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Study objective: Noninvasive ventilation has been shown to be effective in patients with acute
respiratory failure due to pulmonary edema and exacerbations of COPD. Its role in an acute
asthmatic attack, however, is uncertain. The purpose of this pilot study was to compare
conventional asthma treatment with nasal bilevel pressure ventilation (BPV) [BiPAP; Respironics;
Murrysville, PA] plus conventional treatment in patients with a severe asthmatic attack admitted
to the emergency department.
Design: A prospective, randomized, placebo-controlled study.
Setting: An emergency department at a university hospital.
Patients: Thirty patients with a severe asthma attack were recruited from a larger group of 124
asthmatic patients seen in the emergency department. Fifteen patients were randomly assigned
to BPV plus conventional therapy and 15 patients to conventional therapy alone. The two groups
had similar clinical characteristics on hospital admission. Mean (� SD) FEV1 on recruitment was
37.3 � 10.7% in the BPV group and 33.8 � 10.2% in the control group (p � not significant).
Interventions and measurements: BPV with predetermined inspiratory and expiratory pressures
was applied for 3 h in the BPV group; in the control group, a similar sham device with
subtherapeutic pressures was applied for 3 h. Bedside lung function test results and vital signs
were obtained at baseline, and during and at the completion of the study protocol.
Results: The use of BPV significantly improved lung function test results. Eighty percents of the
patients in the BPV group reached the predetermined primary end points (an increase of at least
50% in FEV1 as compared to baseline), vs 20% of control patients (p < 0.004). Mean rise in FEV1
was 53.5 � 23.4% in the BPV group and 28.5 � 22.6% in the conventional treatment group
(p � 0.006). The intention-to-treat analysis of the secondary end point rate of hospitalization
included 33 patients. Hospitalization was required for 3 of 17 patients (17.6%) in the BPV group,
as compared with 10 of 16 patients (62.5%) in the control group (p � 0.0134).
Conclusion: In selected patients with a severe asthma attack, the addition of BPV to conventional
treatment can improve lung function, alleviate the attack faster, and significantly reduce the need
for hospitalization. (CHEST 2003; 123:1018–1025)
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Abbreviations: BPV � bilevel pressure ventilation; CPAP � continuous positive airway pressure; NS � not significant;
PEEP � positive end-expiratory pressure; PEFR � peak expiratory flow rate

N oninvasive positive pressure ventilation im-
proves gas exchange and clinical outcome in

various types of acute respiratory failure. It has been

shown to be effective in conditions such as conges-
tive heart failure with pulmonary edema and exacer-
bation of COPD.1–7 In many ways, acute asthmatic
attacks are similar to exacerbations of COPD. There
is in both an increase in inspiratory and expiratory
indexes of airway obstruction accompanied by a
significant dynamic hyperinflation and generation of
a large negative pleural pressure that is needed to
overcome the increased end-expiratory intrathoracic
pressure and airway resistance.8–11

The progressive decline in FEV1 during an asth-
matic attack is associated with a proportional in-
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crease in the inspiratory work of breathing,8 contrib-
uting to inspiratory muscle fatigue. Together with
increased physiologic dead space and ventilation-
perfusion mismatch,12,13 the attack may culminate in
a worsening hypoxemia with hypercarbia and respi-
ratory failure.

Continuous positive airway pressure (CPAP) has
been reported to have a bronchodilatory effect in
asthma,14 to unload fatigued inspiratory muscles, and
to improve gas exchange.15,16 It also prevents metha-
choline- and histamine-induced asthma.15,17 Nonin-
vasive ventilatory support in the form of bilevel
pressure ventilation (BPV) increases tidal volume,18

and has the advantage of adding external positive
end-expiratory pressure (PEEP) to offset the intrin-
sic PEEP that builds up during an asthmatic attack,19

thus further decreasing the work of the inspiratory
muscles. The indications that BPV might be benefi-
cial in asthma have not been supported by controlled
studies; therefore, we designed a prospective,
randomized, placebo-controlled study to examine
whether BPV might be beneficial in selected patients
with a severe attack of asthma presenting at the
emergency department.

