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Abstract Non-invasive ventilation (NIV) is a safe, versa-
tile and effective technique that can avert side effects and
complications associated with endotracheal intubation.
The success of NIV relies on several factors, including
the type and severity of acute respiratory failure, the
underlying disease, the location of treatment, and the
experience of the team. The time factor is also important.
NIV is primarily used to avert the need for endotracheal
intubation in patients with early-stage acute respiratory
failure and post-extubation respiratory failure. It can also
be used as an alternative to invasive ventilation at a more
advanced stage of acute respiratory failure or to facilitate
the process of weaning from mechanical ventilation. NIV
has been used to prevent development of acute respiratory
failure or post-extubation respiratory failure. The number
of days of NIV and hours of daily use differ, depending
on the severity and course of the acute respiratory failure
and the timing of application. In this review article,
we analyse, compare and discuss the results of studies
in which NIV was applied at various times during the
evolution of acute respiratory failure.

Keywords Non-invasive positive pressure ventilation · Re-
spiratory failure · Chronic obstructive lung disease · Pneu-
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Introduction
Patients affected by acute respiratory failure (ARF) have
been traditionally treated by endotracheal intubation
and mechanical ventilation to correct life-threatening
hypoxaemia and/or acute progressive respiratory acido-
sis, while reducing dyspnoea and inspiratory effort [1].
Although conventional invasive mechanical ventilation
is a life-saving procedure, endotracheal intubation is the
most important risk factor for nosocomial pneumonia [2]
and may damage the tracheal mucosa [3]; furthermore, it
increases patients’ discomfort and need for sedatives.

Non-invasive ventilation (NIV) is nowadays widely
recognised as a valid means to avoid intubation and its
associated side effects and complications in patients with
ARF [4, 5, 6]. NIV preserves airway defence mechanisms,
speech, and swallowing; furthermore, NIV affords greater
flexibility in applying and removing the ventilatory
assistance [2].

The success of NIV depends on several factors, such as
the type of ARF (hypoxaemic or hypercapnic), the under-
lying disease, the location of treatment, and the experience
of the care team [4]. Time is also important, both in terms
of the moment at which NIV is applied and its total dura-
tion (i.e. the number of days of NIV and the daily hours of
use).

As summarised in Fig. 1, NIV may be used at differ-
ent moments: (1) to prevent the occurrence of impending
(but not established) acute or post-extubation failure, (2)
at an early stage, when respiratory failure is already estab-
lished, to avert the need for endotracheal intubation, and
(3) as an alternative to invasive ventilation at a more ad-
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Fig. 1 Time of non-invasive ventilation (NIV) use with respect to
severity of acute respiratory failure (ARF)

vanced stage of acute respiratory failure or to facilitate the
process of weaning from mechanical ventilation. The du-
ration and intensity of NIV strongly depend on the time it
is instituted.

In this clinical commentary we summarise and discuss
the results of the studies performed on both hypercapnic
and hypoxaemic patients at different times. We analyse the
results of studies dealing with intermittent positive pres-
sure ventilation, excluding those in which continuous posi-
tive airway pressure alone or intermittent negative pressure
ventilation was used.

NIV to prevent acute respiratory failure or
post-extubation respiratory failure

Exacerbation of chronic obstructive pulmonary disease

Very few studies have so far assessed the efficacy of NIV at
preventing the occurrence of acute respiratory failure, and
all of those that did so included patients with a mild exacer-
bation of chronic obstructive pulmonary disease (COPD).
Bardi et al. [7] randomised 30 patients, the large majority
of whom had a pH > 7.35, to early NIV or medical ther-
apy alone. No significant improvement in mortality, need
for endotracheal intubation or time spent in hospital was
found. In a similar population, Keenan et al. [8] reported
no difference in any clinical outcome, but a significant re-
duction in dyspnoea with NIV, although mask ventilation
was found to be very poorly tolerated.

In summary, according to these studies, anticipating the
use of NIV in patients with an exacerbation of COPD to

prevent, rather than to treat, respiratory distress and venti-
latory failure is unhelpful and futile, and would therefore
be an unnecessary waste of resources.

