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Non-invasive ventilation in acute respiratory failure
Stefano Nava, Nicholas Hill

Non-invasive mechanical ventilation has been increasingly used to avoid or serve as an alternative to intubation. 
Compared with medical therapy, and in some instances with invasive mechanical ventilation, it improves survival and 
reduces complications in selected patients with acute respiratory failure. The main indications are exacerbation of 
chronic obstructive pulmonary disease, cardiogenic pulmonary oedema, pulmonary infi ltrates in immunocompromised 
patients, and weaning of previously intubated stable patients with chronic obstructive pulmonary disease. Furthermore, 
this technique can be used in postoperative patients or those with neurological diseases, to palliate symptoms in 
terminally ill patients, or to help with bronchoscopy; however further studies are needed in these situations before it 
can be regarded as fi rst-line treatment. Non-invasive ventilation implemented as an alternative to intubation should 
be provided in an intensive care or high-dependency unit. When used to prevent intubation in otherwise stable 
patients it can be safely administered in an adequately staff ed and monitored ward.

Introduction
In the late 1980s, when innovators fi rst began using non-
invasive ventilation in patients with acute respiratory 
failure as a potential alternative to endotracheal intubation,1 
few clinicians would have thought that within 20 years 
this technique would become a fi rst-line intervention for 
some forms of acute respiratory failure.2 Non-invasive 
ventilation refers to the delivery of mechanical ventilation 
with techniques that do not need an invasive endotracheal 
airway. It should not, therefore, be used when patients 
cannot protect their airway. It is not appropriate for all, 
and the selection of candidates is important (panel 1). For 
patients with secretion accumulation or a weak cough 
refl ex, adequate secretion management with manual or 
mechanical techniques might be advisable before 
non-invasive ventilation is declared failed or contra-
indicated.2,3 Compared with invasive mechanical ventila-
tion, this type of ventilation achieves the same physiological 
benefi ts of reduced work of breathing and improved gas 
exchange.4 Furthermore, it avoids the complications of 
intubation and the increased risks of ventilator-associated 
pneumonia and sinusitis, especially in patients who are 
immuno suppressed or with comorbidities.2

We review present and potential uses of non-invasive 
ventilation in the acute setting, with emphasis on 
indications outside the intensive care unit. Although 
continuous positive airways pressure (CPAP) does not 
actively assist inspiration as do all other forms of 
non-invasive positive-pressure ventilation, we class CPAP 
as a non-invasive mode unless otherwise specifi ed.

The use of non-invasive ventilation varies greatly 
between hospitals and geographical regions, and has 
changed over time. Investigators of a worldwide 
prospective survey of mechanical ventilation noted that 
use rose from 4% of all ventilators started in 2001, to 11% 
in 2004.5 It is increasingly being used in many countries, 
but frequency of use is highly variable.6,7 Non-invasive 
ventilation is used mainly for exacerbations of chronic 
obstructive pulmonary disease (COPD) and for cardio-
genic pulmonary oedema. Use for hypoxic respiratory 
failure and facilitation of weaning is still infrequent and 
is mainly done in specialised centres.7 

In Europe, the rate of use of non-invasive ventilation in 
intensive care units is about 35% of ventilated patients and 
higher (roughly 60%) in respiratory intensive care units or 
emergency departments.8,9 In North America, this form of 
ventilation is begun most often in emergency departments, 
with most patients transferred to intensive care units or 
step-down units in hospitals that have such facilities. The 
low rate of use in some hospitals relates to little knowledge 
about or experience with the technique, insuffi  cient 
technical equipment, and inadequate funding.9–11 Despite 
these limitations, this technique is increasingly being used 
outside the traditional and respiratory intensive care units, 
including in emergency departments; postsurgical recovery 
rooms;12 cardiology,13 neurology,14 and oncology15 wards; 
and palliative care units.16

Use outside intensive care units
In a matched case–control study, Girou and colleagues17 
showed that compared with endotracheal intubation 
non-invasive ventilation was associated with a lower risk 
of nosocomial infections (including urinary tract and 
catheter-related infections), less antibiotic use, shorter 
lengths of stay in the intensive care units, and lower 
mortality than was endotracheal intubation. Furthermore, 
endotracheal intubation is uncomfortable for patients 
and increases the need for sedation and analgesia, which 
is an independent factor for extended weaning.18 During 
non-invasive ventilation, the need for sedation is usually 
less than with intubation so that patients maintain better 
spontaneous breathing, can wean more rapidly, and 
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Search strategy and selection criteria

We searched Medline, EmBase, and the Cochrane database, 
using the keywords “non-invasive” or “noninvasive 
(mechanical) ventilation”, for all reports of adults, published 
until March, 2009. Our search was not limited to publications 
in English. We selected relevant reports and comprehensive 
reviews. We also searched the reference lists of identifi ed 
publications, selecting relevant articles with an emphasis on 
research of acute respiratory failure.
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spend less time in the intensive care units.19 However, it 
should not be used in patients with contraindications 
(panel 1). Such patients need prompt intubation and 
inadvisable use places them at risk of need for emergency 
intubation with its attendant morbidity and mortality.20

Non-invasive ventilation can be used in a wide range of 
disorders that lead to acute respiratory failure. We 
examine the evidence lending support to applications 
which are graded according to the Oxford Centre for 
Evidence-based Medicine (panel 2).21 The success of this 
technique depends not only on the diagnosis of 
respiratory failure and patients’ characteristics but also 
on when the ventilation is started22 and the setting in 
which the patient is treated.23

Early use of non-invasive ventilation is recommended 
because the opportunity for a successful start might be 
lost if delays arise and the patient’s underlying disease 
progresses too far. However, such ventilation can be 
started too early—ie, when the patient’s illness is so mild 
that no ventilatory assistance is needed and they are more 
likely to be intolerant than be helped.24 Thus judgment 
should be exercised; most practitioners seek evidence of 
increased dyspnoea and work of breathing (tachypnoea 
or heightened accessory muscle use).25 Another advantage 
of an early start is that patients who are not in immediate 
life-threatening situations can be managed outside the 
intensive care units, provided that the ward team has the 
necessary skills. Hence specialised units (ie, respiratory 
intensive care, high-dependency) are ideal for provision 
of non-invasive ventilation to all but the most sick 
patients because they off er complete non-invasive 
monitoring systems and higher nurse to patient ratios 
than are available on general wards.

Patients with acute respiratory acidosis caused by an 
exacerbation of COPD are the group that benefi ts most 
from non-invasive ventilation. Early use in patients with 
COPD who have with mild respiratory acidosis 
(as low as pH 7·30) and mild-to-moderate respiratory 
distress prevents further deterioration, and thus avoids 
endotracheal intubation and improves survival compared 
with standard medical therapy.26 In a large multicentre 
trial in patients with mild-to-moderate acidotic COPD 
who were admitted to a respiratory ward, Plant and 
colleagues26 noted that intubation and mortality rates 
were lower with non-invasive ventilation than with 
standard therapy alone, but subgroup analysis showed 
that these rates did not diff er when pH at enrolment was 
less than 7·30. The investigators surmised that these 
patients with low pHs might have fared better in an 
intensive care unit than in the respiratory ward.

Strong evidence of effi  cacy (from randomised controlled 
trials and meta-analyses) and low risk of failure 
(10–20%) means that use of non-invasive ventilation to 
avoid intubation in patients with mild-to-moderate COPD 
and acute respiratory failure (pH 7·30–7·34) is regarded 
as the ventilatory therapy of fi rst choice and can be safely 
administered in appropriately monitored and staff ed 

areas outside intensive care.27–29 Patients with a low pH 
are still candidates for this technique but transfer to a 
closely monitored location is strongly advisable.

