
The emergency physician is faced with a wide variety of
acute respiratory emergencies in daily practice. Efforts to pre-
serve the patient’s airway and breathing capabilities result in a
barrage of therapies and diag-
nostics aimed at identifying
and reversing the cause of the
respiratory distress. The need
for endotracheal intubation
(ETI) is a question that is
addressed early and repeatedly
during the patient’s course in
the emergency department
(ED). ETI is invasive and not
without complications. The
benefit of intubation often must
be weighed against substantial
risks of a prolonged and com-
plicated intubation, prolonged
sedation and paralysis, and
subsequent pneumonia and
barotraumas during hospital-
ization. In the patient who is
obviously becoming altered or agitated, little else can be done.
Often, however, there is the patient who is in moderate to severe
respiratory distress but may improve substantially, and avoid
intubation, with respiratory assistance in addition to continued

therapy. In the patient who is alert and cooperative with
impending respiratory failure, non-invasive ventilation provides
a hopeful alternative. 

Noninvasive ventilation
(NIV) is a means of delivering
positive pressure ventilation
without the use of an endotra-
cheal tube. It offers the obvious
benefit of preserving the
patient’s ability to speak, eat,
and cough. Its less invasive
character reduces the need for
sedation, potential airway trau-
ma, and risk of nosocomial
pneumonia. Recent interest in
this mode of ventilation has
generated some guidelines for
selecting patients, predicting
success, and weaning from NIV.
Clearly, NIV is a powerful ther-
apeutic tool in the hands of an
informed physician. 

This article will delineate the physiology of NIV. It will pro-
vide guidelines for initiation, weaning, and possible complica-
tions of NIV. It also will highlight current research in the topic.

—The Editor
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Introduction
NIV is defined as the delivery of airway support without the

use of an artificial airway such as an endotracheal tube.1,2 It gen-
erally uses the patient’s upper airway and a mask for the delivery
of positive pressure.3 It has some definitive benefits over the con-
ventional ETI, such as the preservation of speech, feeding capa-
bilities, and the cough reflex. It reduces the common problems
associated with ETI, such as nosocomial pneumonia. In addition,
the requirement for sedation is minimized or even completely
avoided when NIV is used.4

The use of NIV slowly has been increasing in the United
States, somewhat lagging behind the research efforts and more
widespread use of this modality in Europe. Most of the early lit-
erature on NIV comes from Europe, where it has been used in
the intensive care setting, in specialized respiratory wards, and in

the emergency setting. In a 1998 United Kingdom survey on the
availability of NIV, researchers found that this treatment modali-
ty was available in 48% of the hospitals surveyed. The main rea-
sons given for not offering this service in the remaining institu-
tions were cost and lack of training on the technique.5

The Basics of Noninvasive Ventilation
Pathophysiology. NIV affects the mechanics of respiration

in many ways. It increases functional residual capacity and
helps recruit underventilated or collapsed alveoli. This results in
improved oxygenation. NIV also can increase the tidal volume,
helping decrease the CO

2
. The net effect is a decreased work of

breathing, which allows the respiratory muscles to rest.6-8 Dur-
ing increased work of breathing, large negative intrathoracic
pressures are generated. Positive pressure ventilation reduces
these large negative pressure swings. This is thought to decrease
afterload, thus increasing cardiac output. However, in some
cases, NIV can result in decreased cardiac output by virtue of
decreasing venous return.9 Furthermore, positive pressure venti-
lation offsets the intrinsic positive end-expiratory pressure
(PEEP), or “auto-PEEP,” that occurs in chronic obstructive pul-
monary disease (COPD) exacerbations. This offsetting of the
intrinsic PEEP further decreases the work of breathing.10 In
patients with pulmonary edema, NIV can help reduce ventila-
tion perfusion mismatches.11

Modalities of Noninvasive Ventilation. There are three basic
modalities for NIV. The first one is continuous positive airway
pressure ventilation, or CPAP. It provides a continuous positive
pressure during the complete respiratory cycle. CPAP mainly is
used to improve oxygenation by recruiting underventilated or
collapsed alveoli.12

The second modality is bilevel positive airway pressure venti-
lation (BiPAP). It provides different levels of pressure during
inspiration and exhalation. BiPAP is a combination of CPAP
throughout the respiratory cycle coupled with a boost of pressure
during inspiration. The inspiratory pressure is called inspiratory
positive airway pressure or IPAP, and the expiratory pressure is
termed expiratory positive airway pressure or EPAP. The differ-
ence between the IPAP and the EPAP is the true pressure sup-
port. The IPAP assists in improving tidal volume, thus improving
pCO

2
. The EPAP helps recruit more alveoli, similar to the PEEP

in a mechanical ventilator, thus improving oxygenation.
There are two modes in BiPAP. In the spontaneous mode, the

