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Introduction

Since its introduction into clinical practice, noninvasive 
ventilation (NIV) has been a major advantage in the man-
agement of acute respiratory failure caused by chronic 
obstructive pulmonary disease (1, 2, 3) and sleep hypo-
ventilation disorders (4). 

In recent years, there has been an increase in this 
technique as a first-line ventilation modality in the acute 
care setting (5). However, although NIV has showed to 
be effective in acute respiratory failure, there is still a 
controversy over its benefits in hypoxemic respiratory 
failure. 

Hypoxemic respiratory failure is defined as a condi-
tion in which the respiratory system fails in its gas ex-
change function of oxygenation, PaO2/FIO2 less than 200, 
respiratory rate greater than 35 breaths per minute and 
active contraction of the accessory muscles of respiration 
(6). Patients who develop hypoxemic respiratory failure, 
requiring endotracheal intubation and sedation, show a 
high rate of ventilator-associated pneumonia (6), pro-
longing mechanical ventilation with increased morbidity 
and mortality (7). Therefore, NIV has recently been pro-
posed in patients with hypoxemic respiratory failure to 
avoid endotracheal intubation, decrease ICU and hospital 
length of stay and mortality through respiratory muscle 
unloading and gas exchange improvement.

Is NIV effective and safe in all forms 
of hypoxemic respiratory failure?

In patients with various forms of hypoxemic res-
piratory failure, the beneficial effects of NIV re-
main controversial. An international consensus 
conference held in 2001 analysed data on the use 
of NIV in patients with acute respiratory failure 
(8) from several studies. This expert analysis con-
cluded that based on current data, the use of NIV 
does not consistently improve clinical outcomes 
in patients with hypoxemic respiratory failure, 
and therefore cannot be recommended at this 
time. Although some select patient populations 
may have benefits, the conference committee’s 
main concern was that larger controlled studies 
are still required to determine the potential bene-
fit and safety of using this type of ventilation and 
thereby avoiding endotracheal intubation during 
hypoxemic acute respiratory failure. Currently, 
five years after the original consensus conference 
analysis, two surveys have re-examined the use of 
NIV outside clinical trials and have confirmed that 
NIV success varies in different types of hypoxemic 
respiratory failure. Specifically, Schettino et al. (9) 
recorded data over one year examining the use of 
NIV in a standard medical care routine in the 
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ICU, emergency ward, and general medical-sur-
gical units. More than 449 patients with acute 
respiratory failure were enrolled in this study; NIV 
prevented intubation in 62 % of the patients and 
was correlated with improved survival. Examina-
tion of different pathologies found that NIV suc-
cessfully prevented intubation in patients with 
cardiogenic pulmonary oedema (82 %) and COPD 
exacerbation (76 %). However, due to other caus-
es, it was much less successful during hypoxemic 
respiratory failure, which had the lowest rate of 
prevented intubation (40 %). Moreover, intubated 
patients in this category had a high mortality rate 
(64 %). A more recent prospective survey evalu-
ated the use of NIV over three weeks in 70 French 
intensive care units. Among patients receiving 
NIV, only 38 % subsequently required endotra-
cheal intubation, showing that NIV prevented ETI 
in 62 % of patients, which is similar to previous 
result (9, 10, 11). However, NIV failure in hypox-
emic patients was lower (54 %) than in the former 
study (5). 

Early studies in patients with hypoxemic res-
piratory failure from heterogeneous categories 
were promising (12, 13), although improvements 
in outcome were only observed when hypercap-
nia was present (14). Subsequently, the compari-
son of NIV and conventional ventilation in acute 
hypoxemic, not hypercapnic, respiratory failure 
due to various causes was studied in a randomised 
controlled trial. Only 31 % of the NIV group nee-
ded intubation. More patients in the conventional 
group had serious complications. Nonetheless, 
mortality was not different in both groups (6). 
On the contrary, in a similar population treated 
with continuous positive airway pressure (CPAP), 
there were no improved outcomes in comparison 
with the patients in the oxygen group. Moreover, 
higher rates of adverse events were found in the 
CPAP group (15).

