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ABSTRACT: Noninvasive ventilation (NIV) has emerged as a significant advance in
the management of respiratory failure. There is now a wide body of prospective
randomized-controlled trial data to support its use, particularly in the management of
patients with acute or respiratory failure due to exacerbations of chronic obstructive
pulmonary disease (COPD). Its successful application results in a more rapid resolu-
tion of the physiological derangements, reduces the need for intubation and, in larger
studies, improves survival. A reduction in the number of infectious complications is a
particular advantage.

In patients with acute exacerbations of COPD there is evidence of benefit when NIV
is introduced earlier in the course of the illness than would be the case for invasive
ventilation and it should now be considered even with mild acidosis (pH<7.35) and
tachypnoea (respiratory rate >23 breaths-min™) after initial medical therapy.

There is less clinical-trial data in patients with hypoxaemic respiratory failure, but
again as with COPD those with less severe physiological disturbance are more likely to
benefit. By contrast noninvasive continuous positive airways pressure, while being
widely used has not been shown to reduce the need for intubation or to improve survival
in patients with hypoxaemic respiratory failure, with the exception of acute cardiogenic
pulmonary oedema.

Noninvasive ventilation has been a real advance in the treatment of the critically ill.
Most of the studies published to date, have excluded patients needing immediate
intubation and it should be viewed as a complimentary technique rather than an
alternative to invasive ventilation. It is best viewed as a means of preventing the need for
endotracheal intubation and as a result should be introduced earlier than would be the

*Medical Intensive Care Unit, Henri
Mondor Hospital, Assistance Publique-
Hospitaux de Paris, Paris XII Univer-
sit¢ and Institut National de la Santé
et de la Recherche Médicale Unit
492, Créteil, France. #Intensive Care
Unit, Sant Pau Hospital, Universitat
Autonoma de Barcelona, Barcelona,
Spain. 'Consultant Physician, St
James's University Hospital, Beckett
Street, Leeds, UK.

Correspondence: L. Brochard
Service de Réanimation Médicale
Hopital Henri Mondor

94010 Créteil Cedex

France

Fax: 33 142079943

E-mail: laurent.brochard@
hmn.ap-hop-paris.fr

Keywords: Intensive care
invasive ventilation
noninvasive ventilation
respiratory failure

Received: June 13 2001
Accepted after revision November 14
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Noninvasive ventilation (NIV) has emerged as a
new and important tool in the treatment of acute
respiratory failure (ARF). It can reduce substantially
the need for endotracheal intubation and mechanical
ventilation (MV) in a number of conditions. It can
reduce the incidence of complications associated
with MV and stay in the intensive care unit (ICU),
the hospital length of stay and mortality in selected
patients. Patients with hypercapnic forms of ARF
are more likely to benefit from NIV, but it may also
benefit selected patients with hypoxic respiratory
failure. This article reviews the evidence for the use
of NIV in acute and chronic respiratory failure.

Patients with acute exacerbations of chronic
obstructive pulmonary disease

NIV in the hospital setting was first used in patients
with acute exacerbations of chronic obstructive
pulmonary disease (COPD) and it is in this group

2001

of patients that there is the most prospective
randomized-controlled trial data (table 1). Acute
exacerbation of COPD is a frequent cause of hospital
and ICU admission. During these episodes, major
deterioration in gas exchange accompany a clinical
worsening, characterized by a rapid and shallow
breathing pattern, dyspnoea, right ventricular failure
and encephalopathy. The pathophysiological pathway
involves the inability of the respiratory system to
maintain adequate alveolar ventilation in the presence
of major abnormalities in respiratory mechanics.
This can be modified by the use of NIV, which
allows the patient to take deeper breaths with less
effort. A pressure-targeted mode of ventilation is
frequently used, delivering a constant positive pres-
sure in synchrony with the patient’s inspiratory effort,
and maintaining atmospheric pressure during expira-
tion or a low positive end-expiratory pressure. The
ability of these modes to improve the volume of gas
delivered to the lung explains how NIV may improve
gas exchange and decrease the effort needed to
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Table 1.—Prospective randomized controlled trials of noninvasive ventilation (NIV) in patients with chronic obstructive

pulmonary disease (COPD)

