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ABSTRACT: This case-control study was aimed to evaluate the effectiveness of negative pressure ventilation (NPV) versus conventional mechanical ventilation (CMV) for
the treatment of acute respiratory failure (ARF) in patients with chronic obstructive
pulmonary disease (COPD) admitted to a respiratory intermediate intensive care unit
(RIICU) and four general intensive care units (ICU).
Twenty-six COPD patients in ARF admitted in 1994–95 to RIICU and treated with
NPV (cases) were matched according to age (±5 yrs), sex, causes triggering ARF,
Acute Physiology and Chronic Health Evaluation (APACHE) II score (± 5 points), pH
(±0.05) and arterial carbon dioxide tension (Pa,CO2) on admission with 26 patients
admitted to ICU and treated with CMV (controls). The primary end points of the
study were inhospital death for both groups and the need for endotracheal intubation
for cases. The secondary endpoints were length and complications of mechanical ventilation and length of hospital stay.
The effectiveness of matching was 91%. Mortality rate was 23% for cases and 27%
for controls (NS), five cases needed endotracheal intubation, four of whom subsequently died. The duration of ventilation in survivors was significantly lower in cases
than in controls, with a median of 16 h (range 2–111) versus 96 h (range 12–336)
(P<0.02), whereas the length of hospital stay was similar in the two groups, with a
median of 12 days (range 2–47) for cases vs 12 days (range 3–43) (NS) for controls. No
complications were observed in cases, whereas three controls developed infective
complications.
These results suggest that negative pressure ventilation is as efficacious as conventional mechanical ventilation for the treatment of acute respiratory failure in patients
with chronic obstructive pulmonary disease and that it is associated with a shorter
duration of ventilation and a similar length of hospital stay compared with conventional mechanical ventilation.
Eur Respir J 1998; 12: 519–525.

Patients with chronic pulmonary disease frequently
need mechanical ventilatory support for acute exacerbation of the disease. In these patients, however, endotracheal intubation and mechanical ventilation lead to several
complications including tracheal injury, barotrauma, nosocomial pneumonia, and weaning difficulty [1]. Complications and difficulty in weaning are the major factors in
increasing the duration of hospitalization and for high
costs, principally linked to the length of stay in very expensive facilities such as intensive care units (ICU).
It has been shown that, in chronic obstructive pulmonary
disease (COPD) patients with acute respiratory failure
(ARF), noninvasive positive pressure ventilation (NIPPV)
reduces the need for endotracheal intubation [2–4], the
length of hospital stay [2, 3] and the inhospital mortality
rate [2–5], compared with standard therapy. The impleFor editorial comment see page 515
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mentation of NIPPV at a much earlier stage in the course
of respiratory failure than that at which intubation is normally considered could prevent the development of a
severe acidosis, which has been found to be a poor prognostic feature for recovery [6]. The selection of patients is
a crucial factor in the success of NIPPV [7] and this means
that patients more severely ill than those included in previous studies [2–5] could not benefit from noninvasive
mechanical ventilation; in these cases, conventional
mechanical ventilation after intubation must be provided
promptly. A recent study, however, has reported that
COPD patients with severe respiratory acidosis and hypercapnic coma were successfully treated with a noninvasive
ventilatory technique using negative pressure ventilation
[8]. Direct comparisons between noninvasive and conventional mechanical ventilation in the treatment of COPD
patients with ARF are scarce. In the only retrospective
study, published recently by VITACCA et al. [9], the control
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group was historical. The present study compared COPD
patients with ARF admitted to two different settings: a
respiratory intermediate intensive care unit (RIICU) where
negative pressure ventilation (NPV) was used as the first
line of treatment and a general ICU where conventional
mechanical ventilation (CMV) was used as the first line of
treatment. The aim of this matched study was to investigate whether there were differences in the outcome and
complications which could be related to the different ventilatory treatments employed.