NIV to prevent extubation failure

Post-extubation failure is a major clinical problem in in-
tensive care units (ICU) [9]. Extubation attempts may fail
in as many as 23.5% of patients [10], and the in-hospital
mortality of these patients may approach 30–40%. The
cause of extubation failure and the time elapsed before
re-intubation are independent predictors of outcome [11].

A few studies have evaluated the use of NIV as a means
to prevent, rather than to treat, post-extubation respiratory
failure. Jiang et al. [12] conducted a prospective study
on 93 patients who were randomised to receive NIV or
oxygen therapy after planned or unplanned extubation
and found no difference in the re-intubation rate between
the two groups. Epstein et al. [11] showed that there is
a certain subset of patients whose clinical characteristics
at the time of extubation may predict re-intubation. Based
on this finding, two randomised trials were recently
performed [13, 14] to assess whether NIV is effective
in preventing the occurrence of post-extubation failure
in patients at risk. Both of these two studies, which
adopted similar criteria to define patients at risk and had
comparable study designs, showed that the groups treated
with NIV had a lower rate of re-intubation than did the
groups in which standard therapy was used; furthermore,
in one of the two studies [14] ICU mortality was also
reduced in the subgroup of hypercapnic patients treated
with NIV.

In conclusion, a promptly started use of NIV for at
least 48 h in selected patients “at risk” may prevent post-
extubation respiratory failure.

NIV to prevent endotracheal intubation and
re-intubation

COPD exacerbation

The patients who benefit most from NIV are those with
acute respiratory acidosis caused by an exacerbation of
COPD [4]. When acute hypercapnic respiratory failure en-
sues, standard medical treatment may fail. The rate of fail-
ure of medical management ranges between 27% [15] and
74% [16]. Although pH is by far the most important deter-
minant for deciding whether to institute NIV, other clini-
cal indicators such as the severity of the dyspnoea, tachyp-
noea, and the use of accessory muscles are also consid-
ered in the selection of patients for NIV [4], which has
the potential to prevent further clinical deterioration by in-
creasing alveolar ventilation [17] and reducing inspiratory
effort [18].
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Fig. 2 The figure depicts the rate of NIV
failure (left axis) and the corresponding
average pH values (right axis) on study
entry for four randomised controlled trials
[5,6,9,53]. The three studies denoted by the
black bars are those in which NIV was
used to prevent endotracheal intubation in
patients with mild to moderate acute
respiratory failure, while the light grey bar
indicates the study in which NIV was
applied as an alternative to invasive
mechanical ventilation in patients with
more severe disease deemed to require
ventilatory assistance. There is a clear
inverse relationship between severity of
respiratory acidosis and the rate of failure
of NIV. The labels on the tops of the bars
specify for each study the setting in which
NIV was applied. See text for further
explanation

In the last decade, several randomised controlled
trials [15, 16, 19, 20, 21, 22, 23, 24] have shown that the
addition of NIV to medical treatment relieves dysp-
noea [15, 19], improves vital signs and gas exchange [15,
16, 19], prevents endotracheal intubation [15, 16, 20],
reduces complications [16, 24], lowers mortality [15, 16]
and shortens the time spent in hospital [16, 21, 22, 23].
Brochard et al. [16], however, found that the benefits of
NIV over standard treatment vanished when only those
patients in whom treatment failed and who required
intubation were considered; in particular, after adjustment
for intubation, there was no difference in mortality.

With few exceptions [15, 16], the above cited clinical
trials were underpowered, so heavy use has been made
in the last few years of systematic reviews and meta-
analyses [6, 25, 26, 27, 28, 29]. By analysing pooled re-
sults from different trials, these studies confirmed that the
addition of NIV to standard therapy decreases the need for
endotracheal intubation [6, 25, 27, 28, 29], reduces com-
plications [6, 29], lowers mortality rate [6, 25, 27, 28, 29],
shortens the time spent in hospital [6, 28, 29] and reduces
costs [26] in patients with acute hypercapnic respiratory
failure secondary to an exacerbation of COPD.