IPAP is triggered by the patient’s inspiratory effort. Once the air-
way pressures reach a limit, the machine starts delivering the
EPAP. There is no spontaneous triggering by the machine unless
the patient initiates a breath. In the spontaneous timed mode, the
operator sets a time limit so the machine will initiate the delivery
of IPAP if the patient has not initiated a breathing effort sponta-
neously. One difficulty with this mode is that it leads to patient-
machine asynchrony, which limits tolerance to the NIV. The
main benefit of BiPAP is that it is better tolerated than CPAP.
This is because the differential in pressure between inspiration
and expiration allows for better patient-ventilator synchrony and
thus more comfort.
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Pressure support ventilation (PSV) is a less commonly used
modality where only inspiratory pressure is provided. It works by
augmenting tidal volume. The pressure support is triggered when
the patient makes an inspiratory effort and is terminated when
the inspiratory flow falls below a predetermined rate. There is no
flow (support) during exhalation.12 In this mode, the patient
determines both the rate and the duration of the inspiration. Most
of the studies on NIV have used either the CPAP or BiPAP
modes. Thus, the information on the utility of PSV in the emer-
gency setting is scarce. This article will focus discussion on
CPAP and BiPAP.

Patient Interfaces. Many different interfaces are being
designed and tested, but the two most frequently used are the
nasal mask and the full face (oronasal) mask. All masks have a
soft cushion that prevents skin necrosis and additional patient
discomfort. They are attached to the patient by straps that should
not be applied too tightly.10 Placing two fingers between the strap
and the scalp is a good measure of an adequate fit.

The nasal mask usually results in more air leaks but is more
comfortable for claustrophobic patients. This type of mask
requires a cooperative patient who can keep a closed mouth.

The full face mask delivers higher ventilation pressures with-
out leaks, allows for mouth breathing, and requires less patient
cooperation. However, it is not as well tolerated by claustropho-
bic patients, is less comfortable, impedes speech and communi-
cation, and limits oral intake.1,3,13 In a recent study comparing the
nasal to the oronasal mask for patients with acute respiratory fail-
ure, both masks performed well, but the oronasal mask was bet-
ter tolerated.14 The full face mask generally is the first choice in
the emergency setting.

Other less commonly used types of interfaces include the total
face mask, which covers the whole face from the forehead to the
chin. This results in the relief of pressure from sensitive facial
structures such as the nasal bridge.10 Finally, the nasal “pillows”
are rubber or silicone pledgets that are inserted in the nostrils.
They can be used in patients who develop skin problems due to
mask pressure at the nasal bridge.10

Patient Selection. Indications. Patients with respiratory dis-
tress requiring support first must be identified. Clinical parame-
ters used to identify these patients include: respiratory rate (RR)
> 24/minute, accessory muscle use, paradoxical breathing,
hypercarbia (pCO

2
> 45 mm Hg), acidemia (pH < 7.35), or

hypoxemia (pO
2
/FiO

2
< 200).10,15 NIV should not be used in

patients who just have mild respiratory distress. In addition, the
cause for the respiratory failure must be one amenable to treat-
ment with NIV, such as acute exacerbations of COPD, asthma,
decompensated heart failure, acute pulmonary edema, pneumo-
nia, and pulmonary contusions. 

Contraindications. Most of the contraindications for NIV are
intuitive. They include hemodynamic instability, cardiac or respi-
ratory arrest, severe acidosis, vomiting, obstructed bowel, absent
gag reflex, coma, confusion, inability to tolerate the device,
inability to handle secretions, facial surgery, facial trauma, facial
deformity, upper airway obstruction, and high risk for aspira-
tion.1,16 Other contraindications to NIV include severe epistaxis,
pre-existing bullous lung disease, pneumomediastinum, pneu-
mothorax, life-threatening arrhythmias, and evidence of cardiac
ischemia (for BiPAP). However, these contraindications are not
absolute, and they derive from the fact that most NIV trials
excluded these patients. 

Extremes of age are not a contraindication for NIV, and there
are several reports of its successful use in both the pediatric and
the elderly populations.17-19 In one of the studies, NIV using a
nasal mask was applied to 30 patients with acute respiratory fail-
ure. The median age was 76 years. NIV was successful in 60% of
these cases.19 Of importance, NIV requires patient cooperation,
which may be relatively difficult in the very young or very old. 

Table 1 summarizes the generally accepted contraindications
for noninvasive ventilatory support.

Initiation of Therapy. Once a decision has been made to ini-
tiate NIV, the mode of ventilation should be selected. Use CPAP
if the main problem is hypoxemia, and favor BiPAP if the main
problem is hypercarbia. The use of PSV will not be discussed,
since most of the available information focuses on either CPAP
or BiPAP. Although conventional ventilators can be used, there
are several ventilators on the market that specifically are
designed to deliver CPAP, BiPAP, or both. 