Patients and methods
Study design and patient selection
This matched, retrospective, cohort study was performed in patients with COPD in ARF who were admitted to
the RIICU of Careggi Hospital, Florence, and to the ICU of
Careggi Hospital, Florence, Annunziata Hospital, Florence,
Santa Maria Nuova Hospital, Florence, and San Cosma e
Damiano Hospital, Pescia, from January 1 1994 to December 31 1995. The patients admitted to the RIICU and
submitted to NPV were designated as "cases" and those
admitted to ICU and submitted to CMV as "controls". The
level of assistance (nurse/patient ratio) was different in the
two settings: 1/3 for the RIICU and 1/1 for the ICU.
Definitions
Cases. Patients admitted to the RIICU with the inclusion criteria of COPD and ARF and the need for endotracheal intubation were designated as cases. The diagnosis
of COPD was established when, in a clinical stable condition, the forced expiratory volume in one second (FEV1)
was 70% predicted and FEV1/vital capacity (VC) was
lower than 70% after bronchodilators. In the absence of
lung function measurements, COPD was defined by the
following criteria: a history of productive chronic cough
and dyspnoea dating over 10 yrs in heavy smokers and
radiological evidence of hyperinflation.
ARF was defined as a condition of acute exacerbation
of the chronic disease characterized by at least three of
the following criteria: acute worsening of dyspnoea, signs
of right heart failure (ankle oedema), severe hypoxaemia
(arterial oxygen tension (Pa,O2)/inspiratory oxygen fraction (FI,O2) <31.9), hypercapnia (arterial carbon dioxide
tension (Pa,CO2) >9.3 kPa) and blood pH <7.30.
The need for endotracheal intubation and mechanical
ventilation was established on the basis of clinical and
blood gases worsening despite intensive pharmacological
treatment and optimal oxygen administration or when a
comatose state was present.
Exclusion criteria were: postoperative conditions,
restrictive disorders (kyphoscoliosis, neuromuscular disorders, fibrothorax) as the cause of chronic respiratory
failure, neurological disorders unrelated to hypercapnia or
hypoxaemia, acute myocardial infarction, left heart failure, adult respiratory distress syndrome, acute and chronic
renal failure, neoplasia and pulmonary embolism.

Controls. A control was defined as a patient similar to a
case but admitted to an ICU. The variables used for matching individual cases were the following: age (±5 yrs),
sex, causes triggering ARF, Acute Physiology and Chronic
Health Evaluation (APACHE) II [10] score calculated
within the first 24 h of admission (±5 points), blood pH on
admission (±0.05), Pa,CO2 on admission (±0.8 kPa of the
value for the case when that value was <9.3 kPa and
within 1.6 kPa when the value was Š9.3 kPa). When more
than one potential control was well matched to a case, the
control with the nearest data was selected.
The comparability of the two groups was evaluated on
the basis of the following data on admission: the Pa,O2/
FI,O2 ratio, the plasma bicarbonate levels and the Glasgow
coma score [11]. Moreover, values of arterial blood gases
at the time of discharge in survivors were analysed as further criteria of comparability.
Pulmonary functional data performed in a stable condition 1–12 months before ARF were considered for further
evaluations.
Modalities of treatment and outcome assessment.
All patients received oxygen therapy in order to obtain
a Pa,O2 between 8–9.3 kPa, as well as standard drugs
(inhaled β2 agonists, cardiokinetic agents, i.v. aminophylline, i.v. diuretics, i.v. steroids and i.v. antibiotics). When
medical treatment failed the patients admitted to RIICU
(cases) were treated with NPV as a first line therapy provided by the iron lung (Mod. CZ800 and Mod.C 900;
Coppa Co., Biella, Italy), whereas the patients admitted to
the ICU (controls) were treated with traditional mechanical ventilation, after endotracheal intubation. In these
patients the following ventilatory modalities were applied:
controlled mechanical ventilation (eight patients), pressure-controlled ventilation (12 patients) and assisted control ventilation (six patients), followed by pressure support
ventilation.
Iron lung settings for cases were similar to those
reported previously [8]. The ventilatory treatment was
carried out continuously until the recovery of a good level
of spontaneous breathing. Then, ventilatory treatment was
provided intermittently until stable levels of blood pH
(7.37–7.40) were reached. The ventilator was set at a rate
ranging from 11–27 breaths·min-1 on the basis of the respiratory frequency of patients; the negative pressures were
chosen to elicit a tidal volume (VT) at least 6 mL·kg-1
(recorded at the mouth by means of a Wright's ventilograph).
The ventilatory treatment with the iron lung was judged
to be inadequate when there was evidence of an insufficient control of the upper airways or when one of the following conditions occurred: a) satisfactory ventilation (VT
>5 mL·kg-1) and a substantial improvement in gas exchange
(Pa,CO2 decrease of <1.3 kPa and Pa,O2 >8 kPa within 1
hour of the start of mechanical ventilation) could not be
obtained despite optimal setting of the ventilator, or b)
worsening of the comatose state despite an improvement
in gas exchange (within 12–24 h of the start of mechanical ventilation). Under these circumstances, endotracheal
intubation was performed and mechanical ventilation was
provided by means of the iron lung. The setting of the iron
lung was properly modified in order to obtain a VT at least
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6 mL·kg-1 and oxygen was provided through a lateral port
of a piece tube added to the endotracheal tube. When the
iron lung failed to maintain adequate oxygenation, intermittent positive pressure ventilation was given. Endotracheal intubation was not performed when patients (or
relatives when the patient was unconscious) refused this
procedure.