Notwithstanding a general consensus on the value of
NIV resulting from this large body of evidence [4, 30],
some aspects still deserve consideration. For example,
one randomised trial found that adding NIV to standard
treatment in hypercapnic COPD patients admitted to
a respiratory ward with very mild ARF did not produce
further advantages; the success rate, however, was 100%
for both NIV and standard treatment [31]. Moreover,
a recent systematic review [28] concluded that, unlike
patients with severe exacerbation and established acidosis,
patients with extremely mild or no respiratory acidosis
do not benefit from NIV. On the other hand, in a large
multicenter trial including mildly to moderately acidotic
COPD patients (initial pH ≤ 7.35 and ≥ 7.25) admitted
to a medical ward, Plant et al. [15] found that the rate of

failure was lower with NIV than with standard therapy
alone; subgroup analysis showed that NIV improved the
outcome of patients whose pH at enrolment was ≥ 7.30,
while rate of failure and mortality did not differ between
the two treatment groups among patients whose enrol-
ment pH was < 7.30. These findings suggest that more
severely ill patients need a higher dependency setting with
a more favourable nurse:patient ratio and a higher level of
monitoring [32]. As illustrated in Fig. 2, the more acidotic
the patient is, the higher the likelihood of NIV failure.
Although the need for intubation is reduced remarkably
by NIV, it is not entirely abolished, so it is definitely
advisable to manage patients with more severe ARF
straightaway in the ICU, where endotracheal intubation
can be rapidly performed if necessary, and move those
patients who deteriorate or do not improve despite NIV to
the ICU [33, 34, 35, 36].

In conclusion, considering the strong evidence of effi-
cacy, the relatively few hours of daily use, and, compared
with other applications, the fairly low rate of failure, the
use of NIV to avoid intubation in COPD patients with mild
to moderate ARF (i.e. pH < 7.35 and > 7.25) is strongly
advisable and probably represents the best approach for
those units that are willing to implement this technique.

Hypoxemic respiratory failure

Several clinical trials have evaluated NIV as a means to
prevent intubation in patients with hypoxaemic ARF of
varied aetiology [37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47,
48, 49, 50, 51]. The results have been controversial. Most
of these studies enrolled patients with moderate ARF, in
whom the indication for immediate endotracheal intuba-
tion was not mandatory.

Wysocki et al. [37] showed that, compared with stan-
dard therapy, NIV reduced the need for endotracheal intu-
bation, shortened the duration of ICU stay and decreased
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mortality rate only in the subgroup of patients with asso-
ciated hypercapnia (PaCO2 > 45 mmHg), but produced no
advantage in purely hypoxaemic patients. In contrast, in
a similar group of patients Martin et al. [38] found that
NIV reduced the rate of intubation. More recently, Ferrer
and co-workers [39] randomised a group of 105 patients
with hypoxaemic ARF to receive either NIV or high O2
concentration alone. NIV reduced the need for endotra-
cheal intubation, the incidence of septic shock, the ICU
mortality and the 90-day mortality.

One of the major confounders of these studies was the
marked variability of the case mix; patients with different
underlying disorders and pathophysiologic pathways were
included under the same generic definition of having
hypoxaemia [52]. Confalonieri et al. [40] evaluated NIV
in patients with ARF (PaO2/FiO2< 250) consequent to
community-acquired pneumonia, including both patients
with and without COPD. Compared to standard treatment
alone, NIV produced a significant reduction in respiratory
rate, need for endotracheal intubation and ICU stay.
However a subgroup analysis showed that the benefits of
NIV occurred only in the subgroup of COPD patients. Two
subsequent observational studies [53, 54] suggested that
NIV is not useful in avoiding intubation when hypoxaemic
ARF is caused by community-acquired pneumonia in the
absence of a pre-existing chronic pulmonary disorder.

Six trials compared NIV with continuous positive air-
way pressure (CPAP) delivered via a mask in patients with
hypoxaemic ARF secondary to cardiogenic pulmonary
oedema and found that NIV produces no further advantage
vs CPAP [44, 47, 48, 49, 50, 51], although in one study
NIV determined more rapid improvements in oxygenation
and decreases in PaCO2 [44]. Two trials [45, 46] assessed,
with conflicting results, whether the addition of NIV to
medical therapy could decrease the rate of intubation
Subgroup analysis, performed in the study including
the larger number of patients [46], suggested that only
hypercapnic (PaCO2 > 45 mmHg) patients benefited from
NIV.