[Ref. no.] Disease n Setting Baseline data pH ETI or Mortality Mode plus settings cmH,O
or Pa,0,/Fi,0, "surrogate" Use on day 1
1M COPD 60 Ward 7.35 0/30 vs 5/30 3/30 vs 9/30 VCV
Use 7.63 h on day 1
[2] COPD 85 ICU 7.28 vs 7.27 11/43 vs 31/42%  4/43 vs 12/42*  PSV 20
Use =6 h-day’!
[3] Subgroup ICU 7.29 vs 7.27 9% vs 67%* IPAP 11.3 EPAP 2.6
COPD 23 Use 20.1 h on day 1
[4] COPD 24 Casualty 7.33 0/12 vs 0/12 0/12 vs 0/12 IPAP 14.8 EPAP 5
Ward Use 2x3 h-day!
[5] COPD 17 Ward 7.31 vs 7.30 0/9 vs 5/8 0/9 vs 3/8 IPAP 14-18 cmH,O
[6] Subgroup Casualty 7.35 vs 7.34
COPD 6*
M COPD 30 ICU 7.27 vs 7.28 1/16 vs 6/15* 0/15 vs 1/15 PSV 15.4
Use mean of 26.7 h
[8] COPD 30 Ward 7.36 vs 7.39 1/15 vs 2/15 0/15 vs 1/15 IPAP 13 EPAP 3
9] Subgroup ICU 7.27 vs 7.28 25% vs 45% 8% vs 9% IPAP 11 EPAP 5.7
COPD 23 103 vs 110 5.26 vs 100
ICU days
[10] COPD 236 Ward 7.32 vs 7.31 15% vs 27%* 10% vs 20%*  IPAP 10-20 EPAP 5 h

Use median 8 h on day 1

Pa,0,: oxygen tension in arterial blood; Fi,0,: inspiratory oxygen fraction; ETI: endotracheal intubation; ICU: intensive care
unit; VCV: volume cycled ventllators PSV: pressure support ventilation; IPAP: inspiratory positive airway pressure; EPAP:

expiratory positive airway pressure.

breathe, thus reversing the clinical abnormalities
resulting from hypoxemia, hypercapnia and acidosis
[11-13]. At baseline, the transdiaphragmatic pressure
generated by these patients can be considerably higher
than normal and represents a high percentage of
their maximal diaphragmatic force, a situation posing
high risk for respiratory muscle fatigue [11]. Negative
pressure ventilation has also been used in a few centres
where it may have a comparable efficacy to invasive
ventilation in COPD patients [14, 15]. The cumber-
some nature of the devices used, the fact that they
are not widely available and the success of positive
pressure ventilation mean that it is unlikely that the
technique will become widely available.

There have been a number of studies that exclu-
sively recruited patients with hypercapnic acute
exacerbations of COPD and others with a more
mixed population, which included patients with
COPD [3, 6, 9], though not always hypercapnia [9].
The studies with a more heterogeneous study popula-
tion were more difficult to interpret because of the
differences in prognosis from ARF of different aetio-
logies. These studies are discussed in this section
on COPD.

BROCHARD et al. [2] showed that NIV in patients
with exacerbations of COPD in the ICU, reduced
intubation and mortality rates compared to conven-
tional medical therapy. NIV also improved pH,
oxygen tension in arterial blood (Pa,0,), respiratory
rate and encephalopathy score at 1 h and was asso-
ciated with a shorter hospital stay (23 days versus
35 days, p=0.005) and a lower complication rate (16%
versus 48% p=0.001). Most of the excess mortality
and complications, particularly pneumonia, were
attributed to endotracheal intubation (ETI). This
data suggests that NIV may be superior to invasive

#: two NIV and four controls. *: p<0 05.

mechanical ventilation (InMYV), although this was a
highly selected group of patients with the majority
(70%) of potentially eligible patients excluded from
the study for various reasons. In a smaller study
(n=31) in two North American ICUs, KRAMER et al.
[3] showed a marked reduction in intubation rate,
particularly in the subgroup with COPD. However
mortality, hospital stay and charges were unaffected.
Those enrolled had a severe exacerbation, as evi-
denced by a mean pH of 7.28. In a further ICU study,
CELIKEL et al. [7] showed a more rapid improvement in
various physiological parameters, but there was no
difference in intubation rate or survival. However,
some patients randomized to standard therapy subse-
quently received NIV and there was a significant
reduction in treatment failure rate, defined as the need
for ventilatory support. At the time of failure all
patients had a decrement in pH. MARTIN et al. [9], in a
prospective randomized controlled trial comparing
NIV with usual medical care in 61 patients, including
23 with COPD, showed, in common with other studies,
that there was a significant reduction in 1ntubat10n
rate (6.4 versus 21.3 intubations-100 ICU days™,