Definition of the study endpoints
To assess the efficacy of both ventilatory techniques in
each individual patient, primary endpoints were defined
as death during ICU stay in patients treated with conventional mechanical ventilation and with the iron lung or the
need for intubation due to inefficacy of the iron lung.
Treatment failure was defined as death for controls and as
death or the need for endotracheal intubation for cases.
Secondary endpoints were complications (pneumonia,
pneumothorax) linked to mechanical ventilation, duration
of ventilatory assistance and length of ICU stay.

Statistical evaluation
Continuous variables were compared using the Student's t-test for normally distributed variables and the
Wilcoxon rank sum test for non-normally distributed variables. The McNemar test with continuity correction was
used to compare the mortality and the treatment rates
between the two groups [12]. The odds ratio of mortality
and treatment failure rate with the relative 95% confidence interval (CI) was determined using the Mantel and
Haenszel method [12]. A p-value <0.05 was considered as
statistically significant. Unless otherwise indicated, all
data are presented as mean±SD.
Results

Patients included in the study
Out of a total of 283 patients with COPD in ARF,
admitted to the RIICU in Florence and the three ICUs in
Florence and the ICU in Pescia from January 1 1994 to
December 31 1995, 26 pairs met the inclusion criteria and
were therefore evaluated. The patients reported herein
included no cases of readmission. The patients' location
prior to admission to the RIICU and ICU was: emergency
room in 11 and 13 patients, respectively, and medical division in 15 and 11 patients, respectively.

Effectiveness of matching
In the matched groups, 100% were age matched to
within 5 yrs; 100% were sex matched, 69% had the same
causes triggering ARF, 100% had an APACHE II score
within 5, 100% had a blood pH on admission within 0.05
and 77% had a Pa,CO2 within the defined criteria (table 1).

Table 1. – Results of matching of cases to controls using
six criteria
Criterion

Proportion of cases
matched to controls
n/n
%
26/26
100
26/26
100
18/26
69
26/26
100
26/26
100
20/26
77

Age ±5yrs
Sex
Causes triggering ARF
Apache II score ±5
pH on admission ±0.05
Pa,CO2 on admission
±6 when the value was <70 mmHg
and ±12 when the value was Š70
mmHg
ARF: acute respiratory failure; Pa,CO2: arterial carbon dioxide
tension. APACHE: Acute Physiology and Chronic Health Evaluation. (1 mmHg = 0.133kPa.)