NIV may be used in the early treatment of ARF sec-
ondary to lung resection, a fatal complication in up to 80%
of cases. Auriant et al. [43] showed that NIV is safe and ef-
fective in reducing the need for intubation and improving
survival.

Early NIV application may be extremely helpful in
immunocompromised patients, in whom intubation dra-
matically increases the risk of pneumonia, infections and
ICU mortality [55]. Two trials evaluated NIV, as opposed
to standard treatment alone, in immunocompromised pa-
tients characterised by a respiratory rate > 30 breaths/min
and PaO2/FiO2 < 200. Antonelli et al. [41] compared NIV
with standard therapy in solid organ transplant recipients
with hypoxaemic ARF. Within the first hour of treatment,
PaO2/FiO2 improved in 70% of patients in the NIV group
and in only 25% of patients receiving medical therapy
alone. NIV was associated with a significant reduction

in the rate of intubation, complications, mortality and
duration of ICU stay among survivors. In patients with
immunosuppression secondary to haematological ma-
lignancies, transplantation or human immunodeficiency
virus infection, Hilbert et al. [42] compared early NIV
with standard treatment. All patients had fever, bilateral
pulmonary infiltrates and hypoxemia. Fewer patients in the
NIV group required intubation, had serious complications,
or died in the ICU or in the hospital.

Acute respiratory failure is a complication that may en-
sue in patients with cancer [56, 57]. Intubation and invasive
ventilation are strong predictors of mortality in critically
ill cancer patients [58]. A retrospective cohort study sug-
gested that NIV may improve the survival of patients with
solid or haematological malignancies admitted to an ICU
for ARF [59].

In conclusion, the outcome of NIV in patients with hy-
poxaemic ARF for whom endotracheal intubation is not
yet mandatory depends primarily on the type and evolu-
tion of the underlying disorder. The high rate of failure of
NIV in community-acquired pneumonia and acute respi-
ratory distress syndrome suggests for these patients a cau-
tious approach consisting in early treatment and avoidance
of delay of needed intubation. A trial of NIV is advisable
in immunosuppressed patients (in whom intubation is, per
se, a strong predictor of mortality), after lung resection,
and in patients with cardiogenic pulmonary oedema with
associated hypercapnia.

NIV to prevent re-intubation

The use of NIV has been suggested in an attempt to avoid
re-intubation in patients who show signs of “incipient” or
even overt respiratory failure following extubation.

Hilbert and co-workers [60] demonstrated that NIV
improved the outcome of patients with COPD and post-
extubation hypercapnic respiratory failure by reducing
the need for endotracheal intubation, the mean duration
of ventilatory assistance and the duration of ICU stay
when compared with conventional treatment of matched
subjects.

In a more recent randomised, controlled trial [61]
NIV was applied to patients who developed ARF within
48 h after extubation and compared with standard medical
therapy. The patients were randomised to standard therapy
alone or to NIV. The authors did not find any difference
in re-intubation rate, hospital mortality rate, ICU stay
and hospital stay, despite there being a trend to a shorter
duration of hospital stay in the NIV group.

Very recently Esteban et al. [62] conducted a large mul-
ticentre, randomised trial to evaluate the effect of NIV on
mortality in this clinical setting. Patients who had respi-
ratory failure within the subsequent 48 h were randomly
assigned to either NIV (114 patients) or standard medical
therapy (107 patients). There was no difference between
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the two groups in the need for re-intubation, while ICU
mortality was higher in the NIV group (25% vs 14%; rel-
ative risk = 1.78); the median time from respiratory fail-
ure to re-intubation was longer in the NIV group, raising
the suspicion that this delay in re-intubation may have in-
fluenced the negative results. The authors concluded that
NIV does not prevent the need for re-intubation or reduce
mortality in unselected patients who have respiratory fail-
ure after extubation. It is noteworthy that NIV was used as
a “rescue” therapy in the patients who failed standard ther-
apy and the rate of success was much higher than in the
NIV group.

In summary, in spite of the early promising data from
non-randomized studies, NIV does not prevent the need
for re-intubation or reduce mortality in unselected patients
with established post-extubation respiratory failure.