Non-invasive ventilation has been used to treat acute 
respiratory failure in patients with cardiogenic pulmonary 
oedema, mainly in emergency departments. Investigators 
of several meta-analyses30–32 concluded that this technique, 
including CPAP, is better than is standard medical 
therapy for reduction of intubation rate. Furthermore, 
they noted that CPAP reduces mortality. This conclusion 
was not supported in a multicentre trial33 that compared 
oxygen therapy alone, CPAP, and non-invasive pressure 
support ventilation. The physiological improvements 
were faster with non-invasive ventilation than with 
oxygen alone but without a statistically signifi cant eff ect 
on intubation or mortality rates. However, the very low 
intubation rate (<3%) raises questions as to whether the 
patients’ population was similar to that of other 
studies.34–38

Meta-analyses30–32 that compared non-invasive ventila-
tion with CPAP alone in patients with cardiogenic 
pulmonary oedema showed that intubation and mortality 
rates did not diff er, although investigators of some 
studies noted more rapid improvements in dyspnoea 
scores, oxygenation, and arterial partial pressure of 
carbon dioxide (PaCO2) with non-invasive ventilation 
than with CPAP. Nonetheless, because of ease of use, 
some clinicians regard CPAP as fi rst-line treatment for 
cardiogenic pulmonary oedema in patients who do not 

Panel 1: Indications and contraindications for NIV in acute care

Indications
Bedside observations 
• Increased dyspnoea—moderate to severe
• Tachypnoea (>24 breaths per min in obstructive, >30 per min in restrictive)
• Signs of increased work of breathing, accessory muscle use, and abdominal paradox
Gas exchange 
• Acute or acute on chronic ventilatory failure (best indication), PaCO2>45 mm Hg, 

pH<7·35
• Hypoxaemia (use with caution), PaO2/FIO2 ratio<200

Contraindications 
Absolute 
• Respiratory arrest 
• Unable to fi t mask
Relative
• Medically unstable—hypotensive shock, uncontrolled cardiac ischaemia or arrhythmia, 

uncontrolled copious upper gastrointestinal bleeding
• Agitated, uncooperative
• Unable to protect airway
• Swallowing impairment
• Excessive secretions not managed by secretion clearance techniques
• Multiple (ie, two or more) organ failure
• Recent upper airway or upper gastrointestinal surgery

NIV=non-invasive ventilation; PaCO2=arterial partial pressure of carbon dioxide; PaO2=arterial partial pressure of oxygen; 
FIO2=fraction of inspired oxygen.
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have hypercapnoea.39 According to the European 
Cardiology Task Force40 for diagnosis and treatment of 
cardiogenic pulmonary oedema, non-invasive ventilation 
and CPAP are regarded as fi rst-line treatments together 
with standard medical therapy when acute respiratory 
failure ensues.

Major abdominal and thoracic surgeries are often 
complicated postoperatively by hypoxaemia and 
respiratory failure, which is sometimes fatal. Pulmonary 
atelectasis after major surgery is frequent and might 

predispose patients to pneumonia. In randomised trials 
CPAP reduced atelectasis and prevented pneumonia 
more eff ectively than did standard therapy after upper 
abdominal surgery,41 and non-invasive ventilation sub-
stantially ameliorated gas exchange and abnormal 
changes in pulmonary function after gastrosplasty in 
patients who were obese.42 Preventive use for a week 
before43 or immediately after thoracic,44 cardiac45 or 
vascular46 surgeries might mitigate loss of lung volume 
and development of atelectasis while easing recovery. 
Furthermore, use of non-invasive ventilation to treat 
early acute respiratory failure after lung resection 
improved survival in one randomised study.47 These 
results lend support to use of CPAP or non-invasive 
ventilation in the postoperative setting, but more data are 
needed before specifi c recommendations can be made.

Acute respiratory failure in patients who are immuno-
compromised often signals a terminal phase of the 
underlying disease, with short survival time and high 
costs of admission to intensive care.48 Early use of 
non-invasive ventilation could be very helpful, as shown 
by randomised studies in intensive care units that 
compared this technique with standard treatment. In 
patients receiving a solid-organ transplant and who had 
hypoxaemic acute respiratory failure, such ventilation 
reduced intubation rate, complications, mortality, and 
duration of stay in intensive care.49 In a second study,50 
this technique lowered intubation, complication, and 
mor tality rates compared with standard therapy in 
patients with hypoxaemia and bilateral pulmonary 
infi ltrates and immunosuppression secondary to 
haemato logical malig nancies, transplantation, or HIV 
infection. In view of the risk of admitting patients who 
are immunosuppressed to intensive care, some 
institutions now use non-invasive ventilation or CPAP 
early in haematology wards, either via a face mask or 
helmet, to avert transfer to intensive care.15

Obesity is an epidemic health and socioeconomic 
problem in many countries and predisposes people to 
chronic alveolar hypoventilation, usually in association 
with obstructive sleep apnoea. Obesity hypoventilation 
syndrome is defi ned as obesity with hypercapnia and 
can lead to acute respiratory acidosis during an 
exacerbation. Some case reports and observational 
studies suggest that non-invasive ventilation can 
ameliorate alveolar hypoventilation and avoid intubation 
in this situation.51,52

Patients with severe irreversible chronic diseases often 
eschew invasive mechanical ventilation when they 
present with acute respiratory failure and such ventilatory 
assistance might even be medically inappropriate for 
terminal stages.53 Non-invasive ventilation could be used 
as an intermediate step to relieve symptoms and to 
achieve survival in hospital in some patients.54 Two large 
US studies55,56 in patients with acute respiratory failure 
and do-not-intubate orders reported that roughly half of 
those treated with this technique survived and were 

Panel 2: Recommendations for NIV to treat acute respiratory failure 

Recommendations based on levels of evidence21 

Level 1 evidence 
Systematic reviews (with homogeneity) of RCTs and individual RCTs (with narrow CIs)
Evidence of use (favourable)
• COPD exacerbations
• Facilitation of weaning/extubation in patients with COPD
• Cardiogenic pulmonary oedema
• Immunosuppressed patients
Evidence of use (caution)
• None

Level 2 
Systematic reviews (with homogeneity) of cohort studies—individual cohort studies 
(including low quality RCTs; eg, <80% follow-up)
Evidence of use (favourable)
• Do-not-intubate status
• End-stage patients as palliative measure
• Extubation failure (COPD or congestive heart failure) (prevention)
• Community-acquired pneumonia in COPD
• Postoperative respiratory failure (prevention and treatment)
• Prevention of acute respiratory failure in asthma
Evidence of use (caution)
• Severe community acquired pneumonia
• Extubation failure (prevention)

Level 3 
Systematic reviews (with homogeneity) of case–control studies, individual case-control study
Evidence of use (favourable)
• Neuromuscular disease/kyphoscoliosis
• Upper airway obstruction (partial)
• Thoracic trauma
• Treatment of acute respiratory failure in asthma
Evidence of use (caution)
• Severe acute respiratory syndrome

Level 4
Case series (and poor quality cohort and case-control studies)
Evidence of use (favourable)
• Very old age, older than age 75 years 
• Cystic fi brosis
• Obesity hypoventilation
Evidence of use (caution)
• Idiopathic pulmonary fi brosis

NIV=non-invasive ventilation. RCTs=randomised controlled trials. COPD=chronic obstructive pulmonary disease.
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discharged. Underlying disease was an important 
determinant of survival: patients with congestive heart 
failure had better survival rates than did those with 
COPD, and these rates were much better than were those 
for patients with pneumonia or cancer.