Materials and Methods

Study Design and Patient Selection

The study was approved by the Institutional Ethics Committee
and by the National Helsinki committee. All patients gave written
informed consent. Between November 1999 and April 2000, we
screened all adults aged 18 to 50 years with an acute attack of
bronchial asthma, who presented at the emergency department
of Asaf Harofe Medical Center, with an asthma attack of � 7 days
in duration and a history of asthma of at least 1 year.

On admission to the emergency department, all patients
judged by the attending physician as having an acute attack of
asthma were first treated with nebulized salbutamol, 2.5 mg, and
ipratropium, 0.25 mg. Half an hour later, spirometry was per-
formed (Spyro Analyzer ST-90; Fukuda Sangyo; Chiba, Japan).
Each time, at least three readings were made. In accordance with
the American Thoracic Society guidelines for reproducibility
criteria,20 a variance of � 0.2 L was allowed between the tests,
and the best of the three results was then recorded; however,
should the FEV1 tested be � 2 L, a reproducibility variance of
� 10% would have been used.

In order to be eligible to enter the study, the patient had to
fulfill all four of the following severity criteria: FEV1 � 60% of
predicted by age, height, and gender; respiratory rate � 30
breaths/min; history of asthma of at least 1 year; and duration of
current asthma attack of � 7 days. The rationale behind the last
two inclusion criteria was to include only those patients with
diagnosed asthma that was well established and being treated,
and to exclude patients with chronic obstructive lung diseases
other than asthma. Patients with any of the following were
excluded: smoking history of � 10 years, a known chronic
pulmonary disease other than asthma, an emergency intubation
for cardiorespiratory resuscitation, hemodynamic instability de-
fined as heart rate � 150 beats/min, or systolic BP � 90 mm Hg,
altered state of consciousness, congestive heart failure, ischemic

heart disease, upper airway obstruction, facial deformity, preg-
nancy, and pulmonary infiltrates consistent with pulmonary
edema or pneumonia.

Of the screened patients, those who fulfilled the inclusion
criteria for entering the study were randomly assigned to receive
either conventional treatment combined with ventilatory support
with BPV or conventional treatment plus sham BPV (control
group). In both groups during the 3 h of the trial, interruption of
the BPV application was allowed only for the following reasons:
performance of spirometry, nebulization of aerosolized broncho-
dilators via a small-volume nebulizer, or clearance of secretions.
Interruption of the BPV application was allowed for not � 5 min
each time.

Conventional medical management in the two groups was
similar and consisted of salbutamol, 2.5 mg, and ipratropium,
0.25 mg, nebulized on average once an hour, and IV corticoste-
roids (either methylprednisolone or hydrocortisone) at the dis-
cretion of the attending physician. In both groups, BPV was
interrupted each time to deliver aerosolized bronchodilators via a
separate small-volume nebulizer. Oxygen was administered as
needed with the goal of keeping oxygen saturation above 95%. All
patients underwent blood gas analysis (blood samples were drawn
while patients were breathing room air), CBC count, determina-
tion of serum electrolytes, and chest radiograph at the outset.

After randomization, in both groups in addition to conventional
medical management, BPV was applied through a nasal mask
secured with head straps. In the control group, a subtherapeutic
BPV (sham BPV) was applied, while in the BPV group therapeu-
tic BPV with predetermined pressures was applied. In both
groups, BPV was applied for not � 3 h.

The primary end point was improvement in lung function test
results and was defined as an increase of at least 50% in FEV1 as
compared to baseline value on hospital admission or an increase
in FEV1 to � 60% of the predicted value. Primary end points
were evaluated at the end of 3 h of BPV application. One hour
later, primary end points were reevaluated again. The same
primary end points in addition to clinical judgment were used by
the attending physician as a criteria for discharge from the
emergency department.

Secondary end points were the need for hospitalization and the
occurrence of respiratory failure with the need for mechanical
ventilation. Follow-up was 1 month following discharge from the
emergency department, and readmission rate to the emergency
department or to the hospital was recorded.

Conventional Treatment Group

Patients in this group were treated conventionally with nebu-
lized salbutamol, 2.5 mg, and ipratropium, 0.25 mg, administered
hourly along with IV corticosteroids as determined by the
attending physician. Oxygen was given to maintain saturation at
95%. As a control group and in order to minimize the possibility
of bias from the attending physicians and from the patients
themselves, subtherapeutic BPV (sham BPV) was applied
through a nasal mask for 3 h. Inspiratory and expiratory pressures
were set at 1 cm of water. In addition, four large holes (3 mm in
diameter) were made in the tube connecting the apparatus and
the nasal mask. This was done in order to minimize the thera-
peutic effect that such low pressures could have and in order to
allow unlimited flow of air to the patient. As another means of
precaution, patients in this group were not instructed to breath
solely through their nasal mask, and oral breathing was allowed.
This was done in order to offset any flow limitation or other side
effects that a subtherapeutic nasal mask could have.