The second step involves selecting the interface. Have several
types of masks available in different sizes so that an adequate fit
can be achieved. Hold the mask in place without securing it at
first. Do this until the patient is synchronized with the ventilator.
Once this synchrony is achieved, secure the mask with straps,
avoiding a tight fit.10 In the elderly, dentures can be left in place.
They will allow for a better mask fit and less air leakage. Loose
dentures, however, can pose a risk of aspiration and should be
removed.3

The initial NIV parameters should provide a pressure support
of 5 cm H

2
O for CPAP. Start BiPAP with an IPAP of 8-10 cm

H
2
O and an EPAP of 3-5 cm H

2
O. Increase these parameters

gradually, usually by 2 cm H
2
O at a time, until an exhaled tidal

volume of 10-15 mL/kg is achieved and the respiratory rate falls
below 25 breaths per minute.2 Increases in IPAP predominantly
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Table 1. Contraindications to NIV

• Vomiting
• Recent facial or upper airway surgery
• Severe epistaxis
• Facial abnormalities (i.e., burns or trauma)
• Fixed upper airway obstruction
• Apnea
• Altered mental status (i.e., confusion or agitation)
• Pre-existing bullous lung disease
• Pneumomediastinum
• Untreated pneumothorax
• Inability to manage secretions
• Inability to protect the airway
• Cardiovascular instability
• Life-threatening arrhythmias 
• Signs of cardiac ischemia (for BiPAP)



will affect pCO
2
, and increases in EPAP predominantly will

affect pO
2
. One important concept to remember is that for BiPAP,

the inspiratory component always must be higher that the expira-
tory component. If IPAP equals EPAP, then the machine just
behaves like a CPAP, since the same pressure is provided
throughout the entire respiratory cycle.

The FiO
2

is titrated to maintain oxygen saturation above 90%.
Humidification and heating generally are not required since the
airway mechanisms remain intact. 

Adequate monitoring of patients receiving NIV includes
closely following the vital signs, cardiac monitoring, and pulse
oximetry. Perform serial clinical examinations that include
patient comfort with the device, mental status, work of breathing,
and handling of secretions. The arterial blood gases are a useful
tool to assess the adequacy of treatment. Chest radiographs
should be done daily or whenever there is a sudden change in the
clinical status of the patient. Table 2 summarizes the monitoring
parameters for patients being treated with NIV.

Patients who benefit from NIV have improvements of the dys-
pnea and of the signs of respiratory distress. These changes can
be seen as early as one hour after the initiation of NIV. A rapid
decrease in the respiratory rate is a very good indicator of suc-
cessful treatment.20,21 Other signs of success include improve-
ments in the level of consciousness, oxygen saturation, and the
arterial blood gas parameters.22

The total duration of NIV depends on the cause for the respi-
ratory failure. In some cases, it is only a few hours, but in most
cases, the support needs to be delivered over several days. Many
authors suggest the use of ventilator-free breaks.10 These breaks
serve a dual purpose. Patients who do not have recurrence of the
respiratory distress during the break can be weaned off the NIV.
The breaks also allow for delivery of oral medications, patient
feeding and drinking, and relief from the constant mask pressure
on the face.

Several authors have tried to establish characteristics of
patients that will predict success or failure of NIV. Items
reflecting increased success include: younger age, good denti-
tion, normal mental status, adequate cooperation, ability to
achieve synchrony with the ventilator, lower acuity of illness,
moderate hypercarbia, moderate hypoxemia, and improvement
in clinical and laboratory parameters within two hours of treat-
ment initiation.10

Discontinuation of Therapy. Although NIV is effective for
many patients, it is important to know when to discontinue it and
move to invasive airway management. Indicators of NIV failure
include patient intolerance for NIV; deterioration of the vital
signs; failure to improve after 1-2 hours in NIV; progressive con-
fusion or sedation; inability to handle secretions; chest pain;
arrhythmias; and apnea.20,23,24 In several studies, the degree of ini-
tial acidosis has been one of the best predictors for a failed NIV
attempt.16,25 Increased illness severity scores also have been
found to correlate with failure of NIV in two studies, but not in
others.16,26,27 See Table 3 for failure criteria.

Resource Utilization. The use of NIV does not increase
employee workload or increase hospital charges.26,28-30 Other

studies have shown an actual reduction in costs with the use of
NIV.31,32 NIV may consume more time during the initial hours of
therapy, but this excess time requirement does not last for the
duration of the therapy.26,29 Finally, familiarity with the equip-
ment and the protocols helps decrease time spent at the bedside. 

Complications of Noninvasive Ventilation. The most com-
mon complication associated with the use of NIV is irritation and
pressure necrosis over the skin at the mask interface.13,33 Break
periods from the noninvasive machine and proper cushioning
will minimize this.1 Other problems include gastric distention
due to aerophagia, vomiting, sinus or ear pain, and eye irritation.
Claustrophobia may limit patient tolerance of NIV, especially
when using the full face mask. Constant reassurance and a slow
increase in the respiratory parameters will increase patient toler-
ance. Finally, barotrauma is possible, especially when using high
inspiratory pressures.