Observational studies found that non-invasive ventilation 
can be eff ective in relieving respiratory distress in patients 
admitted to either a respiratory unit57 or a palliative care 
unit.16 Early data from an ongoing multicentre randomised 
study58 of non-invasive ventila tion versus oxygen 
supplementation showed that it relieves signs of 
respiratory distress for at least 6 h after initiation and 
patients needed less morphine than did controls given 
oxygen. Patients with congestive heart failure and COPD 
who have do-not-intubate orders respond well to 
non-invasive ventilation, but use for other diagnoses and 
palliation, although appealing, needs further study.59

Two randomised controlled studies60,61 assessed use of 
non-invasive ventilation during severe, non-life-threatening 
asthma attacks before development of acute respiratory 
failure. The fi rst study60 showed improved fl ow rates and 
reduced admissions with this technique compared with 
sham non-invasive ventilation. The second study61 reported 
similar conclusions with high infl ation pressures but not 
with low pressures or standard medical therapy. A trial can 
be considered for prevention of acute respiratory failure in 
patients with asthma who do not respond adequately to 
initial bronchodilator therapy. Whether this technique is 
eff ective for treatment of overt acute respiratory failure in 
patients with asthma is unknown.

A subset of patients—eg, those who are immuno-
compromised, have pneumonia and pulmonary fi brosis 
with a low ratio for arterial partial pressure of oxygen 
(PaO2) to fraction of inspired oxygen (FIO2), or have 
bleeding diatheses—are at high risk for developing 
respiratory failure during fi breoptic bronchoscopy. Two 
randomised trials showed that either CPAP alone62 or 
non-invasive ventilation62 given via a full face mask 
improved oxygenation, and in one study63 reduced 
postprocedure respiratory failure in patients with severe 
hypoxaemia. Similar fi ndings with the helmet were 
reported.64 Although evidence lends support to use of 
such ventilation during fi breoptic bronchoscopy to avoid 
intubation, close monitoring and ready availability of 
equipment for emergency intubation are necessary.

Use within intensive care units
By contrast with use of non-invasive ventilation on a 
ward, the closely monitored intensive-care setting allows 
safe application of this technique even in very sick 
patients. To manage such patients non-invasively, 
including those with COPD exacerbations with severe 
respiratory acidosis (ie, pH<7·30), staff  with much 
experience in this technique are needed, who are 
prepared to intubate promptly if goals are not met (ie, 
haemodynamic stability, adequate oxygenation, good 
cooperation).65,66 Delays in intubation of these patients 

runs the risk of unanticipated respiratory or cardiac 
arrest with attendant morbidity and mortality. Predictors 
of failure for non-invasive ventilation for hypercapnic 
respiratory failure are no improvement or a fall in pH, no 
change or a rise in breathing frequency after 1–2 h, 
high-acuity illness at admission (simplifi ed acute 
physiology score II >34), and lack of cooperation. 
Predictors for hypoxaemic respiratory failure are no or a 
minimum rise in the ratio of PaO2 to FIO2 after 1–2 h, 

Figure: Diff erent types of interfaces 
Images reproduced with permission from Hans-Rudolph (A), Respironics (B), Koo Medical Equipment (C), 
Fisher & Paykel Healthcare (D), ResMed (E), and Harol (F).

A B

C D

E F

Full face mask Total face mask

Nasal mask Mouthpiece

Nasal pillows Helmet
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patients older than 40 years (one study),67 high acuity 
illness at admission (simplifi ed acute physiology score 
>34), presence of acute respiratory distress syndrome, 
community acquired pneumonia with or without sepsis, 
and multiorgan system failure.

Hypoxaemic respiratory failure denotes patients with 
dyspnoea and tachypnoea with ratios of PaO2 to FIO2 less 
than 200 and a non-COPD diagnosis such as pneumonia, 
acute respiratory distress syndrome, acute lung injury, 
or cardiogenic pulmonary oedema. Several clinical 
trials68–70 have studied non-invasive ventilation in the 
intensive care unit to avoid intubation in such patients, 
but results are controversial. Major confounders of these 
studies were the large diff erences between enrolled 
patients in type of respiratory failure and severity of 
illness. For example, Confalonieri and colleagues71 
assessed use of this technique in patients with acute 
respiratory failure due to severe community-acquired 
pneumonia, including patients with and without COPD. 
Although non-invasive ventilation signifi cantly reduced 
need for endotracheal intubation and length of hospital 
stay, in a subgroup analysis only patients with COPD 

benefi ted. Observational studies72,73 suggest that non-
invasive ventilation is not useful for the avoidance of 
intubation when hypoxaemic acute respiratory failure is 
caused by community-acquired pneumonia in the 
absence of COPD.

Only one randomised trial74 has thus far investigated 
use of this technique as an alternative to intubation in 
patients with hypoxaemic respiratory failure. Antonelli 
and co-workers74 compared this technique with immediate 
intubation in patients with severe hypoxaemic respiratory 
failure who did not improve despite aggressive medical 
therapy. Oxygenation improved similarly within the fi rst 
hour in both groups, and only 31% of patients in the 
non-invasive ventilation group needed intubation. 
Patients in the immediate intubation group developed 
serious complications, especially infections, more 
frequently than did those in the non-invasive group. In 
survivors, the duration of mechanical ventilation and stay 
in intensive care was shorter in those assigned to the 
non-invasive group.

Thus, although some studies suggest benefi t, the use 
of non-invasive ventilation in acute respiratory distress 

Panel 3: Advantages and disadvantages of diff erent types 
of interfaces 

Total face mask—covers mouth, nose, and eyes 
Advantages
• Minimum airleaks 
• Little cooperation required
• Easy fi tting and application
Disadvantages
• Vomiting (risk of aspiration)
• Claustrophobia
• Speaking diffi  cult

Full face (or oronasal) mask—covers mouth and nose
Advantages
• Few air leaks
• Little cooperation required
• Can be adjusted for comfort 
Disadvantages
• Vomiting
• Claustrophobia 
• Possible nasal skin damage
• Speaking and coughing diffi  cult

Nasal mask—covers nose and not mouth
Advantages
• Possibility of speaking and drinking
• Allows cough
• Reduced danger of vomiting
• Minimum risk of asphyxia
Disadvantages
• Air leaks if mouth opens
• Possible nasal skin damage
• Needs patent nasal passages

(Continues in next column)

(Continued from previous column)

Mouthpieces—placed between lips and held in place by 
lip seal
Advantages
• Can be applied as rotating strategy with other interfaces
Disadvantages
• Vomiting and salivation 
• Possible air leaks 
• Gastric distension 
• Speaking diffi  cult

Nasal pillows or plugs—inserted into nostrils
Advantages
• Can be applied as rotating strategy with other advantages 

of nasal masks
• Absence of nasal skin damage
Disadvantages
• Unreliable monitoring of expired tidal volume
• Inspiratory and expiratory air leaks
• Nasal irritation

Helmet—covers the whole head and all or part of the neck 
(no contact with face)
Advantages
• Minimum airleaks
• Little cooperation required 
• Absence of nasal or facial skin damage
Disadvantages
• Rebreathing
• Vomiting
• Noisy 
• Asynchrony with pressure support ventilation
• Discomfort of axillae (from straps)



Review

www.thelancet.com   Vol 374   July 18, 2009 255

syndrome or severe community-acquired pneumonia is 
controversial and not recommended routinely.75 Results 
of a survey76 in three intensive care units, with staff  highly 
skilled in this technique, showed that only 30% of 
patients with a diagnosis of acute respiratory distress 
syndrome met criteria for a trial of this type of ventilation. 
Of these patients, intubation was avoided in 54%, which 
was associated with much lowered morbidity (by about 
40%) and mortality rates (roughly 30%). This fi nding 
suggests that in real-life situations and in expert hands 
only about 15% of such patients can be treated successfully 
with this technique; mainly those with a low severity of 
illness, not in shock, and rapid improvement in oxy-
genation after therapy is started.

