
Editorials

Noninvasive Ventilation in Severe Acute Asthma?
Still Far From the Truth

Despite the continuous improvement in the therapeutic
strategy for asthma, there is still a subset of asthma exac-
erbations—severe acute asthma—that still requires access
to the emergency department and, eventually, hospitaliza-
tion.1-3 It’s estimated that approximately 5–10% of asth-
matic patients experience a severe acute asthma episode in
a given year, and that there are approximately 2 million
emergency department visits and 500,000 hospital admis-
sions yearly, which leads to a corresponding consumption
of health-care resources.4 Furthermore, even with the im-
plementation of the optimized standard medical treatment
(ie, medical and oxygen therapy), approximately 10% of
individuals admitted to the hospital for severe acute asthma
still go to the intensive care unit (ICU).5 On the other
hand, it’s estimated that approximately 2–20% of medical
ICU admissions are attributed to severe acute asthma.6,7

Therefore, endotracheal intubation and conventional me-
chanical ventilation are deemed necessary in up to one
third of the severe-acute-asthma patients admitted to the
ICU (approximately 2–20 patients per year). Mortality as
high as 27% has been reported in invasively ventilated
patients,6,8 given the likelihood of life-threatening intuba-
tion-associated complications in severe acute asthma (eg,
barotrauma, cardiovascular collapse, cardiac arrhythmia,
acute coronary syndromes, atelectasis, and pneumo-
nia).3,9,10

SEE THE ORIGINAL STUDY ON PAGE 536

Within this scenario—patients arriving in the emergency
department for severe acute asthma—clinicians wonder if
there is a way to: accelerate the resolution of the dyspnea
and bronchial obstruction; reduce the rate of hospitaliza-
tion and ICU admission; and decrease the need for intu-
bation and thus avoid its complications. In other words,
the questions are: Is a therapy available, in addition to the
standard medical treatment, that can prevent the quick
clinical physiological deterioration that can lead to intu-
bation in the course of the asthma attack? Maybe nonin-
vasive ventilation (NIV)—an effective technique of ven-
tilatory support that does not need an invasive interface
(ie, endotracheal tube)—is a useful option in such kind of
patients? And if it is, why, when, and where should NIV
be applied in severe acute asthma?

Is There a Rationale for Noninvasive Ventilation
in Severe Acute Asthma?

Since the end of the 19th century11 a large amount of
experimental data has been accumulated in favor of the
use of NIV in severe acute asthma, administered with
either continuous positive airway pressure (CPAP) or dif-
ferent inspiratory and expiratory pressures. Physiological
studies have demonstrated their advantageous effects on
several functional abnormalities occurring during the
asthma attack: overload of respiratory muscles,12,13 metha-
choline and exercise-induced bronchial hyper-
reactivity,14,15 increased airway resistance,16-20 atelectasis
from mucus plugs,21 ventilation-perfusion mismatch,22 gas-
exchange impairment,20,23,24 and hemodynamic conse-
quences.25,26 It has been also shown that CPAP and/or
NIV augment the response to bronchodilators, probably
thanks to a better lung distribution of nebulized drugs
(Table 1).15,27,28

Given the robust evidence for NIV to treat episodes of
severe chronic obstructive pulmonary disease (COPD) de-
compensation leading to hypercapnic acute respiratory fail-
ure (ARF),29 the rationale for NIV in severe acute asthma
is based also on the large physiopathologic similarities
between asthma attack and COPD exacerbation.30 The ma-
jor physiologic changes in severe acute asthma are asso-
ciated with the onset or worsening of air-flow limitation,
which results from bronchospasm, mucosal edema, and
mucus hyper-production, triggered by bronchial flogosis
and hyper-responsiveness. Like in COPD exacerbation,
the increased airways resistance lengthens the exhalation
time required to empty the lung, producing air trapping (ie,
dynamic hyperinflation with intrinsic positive end-expira-
tory pressure) and a reduced lung elastic recoil. Further-
more, the capability of the diaphragm to generate pressure
is impaired by the disadvantageous mechanical properties
due to a breathing pattern shifted to higher lung volumes.
Similar to a COPD exacerbation, the combination of in-
creased work of breathing and inefficient ventilation dur-
ing severe acute asthma may precipitate respiratory mus-
cle fatigue and pump failure if these conditions persist,
with the consequent need for a mechanical ventilatory sup-
port.1,3,31

Substantial physiological data have shown that NIV ef-
ficiently unloads respiratory muscles in COPD exacerba-
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tion, by reducing the diaphragmatic effort and by counter-
balancing the dynamic hyperinflation (ie, intrinsic positive
end-expiratory pressure), which benefits the breathing pat-
tern and pulmonary gas exchange.32,33 This translates into
a significant improvement in important clinical outcomes
(rate of intubation and mortality, ICU and hospital stay)
when NIV is applied to treat acute ventilatory failure in
COPD exacerbation, thanks to the prevention of intuba-
tion-associated complications.29,30 As a matter of fact, NIV
is an effective alternative to—or even a tool to prevent—
intubation in patients with severe COPD exacerbation who
do not satisfactorily respond to the maximized standard
medical treatment.

