa,O2 measured at 72,
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80 h and at discharge was higher (p<0.001) than in the
emergency room (fig. 2a). There were no significant dif-
ferences between groups.  Pa,CO2 decreased with time in
both groups (fig. 2b). At discharge Pa,CO2 was signifi-
cantly lower (p<0.05) than in the emergency room (fig.
2b).  As shown in fig. 2b, patients treated with BiPAP
appeared to have a faster fall in arterial hypercapnia than
the control group.  However, differences between groups
were small in absolute terms (±0.5 kPa) and failed to
reach statistical significance.  Arterial pH improved sig-
nificantly during the first 24 h of hospitalization in both
groups (fig. 2c). Differences between groups were not
significant. Interestingly, the P(A-a),O2 gradient did not
change significantly throughout hospitalization in any
group (fig. 2d).  

Peak flow values increased (p<0.05) with time and to
the same extent in both groups (table 2).  Neither total
V 'E nor fR, VT, mean inspiratory flow (VT/tI) or the ratio
t I/t tot changed significantly throughout hospitalization
(table 2).  Overall, the occlusion pressure (P0.1) was higher
than normal, as previously reported in stable COPD
patients [10, 11].  However, it did not decrease with time

nor was it influenced by BiPAP (table 2).  MIP and MEP
did not change throughout hospitalization in any group
(table 3).

Discussion

The aim of this investigation was to assess the effects
of NIVS with BiPAP in the routine management of COPD
patients recovering from ARF. To this end, we designed
a prospective, controlled and randomized study, which was
carried out entirely in a regular hospitalization ward. We
did not find evidence that NIVS with BiPAP facilitates
recovery in these patients.

In the past few years, there has been a tremendous inter-
est in the use of NIVS during acute exacerbations of
COPD.  Several studies (most of them uncontrolled) have
shown that NIVS can improve pulmonary gas exchange
and avoid mechanical ventilation in ARF [3, 4, 12–18].
However, the vast majority of these patients are suc-
cessfully managed in regular hospitalization wards and
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Table 2.  –  Ventilatory data measured at 24, 32, 72 and 80 h from hospital admittance, and at discharge

24 h 32 h 72 h 80 h Discharge

Peak flow  L·min-1

Control 146±22 151±24 163±17 178±25 203±18*
BiPAP 176±22 171±22 178±23 166±27 247±35*

V 'E L·min-1

Control 11.8±1.1 12.2±1.0 12.6±1.6 14.0±1.7 12.9±1.2
BiPAP 11.1±0.8 11.3±1.2 13.6±1.3 12.9±0.8 12.5±0.9

fR breaths·min-1

Control 24.0±3.0 22.4±2.4 22.5±2.4 23.7±2.4 20.8±1.7
BiPAP 23.7±1.5 23.9±2.7 24.2±2.3 25.2±2.4 23.1±1.4

VT mL
Control 559±78 603±77 616±81 614±60 631±69
BiPAP 480±36 498±41 608±76 561±71 570±73

VT/t I mL·s-1

Control 491±35 532±48 535±62 582±62 522±45
BiPAP 507±31 486±38 617±49 575±30 567±63

t I/t tot %
Control 0.40±0.02 0.38±0.02 0.40±0.02 0.40±0.02 0.40±0.02
BiPAP 0.37±0.01 0.39±0.02 0.37±0.02 0.38±0.02 0.39±0.02

P0.1 cmH2O
Control 2.6±0.3 3.1±0.3 3.2±0.5 3.4±0.4 2.5±0.5
BiPAP 2.9±0.3 3.2±0.3 3.4±0.5 3.2±0.5 3.5±0.5

V 'E: minute ventilation (corrected for body temperature, atmospheric pressure and water saturation (BTPS) conditions [7]); fR: res-
piratory frequency; VT/t I: mean inspiratory flow (tidal volume/inspiratory time); t I/t tot: percentage of total respiratory time used by
inspiratory time; P0.1: occlusion pressure; BiPAP: bilevel positive airway pressure; Asterisks indicate significance of differences
within groups, compared to baseline values (24 h) (*: p<0.05).  No variable was different between groups (control vs BiPAP) at
any time throughout hospitalization.

Table 3.  –  Respiratory muscle function measured at 24, 32, 72 and 80 h from hospital admittance, and at discharge

24 h 32 h 72 h 80 h Discharge

MIP  cmH2O
Control 47.0±5.5 52.4±8.0 45.7±4.6 45.4±6.1 61.4±7.8
BiPAP 34.4±5.5 45.0±5.2 50.6±7.3 42.7±5.5 52.4±6.2

MEP
Control 96.9±13.6 112.3±12.7 117.3±13.5 122.7±14.2 125.8±17.0
BiPAP 98.2±10.5 92.7±4.9 95.0±5.9 97.2±4.5 104.9±10.2

MIP: maximal inspiratory pressure; MEP; maximal expiratory pressure; BiPAP: bilevel positive airway pressure.  No variable was
significantly different between (control vs BiPAP) or within groups, at any time throughout hospitalization.
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do not require intensive care support [1, 2].  To evaluate
the role of NIVS in the routine management of COPD
patients recovering from ARF, we prospectively com-
pared two groups of patients with COPD attending the
emergency room because of ARF.  Both groups were sim-
ilar in terms of age, BMI, arterial blood gas values at
entrance and lung function tests at discharge (table 1 and
fig. 2).  In this investigation, we have evaluated the effects
of a particular NIVS strategy (6 h·day-1 for 3 days); there-
fore, our results may not be readily extrapolated to other
ventilatory paradigms (at night, all day), which may deserve
future study.  However, we consider that our investiga-
tion has explored an alternative which can be implemen-
ted in a general ward and, therefore, provides information
of clinical relevance.