The application of NIV in patients with acute 
cardiogenic pulmonary oedema (ACPE) has 
showed beneficial effects in comparison with 
standard treatment (16–18). However, higher my-
ocardial infarction rate was associated with non-
invasive positive pressure ventilation (NPPV) in 
one of the studies (19). In contrast, most recently 
several studies have shown that neither continu-
ous positive airway pressure (CPAP) nor NPPV 
had an effect on new myocardial infarction rates 
(9, 20, 21). Several meta-analyses and systematic 

reviews (20, 22–25) have been performed over 
the last few years to confirm the overall beneficial 
effect of NIV on clinical outcomes and to deter-
mine whether CPAP and NPPV is more advanta-
geous in the treatment of respiratory failure due 
to ACPE. Overall, NIV was associated with a si-
gnificant reduction in the need for invasive me-
chanical ventilation, and decreased mortality in 
comparison with standard therapy. However, al-
though a trend towards less mortality was shown 
with NPPV alone, it did not result in a significant 
reduction, which was probably due to the low pow-
er related to the limited number of patients in the 
studies (20, 23). 

The superior effect of NPPV in comparison 
with CPAP in patients with hypercapnic ACPE, 
through the investigation of its potential superior-
ity due to respiratory muscle unloading, has been 
further analysed in the meta-analysis published by 
Winck et al. (20). The authors performed a sub-
group analysis by dividing patients according to 
their PaCO2 levels (below or above 50 mmHg), 
finding that NPPV again showed only a small 
trend towards a decreased mortality rate and a 
reduced need of ETI. However, because these re-
sults did not reach significance the authors con-
clude that there is no superiority of NPPV, even 
in the more severe hypercapnic ACPE patients 
(PaCO2 above 50 mmHg). 

To date, the extended literature suggests that 
both modes are safe and efficient ways to impro-
ve clinical outcomes in cardiogenic pulmonary 
oedema; although the simplicity of CPAP makes 
it the logical choice as a first-line technique. Ho-
wever, if the patient fails to improve or experi-
ences accessory muscle overload, NPPV should 
be applied. Moreover, the literature suggests that 
in patients with cardiogenic pulmonary oedema it 
is both safe and effective to use NIV in the emer-
gency ward (9, 26).

Other forms of hypoxemic respiratory failure

There is a significant debate concerning the pre-
cise indications for NIV in patients with hypox-
emic respiratory failure not due to cardiogenic 
pulmonary oedema or chronic obstructive pulmo-
nary disease (27). 

In a recent meta-analysis, Keenan et al. evalu-
ated the effect of NIV in patients with hypoxemic 
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respiratory failure of various causes. NIV was as-
sociated with a reduction of endotracheal intuba-
tion, ICU length of stay and mortality rate. Similar 
results were found in an interim analysis when 
patients with cardiogenic pulmonary oedema and 
COPD were excluded. Notwithstanding, because 
of the few studies and the heterogeneity found in 
the population analysed, strong conclusions could 
not be reached. The authors suggest that some se-
lected populations such as patients with immuno-
suppression (28) or specific postoperative condi-
tions (29, 30) had the best outcomes (27). 

Several studies reported SAPS II > 31 or 32, 
PaO2/FiO2 < 175 to 200 as indicators of noninva-
sive ventilation failure (9, 11, 31, 32). Accordingly, 
patients with hypoxemic respiratory failure and 
SAPS II < 31 or 32, PaO2/FiO2 > 175 to 200, would 
be better candidates for successful NIV. 

Is it safe and effective to use NIV in patients 
with ALI/ARDS and pneumonia?

Whether to use NIV in these patients has been a 
matter of debate. A recent physiologic study with 
acute respiratory distress syndrome (ARDS) pa-
tients demonstrated a reduction of muscle effort 
and improved oxygenation when noninvasive 
pressure support combined with positive end ex-
piratory pressure was applied (33). Moreover, clin-
ical improvements in patients with ARDS and 
pneumonia were reported with the use of NIV in 
earlier randomised and non-randomised studies 
(12, 34). One of the first cohort studies analysing 
NIV in patients with ALI/ARDS showed that 66 % 
of the patients could avoid intubation when NIV 
was used as a first intervention prior to endotra-
cheal intubation (12). Furthermore, in selected 
patients with community-acquired pneumonia, 
NIV was associated with a reduction in intubation 
rate (34). However, most recently, Pneumonia and 
ARDS have been identified as independent risk 
factors for NIV failure. Intubation rates in patients 
with ARDS and community-acquired pneumonia 
were 51 % and 50 % respectively (31). Honrubia et 
al. found similar results in another RCT. Patients 
received either NPPV or conventional invasive 
ventilation. The intubation rate was lower in the 
NIV group, but no further benefits were con-
firmed. Despite a tendency towards reduction in 
mortality (23 % in the noninvasive group and 39 % 