Although positive pressure ventilation produces changes in
the dynamics of respiration, only small changes in cardiac output
have been demonstrated in patients after the initiation of NIV.34,35

The Evidence for Noninvasive Ventilation
Chronic Obstructive Pulmonary Disease. The use of NIV

has been best studied in acute exacerbation of COPD. NIV seems
to work by unloading the respiratory muscles, thereby improving
alveolar ventilation and reducing pCO

2
.1 Since the early 1990s,

there has been good evidence demonstrating that NIV reduces
the rate of ETI and reduces mortality when compared to conven-
tional treatments.36 Researchers studied patients with COPD and
found that the use of NIV resulted in a decreased rate of ETI,
length of stay (LOS), and mortality.25,26

A study from the United Kingdom suggests that up to 20%
of patients with a COPD exacerbation are candidates for
NIV.37 This suggestion is based on the percentage of patients
with an acute decompensation of COPD who are acidotic.37,38

The mortality from a COPD admission is approximately 25-
33%, and most of the mortality is from complications of ETI
and mechanical ventilation.39,40 Furthermore, up to 20% of the
mechanically ventilated COPD patients are difficult to wean.41

If ETI and mechanical ventilation is avoided in this group, a
significant benefit to the patients will occur, with the added
benefit of savings due to decreased complications.
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Table 2. Monitoring of the Patient on NIV

CLINICAL: 

• Patient comfort, LOC, chest wall motion, accessory muscle 
use, coordination with the ventilator, RR, HR, pulse oximetry

ABGS:  

After about 1-2 hours and at about 4-6 hours

Key:
LOC = level of consciousness; RR = respiratory rate;
HR = heart rate



The largest randomized controlled trial compared convention-
al treatment to NIV in a total of 232 COPD patients with acidosis
and hypercarbia. In this study, 27.1% of patients required intuba-
tion in the standard group, vs 15.3% in the NIV group. In-hospi-
tal mortality was 20% for the standard group and 10% for the
NIV group. NIV resulted in faster pH correction at one hour,
faster correction of respiratory rate at four hours, and a trend for
pCO

2
improvement at four hours. All these values were statisti-

cally significant. Breathlessness also was relieved faster with
NIV (4 vs 7 days). In subgroup analysis, the patients with an ini-
tial pH < 7.30 had higher failure of NIV and higher in-hospital
mortality. The study concluded that NIV resulted in decreased
costs and decreased mortality.42

The second largest report is a prospective descriptive study.
The authors collected data on COPD patients admitted to a respi-
ratory intensive care unit (ICU) from 1992 to 1999. The publica-
tion included 208 cases in which NIV was used. The failure rate
for NIV was 17.4% throughout the study period, but the disease
severity of the patients increased over the years. The patients
who later failed NIV had lower initial pH, higher pCO

2
, and

higher APACHE II scores. Two variables were associated with
NIV success at 1 hour: improvement in pH and pCO

2
. A stepwise

regression showed that the APACHE II score; change in pH and
pCO

2
after 1 hour; and the absolute pH after 1 hour were inde-

pendent predictors of NIV success. All of these were statistically
significant variables. The use of NIV did not increase nursing
workload and resulted in savings to the patients.43 Other studies
agree with these findings when trying to correlate clinical param-
eters with success of NIV.16,20,22,44

Plant and Owen followed up their clinical trial with a long-
term survival and predictors of in-hospital outcomes analysis.44 A
worse pH and pCO

2
at enrollment were associated with treatment

failure (p < 0.001). At 4 hours, improvement of acidosis (p =
0.035) and a fall in respiratory rate (RR) (p = 0.009) were predic-
tors of success. Although their multivariate analysis had a poor
discrimination, these clinical and laboratory parameters help
assess patients and risk of NIV failure in a clinically meaningful
fashion.44

A study of COPD exacerbations in the ICU demonstrated a
decrease in the intubation rates (from 74% to 25%) and mortali-
ty (29% to 9%) with the use of NIV. NIV also resulted in a
reduction in complications and length of stay.25 Other studies
support these findings.36,45 In another randomized controlled trial

with 31 patients, researchers found a marked reduction in the
intubation rates for COPD patients (67% vs 9%, p < 0.05) when
NIV was used. However, in this study, the use of NIV did not
decrease length of stay and did not improve mortality.26

Two studies have initiated NIV in the ED. A study with 24
COPD patients randomized them into conventional treatment
with or without NIV. The mean initial arterial pH in the group
was 7.33. The authors found no difference between NIV and
conventional treatment.46 Another researcher also studied patients
(n = 27) with respiratory distress in the ED, with only six
patients in the study group having COPD. There was a trend
toward excess mortality in the NIV group, which the authors
attributed to a delay in intubation and mechanical ventilation.47

Another study looked at sicker COPD patients, with a mean
arterial pH of 7.2. The patients were randomized into NIV or
immediate intubation. Although 52% of the patients in the NIV
group later required intubation and mechanical ventilation, NIV
was at least as good as ETI with mechanical ventilation.48

A Cochrane Systematic Review on the use of NIV for acute
exacerbations of COPD recently was published. The authors
evaluated 8 clinical trials totaling 529 patients. When used along
with standard care, NIV is associated with lower mortality (RR
0.41); lower need for intubation (RR 0.42); lower likelihood of
treatment failure (RR 0.51); and greater improvements in pH,
pCO

2
, and respiratory rate at 1 hour. NIV also resulted in fewer

complications (RR 0.32) and shorter LOS (by more than three
days). The authors conclude that NIV clearly is effective as an
adjunct to standard medical treatment for COPD exacerbations
and that it should be instituted early. Furthermore, the rate of
complications was significantly lower in the NIV group (risk
reduction of 68%). The major benefit of NIV is due to the
reduction in the rates of ETI and its subsequent complications.39

A second meta-analysis agrees with these conclusions.49

It is evident that the most appropriate use of NIV is in the
patient with an acute exacerbation of COPD. NIV should be tried
first and promptly, unless there is an obvious indication for
immediate ETI and mechanical ventilation.