We did not measure arterial blood gases values dur-
ing NIVS to assess the adequacy of ventilatory support.
However, each patient was ventilated by systematically
increasing inspiratory positive airway pressure (IPAP) to
the maximum tolerated value and there was no capacity,
therefore, to change the ventilatory paradigm (BiPAP
14.8±0.5 cmH2O, external positive airway pressure (EPAP)
5 cmH2O) in response to varying blood gas data. The
ventilatory paradigm was very similar to that used by pre-
vious investigators [12, 17]; thus, our conclusions regard-
ing the impact of optimal tolerated NIVS on outcome
appear valid.

In the current investigation, NIVS with BiPAP did not
reduce hospitalization time, as compared to the control
group. Breathlessness decreased throughout hospitaliza-
tion similarly in both groups (fig. 1).  As expected from
previous clinical experience, the standard medical ther-
apy of ARF [1] improved airway resistance (assessed
through peak flow measurements (table 2)), arterial oxy-
genation and respiratory acidosis (fig. 2) throughout hos-
pitalization in the control group. However, as shown in
fig. 2, NIVS with BiPAP did not introduce any signifi-
cant difference at any point in time (fig. 2).  Other physio-
logical parameters, such as the ventilatory pattern, the
occlusive pressure (table 2) and the maximal respiratory
pressures (table 3), were also not different between groups.
Therefore, overall, our results show that NIVS with BiPAP
(at least, under the particular ventilatory schedule empl-
oyed in this investigation) does not facilitate clinical or
physiological recovery in COPD patients hospitalized
because of ARF.  Furthermore, 4 out of the 14 patients
(29%) initially randomized to receive NIVS with BIPAP
did not tolerate it. This is a substantial percentage of
patients that argues against the routine use of NIVS in
the management of ARF in patients with COPD.

Our investigation also provides information on the
evolution of several important physiological variables
during recovery from ARF in COPD.  Although this was
not the primary aim of our study, this is of potential
interest because of the surprising paucity of data pub-
lished in the literature on such a frequent and important
clinical problem. An unexpected finding of our study
was that the P(A-a),O2 did not change throughout hospi-
talization (fig. 2). This suggests that the efficiency of
the lung to exchange gases was not enhanced, despite
medical treatment targeting the lung parenchyma (bron-
chodilators and steroids).  Preliminary data by BARBERA

et al. [19] supports this observation by showing that the
degree of ventilation-perfusion inequality (evaluated using

inert gases) also changes very little during ARF in COPD,
and that modifications of cardiac output and oxygen
uptake changes are the main determinants of arterial oxy-
genation in these patients [19].  

On the other hand, minute ventilation did not change
during recovery (table 2). This is in keeping with pre-
vious reports by AUBIER et al. [10]. However, these auth-
ors reported that during ARF patients with COPD normally
exhibit a rapid shallow breathing pattern that tends to
normalize during recovery [10].  By contrast, the venti-
latory pattern in our patients did not change throughout
hospitalization (table 2). Our baseline measurements of
ventilatory pattern were obtained 24 h after hospitaliza-
tion (table 2), not in the emergency room. Interestingly,
available measurements of breathing frequency in the em-
ergency room (n=14) are significantly higher than those
measured 24 h later (34.5±2.1 vs 23.8±1.6, respectively;
p<0.001).  This suggests that the main ventilatory changes
during ARF in COPD patients take place very early dur-
ing recovery. 

Finally, it is of note that MIP and MEP did not change
with time (table 3).  There are almost no data in the lit-
erature analysing the sequential evolution of respiratory
muscle strength in ARF [20]. To our knowledge, our
study is the first to report such measures. The lack of
changes of MIP and MEP seen in our patients through-
out hospitalization (table 3) suggests that strength fail-
ure of the respiratory muscles is not important during
recovery in these patients.  However, given that we did
not measure respiratory muscle strength in the emergency
room, the role of muscle dysfunction in the initial patho-
genesis of ARF remains to be determined.

In summary, our investigation shows that ventilatory
support with bilevel positive airway pressure does not
facilitate recovery in patients with chronic obstructive
pulmonary disease hospitalized because of acute respi-
ratory failure.  Furthermore, a substantial percentage of
patients (29%) do not tolerate noninvasive ventilatory
support.  Therefore, from these results we cannot recom-
mend the routine use of noninvasive ventilatory support
with bilevel positive airway pressure in the clinical man-
agement of acute respiratory failure in chronic obstruc-
tive pulmonary disease.  Finally, our results contribute
to a clarification of the role of various intra- and extra-
pulmonary factors that modulate gas exchange during
recovery from acute respiratory failure in patients with
chronic obstructive pulmonary disease.
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