What Are the Goals for Noninvasive Ventilation
in Severe Acute Asthma?

Time is a crucial point when the clinician has to under-
stand the goals that may be achieved by applying NIV to
acutely decompensated patients.34 Theoretically, NIV may
be applied with different aims in the time-course of an
episode of acute bronchoconstriction:

• Alternative to intubation in patients with severe ARF
who have failed a trial of standard medical treatment (ie,
“mandatory ventilation”)

• To prevent intubation in patients with mild-to-moderate
ARF who do not need immediate ventilatory support (ie,
“supportive ventilation”)

• To prevent ARF in patients who do not have substantial
impairment of gas exchange (ie, “prophylactic ventilation”)

• To accelerate bronchodilation in patients who do need
mechanical ventilation (ie, “inhalator ventilation”)
(Fig. 1)

In the COPD exacerbation’s model, the earlier the NIV
is applied, the higher the chance of success, whereas there
is a greater failure rate (ie, intubation) in the later and more
severe phases of the acute decompensations.34 On the other
hand, treating a milder COPD exacerbation with NIV aug-
ments the risk of useless over-treatment and unjustified
consumption of resources. Moreover, patient adherence to
NIV is poor in less dyspneic patients, who may do well
only with the standard medical treatment.35

If we apply the binomial “timing-goals of NIV” to the
severe acute asthma model, we have to consider some
important differences from COPD exacerbation. Generally
speaking, an asthma attack is not characterized by marked
arterial desaturation or hypercapnia until very late in a
life-threatening episode. In the early phases, when a mild
isolated hypoxemia ensues, the compensatory hyperventi-
lation sustains hypocapnia with respiratory alkalosis. Con-
sequently, the finding of normocapnia in severe acute
asthma should be viewed as an “alarm sign” of the im-
pending unbalance between respiratory muscle force and
mechanical load, potentially evolving to pump failure. Hy-
percapnia, which occurs in 10–26% of the cases present-
ing to the emergency department, is the expression of
decompensated ventilatory failure and is associated with
greater airway obstruction, higher respiratory rate, and pul-
sus paradoxus, compared to non-hypercapnic status. A quiet
chest on auscultation, inability to talk, and cyanosis sug-

Table 1. Favorable Physiologic Effects of Noninvasive Ventilation in Severe Acute Asthma

Abnormality Corrective Effect Type of NIV

1 Work of breathing 2 intrinsic PEEP CPAP, NIV
2 resistive load NIV

1 Bronchial hyper-reactivity 2 exercise-induced bronchoconstriction PEEP
2 methacholine-induced

bronchoconstriction
CPAP

1 Airway resistance 1 �2-agonist-induced bronchodilation PEP, CPAP, PEEP, NIV

Atelectasis from mucus plugging Collateral re-inflation PEEP, CPAP

Gas-exchange impairment 2 ventilation-perfusion mismatch PEEP
1 PaO2

2 PaCO2

1 pH

NIV

Pulsus paradoxus 2 negative inspiratory intrathoracic
pressure

CPAP

NIV � noninvasive ventilation
CPAP � continuous positive airway pressure
PEP � positive expiratory pressure therapy
PEEP � positive end-expiratory pressure
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gest the presence of hypercapnia.36,37 During medical ther-
apy, the time to correct hypercapnia ranges from 30 min to
16 hours (mean 6 h), depending on pre-morbid hypercap-
nic drive and exacerbation duration 36. To assess the need
for mechanical ventilation, clinical physiological changes
in response to the standard medical treatment appear to be
as important as the absolute values of bronchial obstruc-
tion and gas-exchange impairment.38 The reported need
for mechanical ventilation (intubation or NIV) in severe-
acute-asthma patients with hypercapnic ARF ranges widely
(8–50%).10,23,24,36 Importantly, the absence of hypercapnia
did not exclude the need for ventilatory support in clini-
cally deteriorating hypoxemic patients. Conversely, iso-
lated hypercapnia is not an absolute indication for intuba-
tion if the patient is clinically improving or has not had
sufficient opportunity to respond to standard medical treat-
ment.

In this complex physiopathologic context of clinical de-
terioration in severe acute asthma, the large range in the
need of mechanical ventilation may be also explained by
the identification of at least 2 distinctive clinical-biologi-
cal-functional phenotypes.2,3,9 Type I, the most common
phenotype, known as “slow-onset asthma,” responsible for
80–85% of all fatal events, is characterized by an eosin-
ophilic inflammation associated with a gradual deteriora-
tion over days or weeks, occurring in patients with severe
and poorly controlled asthma. This phenotypic pattern has
a slow response to standard medical treatment and is gen-
erally considered preventable. Type II, known as “rapid-
onset asthma” or “asphyxic asthma,” is dominated by a
neutrophilic inflammation and tends to be more dangerous
because it tends to be mild at baseline and the attack starts
suddenly with rapidly progressive airways narrowing.
Type II phenotype has both rapid onset and response to
standard medical treatment. Unfortunately, as many asth-

matics underestimate the duration of their symptoms, it
may be difficult to distinguish between these subtypes by
history alone.