Spirometry, oxygen saturation, BP, heart rate, and respiratory
rate were recorded at time zero, and 15 min, 30 min, 60 min, 2 h,
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and 3 h after beginning the trial. In addition to vital signs,
spirometry was performed again 1 h after the end of BPV
application.

Ventilatory Support Group With BPV

In this group, BPV was applied through a nasal mask secured
with head straps (BiPAP model ST; Respironics; Murrysville,
PA). Inspiratory pressure was set at 8 cm H2O and was increased
gradually by 2 cm H2O every 15 min to a maximum of 15 cm
H2O, or until a respiratory rate of � 25 breaths/min was reached,
whichever came first. Expiratory pressure was set at 3 cm H2O
and was increased gradually by 1 cm H2O every 15 min to a
maximum of 5 cm H2O. The gradual increase in both the
inspiratory and expiratory pressures was aimed at increasing
patient comfort and patient compliance. These values were set in
a rather arbitrary manner, and were designed to provide what
would be considered by most as a mild PEEP (external) and
mild-to-moderate inspiratory pressure support. As opposed to the
control group, breathing through the mouth was discouraged,
and patients in this group were instructed to breath only through
the nasal mask.

Vital signs and spirometry were performed at the same time
intervals as in the control group. Bedside spirometry and vital
signs were recorded also 1 h after completion of 3 h of BPV
treatment. One hour after completion of the trial, patient data
including spirometry results (mainly FEV1 and peak expiratory
flow rate [PEFR]) and vital signs were presented to the attending
physician. The attending physician would then make a decision
regarding hospitalization and/or continuation of conventional
treatment based on spirometric data and clinical grounds. Crite-
ria used by the attending physician were similar to the primary
end point, ie, an increase of at least 50% in FEV1 as compared to
baseline value on hospital admission or an increase in FEV1 to
� 60% of the predicted value. The investigating team did not
intervene in decision making regarding discharge or admission to
the hospital or in the treatment plan. Neither the patient nor the
attending physician knew the patient’s assigned group and thus
were blinded to the results of the randomization. Since respira-
tory pressures had to be titrated individually to each patient,
knowledge of the patient’s assigned group could not be concealed
from the investigating team.

Statistical Analysis

The primary outcome variable was improvement in lung
function test results during a short period stay in the emergency
department, and the secondary end point was the need to
hospitalize. Results are given as mean � SD, and the group
means were compared by t test. All tests and p values are
two-tailed. A p value of � 0.05 was considered statistically
significant. Categorical data were analyzed using the �2 test.
Yates correction was used for a two-by-two table.

The study population for the secondary end point analysis—the
rate of hospitalization—was defined as all patients who were
randomized and entered the study, either to the control group or
to the BPV group. An intention-to-treat analysis was performed
for this secondary variable using a two-tailed Fisher exact test.
The SPSS statistical software package (SPSS; Chicago, IL) was
used.

Results

During the study period, a total of 124 asthmatic
patients were seen at the emergency department.

Two patients had pneumonia, and 85 patients pre-
sented with an FEV1 � 60% of predicted; therefore,
these patients were excluded. Thirty-seven patients
(29.8%) fulfilled the severe asthma inclusion criteria,
and 4 patients refused to participate in the study.
Three patients, one of them in the control group,
could not tolerate the nasal mask and did not
complete the 3-h protocol; they were withdrawn
from the study. Altogether, 30 patients entered the
study, and all completed the study protocol without
any side effects. Except for the two patients with
pneumonia, none of the 85 patients who did not
meet the inclusion criteria for entering the study,
and none of the 3 patients who were withdrawn from
the study were hospitalized.

Patient characteristics in both groups were similar
(Table 1). The mean FEV1 on recruitment was
similar in both groups: 37.27 � 10.7% of predicted
in the BPV group and 33.8 � 10.2% in the control
group. FVC was similar as well: 48.27 � 11.87% in
the BPV group and 48.6 � 16.05% in the control
group.