The overall effectiveness of matching for the variables
used reached 91%.
Concerning the variables used for matching (table 2)
the median age was 72 yrs (range 54–82) for the cases and
70.5 yrs (range 50–85) for the controls. The median
APACHE II score was 26 (range 17–33) and 24.5 (range
14–38) for the cases and controls, respectively. The most
frequent cause triggering ARF was exacerbation (77%
and 84.6% for the cases and controls, respectively),
whereas pneumonia caused ARF in 19% of cases and
15% of controls. In one patient in the cases group, sedation was responsible for ARF. The median blood pH on
admission was 7.25 (range 7.02–7.33) for the cases and
7.23 (range 7.03–7.35) for the controls. Among the cases,
the median Pa,CO2 on admission was 12.8 kPa (range 10–
16) compared with 11.9 kPa (range 8.5–16.1) among the
controls. The sex ratio was the same in the two groups.
The comparability of the two groups was also assessed by
comparing six other criteria that evaluated the severity of
ARF on admission and the level of chronic respiratory
failure at discharge (table 3). There was no significant difference in these variables between the cases and controls.
The respiratory functional data of both groups of
patients are reported in table 4. These data were available
in 33% of all patients (10 cases and seven controls). The
degree of hyperinflation was similar in the two groups,
whereas bronchial obstruction tended to be lower in the
cases (FEV1 31.1±9.5% pred) than in the controls (FEV1
42.7±16.1% pred). This difference, however, was not statistically significant.
Table 2. – Clinical factors used for matching
Cases
Controls
Sex, M/F
15/11
15/11
Age, yrs*
70.9±7.2 69.9±8.9
Causes triggering ARF†
Exacerbations
20
22
Pneumonia
5
4
Sedative agents
1
0
APACHE II score*
24.9±4.7 24.5±4.9
pH on admission*
7.24±0.07 7.23±0.08
12.7±1.5 11.9±1.7
Pa,CO2 on admission kPa*
M: male; F: female; ARF: acute respiratory failure; Pa,CO2:
arterial carbon dioxide tension. APACHE: Acute Physiology
and Chronic Health Evaluation. *mean±SD; †: number.
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Table 3. – Comparison of unmatched criteria
Cases
Controls
24.0±6.3
23.1±5.8
Pa,O2/FI,O2 on admission kPa
HCO3 on admission mmol·L-1
40.3±4.3
38.7±4.2
10.9±3.6
11.6±3.6
Glasgow Coma Score on admission
39.3±3.8
38.6±5.9
Pa,O2/FI,O2 at discharge* kPa
7.6±1.6
7.9±1.8
Pa,CO2 at discharge* kPa
7.39±0.04 7.39±0.05
pH at discharge*
Value are expressed as mean±SD. *: these values refer to survivors. Pa,O2: arterial oxygen tension; FI,O2: inspiratory oxygen
fraction; Pa,CO2: arterial carbon dioxide tension. There were no
statistically significant differences between the groups.

Primary endpoints

Table 5. – Treatment failure, deaths and complications in
cases and controls
Number of Treatment
Deaths Pneumonia
patients
failure
Cases
26
7
6
0
(26.9)
(23.1)
Controls
26
7
7
3
(26.9)
(26.9)
Data are expressed as number of subjects with percentage rate
in parentheses. There were no statistically significant differences between the groups.

Three controls developed pneumonia during mechanical ventilation, which was fatal in one of them.

Mortality. The mortality rate in cases was 23.1%, compared with 27% for the controls (table 5). Seventeen pairs
had a concordant outcome (15 surviving pairs and two
nonsurviving pairs), leaving nine pairs with a discordant
outcome. Among the discordant pairs McNemar's test
showed no significant difference (χ2=0.0, NS). The estimated mortality risk ratio was 0.8 (95% CI: 0.26–1.08).
Among the six cases who died (all during hospitalization), three were not weaned but refused endotracheal
intubation and three, even though weaned, died of extrarespiratory complications such as cardiac arrest (n=2) and
sepsis (n=1).
Among the seven controls who died, five were not
weaned and two, even though weaned, died from acute
myocardial infarction 36 and 150 h, respectively after the
discontinuation of ventilatory treatment.

Duration of mechanical ventilation. Mechanical ventilation in survivors was applied for a median of 4.5 (1–17)
days in the cases and a median of 4 (1–14) days in controls. The analysis performed among the 15 concordant
surviving pairs showed no significant differences. The
total number of hours of mechanical ventilation was lower
in the cases, with a median of 16 (range 2–111) h, than in
the controls, with a median of 96 (12–336) h; the difference in the 15 concordant surviving pairs was statistically
significant (p<0.02, fig. 1).

Treatment failure. The treatment failure was 27% in cases
and 27% in controls (table 5). Sixteen pairs had a concordant outcome. Among the 10 discordant pairs McNemar's test showed no statistical difference (χ2=0.1, NS). The
estimated treatment failure risk ratio was 1 (95% CI:
0.46–2.46). Five cases needed intubation, but three refused it; four of these five patients subsequently died.