Congestive Heart Failure and Acute Pulmonary Edema.
Several studies have looked at the use of NIV for congestive
heart failure and acute pulmonary edema. A study group used
pressure support ventilation in the ED for patients with acute
cardiogenic pulmonary edema. Twenty patients received NIV.
Of those, 18 improved, and NIV eventually was discontinued.
There were statistically significant improvements in pH,
pCO

2
, respiratory rate, and heart rate. Two patients required

ETI. There were no reported complications from the use of
NIV.12

Researchers studied NIV in patients with acute pulmonary
edema. They showed improved vital signs and oxygenation in
the NIV group. The need for ETI was reduced from 35% to 0%
by the use of CPAP.50 Other researchers reported the use of CPAP
in acute pulmonary edema. They also found decreased intubation
rates in the NIV group.11 Other study groups agree with these
results and also demonstrated a benefit of NIV in pulmonary
edema.51,52
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Table 3. Criteria for NIV Termination

• Development of a contraindication to NIV
• Inability to improve gas exchange
• Worsening dyspnea
• Worsening mental status
• Need for endotracheal intubation
• Hemodynamic instability
• Inability to tolerate the mask
• Patient’s request
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Figure 1. Algorithm for NIV

IS PATIENT IN MODERATE TO SEVERE 
RESPIRATORY DISTRESS?

Respiratory distress?
•  RR > 24/min
•  Accessory muscle use
•  Paradoxical breathing
•  pCO2 > 45 mmHg
•  pH < 7.35
•  Hypoxemia (pO2/FiO2 < 200)

ASSESSMENT

Contraindications for NIV?
•  Cardiac/respiratory arrest
•  Severe acidosis
•  Vomiting
•  Bowel obstruction
•  Absent gag reflex
•  Confusion or coma
•  Inability to tolerate device
•  Inability to handle secretions
•  Facial surgery, trauma, or deformity
•  Upper airway obstruction
•  Risk of aspiration
•  Severe epistaxis
•  Bullous lung disease
•  Pneumothorax or  

pneumomediastinum
•  Life-threatening arrhythmias or

hemodynamic instability
•  Cardiac ischemia (for BiPAP)

ASSESSMENT

Indications for NIV?
Good evidence:
•  COPD exacerbation
•  CHF and acute pulmonary edema

Some evidence:
•  Asthma and status asthmaticus
•  Pneumonia
•  Patients refusing intubation
•  Acute neuromuscular disease
•  Hypoxemic failure

Scant evidence:
•  Pulmonary contusion

ASSESSMENT

USE 
CONVENTIONAL

THERAPY

CONSIDER
ETI/MV

YES

NO

NO

NO YES

YES

Choose modality

START NIV

ABG: pO2 pCO2 pH
Vital signs: RR, pulse oximetry
Clinical: mental status, 

patient comfort

MONITOR

PO2
PO2

PCO2

BiPAPCPAP

Failure of NIV:
(Monitor at 1 to 4 hours after initiation)

•  Patient develops a contraindication
to NIV

•  Worsening or non-improving 
hypoxemia/hypercarbia

•  Worsening pH
•  Worsening mental status

ASSESSMENT

Key:
RR = respiratory rate;
ETI = endotracheal intubation;
MV = mechanical ventilation;
ABG = arterial blood gas



A meta analysis of three published trials of CPAP in conges-
tive heart failure and pulmonary edema also showed a reduction
in intubation rates by 26% and a trend toward improved mortali-
ty.53 In contradiction to this, a study comparing the use of BiPAP,
CPAP, and historical controls in pulmonary edema (n = 27)
showed a higher rate of acute myocardial infarction in the BiPAP
group (71%, 31%, and 38%, respectively).54 This study received
much attention, and other similar studies were halted in view of
the adverse outcomes of this trial. However, the study enrolled
more chest pain patients in the BiPAP group (p = 0.06), which
makes the results difficult to interpret.

In a study using BiPAP in patients with severe CHF in the ED,
patients were randomized to either BiPAP (n = 21) or oxygen by
mask (n = 17) in addition to conventional treatment. The authors
found no difference in acute myocardial infarction rates (19% in
the BiPAP groups vs 29.4% in the mask group; 95% CI = -37.8 to
17%). However, the study was terminated early after the publica-
tion of Mehta’s study.55

Until more evidence arises showing the safety of BiPAP in acute
pulmonary edema, CPAP should be the preferred mode of NIV for
this group. BiPAP can be used if the patient has a component of
hypercarbia. However, exclude patients who have chest pain, car-
diac ischemia, or acute myocardial infarction if choosing BiPAP.10

Acute Asthma Exacerbations and Status Asthmaticus.
There are a few uncontrolled studies that have used NIV for the
treatment of status asthmaticus. In one of the studies, 22/33 eli-
gible patients were treated with NIV. Only three patients
required ETI in the NIV group. There were no complications
associated with delaying the decision to intubate. There were no
statistical differences in LOS and mortality among the groups.56