NIV as an alternative to invasive ventilation

Exacerbations of COPD

The early use of NIV in COPD patients with respiratory
acidosis and impending respiratory muscle failure is effec-
tive in preventing further clinical deterioration and avoid-
ing endotracheal intubation. Because of the abrupt onset
of ARF, its rapid progression and/or delays in receiving
medical evaluation and appropriate treatment, some pa-
tients may worsen so much that mechanical ventilation be-
comes mandatory. However, if endotracheal intubation in
such patients is not strictly required because of gasping for
air, unconsciousness or the need to protect the airway, NIV
might still be advantageous compared with invasive venti-
lation.

There is only one randomised controlled trial that
compared NIV with invasive ventilation in COPD pa-
tients with severe ARF in whom ventilatory support was
deemed necessary [63]. Twenty-three and 26 patients were
randomised to receive NIV and conventional invasive
ventilation, respectively. The average pH on study entry
was 7.20 for both groups, indicating that these patients
had more severe ARF than those enrolled in the clinical
trials in which NIV was used at an earlier stage (Fig. 2).
In the NIV group, treatment failed in 12 patients (52%),
who were thus intubated to receive invasive mechanical
ventilation. The authors found no significant differences
between the two groups in ICU and hospital mortality,
overall complications, duration of mechanical ventilation
and ICU stay. The patients in the NIV group had a lower
rate of sepsis and septic shock and showed a trend toward
a lower incidence of nosocomial pneumonia during their
time in the ICU. In addition, at a 12-month follow-up,
the rate of hospital re-admissions and the number of
patients on long-term oxygen therapy were lower in the
NIV group. Unfortunately, because of the relatively small
number of patients included, this study was exposed to the

risk of a type II error and, in addition, it was not possible
to perform a post-hoc analysis to assess whether or not
the patients in whom NIV failed were harmed by delayed
intubation and invasive ventilation.

These results were confirmed by a subsequent case—
control clinical trial including 64 consecutive COPD
patients with severe ARF caused by exacerbation or
community-acquired pneumonia [64]. Data from these
patients were prospectively collected and compared with
those from a tightly matched historical control group taken
from a large database of COPD patients treated in the
same ICU with conventional invasive ventilation during
the previous 2 years. The average pH of the patients and
controls on entry into the study was 7.18. NIV failed in 40
patients (62%), who were then intubated. The mortality
rate, duration of mechanical ventilation, time spent in the
ICU and duration of post-ICU hospitalisation were similar
in the two groups; however, patients in the NIV group had
fewer complications and showed a trend toward a lower
probability of remaining on mechanical ventilation after
30 days. Apart from confirming the results obtained by
Conti et al. [63], the large sample of patients and high
rate of NIV failures allowed a subgroup analysis that
showed that the outcomes of the 40 patients in whom
NIV failed and of the 64 controls were no different, while
the 24 patients in whom NIV was successful had better
outcomes.

In both the aforementioned studies NIV was used in
an ICU and the study protocols had predefined criteria for
NIV failure which led in all cases to a prompt intubation,
when required. Unlike the clinical trials in which NIV was
used to avoid intubation and was then intermittently ap-
plied for relatively few hours [15, 16, 19, 20], in these
two studies patients received almost continuous ventilatory
support, at least for the first 24–48 h. This might account
for the approximately 40% of patients in whom NIV failed
because of mask intolerance and discomfort, as reported
by Squadrone et al. [64].

In conclusion, as indicated in Fig. 2, in patients with
COPD deemed severe enough to require ventilatory sup-
port, the use of NIV at a more advanced stage of ARF is
more likely to fail. A NIV trial before proceeding to intu-
bation and invasive ventilation does not, however, harm the
patient and may be cautiously attempted, closely monitor-
ing the patient in an ICU and avoiding excessive delay of
the required intubation.