in the conventional group), it did not reach sig-
nificance. In addition, in a subgroup analysis all 
the patients with pneumonia failed NIV and 66 % 
died in the ICU (35). The poor outcome of patients 
with pneumonia is consistent with previous stud-
ies (11, 14, 36). 

Despite these trials, different results have been 
observed in another study. Ferrer et al. conducted 
a randomised trial in patients with acute hypo-
xemic respiratory failure compared with oxygen 
therapy; NIV decreased the need for intubation, 
incidence of septic shock and ICU mortality. In-
terestingly, a separate analysis showed a signifi-
cant reduction of the intubation rate in patients 
with pneumonia, which was not the case in pa-
tients with ARDS where NIV was associated with 
an increased risk of intubation (37). 

In a recent multi-centre survey, the application 
of NIV as a first-line intervention was investigat-
ed in selected patients with early ARDS (32). The 
study was conducted over a period of 25 months 
and included 147 patients with sepsis as the pri-
mary cause of ARDS. The authors reported that 
54 % of ARDS patients avoided intubation. Pa-
tients who required intubation had an ICU mor-
tality of 53 %. However, the overall ICU mortality 
including patients with NIV success and failure 
was 28 %, lower than recently published litera-
ture about prediction of death in ARDS patients 
(38). This data is not consistent with other pub-
lished studies (9). One important difference in 
this trial is that applied PEEP levels were high-
er (12 cmH2O) than in the former study (5 cm-
H2O). Predictive values of NIV failure were higher 
SAPS II, older age, and higher levels of ventila-
tor pressure. The authors suggest that ARDS pa-
tients with SAPS II < 34 and a PaO2/FiO2 > 175 
are likely to benefit from the use of NIV. 

Immunocompromised patients

Hilbert et al. in a RCT comparing NIV with stan-
dard therapy in immunosuppressed patients with 
type 1 respiratory failure have shown a reduction 
not only in intubation rate but also in mortality. 
Fewer patients in the NIV group than in the stan-
dard treatment group required endotracheal intu-
bation and had serious complications. Moreover, 
ICU and hospital mortality were lower in the treat-
ment group (28). 
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Surgical patients

Several early studies on the use of NIV as CPAP 
or NPPV to prevent or treat hypoxemic respiratory 
failure in postoperative patients reported physi-
ologic benefits in the first stage of hypoxemia 
(39–41). However, clinical outcomes were less 
clear. In recent years, randomised controlled trials 
have also reported improvement in clinical out-
comes. CPAP, when used prophylactically after 
thoracoabdominal aneurysm repair was shown to 
reduce pulmonary complications and length of 
hospital stay (42). Similarly, Squadrone et al. eva-
luated the effectiveness of continuous positive air-
way pressure in patients with early hypoxemia 
after major abdominal surgery in comparison 
with oxygen and standard therapy. Pneumonia 
and intubation rate were lower in the CPAP group 
and a trend toward shorter ICU stay was reported. 
Three patients died in hospital among the group 
of patients who received oxygen alone, but none 
in the treatment group died (43). 

NIV has also been applied to prevent hypox-
emia after cardiac surgery, with improvement in 
lung function and oxygenation (40, 41). Pasqui-
na et al. conducted a study comparing CPAP and 
NPPV. Less atelectasis were found in the NPPV 
group. However, the absence of a control group 
with standard therapy did not allow for a conclu-
sion (44). To date, there is no data to support that 
NIV or CPAP improve clinical outcomes in car-
diac surgery. On the contrary, in the postopera-
tive setting of patients with hypoxemic respira-
tory failure after lung resection, comparing NIV 
with standard therapy, a reduction of intubation 
rate and mortality was reported in 50 % of the pa-
tients in the control group versus 20 % in the NIV 
group. The investigators recommended NIV to 
improve survival in such patients (30).