Another study reviewed the cases of asthma with hypercarbia
admitted to an ICU. Seventeen patients who failed an initial trial
with medical management were treated with NIV. Two patients
in this group (12%) failed NIV and required ETI. NIV was well
tolerated and resulted in improved pH, pCO

2
, and respiratory

rate.57

A very recently published randomized placebo-controlled trial
compared 15 patients using NIV and 15 patients using a sham
device for three hours. The NIV group had a greater improve-
ment in FEV

1
, with 80% of patients achieving a greater than 50%

improvement in the FEV
1
. Only 20% of patients in the control

group achieved the same degree of improvement (p < 0.004).
The hospitalization rate was 17.6% in the NIV group and 62.5%
in the control group (p = 0.0134).58 This study shows that NIV
helps improve the mechanics of respiration in asthmatics, and
that it may have a bronchodilatory effect. Ultimately, NIV result-
ed in a significantly lower admission rate.

In a randomized study, 60 patients with mild to moderate
asthma were randomized to receive medications via NIV or a
conventional nebulizer. The patients in the NIV group had more
improvement of the peak expiratory flow rate. NIV was well
tolerated.59

NIV is thought to improve the symptoms of acute asthma by
several mechanisms. Positive inspiratory pressure produces bron-
chodilation and decreases airway resistance, expands atelectasis,

and promotes removal of secretions. By improving alveolar ven-
tilation, the respiratory muscles are unloaded and can rest.56,57

Finally, NIV decreases the large negative inspiratory pressures
generated during an episode of bronchospasm.59 The use of NIV
does not preclude the administration of aerosolized medications.
These routinely are delivered through the circuit.

It seems reasonable to attempt NIV in asthmatic patients who
are having moderate to severe respiratory distress. There seems
to be no detrimental effect when delaying ETI in favor of a NIV
trial. Although NIV is a useful tool for the delivery of aerosol
medications, the costs probably offset any benefit in the mild
cases of asthma exacerbation.

Acute Hypoxemic Respiratory Failure. There have been a
few studies using NIV in acute respiratory failure of different eti-
ologies. Most of the studies only show a benefit if there is a com-
ponent of hypercarbia as part of the respiratory failure.60

One study looked at 41 patients with hypoxemic respiratory
failure of varied etiologies. In this group, 34% of the patients
failed NIV, requiring ETI. The reasons for intubation were non-
improvement during NIV (50%), persistent dyspnea, and poor
management of secretions. The mortality was not increased by
the use of NIV.61 Another study examined 12 incidents in 10
patients where NIV was used for patients who had acute lung
injury. The success rate for NIV in this small group was 50%,
and the mortality rate was 30%.62 Another study of patients with
acute respiratory failure found similar rates of intubation (70%
vs 62%) in the conventional treatment group when compared to
the conventional treatment plus NIV group. Length of stay and
mortality were similar in both treatment groups. The authors
found, however, that NIV was of benefit in a subgroup of
patients who had hypercarbia (pCO

2
> 45 mm Hg).60 Finally, 64

patients with hypoxemic respiratory failure were studied. In this
study, 31% of the patients failed NIV and were intubated. The
rate of serious complications was lower in the NIV group (38%
vs 66%, p = 0.02); the LOS was shorter in the NIV group; and
there was a trend for a lower mortality rate in the NIV group.63

BiPAP ventilation has been studied in the ED setting for a
mixed population of patients with acute respiratory failure. It was
successful in 86% of the cases, independent of the cause.61 In this
case series, 52.5% of the patients were admitted to a lower level
of care, which probably reduced the overall cost of admission.
On the negative side, another ED-based study showed no reduc-
tion in intubation rates and a trend toward increased mortality
with the use of NIV. The authors attributed the results to delays
in ETI.47

Most of these studies are small in sample size, and thus may
lack power to detect a benefit of NIV. In addition, the first two
studies are observational and non-randomized. This limits the
ability to make any conclusions about the possible benefit of
NIV in the setting of severe hypoxemia. Finally, the groups
included patients with varied etiologies for the hypoxemia. Sub-
group analysis for specific diagnoses is needed to evaluate for
any possible roles for NIV. Prospective, randomized studies are
needed to provide more information as to the role, if any, of NIV
in hypoxemic respiratory failure.47,64
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Pneumonia. The few studies looking at NIV in patients with
pneumonia have yielded conflicting results. In one of the COPD
studies, pneumonia was one of the risk factors associated with
NIV failure.16 A recent trial randomized 56 patients to receive
conventional treatment with or without NIV. Patients treated with
NIV had lower intubation rates (21% vs 50%, p < 0.03). The
hospital lengths of stay and hospital mortality rates were similar
in both groups. This benefit from NIV occurred in the patients
with concomitant COPD and hypercarbia.28

One study of patients with AIDS and P. carinii pneumonia
had a 70% success rate (n = 11).61 It seems that the avoidance of
ETI decreases complication rates in immunocompromised
patients with pneumonia, as shown by the positive results of NIV
in the study by Hilbert and colleagues. They found decreased
need for ETI, decreased complications, and decreased mortality
in a group of immunocompromised patients with pneumonia.65 It
is reasonable to do a trial of NIV in these pneumonia patients,
but better studies are needed to establish who will benefit the
most from this intervention.