However, independent of the phenotype, when the
asthma attack progresses to a severe impairment of gas
exchange and profound respiratory acidosis, pump failure,
and life-threatening complications (hypotension, arrhyth-
mias, decreased level of consciousness), intubation is im-
mediately required. By that time there is limited space for
a safe NIV attempt, because its “mandatory” use is likely
to fail in an exhausted patient who will probably have
difficulties coping with the mask.

Noninvasive Ventilation in Severe Acute Asthma:
Where Are We in the Clinical Ground?

A couple of small, uncontrolled studies investigated NIV
as “mandatory ventilation” in general ICUs to manage
severe acute asthma leading to ARF after the failure of
standard medical treatment in the emergency department.
In a prospective study, Meduri et al23 reported successful
NIV in 17 severe acute asthma episodes with severe aci-
dosis (mean pH 7.25). NIV rapidly improved physiologi-
cal variables and avoided intubation in all but 2 patients. A
retrospective study24 reported favorable outcomes in 22
severe-acute-asthma patients treated with NIV due to per-
sistent hypercapnia (mean PaCO2

63 mm Hg) and severe
acidosis (mean pH 7.24), with an NIV-failure (intubation)
rate of 14%.

In the first randomized controlled trial (RCT), Holley
et al39 aimed to determine whether nasal NIV, used as
“supportive ventilation,” would reduce the need for intu-
bation, hospital stay, or hospital charges in patients with
hypoxemic severe acute asthma. Unfortunately, this trial
was stopped early because of a recognized marked bias in
recruitment, which precluded its completion and validity.
In the interim analysis Holley et al found only a nonsig-
nificant trend toward less need for intubation (1 vs 2 cases)
and hospital stay (median 46 h vs 42 h) in the NIV group
(n � 19) versus the control group (n � 16).

A pediatric experience was reported in a prospective
randomized crossover study by Thill et al,40 who tested the
hypothesis that NIV may improve respiratory function in
children with lower-airway obstruction, as assessed by a
Clinical Asthma Score � 3. Twenty children (mean age
48 months) were randomized to receive alternatively 2 hours
of nasal NIV, followed by crossover to 2 hours of standard
medical treatment. Compared to the baseline values, NIV
was associated with lower respiratory rate (49.5 � 13.9
breaths/min vs 32.0 � 6.2 breaths/min, P � .01), total
Clinical Asthma Score (2.1 � 1.0 vs 5.4 � 1.2, P � .001),
and delivered oxygen concentration needed to maintain
oxygen saturation � 90% (0.57 vs 0.38, P � .001). Con-
versely, discontinuation of NIV was associated with in-

Fig. 1. Potential goals of noninvasive ventilation (NIV) in severe
acute asthma. ARF � acute respiratory failure.
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creased respiratory rate and Clinical Asthma Score. There
were no significant differences in oxygen saturation or
transcutaneous CO2 measurement between the 2 groups.

So far, only one RCT41 has evaluated NIV as “prophy-
lactic ventilation” in milder severe acute asthma, without
a substantial gas-exchange impairment (PaO2

� 60 mm Hg
and/or pulse-oximetry saturation � 92%, and PaCO2

� 45 mm Hg on room air). That study—the only one
included in a recent meta-analysis30—was performed in an
emergency department and was calibrated to analyze the
impact of NIV on the speed of clinical-spirometric im-
provement, and the need for and duration of hospitaliza-
tion. It was a single-center pilot RCT, and Soroksky et al41

randomized 30 patients who presented at their emergency
department with severe acute asthma, to either nasal NIV
(mean inspiratory/expiratory pressure 14/4 cm H2O) or
sham NIV (inspiratory/expiratory pressure 1/1 cm H2O)
applied for 3 hours. The sham NIV was accomplished with
a nasal mask, but with holes cut in the tubing, and patients
were encouraged to breathe through the mouth. In both
groups, ventilation was interrupted each time to deliver
aerosolized bronchodilators from a separate small-volume
nebulizer. More patients in the NIV group reached the
primary end point at 4 hours of treatment (forced expira-
tory forced volume in the first second [FEV1] � 50% of
baseline or � 60% of predicted), in comparison to the
control group (80% vs 20%, P � .004). Soroksky et al
reported less need for hospital admission (17.6% vs 62.5%,
P � .01) and more rapid improvement in percent-of-pre-
dicted FEV1 (53.5% vs 28.5%, P � .006) in the patients
treated with NIV, compared to the controls. As intubation
was not required in either the NIV or control group, one
could assume that NIV was used mainly to improve dys-
pnea and spirometry values rather than for ventilation in
selected patients with milder severe acute asthma.

Despite its promising positive results, some limitations
of this pilot study should be underlined: the limited sample
size (underpowered?), the potential harmful effects of
mouth leaks during nasal sham ventilation (airways-dry-
ness-induced bronchial hyper-reactivity?), the need of with-
drawing NIV for administering the inhaled therapy (treat-
ment too short?). Last but not least, the benefits of NIV
may have been overestimated because the researchers did
not standardize and/or maximize standard medical treat-
ment with systemic steroids before the randomization.