Comparable benefits were reported in a ran-
domised controlled trial of NIV in comparison 
with standard therapy with oxygen administra-
tion in solid organ transplantation (29). There 
was a faster improvement in oxygenation and a 
reduction in intubation rate with NIV in compa-
rison with standard therapy. However, mortality 
did not differ between groups.

Weaning and postextubation respiratory failure

NPPV as a weaning strategy

Weaning failure and reintubation are considered 
risk factors for higher pneumonia and mortality 
rates (7). Favourable impact has been described 
in several studies on the use of NIV as a mode of 
early extubation (45, 46).

Lately, in a heterogeneous population of pa-
tients, two RCTs have demonstrated beneficial 
effects of NIV compared to standard therapy in 
preventing respiratory failure after extubation in 
high-risk patients. There was a lower rate of in-
tubation, and a trend to lower mortality when 
NIV was applied for at least 48 hours (47). In a 
similar study, comparing prophylactic NIV with 
conventional therapy for at least 24 hours, the 
authors reported a reduction of respiratory fail-
ure and lower ICU mortality in the treatment 
group (48). A recent meta-analysis evaluated the 
role of NIV in facilitating early extubation. NIV 
compared to invasive mechanical ventilation re-
sulted in decreased ventilator-associated pneu-
monia, shorter hospital length of stay and less 
mortality; however, most of the studies includ-
ed in the meta-analysis had a high percentage 
of COPD patients (49). Therefore, information 
about hypoxemic, not hypercapnic, patients re-
mains less ambiguous.

The use of NIV when extubation failure is 
already established has been less clear over the 
years. Promising results of NIV on postextuba-
tion failure with the application of NIV were sug-
gested at the international consensus conference 
(8). However, there was not enough evidence to 
recommend NIV in this population, suggesting 
the need for further studies. Recently, two rando-
mised trials were conducted in this field. Keenan 
et al. published the first randomised controlled tri-
al examining the use of NIV in comparison with 
standard therapy in a heterogeneous population 
of patients who developed acute respiratory fai-
lure after extubation. There was no difference in 
the rates of reintubation and hospital mortality for 
both groups. However, the criterion for reintuba-
tion was not hypoxemia but other clinical signs 
(50). Similar results were observed by Esteban et 
al. in a larger multi-centre randomised controlled 
trial evaluating NIV versus conventional therapy 
in postextubation respiratory failure. There was 
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no difference in reintubation rate in the control 
and NIV groups. Moreover, there no further be-
nefit was found in the subgroup analysis of hypo-
xemic patients. In addition, patients who failed 
NIV and were reintubated had a higher mortality 
rate than the control group. What is of interest 
is that the time from the development of respi-
ratory distress to the reintubation was higher in 
the NIV group (51).

Comments

Broad literature on the use of NIV in an acute setting has 
emerged over the last years in the fervour to avoid en-
dotracheal intubation, ventilator-associated pneumonia 
and hospital mortality. NIV was shown to play an impor-
tant role as an adjunctive therapy to standard treatment 
in many forms of acute respiratory failure. However, the 
question whether NIV is safe and efficient in an overall 
population of patients with hypoxemic respiratory failure 
remains unanswered. 

The setting and how NIV is applied, as well as the 
heterogeneity of the population studied, may have in-
fluenced the effectiveness of noninvasive ventilation in 
different studies. 

NIV as a ventilatory mode to prevent or treat early stag-
es of hypoxemia in the postoperative abdominal period is 
supported by published articles and a meta-analysis. 

Selected patient populations, such as immuno-com-
promised patients (28), and postoperative respiratory 
failure (29, 30) have shown clinical benefits.

The question of whether to use NIV in patients with 
ARDS and pneumonia remains unanswered. Although a 
recent survey reported that half of the treated patients 
with ARDS avoided endotracheal intubation, further 
studies are needed to confirm the benefit of NIV as a 
ventilatory mode in this challenging population of pa-
tients.