Pulmonary Contusion. The use of NIV for pulmonary con-
tusions was described in a retrospective study of 75 patients
identified using a trauma registry in Australia. Twelve of those
patients successfully were treated with NIV. Unfortunately,
most of the other patients required ETI and mechanical ventila-
tion for other related injuries.66 The study suggests that if the
patients do not have other injuries that require intubation, pul-
monary contusions can be managed using NIV without a worse
outcome.

A second study used CPAP in 33 hypoxemic trauma patients.
Twenty had pulmonary contusions as one of the diagnoses. The
authors report an intubation rate of 6%. Thirty-two of the 33
patients had improvement of the hypoxemia while on CPAP.
The study also supports the use of CPAP on trauma patients
who have a decreased functional residual capacity resulting in
hypoxemia.67

Patients Who Refuse Endotracheal Intubation. Uncon-
trolled studies have used NIV for patients who refuse ETI and
have a reversible cause for acute respiratory failure.68,69 In these
patients, NIV relieves dyspnea, preserves speech, and preserves
patient autonomy.10 When used in elderly patients who refuse
intubation, it has a good success rate, reported in one study at
60%.19 Some authors argue that this use of NIV is inappropri-
ate.70 However, it should be stressed that NIV can be used in
cases where the cause of the acute respiratory failure is deemed
reversible by the treating physician. 

Chronic and Acute Neuromuscular Diseases. NIV is being
used for patients with amyotrophic lateral sclerosis when symp-
toms of ventilatory failure develop. Although clear standards for
its initiation have not been developed, authors have suggested a
forced vital capacity (FVC) below 70% as a reasonable clinical
parameter.71

Others have used BiPAP in patients with myasthenic crises. In
a case series of 11 episodes of myasthenic crises, BiPAP was
successful in seven of these cases. The authors found that hyper-

carbia, defined as a pCO
2

> 50 mmHg, was a predictor of NIV
failure. This is probably a reflection of disease severity. There
were no complications arising from the use of NIV.72

Noninvasive Ventilation in the Prehospital Setting. A study
group recently introduced NIV in ambulances. Seventy-one
patients with suspected congestive heart failure were enrolled.
Paramedics reported that the technique was easy to use. Out-of-
hospital treatment times were not prolonged by the use of NIV.
Although pulse oximetry was improved (p < 0.05) with NIV,
there were no statistical differences in LOS, intubation rates, or
mortality rates. The authors conclude that paramedics can be
trained to deliver NIV, find it easy to apply, and believe that it
helps relieve dyspnea in patients with suspected CHF.73

Conclusions
NIV rapidly is emerging as a useful tool in the ED armamen-

tarium. The best evidence on the benefit of NIV is found in the
COPD patients. The benefit of NIV in this group seems to be
related to the avoidance of the morbidity associated to ETI and
mechanical ventilation. There is some evidence on the benefit of
NIV for many other etiologies of respiratory and ventilatory fail-
ure, such as congestive heart failure, acute pulmonary edema,
asthma, pneumonia, pulmonary contusions, and acute neuromus-
cular diseases. 

When faced with a patient who may benefit from NIV, keep in
mind that it works best when it is instituted early. If the main
problem is hypoxemia, then CPAP is the most appropriate
modality. The positive pressures help recruit underventilated or
collapsed alveoli. If the main problem is hypercarbia, then
BiPAP is the most appropriate modality. The inspiratory pressure
works by improving tidal volume, thus decreasing pCO

2
. The

expiratory component works like adding PEEP to a ventilator,
which results in improved oxygenation.

For COPD patients, most studies demonstrate that an
improvement in the arterial blood gases, especially the pH and
pCO

2
, are good predictors of the success of NIV. Most studies

also show that the more acidemic patients tend to have worse
outcomes and more failures with NIV. After initiation of NIV,
have a clear plan on how to recognize a treatment failure and
what to do for those patients who fail. There is no convincing
evidence that a failed trial of NIV is harmful.74

Finally, more studies are needed to determine the optimal
threshold for initiating NIV. Studies also are needed to better
evaluate the patient populations and the diagnoses that likely will
benefit from a trial of NIV. Although there is some evidence that
suggests that NIV is a cost-effective intervention, more studies
need to evaluate this further.41 Always remember that NIV should
be viewed as a means of preventing, rather than an alternative to,
ETI and mechanical ventilation.
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Physician CME Questions

1. Indications for NIV include all the following except:

A. RR > 24.

B. altered mental status.

C. hypercarbia (pCO
2

> 45 mm Hg).

D. acidemia (pH < 7.35).

E. hypoxemia (PaO
2
/FiO

2
< 200).