In an RCT in this issue of RESPIRATORY CARE,7 Gupta
et al randomized 53 patients admitted in their respiratory
ICU for hypoxemic severe acute asthma to either NIV via full-
face mask (median inspiratory/expiratory pressure 12/5 cm
H2O, n � 28) or to standard medical treatment (n � 25).
Gupta et al found a significant improvement in respiratory
rate, FEV1, and ratio of PaO2

to fraction of inspired oxygen
(FIO2

) (but not pH or PaCO2
) in both groups, but no signif-

icant differences between the 2 groups. Concerning the

primary end points, the NIV group had a nonsignificant
trend toward a quicker reversal of bronchial obstruction
(ie, 50% improvement in FEV1) at 4 hours of treatment
(64% vs 86%), significantly shorter ICU stay (median 10 h
vs 24 h, P � .01) and hospital stay (median 38 h vs 54 h,
P � .01), significantly smaller mean cumulative doses of
inhaled albuterol (31.2 mg vs 42.8 mg, P � .008) and
ipratropium (5.2 mg vs 7.6 mg, P � .007), and quicker
disappearance of accessory muscle use (2.3 h vs 3.2 h,
P � .06). There were 4 instances of standard-medical-
treatment failure, and all those patients improved with
NIV and avoided intubation. Conversely, 2 patients as-
signed to NIV required intubation because of clinical-
physiological deterioration associated with mask intoler-
ance. There was no mortality in either group.

To my knowledge, the Gupta et al study is the largest
RCT to date on NIV as a “supportive ventilation” in pa-
tients with severe acute asthma and at a risk of intubation.7

The severity of the asthma attacks in this study is shown
by the high degree of bronchial obstruction (mean FEV1

23% of predicted); hypoxemia (mean PaO2
/FIO2

� 300
mm Hg), which required oxygen therapy; and normocap-
nia, an index of impeding pump failure. One must appre-
ciate the efforts of Gupta et al in recruiting patients with
severe acute asthma, as a mean of 8 out of 10 of the Global
Initiative for Asthma (GINA) asthma severity criteria2 were
satisfied in both the NIV and control group.

In contrast to the previous RCT,41 Gupta et al7 found
that NIV was of similar efficacy to standard medical treat-
ment in improving respiratory rate, FEV1, and PaO2

/FIO2
in

severe acute asthma. However, the effects of NIV on bron-
chial obstruction were achieved with lower doses of in-
haled bronchodilator and shorter ICU and hospital stay,
compared to the standard medical treatment. Furthermore,
NIV as a rescue therapy in patients who fail standard
medical treatment is likely to have caused under-estima-
tion of the differences in the need for intubation between
the 2 groups. In fact, it’s reasonable to believe that the 4
patients who failed standard medical treatment may have
been intubated if they had not been offered NIV.

It has to be highlighted also the different setting (ie,
respiratory ICU) where Gupta et al7 treated their severe-
acute-asthma patients. The management of severe acute
asthma by pulmonologists in a specialized high level of
care unit, such as a respiratory ICU,42 where all the staff
are very familiar with NIV, may constitute an advantage,
compared to an emergency department where the evidence
supporting NIV in ARF is not as well recognized. Gupta
et al opportunely emphasized the importance of closely
monitoring patients with severe acute asthma, because their
condition may worsen abruptly, and Gupta et al strongly
suggest promptly recognizing NIV failure and having fa-
cilities for immediate intubation. In this context, the pul-
monologists’ skills in a respiratory ICU to manage the
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airways with expertise (ie, perform intubation) may be an
advantage.43 On the other hand, the costs associated with
admission to the respiratory ICU, even for a short time,
should be borne in mind, especially for milder severe acute
asthma.

Unfortunately, the study by Gupta et al7 had some lim-
itations, most of them correctly reported by the authors:

• The small sample size precludes the reliability of their
results, which creates a risk of type 2 error.

• They used subjective criteria for respiratory ICU dis-
charge, which could have biased the ICU-stay values.

• They had heterogeneous criteria for defining standard
medical treatment and NIV failure, which creates a risk of
bias in the between-groups treatment-failure comparison.

• The ipratropium doses were lower than recommended
and may have been inadequate.

• They did not evaluate the effects of the first trial of
standard medical treatment before randomization; some
patients might have quickly improved without NIV. That
creates a risk of selection bias.

Very recently, 2 short-term physiological RCTs sug-
gested the possibility of using NIV not as a ventilatory
support but as bronchodilator therapy in patients who pre-
sented in the emergency department for milder asthma
exacerbations and who did not require hospitalization or
ventilatory support. In such patients NIV may resolve the
bronchial obstruction, either alone or in combination with
inhaled bronchodilators.