Recent data from everyday practice outside the 
clinical trials in one survey has shown that although 
well-trained respiratory staff was involved, a high per-
centage of patients with hypoxemic respiratory failure 
failed to improve clinical outcome and had a mortal-
ity rate when noninvasive ventilation was applied (9). 
This data is consistent with the statement of the con-
sensus conference held in 2001 (8). Noninvasive ven-
tilation, although attractive in the intensive care unit 
setting, cannot be recommended as a first-line therapy 
for an overall population with hypoxemic respiratory 
failure.
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Introduction to the topic

Depending on its duration mechanical ventilation affects 
morbidity and mortality of patients in the intensive care 
unit due to life-threatening complications (1). Most im-
portant, mechanical ventilation may cause severe lung 
injury due to pulmonary baro- and volutrauma (2) and is 
associated with the occurrence of nosocomial pneumo-
nia (3). The incidence of these complications increases 
with every day passing on mechanical ventilation (4) re-
sulting in concomitant increased mortality (5). Vice versa, 
complications of mechanical ventilation usually prolong 
the ventilation period due to gas exchange disorders. 
Consequently, all efforts should be made from the start 
to shorten the duration of mechanical ventilation as 
much as possible.

However, even when the reason for the onset of me-
chanical ventilation has been treated successfully and 
severe complications have been avoided or adequately 
treated, discontinuation after prolonged mechanical ven-
tilation often cannot be performed instantaneously due 
to weakness of the respiratory musculature. Therefore, a 
certain time period is necessary for ventilator withdraw-
al to accustom patients to breathing without mechanical 
assistance, a process referred to as weaning from me-
chanical ventilation. 

In patients ventilated for longer than 24 hours about 
40–92 % of the duration of mechanical ventilation is ded-
icated to weaning (1, 6, 7). However, reasons for pro-

longed weaning are not only related to medical problems 
such as gas exchange disorders and/or muscle weakness 
but are also associated with logistic problems such as 
the clinicians’ delay in recognizing the ability of a patient 
to have mechanical ventilation discontinued. The latter 
issue has been strikingly disclosed in studies demonstrat-
ing a reintubation rate of only 60 % in patients self-extu-
bated during mechanical ventilation (8). This is probably 
due to the fact that no single factor or measurement is 
able to predict successful discontinuation from mechan-
ical ventilation (9). Moreover, it should not be forgotten 
that extubation failure as well is accompanied with in-
creased mortality (10).

In contrast to single parameters, the completion of 
a combination of several discrete criteria has been 
shown to improve the likelihood of successful discon-
tinuation from mechanical ventilation (11). Therefore, it 
is suggested to screen a bundle of parameters frequent-
ly in all ventilated patients to provide early identification 
of patients who are ‘ready to wean’. In all patients com-
plying with these requirements successful spontaneous 
breathing trials have been demonstrated to further in-
crease the probability of successful discontinuation from 
ventilation (12–14). Thus, daily spontaneous breathing 
trials are recommended in patients who are ready to 
wean.

With the aim of simplifying this screening process, 
increasing efficiency, and decreasing physicians’ work-
load, most experts in the field recommend the use of 
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weaning protocols (see fig. 1). This position seems to be 
maintained by the results of several clinical trials in 
which weaning protocols revealed beneficial effects 
compared to usual care (15–17). However, other studies 
failed to reveal improvements of outcome parameters 
after implementation of weaning protocols (18). Thus, 
there is ongoing controversy about the impact of wean-
ing protocols compared to clinical decision making 
based on more or less standardised parameters. The fol-
lowing contribution highlights the most important ar-
guments alleged within this discussion.

Controversial position 1: Weaning by protocols

Weaning protocols are mainly compiled on the 
basis of statistically significant results. Up until 
today four major randomised controlled trials in-
cluding a total number of more than 1,000 pa-
tients revealed a significant reduction of the dura-
tion of mechanical ventilation due to weaning pro-
tocols (15–17, 19).

In the first of these studies presented by Wes-
ley Ely and colleagues in 1996 daily screening fol-
lowed by spontaneous breathing trials in medical 
and coronary intensive care units reduced the du-

n

n

 n

 n

 n

 n

 n

 n

 n

 n

 n

 n

 n

n

n

n

 n

n

n

SBT: Spontaneous breathing trial, RSBi: Rapid shallow breathing index, APFig. 1 syst.: Systolic arterial blood pressure
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