Results of blood gas analysis on hospital admission
were similar: there was a mild hypocarbia in both
groups (mean Paco2 in the BPV group, 33.59 � 3.48
mm Hg; control group, 34.29 � 5.41 mm Hg). Arte-
rial oxygen tension was slightly decreased:
82.85 � 38.72 mm Hg in the BPV group and
85.82 � 29.6 mm Hg in the control group. Regular
use of medications was similar as well, including the
regular use of inhaled corticosteroids.

Patients in both groups received a similar amount
of nebulizations with salbutamol and ipratropium
and similar doses of IV corticosteroids (Table 2).
Table 3 demonstrates the different characteristics of
the patients in both groups by the end of 3 h and 4 h
of treatment. The mean rise in FEV1 in the BPV
group at 3 h of treatment was 56.13 � 16.3%, an
improvement of 51.08 � 19.3% as compared to an
improvement of 24.08 � 23.6% in the control group
(p � 0.002). By the end of 4 h of treatment, mean
FEV1 increased to 57.4 � 17.7% in the BPV group,
an improvement of 53.53 � 23.4% as compared to
an improvement of 28.46 � 22.6% in the control
group (p � 0.006).

Figure 1 demonstrates the inspiratory and expira-
tory positive airway pressure during 3 h of treatment
in the BPV group. It shows that most of the pressure
increments occurred during the first 30 min to 1 h;
thereafter, inspiratory and expiratory pressures did
not change significantly. Although the study protocol
allowed increments in inspiratory pressure of up
to 15 cm H2O, by the time inspiratory pressure of
14 cm H2O was reached, respiratory rate has de-
creased in all but three patients to � 25 breaths/min.
These three patients were also those patients who
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were hospitalized. We did attempt to increase in-
spiratory pressure to a maximum of 15 cm H2O in
these three patients; however, they did not tolerate it
and inspiratory pressures were decreased quite rap-
idly back to 14 cm H2O in two patients and back to
12 cm H2O in one patient. As a result, during the
study none of the patients received an inspiratory
pressure of � 14 cm H2O.

Figure 2 demonstrates the increase in FEV1 dur-
ing 3 h of BPV application. The increase was steady
and continued for another hour after termination of
BPV. There was no statistically significant difference
between the two groups in the decline of heart rate.
Respiratory rate, however, decreased more in the BPV

group, 41.3 � 12.8%, as compared to 31 � 11.4% in
the control group (p � 0.02).

The mean stay in the emergency department
(Table 4) was 5.9 � 1.3 h in the BPV group and
5.6 � 1.3 h in the control group (p � not significant
[NS]). The last 4 h of that period in both groups was
devoted for the study protocol.

More patients in the BPV group reached the
predetermined primary end points at 4 h of treat-
ment (12 patients; 80%), as compared to the control
group, where only 3 patients (20%) reached the
primary end points (p � 0.004). With regard to the
secondary end point, the rate of hospitalization, an
intention-to-treat analysis was performed, comparing

Table 2—Treatment in the Emergency Department*

Parameters BPV Group Control Group p Value

IV methylprednisolone† 15 12 NS
IV hydrocortisone, mg‡ 186.66 � 124.6 156.66 � 137.4 NS
Nebulizations with ipratropium and salbutamol,§ No. 11 9 NS
Inspiratory positive airway pressure� 13.06 � 0.45 1
Expiratory positive airway pressure� 4.06 � 0.45 1

*Data are presented as mean � SD unless otherwise indicated.
†No. of patients receiving 125 mg of methylprednisolone. In the control group, two patients received 250 mg of methylprednisolone and one
patient received none.

‡p Value � 0.05 was considered statistically significant.
§Nebulizations with ipratropium, 0.25 mg, and salbutamol, 2.5 mg, during the 3 h of the trial: BPV group, 11 patients received three nebulizations

and 4 patients received two nebulizations. Control group: nine patients received three nebulizations and six patients received two nebulizations.
�Final respiratory pressures reached by the end of 3 h of treatment.