To study whether NIV would help independent of treat-
ment with inhaled �2 agonists, Soma et al19 randomized 44
patients with mild to moderate asthma exacerbations and
who had previously received only systemic corticosteroid,
to either NIV via a nasal or face mask (n � 30) or to
controlled observation (n � 14). Patients who received
NIV were furthermore randomly divided into 2 subgroups:
16 patients who received inspiratory/expiratory pressure
of 8/6 cm H2O, and 14 patients who received inspiratory/
expiratory pressure of 6/4 cm H2O, both groups for 60 min.
Twenty-six of the 30 patients who were initially assigned
to the NIV group completed the study; 2 were excluded
because of mask discomfort, and 2 because of inadequate
spirometry recording. There was a significant FEV1 im-
provement (approximately 20% of the absolute value and
approximately 6% compared to the baseline value 20 min
after the intervention) only in the higher-pressure NIV
group. Similar improvements in dyspnea and in wheezing
were observed 20 min after the start of the intervention in
both the higher-pressure and lower-pressure NIV groups.
Soma et al suggested that NIV, even if delivered at lower
pressures than those usually recommended to support ARF
patients, may help acute asthma attacks without inhaled

bronchodilators, and hypothesized that there is a direct
bronchodilation induced by mechanical effects. However,
the very low pressure support (2 cm H2O) they used is
physiologically closer to CPAP than to NIV.

In a subsequent RCT with 36 patients with acute asthma,
Brandão et al28 evaluated the effects of bronchodilators
administered via jet nebulization during either spontane-
ous breathing or NIV at inspiratory/expiratory pressure of
15/5 cm H2O or 15/10 cm H2O. In comparison to the
control group, the improvement in peak expiratory flow,
FEV1, and forced vital capacity, 30 min after nebulization,
was greater with the NIV with the smaller difference be-
tween the inspiratory and expiratory pressure. Brandão
et al speculated that this synergistic effect of NIV in ad-
junct to the nebulized bronchodilator may be due to better
drug penetration into the peripheral airways44 (probably
due to a shift from turbulent to laminar bronchial flow)
and to improved alveolar recruitment due to the augmented
collateral pulmonary ventilation in obstructed pulmonary
regions.21

Even if these findings open the possibilities of useful
application of NIV as bronchodilator therapy in less severe
asthma attacks, the implications of a time-consuming (nurse
and physiotherapist workload) and expensive (machine and
equipment) treatment should be carefully considered. Fur-
thermore, there were important design weakness in these
trials; the Soma et al study19 lacked a second controlled
arm (that would have received conventional inhaled bron-
chodilators), and Brandão et al28 did not offer systemic
steroids.

Drawbacks of Noninvasive Ventilation
in Severe Acute Asthma

Despite several physiopathologic similarities to COPD
exacerbation, there is a paucity of RCT data on NIV in
severe acute asthma.7,19,28,39-41 Consistently, a recent Co-
chrane analysis30 concluded that evidence for NIV in se-
vere acute asthma was “promising” but so far “controver-
sial” (Table 2).

Why do we still not have a clear demonstration of the
utility of NIV in severe acute asthma? First of all, the
assessment of severity of an asthma attack suggested by
the literature (eg, in GINA)2 (Table 3) may be misleading
for several reasons. Unpredictably, many patients, partic-
ularly those with a history of severe acute asthma, have an
impaired perception of dyspnea and may underestimate
the severity of their attacks. Although wheezing may be
severe, the chest becomes silent as air flow decreases with
the onset of ARF. Furthermore, in critically ill patients,
spirometry should be deferred because it may provoke
bronchospasm and because severely dyspneic patients may
not be cooperative. Pulsus paradoxus may be absent if the
patient develops respiratory muscle fatigue and cannot gen-

NONINVASIVE VENTILATION IN SEVERE ACUTE ASTHMA?

634 RESPIRATORY CARE • MAY 2010 VOL 55 NO 5



erate sufficiently large intrathoracic pressure swings. Ac-
cording to GINA,2 several, but not necessarily all, the
suggested criteria are required to assess the severity of an
asthma attack, so an asthma exacerbation could be classi-
fied as severe even without impairment of blood gas val-
ues or clinical signs of respiratory muscle fatigue. This
makes it difficult to compare the published studies, which
probably had different objectives for NIV: was NIV used
as ventilation or as nebulization device? Was the NIV
“mandatory,” “supportive,” or “prophylactic”?

Second, as previously highlighted, unfortunately, the
few published RCTs have had limitations that preclude
making clear recommendations about NIV in severe acute
asthma.

Third, compared to COPD exacerbation, severe acute
asthma has a shorter safe time-window for trying NIV, so
it seems reasonable to think that NIV has to be applied
earlier in the course of severe acute asthma (ie, “support-
ive ventilation”). On the other hand, because an asthma
attack usual has a speedy reversal under standard medical

Table 2. Randomized Controlled Trials on Noninvasive Ventilation in Severe Acute Asthma

First
Author Year Patients Severity of Asthma Attack

(GINA criteria) NIV Purpose Setting NIV Setup Key Results Study Weaknesses

Holley39 2001 19 NIV
16 controls

5 pre-defined criteria

Found only 1 in controls
(tachycardia)

ABGs not impaired

Supportive
ventilation (?)