Discussion

Hospital stay. The median length of stay in the ICU for
the cases who survived was 12 (range 2–47) days, while
the median for the controls was 12 (range 3–43) days. Statistical analysis of the 15 matched pairs that survived did
not show any significant difference (fig. 2).

The data in this study failed to demonstrate a difference
in either the mortality rate or the length of stay in the ICU
between patients with COPD and ARF treated with noninvasive ventilation in RIICU and those treated with conventional mechanical ventilation in the ICU. However, the

Secondary endpoints

Table 4. – Respiratory functional data of chronic obstructive pulmonary disease patients in acute respiratory
failure
Cases
Controls
Number of patients
10
7
FEV1 % pred
31.1±9.5
42.7±16.1
67.3±13.8
75.3±26.4
VC % pred
34.5±9.8
39.6±6.2
FEV1/VC
145±25.0
145±42
RV % pred
104±9.4
98±17
TLC % pred
Values are expressed as mean±SD. FEV1: forced expiratory volume in one second; VC: vital capacity; RV: residual volume;
TLC: total lung capacity. There were no statistically significant
differences between the groups.

Duration of ventilation h

Complications. None of the cases developed infective
complications during the ventilatory treatment or during
hospitalization. Two patients reported uneasiness and back
pain and two others suffered vomiting during NPV.

+

100
80
60
40
20
0
Cases

Controls

Fig. 1. – Total duration of ventilation (median) in the two groups of
patients treated with negative pressure ventilation (cases) and conventional positive pressure ventilation (controls). +: p<0.02, significant difference between groups.
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Length of stay days

12
10
8
6
4
2
0
Cases

Controls

Fig. 2. – Length of hospital stay (median) in the two groups of patients
treated with negative pressure ventilation (cases) and conventional positive pressure ventilation (controls).