Table 1—Demographic and Physiologic Parameters on Hospital Admission*

Parameters BPV Group Control Group p Value

Patients, No. 15 15
Age, yr 34.07 � 8.55 32.53 � 9.68 NS
Female/male gender, No. 8/7 7/8
Mean FEV1, % predicted† 37.27 � 10.69 33.8 � 10.18 NS
Mean FEV1, L 1.26 � 0.39 1.16 � 0.35 NS
Mean FVC, % predicted† 48.27 � 11.87 48.6 � 16.05 NS
Mean FVC, L 1.94 � 0.56 1.94 � 0.65 NS
Mean PEFR, % predicted† 38 � 11.95 34 � 11.2 NS
Duration of attack, d 2.6 � 2.13 2.07 � 1.71 NS
Duration of asthma, yr 12.13 � 9.81 10.27 � 6.33 NS
pH 7.41 � 0.04 7.40 � 0.02 NS
Paco2, mm Hg 33.59 � 3.48 34.29 � 5.41 NS
Pao2, mm Hg 82.85 � 38.72 85.82 � 29.6 NS
Hemoglobin, g/dL 14.08 � 2.47 14.41 � 2.87 NS
Heart rate, beats/min 120.8 � 19.21 109.33 � 12.02 NS
Mean BP, mm Hg 97.32 � 6.87 99.3 � 8.67 NS
Respiratory rate, breaths/min 34.8 � 1.82 33.53 � 1.73 NS
Permanent use of inhaled corticosteroids‡ 8 6 NS
Permanent use of inhaled �-agonists‡ 14 13 NS
Permanent use of systemic corticosteroids‡ 2 1 NS
Prior episodes of acute respiratory failure§ 2 0 NS

*Data are presented as mean � SD unless otherwise indicated; p values � 0.05 were considered statistically significant.
†Expressed as percentage of predicted for age, height, and weight.
‡No. of patients who used inhaled or systemic corticosteroids or inhaled �-agonists on a regular basis.
§No. of acute respiratory failures due to asthma that necessitated mechanical ventilation through an endotracheal tube.
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17 patients in the BPV group with 16 patients in the
control group (including the 3 patients withdrawn
earlier from the study). Three of 17 patients (17.6%)
in the BPV group required hospitalization as com-
pared to 10 of 16 patients (62.5%) in the control
group (p � 0.0134).

A subgroup analysis of patients who were hospi-
talized (Table 5) shows that on hospital admission
their FEV1, FVC, PEFR, and indexes of smaller
airway obstruction (data not shown) were similar.
Their hospital stay, however, slightly differed and
lasted 4 days in the BPV group as compared to 2.55

Figure 1. Change in inspiratory positive airway pressure (IPAP) and expiratory positive airway
pressure (EPAP) during 3 h of treatment in the BPV group.

Table 3—Characteristics of Patients on Hospital Admission and After 3 h and 4 h of Treatment*

Parameters

Absolute Value Percentage Improvement

BPV Group Control Group p Value BPV Group Control Group p Value

Mean FEV1, % predicted
Admission 37.3 � 10.7 33.8 � 10.2 NS
3 h 56.1 � 16.3 42.3 � 15.9 0.03 51.1 � 19.3 24.1 � 23.6 0.002
4 h 57.4 � 17.7 43.9 � 16.7 0.04 53.5 � 23.4 28.5 � 22.6 0.006

PEFR, % predicted
Admission 38 � 11.9 34 � 11.1 NS
3 h 57.9 � 20 41.9 � 18.6 0.03 55.5 � 43.9 21.9 � 32.3 0.02
4 h 59.9 � 20.4 44.1 � 19.3 0.04 58.7 � 34.8 29.2 � 28.2 0.01

FVC, % predicted
Admission 48.3 � 11.9 48.6 � 16 NS
3 h 70.6 � 13.8 56 � 20.18 0.03 48.9 � 20.4 15.8 � 18.9 � 0.001
4 h 70 � 14.3 58.1 � 19.7 NS 47.0 � 18.3 20.2 � 16.2 � 0.001

Heart rate†
Admission 120.8 � 19.2 109.3 � 12 NS
3 h 104.2 � 13.5 98.6 � 11 NS � 12.5 � 11.9 � 9.4 � 8.8 NS
4 h 103 � 10.3 99 � 9.4 NS � 13.4 � 10.6 � 8.9 � 8.4 NS

Respiratory rate†
Admission 34.8 � 1.8 33.5 � 1.7 NS
3 h 21 � 3.4 24.2 � 3.7 0.02 � 39.5 � 8.7 � 27.8 � 8.9 0.001
4 h 20.4 � 4.6 23.2 � 4.4 NS � 41.3 � 12.8 � 31 � 11.4 0.02

*Data are presented as mean � SD. FEV1, PEFR, and FVC are all expressed as percentage of predicted for age, height, and weight. p Values
� 0.05 were considered statistically significant.