Several randomised trials showed that non-invasive 
ventilation can be safely and successfully used to enable 
weaning from mechanical ventilation in stable patients 
recovering from an episode of hypercapnic acute 
respiratory failure (ie, COPD exacerbations)77,78 and even 
in those who previously had an unsuccessful spontaneous 
breathing trial.79,80 Respiratory failure after extubation 
occurs in about 15% of extubated patients, with an 
inhospital mortality that approaches 30–40%.81 Two 
randomised trials82,83 have shown that non-invasive 
ventilation applied immediately after extubation in 
patients considered at high risk of extubation failure (ie, 
elderly patients, and those with repeated failed weaning 
attempts, congestive heart failure, hypercapnia, 
hypoxaemia, acidaemia, and many comor bidities) lowered 
the rate of reintubation. Further more, in one study, 
mortality in the intensive care unit decreased in a 
subgroup of patients with hyper capnia.83

However, results from two previous randomised 
trials84,85 showed no reduction in reintubation rates, and 
one85 reported a signifi cantly higher mortality in the 
intensive care unit in the non-invasive group, associated 
with longer delays in reintubation than in the control 
group (12 h vs 2 h). These fi ndings led some researchers 
to conclude that non-invasive ventilation should not be 
used for extubation failure. However, only 10% of enrolled 
patients had COPD, perhaps predisposing to less 
favourable fi ndings than seen in other studies. 
Furthermore, outcomes were improved in the group of 
controls who crossed over to non-invasive ventilation 
after they met criteria for respiratory failure,which 
suggests that some patients randomly assigned to this 
group started too early before they were clearly good 
candidates. Although controversial, accumulating 
evidence suggests that this technique has a role in 
treatment of extubation failure, but mainly in patients 
with hypercapnic and congestive heart failure who are at 
high risk for extubation failure. Furthermore, patients 
should be monitored closely to avoid delays in 
intubation.

Application of non-invasive ventilation for severe 
acute respiratory syndrome (SARS) and other airborne 
diseases has generated debate. On the basis of the 

Toronto experience86 with SARS, in which some 
caregivers contracted the syndrome when a patient was 
intubated after failure of non-invasive ventilation, use of 
this technique was discouraged for patients with this 
disease. However, two subsequent observational 
studies87,88 from China reported no evidence of viral 
spread to caregivers who took appropriate precautions. 
In the event of an avian infl uenza pandemic, ventilator 
resources will probably be severely strained, and 
non-invasive ventilation might off er a means to support 
some aff ected patients. However, some clinicians 
consider this tecnique contra indicated in respiratory 
failure from communicable respiratory airborne 
diseases unless used inside a negative-pressure isolation 
room with strict precautions.

Methods, staffi  ng, and costs
Although bulky and often cumbersome, negative-pressure 
ventilators such as the so-called iron lung are still used in 
some countries.89 Non-invasive ventilation nowadays 
almost always consists of positive pressure delivered to 
the upper airway via a mask or other interface, and uses 
diff erent physiological principles, dependent on the 
mode of delivery. During CPAP, a constant positive 
pressure is applied to raise functional residual capacity 
and open fl ooded alveoli in patients with cardiogenic 
pulmonary oedema. CPAP can lessen left ventricular 
transmural pressure, reducing afterload and increasing 
cardiac output, providing an additional rationale for use 
in the treatment of such patients.30,31 CPAP can also be 
given via a helmet, which can cause diffi  culties with 
synchrony between the patient and ventilator when used 
with forms of positive-pressure ventilation that need 
triggering by the patient.90

Panel 4: How to apply NIV during fi rst few hours

• Explain technique to patient (if competent)
• Choose correct interfaces and size
• Set pressures starting from low levels (ie, pressure support about 8 cm H2O and 

external PEEP 4–5 cm H2O) 
• Place interface gently over face, holding it in place and start ventilation
• When patient tolerant, tighten straps just enough to avoid major leaks, but not too tight 
• Set FIO2 on ventilator or add low-fl ow oxygen into the circuit, aiming for SO2>90%
• Set alarms—low pressure alarm should be above PEEP level
• Be mindful of and try to optimise patent’s comfort 
• Reset pressures (pressure support increased to get expired tidal volume 6 mL/kg or 

higher—raise PEEP external to get oxygen saturation 90% or higher).
• Protect site of skin pressure from the interface (ie, artifi cial skin, wound-care dressing, 

or rotating interfaces)
• Consider use of mild sedation if patient is agitated 
• Monitor comfort, respiratory rate, oxygen saturation, and dyspnoea every 30 min for 

6–12 h then hourly
• Measure arterial blood gases at baseline and within 1 h from start
• Humidifi cation advised for applications longer than 6 hours 

NIV=non–invasive ventilation; PEEP=end-expiratory positive pressure; FIO2=fraction of inspired oxygen; SO2=oxygen saturation. 
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Pressure-support ventilation assists inspiration via a 
preset positive-pressure boost triggered by the patient. 
The higher pressure is delivered until the inspiratory 
fl ow rate falls below a target pressure. In this way, 
pressure-support ventilation allows the patient to set not 
only breathing rate but also inspiratory and expiratory 
durations, the feature that distinguishes it from other 
ventilator modes. Bilevel ventilation, the combination of 
pressure support to reduce inspiratory work and extrinsic 
positive end-expiratory pressure to counterbalance 
intrinsic positive end-expiratory pressure, achieves a 
greater reduction in work of breathing than does either 
mode alone, at least in patients with COPD.91

Pressure-control ventilation,92 like pressure-support 
ventilation, fl uctuates between high inspiratory and low 
expiratory pressures, but contrasts with pressure-support 
ventilation in that the ventilator cycles into expiration 
when a preset inspiratory time is reached so that the 
patient is unable to control the duration of inspiration. 
Proportional-assist ventilation93 targets spontaneous 
inspiratory fl ow rate as a surrogate of patients’ eff ort and 
might improve synchrony between patient and ventilator 
and tolerance in some patients. Although this mode 
might be more comfortable and needs fewer adjustments 
than some pressure-support modes,93 it is more complex 
to use than pressure-support ventilation and has not 
been widely adopted. Pressure-support ventilation, 
pressure-control ventilation, and pro portional-assist 
ventilation have been used alone or in combination with 
extrinsic positive end-expiratory pressure in treatment of 
both acute hypoxic and hypercapnic respiratory failure.

Interfaces connect the patient’s airway to the ventilator 
tubing. Six types of interfaces are commercially available 
that can be used to apply positive pressure to the upper 
airway during an episode of acute respiratory failure 
(fi gure): full-face (or oronasal) mask, total face mask, 
nasal mask, mouthpieces, nasal pillows or plugs, and a 
helmet. For acute applications, most clinicians use face 
masks (total or full), then nasal masks, and to a lesser 
extent other interfaces94 (panel 3).