Emergency
department

Nasal mask

IPAP 10 cm H2O

EPAP 5 cm H2O

4–18 h/day

Trend towards less endotracheal
intubation and shorter
hospital stay with NIV

Small sample size

Study terminated early due to
recruitment bias
(physicians had ethical
concerns about
“withholding” NIV from
controls)

No blinding

Suboptimal initial
bronchodilator therapy

Soroksky41 2003 15 NIV
15 controls

2 criteria

FEV1 % predicted 37% in
NIV group, 34% in
controls

ABGs not impaired

Prophylactic
ventilation

Emergency
department

Nasal mask

IPAP 14 cm H2O

EPAP 4 cm H2O

Sham NIV in
controls

3 h

Greater FEV1 increase and less
need for hospitalization with
NIV

No need for endotracheal
intubation

Small sample size

NIV stopped to administer
nebulized medications

No evidence that sham NIV
not worse for patients than
nebulizer alone (mouth
breathing: discomfort?
bronchial hyper-reactivity?)

Suboptimal initial standard
medical therapy (systemic
steroids)

Soma19 2008 16 higher-pressure
NIV

14 lower-pressure
NIV

14 controls
4 dropped out in

NIV arm

2 criteria

FEV1 % predicted 34% in
higher-pressure NIV
group, 30% in lower-
pressure NIV group,
42% in controls

ABGs not impaired

Bronchodilator
delivery

Emergency
department

Nasal/Full-face mask

High:
IPAP 8 cm H2O
EPAP 6 cm H2O

Low:
IPAP 6 cm H2O
EPAP 4 cm H2O

1 h

Greater improvements in FEV1
with the higher-pressure NIV,
and in dyspnea and wheezing
with higher or lower pressure
NIV

No need for endotracheal
intubation

Small sample size

Mild asthmatic attacks

Suboptimal pressures, similar
to CPAP

Bronchodilators not given
(lack of a second control
arm receiving
bronchodilators)

Brandão28 2009 12 higher-pressure
NIV

12 lower-pressure
NIV

12 controls

1 criterion (dyspnea)?

FEV1 % predicted 41% in
higher-pressure NIV
group, 43% in lower-
pressure NIV group,
36% in controls

ABGs not impaired

Inhalator
ventilation

Emergency
department

Full-face mask

High:
IPAP 15 cm H2O
EPAP 5 cm H2O

Low:
IPAP 15 cm H2O
EPAP 10 cm H2O

15 min

Greater improvement in peak
expiratory flow, FEV1, and
forced vital capacity (with
the lower-pressure NIV)

No need for endotracheal
intubation

Small sample size

Mild asthma attacks

Suboptimal initial standard
medical therapy (systemic
steroids)

Gupta7 2010 28 NIV
25 controls

8 pre-defined criteria

FEV1 % predicted
22% in NIV group,
24% in controls

PaO2/FIO2
� 300 mm Hg

No hypercapnia

Supportive
ventilation

Respiratory
ICU

Full-face mask

IPAP 12 cm H2O

EPAP 5 cm H2O

4 h

Trend towards faster FEV1 and
clinical improvement with
NIV

Shorter hospital and respiratory
ICU stay

Smaller total doses of
bronchodilator

No differences in endotracheal
intubation

Underpowered

NIV as rescue therapy for
controls

Subjective criteria for
respiratory ICU discharge

Inadequate ipratropium dose

No evaluation of standard
medical therapy before
randomization

GINA � Global Initiative for Asthma
NIV � noninvasive ventilation
ABGs � arterial blood gas values
FEV1 � forced expiratory volume in the first second
ICU � intensive care unit
FIO2 � fraction of inspired oxygen
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treatment, it’s difficult to design a study that would clearly
demonstrate that the addition of NIV—a sophisticated and
time-consuming technological support—provides any ad-
vantage over standard medical treatment.

Fourth, during an asthma attack the patient may have
difficulty coping with NIV, for several reasons: these pa-
tients are usually tachypneic and might struggle to coor-
dinate their breathing with the NIV machine and might
therefore find NIV uncomfortable; mucus production is a
feature of severe acute asthma, and NIV can exacerbate
sputum retention; and bronchial hyper-reactivity may be
increased by the high inspiratory flow and airway dryness
associated with NIV.

Fifth, technical issues of NIV in severe acute asthma
have not been clarified. Is NIV surely better than CPAP,
which is easier and cheaper? If NIV is chosen, what in-
spiratory and expiratory pressure should be applied? Do
we need to apply sham ventilation to the controls?

Finally, it’s not clear where NIV should be delivered
(emergency department, respiratory ICU, other ICUs?)
from the perspective of a cost-utility analysis.

In conclusion, even if the study by Gupta et al7 did not
add a point in favor of NIV in severe acute asthma, the
existence of a strong physiopathologic rationale should
keep open a “window” for the use of NIV in severe acute
asthma. Further larger RCTs in selected subsets of patients
with acute asthma are urgently needed to clarify when,

where, and why a trial of NIV may be justified in severe
acute asthma.

Raffaele Scala MD
Unità Operativa di Pneumologia e Unità di Terapia

Semi-Intensiva Respiratoria
Ospedale S Donato

Arezzo, Italy

REFERENCES

1. Medoff BD. Invasive and non-invasive ventilation in patients with
asthma. Respir Care 2008;53(6):740-748.

2. Global Initiative for Asthma. Global strategy for asthma manage-
ment and prevention. NIH publication 02-3659. Revised 2007. http://
www.ginasthma.com/guidelineItem.asp?intid�1389. Accessed
March 5, 2010.