2. Contraindications for NIV include all of the following except:

A. hemodynamic instability.

B. facial trauma or deformity.

C. cardiac arrest.

D. hypercarbia.

E. severe acidosis.

3. If the main therapeutic objective is ventilation (that is, improvement

of pCO
2
) then:

A. IPAP should be equal to EPAP.

B. EPAP should be higher than IPAP.

C. BiPAP should be used.

D. CPAP should be used.

4. NIV has been studied best in patients who have COPD.

A. True

B. False

5. Complications of NIV include all the following except:

A. barotrauma.

B. skin necrosis at the mask interface.

C. eye irritation.

D. significant hypotension.

E. vomiting.

6. A cancer patient on chemotherapy comes with severe pneumonia and

hypoxemia (oxygen saturation 65% at room air). She is started on

NIV with an IPAP of 8 cm H
2
O and EPAP of 4 cm H

2
O. Her oxygen

saturation is still 84%. Besides increasing the FiO
2
, how would you

change the BiPAP parameters?

A. Increase IPAP by 6-7 cm H
2
O.

B. Ask her to sign a do not resuscitate/do not intubate order.

C. Change the modality to CPAP.

D. Increase EPAP by 2-3 cm H
2
O.

7. NIV improves symptoms of asthma by:

A. unloading respiratory muscles.

B. producing bronchodilation.

C. expanding atelectatic areas.

D. decreasing negative inspiratory pressures.

E. All of the above.

8. During NIV, it is essential to monitor which of the following 

parameters?

A. Mental status

B. Patient comfort
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C. Vital signs

D. Arterial blood gas analysis

E. All of the above

9. Criteria for termination of NIV include all the following except:

A. high temperature. 

B. worsening mental status.

C. worsening dyspnea.

D. apnea.

E. patient request.

10. A COPD patient presents with hypercapnia and moderate respiratory

distress. He is initiated in NIV with an IPAP of 8 and EPAP of 3, but

his hypercapnia persists (pCO
2

= 52 mmHg). His pulse oximetry

reads 94% on 2 liters of oxygen. How would you change the BiPAP

parameters?

A. Increase IPAP by 2-3 cm H
2
O.

B. Increase the EPAP by 5 cm H
2
O.

C. Declare a failure and intubate the patient.

D. Keep the same parameters, but increase FiO
2
.
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CME Answer Key

1. B
2. D
3. C
4. A
5. D

6. D
7. E
8. E
9. A
10. A
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Algorithm for NIV

IS PATIENT IN MODERATE TO SEVERE 
RESPIRATORY DISTRESS?

Respiratory distress?
•  RR > 24/min
•  Accessory muscle use
•  Paradoxical breathing
•  pCO2 > 45 mmHg
•  pH < 7.35
•  Hypoxemia (pO2/FiO2 < 200)

ASSESSMENT

Contraindications for NIV?
•  Cardiac/respiratory arrest
•  Severe acidosis
•  Vomiting
•  Bowel obstruction
•  Absent gag reflex
•  Confusion or coma
•  Inability to tolerate device
•  Inability to handle secretions
•  Facial surgery, trauma, or deformity
•  Upper airway obstruction
•  Risk of aspiration
•  Severe epistaxis
•  Bullous lung disease
•  Pneumothorax or  

pneumomediastinum
•  Life-threatening arrhythmias or

hemodynamic instability
•  Cardiac ischemia (for BiPAP)

ASSESSMENT

Indications for NIV?
Good evidence:
•  COPD exacerbation
•  CHF and acute pulmonary edema

Some evidence:
•  Asthma and status asthmaticus
•  Pneumonia
•  Patients refusing intubation
•  Acute neuromuscular disease
•  Hypoxemic failure

Scant evidence:
•  Pulmonary contusion

ASSESSMENT

USE 
CONVENTIONAL

THERAPY

CONSIDER
ETI/MV

YES

NO

NO

NO YES

YES

Choose modality

START NIV

ABG: pO2 pCO2 pH
Vital signs: RR, pulse oximetry
Clinical: mental status, 

patient comfort

MONITOR

PO2
PO2

PCO2

BiPAPCPAP

Failure of NIV:
(Monitor at 1 to 4 hours after initiation)

•  Patient develops a contraindication
to NIV

•  Worsening or non-improving 
hypoxemia/hypercarbia

•  Worsening pH
•  Worsening mental status

ASSESSMENT

Key:
RR = respiratory rate;
ETI = endotracheal intubation;
MV = mechanical ventilation;
ABG = arterial blood gas

Contraindications to NIV

• Vomiting
• Recent facial or upper airway surgery
• Severe epistaxis
• Facial abnormalities (i.e., burns or trauma)
• Fixed upper airway obstruction
• Apnea
• Altered mental status (i.e., confusion or agitation)
• Pre-existing bullous lung disease
• Pneumomediastinum
• Untreated pneumothorax
• Inability to manage secretions
• Inability to protect the airway
• Cardiovascular instability
• Life-threatening arrhythmias 
• Signs of cardiac ischemia (for BiPAP)

Monitoring of the Patient on NIV

CLINICAL: 

• Patient comfort, LOC, chest wall motion, accessory muscle 
use, coordination with the ventilator, RR, HR, pulse oximetry

ABGS:  

After about 1-2 hours and at about 4-6 hours

Key:
LOC = level of consciousness; RR = respiratory rate;
HR = heart rate

Criteria for NIV Termination

• Development of a contraindication to NIV
• Inability to improve gas exchange
• Worsening dyspnea
• Worsening mental status
• Need for endotracheal intubation
• Hemodynamic instability
• Inability to tolerate the mask
• Patient’s request
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