Nasal bridge ulcers develop less often than they did 
previously because of use of soft silicone seals, lessened 

strap tension, and use of artifi cial skin at the fi rst sign of 
skin reddening. Tightening straps excessively is strongly 
discouraged because of discomfort and risk of ulcers and 
air leaking might be increased.95 Although full-face masks 
are tolerated better than nasal masks initially and are the 
preferred interface in the acute care setting,96 both facial 
and nasal masks improve arterial blood gases equally97 
and patients might tolerate the nasal mask better than 
the face mask if they have claustrophobia or a frequent 
productive cough.98

Skill of the caregivers and their extent of experience in 
use of non-invasive ventilation are important to the 
success of this technique (panel 4).99,100 Thus, as the skills 
of staff  develop, they might be able to successfully treat 
very sick patients. Additionally, the use of protocols to 
guide use might improve selection of appropriate 
patients.101 Although Chevrolet and co-workers102 
characterised non-invasive ventilation as excessively 
demanding on personnel time, subsequent studies26,103 
have shown that, despite taking about 30–60 min longer, 
initiation with invasive mechanical ventilation is rated by 
staff  as no more diffi  cult to administer than is invasive 
mechanical ventilation.

Optimum staffi  ng and location for delivery depend on 
acuity of the patient and their severity of illness, 
monitoring capabilities of the unit, and experience of 
the staff .23 Several factors should be considered before a 
patient is transferred from intensive care to a ward—eg, 
patients should not need invasive monitoring (arterial 
lines) or inotropes, nurse to patient ratio should be low 
(ie, more than one to four), and staff s’ skill needs to be 
adequate to assess when non-invasive ventilation is 
failing and the patient needs to be transferred to a 
protected environment. Patients should be able to call 
for help if needed and pass a weaning test of more than 
15 min without serious respiratory distress or oxygen 
desaturation. Finally, patients should have no need for 
high concentrations of oxygen supplementation (ie, 
FIO2>60%).

Ventilators and monitoring systems have improved 
and might be important in the success of non-invasive 
ventilation. Specifi cally, most new ventilators have modes 
that compensate for air leaks, improved and sometimes 
adjustable triggering, systems to achieve best possible 
synchrony, and minimise rebreathing of carbon 
dioxide.104,105 Additionally, humid ifi cation of the upper 
airway is important to improve comfort and tolerance. 
Heated passover humifi diers might reduce work of 
breathing and carbon dioxide accumulation compared 
with heat and moisture exchangers, mainly because dead 
space and resistance are lessened with the non-invasive 
technique.106

Eff ectiveness of non-invasive ventilation in specifi c 
diseases is well documented and quantifi ed (table). Few 
studies have, however, systematically assessed the cost 
eff ectiveness of this technique. Keenan and colleagues109 

evaluated the health economics for severe acute 

Reducing 
mortality

Decreasing 
intubation

COPD exacerbation41 +++ +++

CPO44 ++ +++

Weaning COPD patients107* +++ WMD –6·32

Miscellaneous hypoxic patients108 + +

+=relative risk (RR) 71–84%. ++=RR 50–70%. +++=RR <50%. Data show eff ects on 
clinical outcomes according to meta-analysis of randomised controlled trials. 
COPD=chronic obstructive pulmonary disease. CPO=cardiogenic pulmonary 
oedema. WMD=weighted mean diff erence. *Weighted mean diff erence on the 
duration of intubation (days) vs traditional weaning with the endotracheal tube.

Table: Eff ects of non-invasive ventilation versus standard 
medical treatment
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exacerbations of COPD with a theoretical model that 
used a decision-tree analysis constructed from a 
meta-analysis of randomised trials. They concluded that 
non-invasive ventilation was very cost-eff ective. Plant and 
co-workers110 reported that when implemented on a ward, 
this technique reduces costs (by avoiding admission to 
intensive care) and improves outcomes compared with 
traditional medical treatment. Furthermore, the reduced 
rate of ventilator-associated pneumonia achieved with 
non-invasive ventilation not only off ers clinical benefi ts 
for patients but also might have fi nancial advantages for 
hospitals. For example, the cost of respiratory failure 
complicated by ventilator-associated pneumonia is very 
high, which creates a strong fi nancial incentive for 
hospitals to prevent this potentially life-threatening and 
expensive complication.111

Conclusion
Non-invasive ventilation has an important role in the 
management of respira tory failure in acute-care hospitals. 
Its use to treat acute respiratory failure related to COPD 
exacerbations, cardio genic pulmonary oedema, and 
patients in immuno suppressed states has gained wide 
acceptance. Many other potential applications are 
undergoing further investiga tion. Furthermore, because 
intensive care units are often full, use of this technique in 
other settings is becoming common in many hospitals, 
but patients should be selected carefully to assure safety. 
We expect expanded use of non-invasive ventilation as 
new applications are explored and caregivers develop skill 
in the technique, but caution should be exercised to restrict 
use to appropriate applications (ie, avoiding patients with 
contraindications or excessive delays in intubation). Much 
variability exists between institutions in how often, with 
which mode, and in which setting this technique is applied 
and eff orts should be made to ensure that acquisition of 
skills helps to narrow these diff erences.

Contributors
SN undertook an independent database search, wrote and revised the 

manuscript, developed the fi gures, tables, and references list; and 

obtained copyright of images in fi gure 1. NSH did an independent 

database search, participated in writing, revision, and English checking 

of the manuscript, and revision of articles and fi gures.

Confl icts of interest
SN has received honoraria from Respironics and Resmed; travel grants 

from Fisher & Paykel, Respironics, Resmed, Weinmann, Draeger; and 

free equipment from Fisher & Paykel, Respironics, Resmed, Draeger, 

and Taema. NSH has received honoraria and research funding, and 

serves as a consultant and medical advisory board member for 

Respironics. 

References
1 Brochard L, Isabey D, Piquet J, et al. Reversal of acute exacerbations 

of chronic obstructive lung disease by inspiratory assistance with a 
face mask. N Engl J Med 1990; 323: 1523–30.

2 Ambrosino N, Vagheggini G. Noninvasive positive pressure 
ventilation in the acute care setting: where are we? Eur Respir J 2008; 
31: 874–86.

3 Vargas F, Bui HN, Boyer A, et al. Intrapulmonary percussive 
ventilation in acute exacerbations of COPD patients with mild 
respiratory acidosis: a randomized controlled trial. Crit Care 2005; 
9: 382–89. 

4 Vitacca M, Ambrosino N, Clini E, et al. Physiological response to 
pressure support ventilation delivered before and after extubation in 
patients not capable of totally spontaneous autonomous breathing. 
Am J Respir Crit Care Med 2001; 164: 638–41.

5 Esteban A, Ferguson ND, Meade MO, et al. Evolution of mechanical 
ventilation in response to clinical research. 
Am J Respir Crit Care Med 2008; 177: 170–77.

6 Demoule A, Girou E, Richard JC, et al. Increased use of noninvasive 
ventilation in French intensive care units. Intensive Care Med 2006; 
32: 1747–55. 

7 Crimi C, Noto A, Esquinas A, Nava S. Non-invasive ventilation 
(NIV) practices: a European web-survey. Eur Respir J 2008; 
32: 1970.

8 Doherty MJ, Greenstome MA. Survey of non-invasive ventilaton 
(NPPV) in patients with acute exacerbations of chronic obstructive 
pulmonary disease (COPD) in the UK. Thorax 1998; 53: 863–66.

9 Vanpee J, Delaunois L, Lheureux P, et al. Survey of non-invasive 
ventilation for acute exacerbations of chronic obstructive pulmonary 
disease patients in emergency department in Belgium. 
Eur J Emerg Med 2002; 9: 217–24.

10 Maheshwari V, Paioli D, Rothaar R, Hill N. Utilization of 
noninvasive ventilation in acute care hospitals: a regional survey. 
Chest 2006; 129: 1226–33.