3. Brenner B, Corbridge T, Kazzi A. Intubation and mechanical ven-
tilation of the asthmatic patient in respiratory failure. J Allergy Clin
Immunol 2009;124(2 Suppl):S19-S28.

4. United States Environmental Protection Agency (EPA). Indoor en-
vironment division office of air and radiation (6609J). Asthma facts.
http://www.epa.gov/asthma/pdfs/asthma fact sheet en.pdf. Ac-
cessed January 29, 2009.

5. Pendergraft TB, Stanford RH, Beasley R, Stempel DA, Roberts C,
McLaughlin T. Rates and characteristics of intensive care unit ad-
missions and intubations among asthma-related hospitalizations. Ann
Allergy Asthma Immunol 2004;93(1):29-35.

6. McFadden ER Jr. Acute severe asthma. Am J Respir Crit Care Med
2003;168(7):740-759.

7. Gupta D, Nath A, Agarwal R, Behera D. A prospective randomized
controlled trial on the efficacy of noninvasive ventilation in severe
acute asthma. Respir Care 2010;55(5):536-543.

8. Shapiro JM. Intensive care management of status asthmaticus. Chest
2001;120(5):1439-1441.

9. Holley A, Boots RJ. Management of acute severe and near-fatal
asthma. Emerg Med Australas 2009;21(4):259-268.

10. Braman SS, Kaemmerlen JT. Intensive care of status asthmaticus: a
10-year experience. JAMA 1990;264(3):366-368.

11. Oertel MJ. Von Ziemssen’s handbook of therapeutics. Translated
from German by Yeo JB. New York: Wood & Co; 1885:547.

12. Martin JG, Shore S, Engel LA. Effect of continuous positive airway
pressure on respiratory mechanics and pattern of breathing in in-
duced asthma. Am Rev Respir Dis 1982;126(5):812-817.

13. Shivaram U, Donath J, Khan FA, Juliano J. Effects of continuous
positive airway pressure in acute asthma. Respiration 1987;52(3):
157-162.

14. Wilson BA, Jackson PJ, Evans J. Effects of positive end-expiratory
breathing on exercise-induced asthma. Int J Sports Med 1981;2(1):
27-30.

15. Lin HC, Wang CH, Yang CT, Huang TJ, Yu CT, Shieh WB, et al.
Effect of nasal continuous positive airway pressure on methacholine-
induced bronchoconstriction. Respir Med 1995;89(2):121-128.

16. Barach AL, Swenson P. Effect of breathing gases under positive
pressure on lumens of small and medium sized bronchi. Arch Intern
Med 1939;63(5):946-948.

17. Frischknecht-Christensen E, Norregaard O, Dahl R. Treatment of
bronchial asthma with terbutaline inhaled by cone spacer combined
with positive expiratory pressure mask. Chest 1991;100(2):317-321.

18. Andersen JB, Klausen NO. A new mode of administration of neb-
ulized bronchodilator in severe bronchospasm. Eur J Respir Dis
Suppl 1982;119:97-100.

Table 3. Criteria for Defining Severe Acute Asthma

Clinical Signs
Breathless at rest
Wheezing. Life-threatening respiratory arrest is imminent if chest

silent.
Use of accessory respiratory muscles. Life-threatening respiratory

arrest is imminent if paradoxical thoraco-abdominal movement.
Limited ability to talk
Agitation. Life-threatening respiratory arrest is imminent if

confusion or coma.
Physiological Signs

Respiratory rate � 30 breaths/min
Heart rate � 120 beats/min. Life-threatening respiratory arrest is

imminent if bradycardia.
Pulsus paradoxus � 25 mm Hg. Life-threatening respiratory arrest

is imminent if pulsus paradoxus absent.
Post-bronchodilator peak expiratory flow � 60% of patient’s best or

predicted, or � 100 L/min
FEV1 � 30% of patient’s best or predicted
SpO2

� 90% on room air
PaO2

� 60 mm Hg on room air
PaCO2

� 45 mm Hg

FEV1 � forced expiratory volume in the first second
SpO2 � oxygen saturation measured via pulse oximetry

NONINVASIVE VENTILATION IN SEVERE ACUTE ASTHMA?

636 RESPIRATORY CARE • MAY 2010 VOL 55 NO 5



19. Soma T, Hino M, Kida K, Kudoh S. A prospective and randomized
study for improvement of acute asthma by non-invasive positive
pressure ventilation. Intern Med 2008;47(6):493-501.

20. Shivaram U, Miro AM, Cash ME, Finch PJ, Heurich AE, Kamholz
SL. Cardiopulmonary responses to continuous positive airway pres-
sure in acute asthma. J Crit Care 1993;8(2):87-92.

21. Andersen JB, Qvist J, Kann T. Recruiting collapsed lung through
collateral channels with positive end expiratory pressure. Scand J
Respir Dis 1979;60(5):260-266.

22. Broux R, Foidart G, Mendes P, Saad G, Fatemi M, D’Orio V, et al.
Use of PEEP in management of life-threatening status asthmaticus:
a method for the recovery of appropriate ventilation-perfusion ratio.
Appl Cardiopulm Pathophysiol 1991;4(1):79-83.