Hypoxaemic respiratory failure

To our knowledge, only one randomised trial has so
far evaluated the use of NIV in hypoxaemic patients
considered sufficiently ill to require mandatory ventilatory
assistance. Antonelli et al. [65] compared NIV with
conventional ventilation through an endotracheal tube
in selected patients with hypoxaemic ARF secondary to



366

cardiogenic pulmonary oedema, acute lung injury/acute
respiratory distress syndrome or pneumonia who failed
to improve despite aggressive medical therapy and met
predefined criteria for mechanical ventilation. Sixty-four
consecutive patients were enrolled (32 in each arm).
After 1 h of mechanical ventilation, the PaO2/FiO2 ratio
had improved in both groups. Ten (31%) patients in
the NIV group required intubation. Patients randomised
to conventional ventilation more frequently developed
serious complications (66% vs 38%) and, in particular,
infections secondary to endotracheal intubation (i.e. pneu-
monia and/or sinusitis). Among survivors, the duration
of mechanical ventilation and ICU stay was shorter for
patients randomised to NIV. It should, however, be kept
in mind that this single study was conducted in selected
patients in one well-experienced centre.

In summary, in our opinion, the use of NIV as an alter-
native to invasive ventilation in severely hypoxaemic pa-
tients (i.e. PaO2/FiO2 < 200) is not generally advisable
and should be limited to haemodynamically stable patients
who can be closely monitored in an ICU by highly skilled
staff.

NIV to wean patients off the ventilator

In the majority of cases withdrawal of mechanical venti-
lation and extubation are possible immediately after res-
olution of the underlying problems responsible for ARF.
However, there is a group of ventilated patients who re-
quire more gradual and longer withdrawal of mechanical
ventilation.

NIV is theoretically able to counteract several physi-
ological mechanisms associated with weaning failure or
difficulties. In ventilator-dependent COPD patients NIV
has been shown to be as effective as invasive ventilation
in reducing inspiratory effort and improving arterial blood
gases [66]. In fact, following some uncontrolled clinical
studies in which NIV was used as a bridge to weaning [67,
68, 69, 70, 71], the first randomised controlled study of
this strategy was performed [72] in severely ill COPD
patients ventilated through an endotracheal tube. Patients
who failed the T-piece trial were randomised to either
extubation, with immediate application of NIV, or to
continued weaning with the endotracheal tube in place.
Overall, this study showed that the likelihood of weaning
success is increased, while the duration of mechanical
ventilation and ICU stay are decreased, when NIV is used
as a weaning technique.

A second randomised controlled study in a single
ICU [73] was conducted on patients with chronic respira-
tory disorders intubated for an episode of acute respiratory
failure. Thirty-three patients were randomised to receive
“traditional” weaning or NIV. This study also found
a shorter duration of invasive mechanical ventilation in the
groups weaned non-invasively, although no differences

were found in ICU stay, hospital stay or 3-month survival
between the two groups.

In a third recent randomised controlled trial [74], pa-
tients who failed spontaneous breathing trials on three con-
secutive days were randomised to be extubated and receive
NIV or to remain intubated and continue a conventional
weaning protocol. Most of the patients (about 80%) were
affected by hypercapnic respiratory failure. The duration
of conventional mechanical ventilation, the time spent in
the ICU and the duration of hospitalisation were signifi-
cantly lower in the NIV group. Patients treated with NIV
also had lower rates of nosocomial pneumonia and septic
shock and better ICU and 90-day survival.

Further studies are clearly needed to assess the benefits
of NIV in weaning in other forms of respiratory failure,
such as acute respiratory distress syndrome, post-surgical
complications or cardiac impairment.

In conclusion, NIV may be safely and successfully
used in ICU to shorten the process of liberation from
mechanical ventilation in stable patients recovering from
an episode of hypercapnic ARF who had previously failed
a weaning trial.

NIV in patients with a ‘do not intubate’ order

NIV has been used as an alternative to invasive ventilation
in patients with a ‘do not intubate’ order [75]. In a recent
study [76], NIV was applied to treat episodes of ARF in
114 patients with ‘do not intubate’ orders. About half of
the patients survived and were discharged from the ICU.
The underlying disease was an important determinant of
survival; the outcome of patients with congestive heart
failure was significantly better than that of patients with
COPD, pneumonia, or cancer. Similar results have been
recently obtained by Schettino et al. [77]. In another
study [78], NIV was used in 37 hypercapnic COPD
patients with ‘do not intubate’ orders and their outcomes
were compared with those of a group of COPD patients
in whom instructions on intubation had not been given.
As opposed to the patients in the latter group, most of the
patients with ‘do not intubate’ orders died or developed
another life-threatening event within 1 year. It should be
noted, however, that patients in the former group were
older, more dyspnoeic, and had more co-morbidities and
spent more time in hospital in the year preceding the study.