duration of mechanical ventilation needed to regain a stable clinical condition was significantly shorter in patients
treated with NPV than in those with CMV.
This retrospective study is the first to compare formally a noninvasive ventilatory technique with conventional
mechanical ventilation for the treatment of COPD patients
in ARF. A crucial factor for the validity of this study is the
success in matching cases and controls for important confounding variables, especially the severity of ARF. Five variables significantly related the outcome in COPD patients
admitted to the ICU for ARF were used for matching
cases and controls: age [13, 14], cause of exacerbation [15,
16], blood pH on admission [17, 18], Pa,CO2 on admission
[19, 20] and APACHE II score [21]. In addition, because
some studies have reported that sex affects long-term survival in COPD patients [22, 23], cases and controls were
matched for sex. The overall effectiveness of matching for
these variables reached 91%. To verify the adequacy of
the matching for severity of chronic disease and ARF, the
cases and controls were compared with respect to eight
other potentially confounding variables, including the
plasma bicarbonate concentration on admission (a reflection of the degree of chronic hypercapnia), the Pa,O2/FI,O2
ratio on admission and Glasgow Coma Score. No significant differences were observed in these indices between
cases and controls. It was thus assumed that the patients in
the two groups were comparable with regard to the severity of both the chronic respiratory disease and acute
decompensation. The degree of bronchial obstruction, analysed in a subgroup of patients, tended to be more severe
in cases than in controls. However, because it has been
reported [24] that in COPD patients a low FEV1 is a negative prognostic factor for the outcome of acute decompensation, this finding may be considered an aggravating
prognostic factor for cases.
The RIICU can be considered as a reasonable alternative to the ICU for patients with less severe acute respiratory failure [25]. The data in the present study, however,
suggest that even though there was a difference between
the RIICU and ICU concerning the level of assistance
(nursing/patient ratio: 1/3 in RIICU and 1/1 in ICU) and
the modalities of ventilation, the outcome was also similar
for COPD patients with severe ARF.
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Intubation and mechanical ventilation of patients (especially those with COPD) may cause significant complications [1, 26, 27] which may, in turn, be associated with a
poor outcome [26] and poor prognosis at 12 months [4, 9,
24]. Mortality rates following intubation and mechanical
ventilation range from 22% [24] to 80% [28]. SLUITER et al.
[29] reported a high mortality rate (78%) in COPD
patients with ARF who failed conservative treatment before being intubated and mechanically ventilated. It has
been suggested [30], however, that this negative result
could be related to the selection of patients with a poor
prognosis rather than to any inherent risk of mechanical
ventilation itself. This suggestion has recently been confirmed by SENEFF et al. [13], who showed that conventional
mechanical ventilation in COPD patients on admission to
the ICU did not influence either short- or long-term outcome. The present data are in keeping with this suggestion. The present study failed to demonstrate a difference
in the mortality rate between patients treated with conventional mechanical ventilation and those treated with
noninvasive ventilation, considering that the degree of
severity of acute illness and chronic functional impairment were shared equally between the two groups. Moreover, this result suggests that the use of NPV in the
management of COPD patients with ARF exposes the
patients to at least the same risk of death as that of conventional mechanical ventilation. It has been reported that
NPPV is more successful than medical treatment alone in
avoiding endotracheal intubation and its attendant complications [2–4] and in reducing the mortality rate [2, 3, 5]
and the length of hospital stay [2, 4] in selected COPD
patients with ARF. The exact time at which noninvasive
ventilation should be introduced is not clear, but it should
be used sooner rather than later [31]. The study by BROCHARD
et al. [2] showed that endotracheal intubation, even
though associated complications which, in turn lead to a
lengthening in hospital stay, is at this time the only alternative in patients who failed to improve with noninvasive
mechanical ventilation; eight out of 11 (73%) patients who
failed NPPV survived after employing conventional mechanical ventilation and were discharged after 40±22 days of
hospital stay. The present study, although retrospective, is
the first to compare NPV with CMV after intubation for
the treatment of COPD patients with ARF. The results
obtained in terms of mortality rate suggest that NPV is as
effective as CMV and that the noninvasive ventilatory technique avoided endotracheal intubation in 81% of cases;
only five patients needed intubation for the lack of effectiveness of NPV. This rate in preventing intubation is similar to that previously reported in COPD patients treated
with noninvasive positive pressure ventilation [2, 3, 9].
ICUs are very precious and expensive resources; the
high costs are principally linked to nursing [32]. The treatment of acute chronically ill patients in ICUs has created
and continues to create ethical and economic concerns
[33, 34]. The possibility of treating these patients in units
with lower costs and a good level of assistance could represent a valid alternative to the use of traditional critical
care units [35–38]. Patients with acute on chronic respiratory failure may experience a prolonged stay in the ICU,
not only for the severe disease underlying ARF [25] but
also for ICU-related complications [1]. The hours of
mechanical ventilation were significantly fewer in patients
treated with NPV than in those with CMV; this finding
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could be important because the duration of mechanical
ventilation is a critical factor for the development of several complications [39]. The difference in duration of
mechanical ventilation between cases and controls is remarkable; it must be considered, however, that during
CMV, frequent use of sedatives and neuromuscular blocking agents may contribute to the prolonged application of
mechanical ventilation. Furthermore, as reported by ESTEBAN et al. [40], in COPD patients in ARF the weaning
period accounted for 59% of the total duration of CMV.
This point needs further evaluation, given that the present
study was retrospective and no standardized criteria for
CMV were employed. The data in this study show that
three patients treated with CMV in the ICU developed
pneumonia, whereas none of the patients treated with NPV
in the RIICU developed any infective complications. However, there was no difference in the length of hospital stay
between patients treated noninvasively in the RIICU and
those treated with CMV in the ICU. The different nurse/
patient ratio in the two different settings could justify different costs in favour of an intermediate respiratory care
unit.
The data reported in this study must be analysed with
caution, bearing in mind some limitations. The retrospective design, the different teams involved in the management of these particular patients, which could imply
different expertise, and a possible difference in the medical treatment employed could all influence the results. It
must be stressed, however, in both settings that the study
was carried out with the level of assistance assured by
well-trained personnel with a high level of expertise and
was performed during the same period, which is a guarantee of the same medical treatment used in the two settings.
In conclusion, the data of this preliminary study suggest
that negative pressure ventilation is as effective as conventional mechanical ventilation in preventing death, which
may occur during acute respiratory failure in patients with
chronic obstructive pulmonary disease. Treatment of chronic obstructive pulmonary disease patients with acute respiratory failure in a respiratory intermediate intensive care
unit seems to be as safe as an intensive care unit but less
costly and this point is particularly important where economic resources are limited. A prospective, randomized
cost-effectiveness study comparing the two strategies may
be justified.
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