11 Sinuff  T, Cook D, Randall J, Allen C. Noninvasive positive-pressure 
ventilation: a utilization review of use in a teaching hospital. CMAJ 
2000; 163: 969–73.

12 Battisti A, Michotte JB, Tassaux D, et al. Non-invasive ventilation in 
the recovery room for post-operative respiratory failure: a feasibility 
study. Swiss Med Wkly 2005; 135: 339–43.

13 Kelly CA, Newby DE, McDonagh TA, et al. Randomised controlled 
trial of continuous positive airway pressure and standard medical 
therapy in acute pulmonary edema: eff ects on plasma brain 
natriuretic peptide concentrations. Eur Heart J 2002; 23: 1379–86. 

14 Kühnlein P, Kübler A, Raubold S, et al. Palliative care and 
circumstances of dying in German ALS patients using non-invasive 
ventilation. Amyotroph Lateral Scler 2008; 9: 91–98.

15 Principi T, Pantanetti S, Catani F, et al. Noninvasive continuous 
positive airway pressure delivered by helmet in hematological 
malignancy patients with hypoxemic acute respiratory failure. 
Intensive Care Med 2004; 30: 147–50. 

16 Cuomo A, Conti G, Delmastro M, et al. Noninvasive mechanical 
ventilation as a palliative tretment of acute respiratory failure in 
patients with end-stage solid cancer. Palliat Med 2004; 18: 602–10.

17 Girou E, Schortgen F, Delclaux C, et al. Association of noninvasive 
ventilation with nosocomial infections and survival in critically ill 
patients. JAMA 2000; 284: 2361–67.

18 Girard TD, Kress JP, Fuchs BD, et al. Effi  cacy and safety of a paired 
sedation and ventilator weaning protocol for mechanically ventilated 
patients in intensive care (Awakening and Breathing Controlled 
trial): a randomised controlled trial. Lancet 2008; 371: 126–34.

19 Devlin JW, Nava S, Fong JJ, et al. Survey of sedation practices 
during noninvasive positive-pressure ventilation to treat acute 
respiratory failure. Crit Care Med 2007; 35: 2298–302.

20 Demoule A, Girou E, Richard JC, et al. Benefi ts and risks of success 
or failure of noninvasive ventilation. Intensive Care Med 2006; 
32: 1756–65.

21 Centre for Evidence-Based Medicine. The levels of evidence. May, 
2001. http://www.cebm.net/index.aspx?o=1025 (accessed March 30, 
2009). 

22 Nava S, Navalesi P, Conti G. Time of non-invasive ventilation 
Intensive Care Med 2006; 32: 361–70.

23 Elliott MW, Confalonieri M, Nava S. Where to perform noninvasive 
ventilation? Eur Respir J 2002; 19: 1159–66.

24 Barbè F, Togores B, Rubi M, et al. Noninvasive ventilatory support 
does not facilitate recovery from acute respiratory failure in chronic 
obstructive pulmonary disease. Eur Respr J 1996; 9: 1240–45. 

25 Keenan SP, Powers CE, McCormack DG. Noninvasive 
positive-pressure ventilation in patients with milder chronic 
obstructive pulmonary disease exacerbations: a randomized 
controlled trial. Respir Care 2005; 50: 610–16.

26 Plant PK, Owen JL, Elliott MW. A multicentre randomised 
controlled trial of the early use of non-invasive ventilation in acute 
exacerbation of chronic obstructive pulmonary disease on general 
respiratory wards. Lancet 2000; 355: 1931–35.



Review

258 www.thelancet.com   Vol 374   July 18, 2009

27 Lightowler JV, Wedzicha JA, Elliott MW, et al. Non-invasive positive 
pressure ventilation to treat respiratory failure resulting from 
exacerbations of chronic obstructive pulmonary disease: Cochrane 
systematic review and meta-analysis. BMJ 2003; 326: 185–89. 

28 Keenan SP, Sinuff  T, Cook DJ, Hill N. When is the addition of 
noninvasive positive pressure ventilation eff ective in acute 
exacerbations of COPD? A systematic review. Ann Intern Med 2003; 
138: 861–70. 

29 British Thoracic Society Standards of Care Committee. 
Non-invasive ventilation in acute respiratory failure. Thorax 2002; 
57: 192–211.

30 Masip J, Rocha M, Sanchez B, et al. Non invasive ventilation in 
acute pulmonary edema. Systematic review and meta-analysis. 
JAMA 2005; 294: 3124–130.

31 Peter JV, Moran JL, Phillips-Hughes J, et al. Eff ect of non-invasive 
positive pressure ventilation on mortality in patients with acute 
cardiogenic pulmonary oedema: a meta-analysis. Lancet 2006; 
367: 1155–63.

32 Winck JC, Azevedo LF, Costa-Pereira A, et al. Effi  cacy and safety of 
non-invasive ventilation in the treatment of acute cardiogenic 
pulmonary edema:a systematic review and meta-analysis. Crit Care 
2006; 10: R69.

33 Gray A, Goodacre S, Newby DE, et al. Noninvasive ventilation in 
acute cardiogenic pulmonary edema. N Engl J Med 2008; 359: 142–51.

34 Masip J, Betbese AJ, Paez J, et al. Non-invasive pressure support 
ventilation versus conventional oxygen therapy in acute 
cardiogenic pulmonary oedema: a randomised trial. Lancet 2000; 
356: 2126–32. 

35 Nava S, Carbone G, Dibattista N, et al. Noninvasive ventilation in 
cardiogenic pulmonary edema: a multicenter, randomized trial. 
Am J Respir Crit Care Med 2003; 168: 1432–37.

36 Crane SD, Elliott MW, Gilligan P, et al. Randomised controlled 
comparison of continuous positive airways pressure, bilevel 
non-invasive ventilation, and standard treatment in emergency 
department patients with acute cardiogenic pulmonary oedema. 
Emerg Med J 2004; 21: 155–61.

37 Park M, Sangean MC, Volpe MST, et al. Randomized, prospective 
trial of oxygen, continuous positive airway pressure, and bilevel 
positive airway pressure by face mask in acute cardiogenic 
pulmonary edema. Crit Care Med 2004; 32: 2407–15.

38 Bellone A, Monari A, Cortellaro F, et al. Myocardial infarction rate 
in acute pulmonary edema: noninvasive pressure support 
ventilation versus continuous airway pressure. Crit Care Med 2004; 
32: 1860–65.

39 Bellone A, Vettorello M, Monari A, et al. Noninvasive pressure 
support vs. continuous positive airway pressure in acute 
hypercapnic pulmonary edema. Intensive Care Med 2005; 
31: 807–11. 

40 The Task Force on Acute Heart Failure of the European Society of 
Cardiology. Executive summary of the guidelines on diagnosis and 
treatment of acute heart failure. Eur Heart J 2005; 26: 384–416.

41 Squadrone V,Coha M,Cerutti E et al. Continuous positive airway 
pressure for treatment of postoperative hypoxemia. JAMA 2005; 
293: 589–95.

42 Joris JL, Sottiaux TM, Chiche JD, et al. Eff ect of bi-level positive 
airway pressure nasal ventilation on the postoperative pulmonary 
restrictive syndrome in obese patients undergoing gastroplasty. 
Chest 1997; 111: 665–70.

43 Perrin C, Jullien V, Venissac N, et al. Prophylactic use of 
noninvasive ventilation in patients undergoing lung resectional 
surgery. Respir Med 2007; 101: 1572–78.

44 Aguilo R, Togores B, Pons S, et al. Noninvasive ventilatory support 
after lung resectional surgery. Chest 1997; 112: 117–21.