In summary, the use of NIV to provide ventilatory as-
sistance to patients with ‘do not intubate’ order is appeal-
ing, although robust evidence from randomized controlled
trials is so far lacking.

Overall duration and intensity of NIV application

As opposed to invasive mechanical ventilation, discon-
tinuing and resuming ventilator support with NIV is not
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cumbersome and can be carried out several times a day.
To prevent intubation and re-intubation NIV is commonly
applied intermittently for a variable number of hours,
depending on various factors, such as the severity of

Fig. 3 Days of NIV use (A) and hours of daily application (B) in
patients with mild to moderate (grey bars) and severe (black bars)
already established hypercapnic and hypoxaemic acute respiratory
failure (ARF). Pertinent information was obtained when available
from the published report, or directly by communication from the
authors. Patients with cardiogenic pulmonary oedema (CPE) are
not included in panel A because NIV was applied for less than
1 day in all cases, while they are grouped separately in panel B.
See text for further explanation. References considered: preventive
NIV in hypercapnic ARF: [15, 16, 9, 20, 21]; preventive NIV in
hypoxaemic ARF: [37, 38, 39, 40, 41, 42, 43, 61]; cardiogenic
pulmonary oedema: [44, 45, 46, 48, 49, 50, 51]; alternative in
hypercapnic ARF: [63, 64, 72, 73, 74]; alternative in hypoxaemic
ARF: [65]

the ARF and the patient’s tolerance. It is worth noting
that 3–4 days of NIV (Fig. 3A) for less than 12 h/day
(Fig. 3B) are usually sufficient to reverse ARF; in patients
with cardiogenic pulmonary oedema NIV is commonly
required for less than 6 h (Fig. 3B).

Not surprisingly, the total duration of mechanical ven-
tilation (Fig. 3A) and the mean hours of daily application
(Fig. 3B) are longer when NIV is applied as an alternative
to endotracheal intubation or in the weaning process. This
may help to explain the higher rate of NIV failure due to
discomfort and intolerance observed when NIV is used as
an alternative to invasive ventilation [64].

Time is also a critical factor when assessing the success
or failure of NIV, because it is important not to unduly de-
lay the decision to intubate a patient. Most of the studies
evaluating predictors of NIV outcome suggest that patients
who do not improve within a few hours should be consid-
ered for intubation. Changes in arterial blood gases (i.e.
pH for hypercapnic respiratory failure and PaO2/FiO2 for
hypoxic respiratory failure) have been considered the best
predictors, although respiratory rate has also been found to
be a good predictor of response to NIV [79, 80]. Despite
prompt improvement soon after the institution of NIV, this
treatment may fail in some patients later on. In a recent ob-
servational study of 134 patients with COPD exacerbations
who underwent NIV, a subgroup of 31 patients (charac-
terised by lower pH values and a higher rate of co-morbid
conditions) deteriorated some days after the institution of
NIV [81].

Conclusions
After a “pioneering era”, NIV is nowadays a therapeutic
strategy which belongs to the real world of clinical prac-
tice. NIV should primarily be used for the early treatment
of established episodes of ARF, in order to avoid further
deterioration and intubation, and eventually to shorten the
duration of invasive mechanical ventilation in COPD pa-
tients.. A skilled team may also advantageously use NIV
in the ICU as an alternative to invasive ventilation in pa-
tients with more advanced ARF episodes of different ae-
tiologies [82]. Instituting this strategy at a more advanced
stage does, however, imply the use of many consecutive
hours of NIV, increasing the risk of side effects leading to
patient discomfort.

Knowledge of NIV-specific features and choice of the
right patient in the appropriate setting are key factors for
the success of NIV. Considering and understanding the im-
plications of the time at which NIV is applied may help
to increase the efficacy and reduce the drawbacks of this
valuable technique.
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