p=0.002). However there was no dlfference in morta-
lity (2.4 versus 4.3 deaths-100 ICU days p=0.21).
Although the intubation rate was lower in the COPD
subgroup (5.3 versus 15.6 intubations-100 ICU days™,

p=0.12) this did not reach statistical 51gn1ﬁcance
possibly reflecting the small sample size. Three
patients in the NIV group and one in the control
group required ETI to maximize the safety of other
procedures (e.g. bronchoscopy) and two patients in the
NIV group required ETI because of haemodynamic
compromise related to massive gastrointestinal bleed-
ing. All other patients required ETI because of
progressive ventilatory failure. In summary, only



714 L. BROCHARD ET AL.

four of the intubations in the NIV group were because
of an inability to control respiratory failure compared
with 16 in the control group.

The use of NIV opens up new opportunities in
the management of patients with ventilatory failure,
particularly with regard to location and the timing
of intervention. The issue of location for NIV will
be addressed in the next article in this series but
the six prospective randomized-controlled studies of
NIV outside the ICU also have implications for the
timing of the initiation of NIV [1, 4-6, 8, 10]. The
mean pH is higher than that seen in the ICU studies
reflecting a milder physiological disturbance and NIV
was therefore introduced at an earlier point in the
natural history of the exacerbation before assisted
ventilation would usually be considered necessary.

BotT et al. [1] randomized 60 patients with COPD
to either conventional treatment or NIV. NIV
initiation, by research staff, took on average 90 min
(range 15 min—4 h) and it led to a more rapid correc-
tion of pH and carbon dioxide tension in arterial
blood (Pa,C0,). In an "intention to treat" analysis
there was no significant benefit from NIV, but when
those unable to tolerate NIV were excluded a sig-
nificant survival benefit was seen (nine of 30 versus
one of 26, p=0.014). The high mortality rate (30%)
in the control group was surprising considering
that the mean pH was only 7.34. In addition the
low intubation rate, while probably reflecting UK
practice, has been criticized.

ANGUS et al. [5] compared NIV and Doxapram in
patients with COPD and type-II respiratory failure
in a small randomized trial that primarily addressed
the effect of both interventions on arterial blood gas
tensions. NIV resulted in a significant improvement
in both Pa,0, and Pa,CO, at 4 h. In contrast, no fall
in Pa,CO, occurred in patients treated with Doxapram
and an initial improvement in Pa,0, was not sustained
at 4 h. At both 1 and 4 h pH was significantly better
in the NIV group as compared to the Doxapram
group. All the patients in the NIV group were
discharged home, although one required Doxapram
in addition to NIV during their acute illness. Three
out of eight patients in the Doxapram group died
and a further two received NIV. This small study sug-
gests that NIV is more effective than Doxapram in
the treatment of respiratory failure associated with
COPD. However no comparisons were made of
nursing work load, patient tolerance or complication
rates between the two groups.

Barpi et al [8] found no significant differences
in hospital outcome between NIV and conventional
therapy in a study of 30 patients with COPD, with
the majority of patients in both groups recovering
without the need for invasive ventilation. Because
there was no ICU on site NIV was started early, and
as the mean pH in the two groups were 7.36 and
7.39 and no patient in either group had a pH <7.30
these results are not surprising. However, a surprising
finding was that the outcome in the patients who had
received NIV was better than in those who had not
at 3, 6 and 12 months. On admission there was no
difference between the forced expiratory volume in
one second (FEV1) in the two groups. However,

at discharge FEV1 in the NIV-treated group was
49.4% of predicted and in the standard therapy
group 40.5%. It seems unlikely that this increase in
FEV1 was an effect of NIV and suggests that these
patients had less severe chronic disease. Furthermore
a number of the patients who died had significant
coexistent disease.

A multicentre randomized controlled trial of NIV
in acute exacerbations of COPD (n=236), on general
respiratory wards, in 13 centres, has recently been
reported [10]. NIV was applied, by the usual ward
staff, using a bilevel device in spontancous mode
according to a simple protocol. Treatment failure, a
surrogate for the need for intubation, defined by
a priori criteria, was reduced from 27% to 15% by
NIV (p<0.05). In-hospital mortality was also reduced
from 20% to 10% (p<0.05). Subgroup analysis
suggested that the outcome in patients with pH<7.30
after initial treatment was inferior to the outcome
reported in the studies performed in the ICU. This
study suggests that, with adequate staff training,
NIV can be applied with benefit outside the ICU
by the usual ward staff, and that the early introduc-
tion of NIV on a general ward results in a better
outcome than providing no ventilatory support for
acidotic patients outside the ICU. Furthermore, it
suggests that earlier intervention (pH<7.35) than
would normally be considered when only invasive
ventilation is available, is advantageous.