45 Matte P, Jacquet L, Van Dick M, Goenen M. Eff ects of conventional 
physiotherapy, continuous positive airway pressure and 
non-invasive ventilatory support with bilevel positive airway 
pressure after coronary artery bypass grafting. 
Acta Anaesthesiol Scand 2000; 44: 75–81.

46 Kindgen-Milles D, Muller E, Buhl R, et al. Nasal-continuous airway 
pressure reduces pulmonary morbidity and length of hospital stay 
following thoraco abdominal aortic surgery Chest 2005; 128: 821–28.

47 Auriant I, Jallot A, Herve P, et al. Noninvasive ventilation reduces 
mortality in acute respiratory failure following lung resection. 
Am J Respir Crit Care Med 2001; 164: 1231–35.

48 Ewing S, Torres A, Riquelme R, et al. Pulmonary complications in 
patients with haematological malignancies treated at a respiratory 
ICU. Eur Respir J 1988; 12: 116–22. 

49 Antonelli M, Conti G, Bufi  M, et al Noninvasive ventilation for 
treatment of acute respiratory failure in patients undergoing solid 
organ transplantation: a randomized trial. JAMA 2000; 12: 235–41.

50 Hilbert G, Gruson D, Vargas F, et al. Noninvasive ventilation in 
immunosuppressed patients with pulmonary infi ltrates, fever, and 
acute respiratory failure. N Engl J Med 2001; 344: 481–87.

51 Nelson JA, Loredo JS, Acosta JA. The obesity-hypoventilation 
syndrome and respiratory failure in the acute trauma patient. 
J Emerg Med 2008; published online August 30. DOI:10.1016/
j.jemermed.2007.12.022.

52 Pérez de Llano LA, Golpe R, Ortiz Piquer M, et al. Short-term and 
long-term eff ects of nasal intermittent positive pressure ventilation 
in patients with obesity-hypoventilation syndrome. Chest 2005; 
128: 587–94.

53 Ho KM, Knuiman M, Finn J, Webb SA. Estimating long-term 
survival of critically ill patients: the PREDICT model. PLoS One 
2008; 3: e3226.

54 Fernandez R, Baigorri F, Artigas A. Noninvasive ventilation in 
patients with do-not-intubate” orders: medium-term effi  cacy depends 
critically on patient selection. Intensive Care Med 2007; 33: 350–54.

55 Levy M, Tanios MA, Nelson D, et al. Outcomes of patients with 
do-not-intubate orders treated with noninvasive ventilation. 
Crit Care Med 2004; 32: 2002–07.

56 Schettino G, Altobelli N, Kacmarek RM. Noninvasive positive 
pressure ventilation reverses acute respiratory failure in selected 
“do-not-intubate” patients. Crit Care Med 2005; 33: 1976–82.

 57 Nava S, Sturani C, Hartl S, et al. ERS Task Force. End-of-life 
decision-making in respiratory intermediate care units: a European 
survey. Eur Respir J 2007; 30: 156–64.

58 Nava S, Esquinas A, Ferrer M, et al. Multicenter randomized study 
on the use of non-invasive ventilation vs oxygen therapy in reducing 
respiratory distress in end-stage cancer patients 
Am J Respir Crit Care Med 2008; 177: 767.

59 Curtis RJ, Cook D, Sinuff  T, et al. Noninvasive positive pressure 
ventilation in critical and palliative care settings: understanding the 
goals of therapy. Crit Care Med 2007; 35: 932–39.

60 Soroksky A, Stav D, Shpirer I. A pilot, prospective,randomized, 
placebo-controlled trial of bilevel positive airway pressure in acute 
asthmatic attack. Chest 2003; 123: 1018–25.

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

62 Maitre B, Jaber S, Maggiore S, et al. Continuous positive airway 
pressure during fi beroptic bronchoscopy in hypoxemic patients. 
A randomized double-blind study using a new device. 
Am J Respir Crit Care Med 2000; 162: 1063–67.

63 Antonelli M, Conti G, Rocco M, et al. Noninvasive positive-pressure 
ventilation vs conventional oxygen supplementation in hypoxemic 
patients undergoing diagnostic bronchoscopy. Chest 2002; 
121: 1149–54.

64 Antonelli M, Pennisi MA, Conti G, et al. Fiberoptic bronchoscopy 
during noninvasive positive pressure ventilation delivered by 
helmet. Intensive Care Med 2003; 29: 126–29.

65 Brochard L, Mancebo J, Wysocki M, et al. Noninvasive ventilation 
for acute exacerbations of chronic obstructive pulmonary disease. 
N Engl J Med 1995; 333: 817–22.

66 Conti G, Antonelli M, Navalesi P, et al. Noninvasive vs conventional 
mechanical ventilation in patients with chronic obstructive 
pulmonary disease after failure of medical treatment in the ward: 
a randomized trial. Intensive Care Med 2002; 28: 1701–07.

67 Antonelli M, Conti G, Moro ML, et al. Predictors of failure of 
noninvasive piositive pressure ventilation in patients with acute 
hypoxemic respiratory failure: a multi-centre study. 
Intensive Care Med 2001; 27: 1718–28.

68 Rana S, Jenad H, Gay PC et al. Failure of non-invasive ventilation 
in patients with acute lung injury: observational cohort study. 
Critical Care 2006; 10 (suppl): 79.

69 Wysocki M, Tric L, Wolff  MA, et al. Noninvasive pressure support 
ventilation in patients with acute respiratory failure. 
A randomized comparison with conventional therapy. Chest 1995; 
107: 761–68.



Review

www.thelancet.com   Vol 374   July 18, 2009 259

70 Ferrer M, Esquinas A, Leon M, et al. Noninvasive ventilation in 
severe hypoxemic respiratory failure: a randomised clinical trial 
Am J Respir Crit Care Med 2003; 168: 1438–44.

71 Confalonieri M, Della Porta R, Potena A, et al. Acute respiratory 
failure in patients with severe community-acquired pneumonia: 
a prospective randomized evaluation of noninvasive ventilation. 
Am J Respir Crit Care Med 1999; 160: 1585–91.

72 Jolliet P, Abajo B, Pasquina P, Chevrolet JC. Noninvasive pressure 
support ventilation in severe community acquired pneumonia. 
Intensive Care Med 2001; 27: 812–21.

73 Domenighetti G, Gayer R, Gentilini R. Noninvasive pressure 
support ventilation in non-COPD patients with acute cardiogenic 
pulmonary edema and severe community-acquired pneumonia: 
acute eff ects and outcome. Intensive Care Med 2002; 28: 1226–32.

74 Antonelli M, Conti G, Rocco M, et al. A comparison of noninvasive 
positive-pressure ventilation and conventional mechanical ventilation 
in patients with acute respiratory failure. N Engl J Med 1998; 
339: 429–35.

75 Peter JV, Moran JL, Phillips-Hughes J, Warn D. Noninvasive 
ventilation in acute respiratory failure—a meta-analysis update. 
Crit Care Med 2002; 30: 555–62.

76 Antonelli M, Conti G, Esquinas A, et al. A multiple-center survey on 
the use in clinical practice of noninvasive ventilation as a fi rst-line 
intervention for acute respiratory distress syndrome. Crit Care Med 
2007; 35: 18–25.

77 Nava S, Ambrosino N, Clini E, et al. Noninvasive mechanical 
ventilation in the weaning of patients with respiratory failure due to 
chronic obstructive pulmonary disease: a randomized, controlled 
trial. Ann Intern Med 1998; 128: 721–28. 

78 Girault C, Daudenthun I, Chevron V, et al. Noninvasive ventilation 
as a systematic extubation and weaning technique in 
acute-on-chronic respiratory failure. A prospective, randomized 
controlled study. Am J Respir Crit Care Med 1999; 160: 86–92.