†A negative value was considered as improvement in heart rate and respiratory rate.
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days in the control group (Table 5). There was no
variance for independent sample t test analysis;
therefore, p value could not be calculated for this
parameter. During a follow-up of 1 month after
discharge from the emergency department, only one
patient in each group was readmitted to the emer-
gency department. Both were discharged after a
short treatment in the emergency department and
were not hospitalized.

Discussion

This study shows that the use of noninvasive
ventilatory support in the form of BPV in selected

patients with a severe attack of asthma can alleviate
the attack faster, improve lung function test results
more completely—namely FEV1, FVC, and
PEFR—and prevent hospitalizations. Although the
use of noninvasive ventilation in treating respiratory
failure in cardiogenic pulmonary edema and COPD
has been shown to be effective,1–7 its role in asthma
has not been established.

Figure 2. Change in FEV1 in BPV group (BiPAP) and control group during 4 h.

Table 4—Characteristics of the Discharged Patients

Parameters BPV Group
Control
Group p Value

Patients discharged,* No. 12 5 0.02
Stay in the emergency

department, h†
5.9 � 1.3 5.6 � 1.3 NS

FEV1 on discharge‡ 63.1 � 13.4 60.8 � 12.4 NS
PEFR on discharge‡ 66.66 � 15.8 57.4 � 13.4 NS
FVC on discharge‡ 75.4 � 11.5 75.8 � 16.4 NS

*After 4 h of treatment in the emergency department; p � 0.5 was
considered statistically significant. Fisher exact test was used.

†Mean stay in the emergency department � SD in hours; the last 4 h
of that period was devoted for the study protocol.

‡Expressed as percentage of predicted (mean � SD) for age, height,
and weight.

Table 5—Characteristics of the Hospitalized Patients*

Parameters BPV Group
Control
Group p Value

Patients who reached
primary end points,† No.

12 3 � 0.004

Patients hospitalized,‡ No./
total

3/17 10/16 0.013

Days of hospitalization§ 4 � 0 2.5 � 1.4
FEV1 on hospital admission� 24.67 � 9.5 28.4 � 7.63 NS
PEFR on hospital

admission�

22.33 � 1.53 31.4 � 12.9 0.057

FVC on hospital admission� 35.67 � 7.02 40 � 10.6 NS

*Data are presented as mean � SD unless otherwise indicated. The
improvement in percentage was not significant in any of the values,
hence not presented; p values of � 0.05 were considered statistically
significant.

†Primary end point was defined as increase in FEV1 to � 60% of
predicted or an increase of at least 50% as compared to baseline
value on hospital admission.

‡Three of 17 in the BPV group and 10 of 16 in the control group were
analyzed with an intention to treat.

§There was no variance for independent sample t test in the No. of
days of hospitalization; hence, a p value was not calculated.

�After 4 h of treatment in the emergency department.
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Prior reports indicate that noninvasive ventilatory
support may have a role in asthma as well. CPAP has
been shown to avert bronchoconstriction in asthma
induced by methacholine or histamine,14,15 and re-
duce dyspnea in acute asthmatic attacks.21 Patients
with severe asthma attacks probably have intrinsic
PEEP causing an increased work of breathing.19,22

The application of externally applied PEEP to offset
this effect might be of value in an asthmatic attack.
Wilson and coworkers23 demonstrated that exter-
nally applied PEEP prevents exercise-induced
asthma. Externally applied PEEP may also improve
ventilation-perfusion mismatch and gas exchange.24

Pollack and coworkers25 demonstrated the superior-
ity of administering aerosolized albuterol through a
BPV circuit using a small-volume nebulizer to im-
prove PEFR. Delivering nebulized bronchodilator
with externally applied PEEP showed similar im-
provement in peak flow.26,27 Finally, Meduri and
coworkers28 demonstrated the efficacy of noninva-
sive positive pressure ventilation in improving gas
exchange in asthmatic patients with acute respiratory
failure.