23. Meduri GU, Cook TR, Turner RE, Cohen M, Leeper KV. Noninva-
sive positive pressure ventilation in status asthmaticus. Chest 1996;
110(3):767-774.

24. Fernandez MM, Villagra A, Blanch L, Fernandez R. Non-invasive
mechanical ventilation in status asthmaticus. Intensive Care Med
2001;27(3):486-492.

25. Tenaillon A, Salmona JP, Burdin M, Lissac J. Continuous positive
airway pressure in asthma. Am Rev Respir Dis 1983;127(5):658.

26. Jardin F, Dubourg O, Margairaz A, Bourdarias JP. Inspiratory im-
pairment in right ventricular performance during acute asthma. Chest
1987;92(5):789-795.

27. Pollack CV Jr, Fleisch KB, Dowsey K. Treatment of acute broncho-
spasm with beta adrenergic agonist aerosols delivered by a nasal
bilevel positive airway pressure circuit. Ann Emerg Med 1995;26(5):
552-557.

28. Brandão DC, Lima VM, Filho VG, Silva TS, Campos TF, Dean E,
et al. Reversal of bronchial obstruction with bi-level positive airway
pressure and nebulization in patients with acute asthma. J Asthma
2009;46(4):356-361.

29. Nava S, Hill N. Non-invasive ventilation in acute respiratory failure.
Lancet 2009;374(9685):250-259.

30. Ram FS, Wellington SR, Rowe B, Wedzicha JA. Non-invasive pos-
itive pressure ventilation for treatment of respiratory failure due to
severe acute exacerbations of asthma. Cochrane Database Syst Rev
2005;(3):CD004360.

31. Nowak R, Corbridge T, Brenner B. Noninvasive ventilation. J Al-
lergy Clin Immunol 2009;124(2 Suppl):S15-S18.

32. Appendini L, Patessio A, Zanaboni S, Carone M, Gukov B, Donner
CF, et al. Physiologic effects of positive end-expiratory pressure and
mask pressure support during exacerbations of chronic obstructive
pulmonary disease. Am J Respir Crit Care Med 1994;149(5):1069-
1076.

33. Vitacca M, Ambrosino N, Clini E, Porta R, Rampulla C, Lanini B,
et al. Physiological response to pressure support ventilation delivered
before and after extubation in patients not capable of totally spon-
taneous autonomous breathing. Am J Respir Crit Care Med 2001;
164(4):638-41.

34. Nava S, Navalesi P, Conti G. Time of non-invasive ventilation.
Intensive Care Med 2006;32(3):361-370.

35. Keenan SP, Powers CE, McCormack DG. Noninvasive positive-
pressure ventilation in patients with milder chronic obstructive pul-
monary disease exacerbations: a randomized controlled trial. Respir
Care 2005;50(5):610-616.

36. Mountain RD, Sahn SA. Clinical features and outcome in patients
with acute asthma presenting with hypercapnia. Am Rev Respir Dis
1988;138(3):535-539.

37. Rodrigo GJ, Rodriquez Verde M, Peregalli V, Rodrigo C. Effects of
short-term 28% and 100% oxygen on PaCO2

and peak expiratory flow
rate in acute asthma: a randomized trial. Chest 2003;124(4):1312-
1317.

38. Finfer SR, Garrard CS. Ventilatory support in asthma. Br J Hosp
Med 1993;49(5):357-360.

39. Holley MT, Morrissey TK, Seaberg DC, Afessa B, Wears RL. Eth-
ical dilemmas in a randomized trial of asthma treatment: can Bayes-
ian statistical analysis explain the results? Acad Emerg Med 2001;
8(12):1128-1135.

40. Thill PJ, McGuire JK, Baden HP, Green TP, Checchia PA. Nonin-
vasive positive pressure ventilation in children with lower airway
obstruction. Pediatr Crit Care Med 2004;5(4):337-342. Erratum: Pe-
diatr Crit Care Med 2004;5(6):590.

41. Soroksky A, Stav D, Shpirer I. A pilot prospective, randomized
placebo-controlled trial of bilevel positive airway pressure in acute
asthma attack. Chest 2003;123(4):1018-1025.

42. Corrado A, Roussos C, Ambrosino N, Confalonieri M, Cuvelier A,
Elliott M, et al. Respiratory intermediate care units: a European
survey. Eur Respir J 2002;20(5):1343-1350.

43. Vianello AM, Arcaro GM, Braccioni FS, Gallan F, Greggio CM,
Marangoni A, et al. Management of tracheal intubation in the respi-
ratory intensive care unit by pulmonary physicians. Respir Care
2007;52(1):26-30.

44. Fauroux B, Itti E, Pigeot J, Isabey D, Meignan M, Ferry G, et al.
Optimization of aerosol deposition by pressure support in children
with cystic fibrosis: an experimental and clinical study. Am J Respir
Crit Care Med 2000;162(6):2265-2271.

The author has disclosed no conflicts of interest.

Correspondence: Raffaele Scala MD, Unità Operativa di Pneumologia e
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