79 Ferrer M, Esquinas A, Arancibia F, et al. Noninvasive ventilation 
during persistent weaning failure: a randomized controlled trial. 
Am J Respir Crit Care Med 2003; 168: 70–76.

80 Trevisan CE, Vieira SR, and the Research Group in Mechanical 
Ventilation Weaning. Noninvasive mechanical ventilation may be 
useful in treating patients who fail weaning from invasive 
mechanical ventilation: a randomized clinical trial. Crit Care 2008; 
published online April 17. DOI:10.1186/cc6870.

81 Epstein SK, Ciubataru RL, Wong JB. Eff ect of failed extubation on 
the outcome of mechanical ventilation. Chest 1997; 112: 186–92.

82 Nava S, Gregoretti C, Fanfulla F, et al. Noninvasive ventilation to 
prevent respiratory failure after extubation in high risk patients. 
Crit Care Med 2005; 33: 2465–70.

83 Ferrer M, Valencia M, Nicolas JM, et al. Early non-invasive 
ventilation averts extubation failure in patients at risk: 
a randomized trial. Am J Respir Crit Care Med 2006; 173: 164–70.

84 Keenan SP, Powers C, McCormack DG, Block G. Noninvasive 
positive-pressure ventilation for postextubation respiratory distress. 
JAMA 2002; 287: 3238–44.

85 Esteban A, Frutos-Vivar F, Ferguson ND, et al. Non-invasive positive 
pressure ventilation for respiratory failure after extubation. 
N Engl J Med 2004; 350: 2452–60.

86 Poutanen SM, Low DE, Henry B, et al. Identifi cation of severe acute 
respiratory syndrome in Canada. N Engl J Med 2003; 
348: 1195–2005.

87 Cheung TMT, Lau CWA, Poon E, et al. Eff ectiveness of noninvasive 
positive pressure ventilation in the treatment of acute respiratory 
failure in severe acute respiratory syndrome. Chest 2004; 
126: 845–50.

88 Zaho Z, Zhang F, Xu M, et al. Description and clinical treatment of 
an early outbreak of severe acute respiratory syndrome (SARS) in 
Guangzhou, PR China. J Med Microbiol 2003; 52: 715–20.

89 Corrado A, Ginanni R, Villella G, et al. Iron lung versus 
conventional mechanical ventilation in acute exacerbation of 
COPD. Eur Respir J 2004; 23: 419–24.

90 Navalesi P, Costa R,Ceriana P, et al. Non-invasive ventilation in 
chronic obstructive pulmonary disease patients: helmet versus 
facial mask. Intensive Care Med 2007; 33: 74–81.

91 Appendini L, Patessio A, Zanaboni S, et al. Physiologic eff ects of 
positive end-expiratory pressure and mask pressure support during 
exacerbations of chronic obstructive pulmonary disease. 
Am J Respir Crit Care Med 1994; 149: 1069–76. 

92 Amato M, Marini JJ. Pressure-controlled and inverse-ratio 
ventilation. In Tobin M, ed. Principles and practice of mechanical 
ventilation. New York City: McGraw-Hill, 2006: 251–72.

93 Gay PC, Hess D, Hill N. Noninvasive proportional assist ventilation 
for acute respiratory insuffi  ciency comparison with pressure 
support ventilation. Am J Respir Crit Care Med 2001; 164: 1606–11.

94 Nava S, Navalesi P, Gregoretti C. Interfaces and humidifi cation 
for non-invasive mechanical ventilation. Respir Care 2009; 
54: 71–82.

95 Schettino GPP, Tucci MR, Sousa R, et al. Mask mechanics and leak 
dynamics durino non invasive pressare support ventilation: a bench 
study. Intensive Care Med 2001; 27: 1887–91. 

96 Kwok H, McCormack J, Cece R, et al. Controlled trial of oronasal 
mask ventilation in the treatment of acute respiratory failure. 
Crit Care Med 2003; 31: 468–73.

97 Navalesi P, Fanfulla F, Frigerio P, et al. Physiologic evaluation of 
noninvasive mechanical ventilation delivered with three types of 
mask in patients with chronic respiratory failure. Crit Care Med 
2000; 28: 1785–90.

98 Giralut C, Briel A, Benichou J, et al. Interface strategy during 
noninvasive positive pressure ventilation for hypercapnic acute 
respiratory failure. Crit Care Med 2009; 37: 124–31.

99 Carlucci A, Delmastro M, Rubini F, et al. Changes in the practice of 
non-invasive ventilation in treating COPD patients over 8 years. 
Intensive Care Med 2003; 29: 419–25.

100 Girou E, Brun-Buisson C, Taillé S, Lemaire F, Brochard L. Secular 
trends in nosocomial infections and mortality associated with 
noninvasive ventilation in patients with exacerbation of COPD and 
pulmonary edema. JAMA 2003; 290: 2985–91.

101 Sinuff  T, Kahnamoui K, Cook DJ, Giacomini M. Practice guidelines 
as multipurpose tools: a qualitative study of noninvasive ventilation. 
Crit Care Med 2007; 35: 776–82.

102 Chevrolet JC, Jolliet P, Abajo B, et al. Nasal positive pressure 
ventilation in patients with acute respiratory failure: diffi  cult and 
time-consuming procedure for nurses. Chest 1991; 100: 775–82.

103 Nava S, Evangelisti I, Rampulla C, et al. Human and fi nancial costs 
of non-invasive mechanical ventilation in patients aff ected by 
chronic obstructive pulmonary disease and acute respiratory failure. 
Chest 1997; 111: 1631–38.

104 Vignaux L, Tassaux D, Jolliet P. Performance of noninvasive 
ventilation modes on ICU ventilators during pressure support: 
a bench model study. Intensive Care Med 2007; 33: 1444–51.

105 Saatci E, Miller DM, Stell IM, Lee KC, Moxham J. Dynamic dead 
space in face masks used with noninvasive ventilators: a lung model 
study. Eur Respir J 2004; 23: 129–35.

106 Lellouche F, Maggiore SM, Deye N, et al. Eff ect of the 
humidifi cation device on the work of breathing during noninvasive 
ventilation. Intensive Care Med 2002; 28: 1582–89.

107 Burns KE, Adhikari NK, Meade MO. A meta-analysis of noninvasive 
weaning to facilitate liberation from mechanical ventilation. 
Can J Anesth 2006; 53: 305–15.

108 Keenan SP, Sinuff  T, Cook DJ, Hill NS. Does noninvasive positive 
pressure ventilation improve outcome in acute hypoxemic 
respiratory failure? A systematic review. Crit Care Med 2004; 
32: 2516–23.

109 Keenan SP, Gregor J, Sibbald WJ, et al. Noninvasive positive 
pressure ventilation in the setting of severe, acute exacerbations of 
chronic obstructive pulmonary diseases: more eff ective and less 
expensive. Crit Care Med 2000; 28: 2094–102.

110 Plant PK, Owen JL, Parrott S, et al. Cost eff ectiveness of ward based 
non-invasive ventilation for acute exacerbations of chronic 
obstructive pulmonary disease: economic analysis of randomised 
controlled trials. BMJ 2003; 326: 956–60.

111 Klevens RM, Edwards JR, Richards CL, et al. Estimating health 
care-associated infections and deaths in US Hospitals, 2002. 
Public Health Rep 2007; 122: 160–66. 


	Non-invasive ventilation in acute respiratory failure
	Introduction
	Use outside intensive care units
	Use within intensive care units
	Methods, staffing, and costs
	Conclusion
	References