We did not choose CPAP in our study, which is in
essence a positive pressure that is applied at the
same magnitude during both expiration and inspira-
tion, and is used mainly for the purpose of improving
oxygenation, which was not a significant problem in
our asthmatic patients. However, during BPV appli-
cation, two different levels of positive airway pres-
sures are applied. The difference between the in-
spiratory and the expiratory pressures is thought to
offer some advantage over a simple CPAP device;
namely, it may increase tidal volume,18 decrease
work of breathing, and be more comfortable for the
patient. Perhaps adding another CPAP intervention
arm in the study and performing a head-to-head
comparison with the BPV group could have been
informative with regard to preference and a better
efficacy of either one modality over the other.

Our study was designed to test the hypothesis that
applying BPV in addition to conventional treatment
for a period of 3 h in the emergency department to
patients with a severe asthmatic attack will improve
lung function and prevent hospitalization. Most pa-
tients with asthma attacks presenting to the emer-
gency department have mild disease. Only a minority
of the patients have an attack severe enough to
require hospitalization. Our enrollment criteria were
designed to select patients with a severe attack who
did not improve after initial treatment in the emer-
gency department, and most likely would need hos-
pitalization. Indeed, 29% of the patients who pre-
sented to the emergency department fulfilled the
inclusion criteria with a mean FEV1 of � 40%.
Although four patients, two in each group, presented

with an FEV1 of � 20%, none deteriorated to the
point needing mechanical ventilation.

More patients in the BPV group reached the
predetermined primary end points, and avoided
secondary end points. We found a significant im-
provement in the BPV group in FEV1, PEFR, and
FVC, and a significant reduction in respiratory rate
as compared with the control group. This effect
lasted for at least an hour after the end of BPV
application. The highly significant improvement in
FEV1, PEFR, and FVC that almost doubled as
compared to the control group during a short treat-
ment period of 3 h in the emergency department
could not be attributed to drug treatment or patient
characteristics on hospital admission; these parame-
ters were similar in both groups. This difference can
only be attributed to the addition of BPV to conven-
tional treatment in the study group. As can be seen
in Figure 2, FEV1 improved steadily during the 3 h
of treatment. This steady improvement did not
coincide with the pressure increments during the 3 h
of the study. As shown in Figure 1, most of the
pressure increments in respiratory pressures were
done during the first 30 min to 1 h; thereafter, while
FEV1 continued to improve, respiratory pressure did
not change significantly. Although the investigating
team could not be blinded to the randomization, the
patients and the attending physicians were unaware
of whether BPV or the placebo ventilation was used,
adding validity to our findings.

The mechanism whereby externally applied posi-
tive pressure ventilation, in our case BPV, exerts its
benefit is not fully understood. Prior studies re-
ported improved FEV1 and PEFR when aerosolized
bronchodilators were delivered through a CPAP or
BPV circuit,26,27 postulating that perhaps positive
airway pressure could disperse the bronchodilators
to more peripheral airways. Since in our study BPV
application was interrupted each time to deliver
aerosolized bronchodilators via a small-volume neb-
ulizer, the larger bronchodilation achieved by adding
BPV was independent of better drug dispersion.

We postulate that the favorable effect of BPV on
patients with a severe asthma attack is exerted
through several mechanisms. By unloading fatigued
inspiratory muscles, patients may be able to reach
their total lung capacity more effectively; as a con-
sequence, the larger FEV1 may be a reflection of
starting the forced expiration at a higher lung volume
than the control patients. We did not test this
possibility because of the extreme difficulty in mea-
suring total lung capacity in patients with severe
obstruction, and also because the expected changes
in total lung capacity would be small. Other possible
mechanisms include a direct bronchodilating effect,
offsetting intrinsic PEEP, recruiting collapsed alve-
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oli, improving ventilation-perfusion mismatch, and
reducing the work of breathing.

Although the study was blinded to the patients and
the attending physicians and was placebo controlled,
a limitation of the study was that we did not succeed
in blinding it from the investigating team. In conclu-
sion, noninvasive ventilatory support in the form of
BPV may provide an adjuvant therapy in selected
patients with a severe asthma attack, alleviate the
attack faster, improve lung function and, conse-
quently, might prevent hospitalization.
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