BARBE et al. [4] initiated NIV in casualty in patients
presenting with acute exacerbation of COPD and
continued it on a general ward. To ease some of
the problems of workload and compliance NIV was
administered for 3 h, twice a day. In this small study
(n=24) there were no intubations nor deaths in
either group and arterial blood gas tensions improved
equally in both the NIV group and in controls.
However, the mean pH at entry in each group was
7.33 and at this level of acidosis significant mortality
is not expected, in other words it was unlikely that
such a small study would show an improved outcome
when recovery would be expected anyway [16].

Woobp et al [6] randomized 27 patients with
acute respiratory distress, due to a variety of different
conditions, to conventional treatment or NIV in
casualty. Intubation rates were similar (seven of 16
versus five of 11) but there was a nonsignificant trend
towards increased mortality in those given NIV (4/16
vesus 0/11, p=0.123). The authors attributed the excess
mortality to delay in intubation as conventional
patients requiring invasive ventilation were intubated
after a mean of 4.8 h compared to 26 h in those on
NIV (p=0.055). It is difficult to draw many conclu-
sions from this study given its small size, the fact
that the numbers of patients in each group was
different and that the patients were not matched for
aetiology of respiratory failure.

Another possible reason why these studies in which
NIV was initiated in casualty [4, 6] both failed to show
any advantage to NIV over conventional therapy
includes the fact that most patients presenting in
casualty have not received any treatment. A propor-
tion will improve after initiation of standard medical
therapy, including controlled oxygen therapy. In a
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Table 2. —Prospective randomized controlled trials of noninvasive ventilation (NIV) in patients with nonchronic obstructive

pulmonary disease

[Ref. no.] Disease n Setting  Baseline data pH ETI or Mortality ~ Mode plus settings
or Pa,0,/Fi,0, "surrogate" cmH,O
Use on day 1
[3] Mixed 31 ICU 7.28 vs 7.27 31% vs 73%* 1/16 vs 2/15 TPAP 11.3 EPAP 2.6
Use 20.1 h
[6] Mixed 27 Casualty  7.35 vs 7.34 7/16 vs 5/11 4/16 vs 0/11
[22] Hypoxic ARF 64 ICU 116 vs 124 10 vs 32 28% vs 47%  PSV
Use continuous for first
24 h
[23] Post transplant ICU 129 vs 129 20% vs 70% 35% vs 55% PSV 14-20 PEEP <10
ARF 40
[24] Pneumonia 56 ICU 183 vs 167 21% vs 61% 7/28 vs 6128  PSV 14.8 PEEP 4.9
[9] Mixed 38 ICU 7.27 vs 7.28 6.4 vs 21.3-100 2.4 vs 4.27-100 IPAP 11 EPAP 5.7
103 vs 110 ICU days'*  ICU days!'*
[25] Hypoxic ARF ICU 140 vs 148 21% vs 24% 19% vs 18% CPAP
[26] Immune compromized 52 ICU 141 vs 136 46% vs 77%*  38% vs 69%* PSV

Use >45 min every 3 h

Pa,0,: oxygen tension in arterial blood; Fi,0,: inspiratory oxygen fraction; ETI: endotracheal intubation; ARF: acute
respiratory failure; ICU: intensive care unit; IPAP: inspiratory positive airway pressure; EPAP: expiratory positive airway
pressure; PSV: pressure support ventilation; PEEP: positive end-expiratory pressure; CPAP: continuous positive airway

pressure. *: p<0.05.

1-yr period prevalence study [17] of 983 patients
admitted through casualty in Leeds (UK) with acute
exacerbations of COPD, 20% were acidotic on arrival
in the department and of these 20% had completely
corrected their pH by the time of arrival on the ward.
There was a weak relationship between the Pa,0, on
arrival at hospital and the presence of acidosis,
suggesting that in at least some patients, respiratory
acidosis had been precipitated by high-flow oxygen
therapy administered in the ambulance on the way to
hospital. These casualty studies therefore lack the
statistical power to pick up any advantage from very
early NIV.

Long-term effects of noninvasive ventilation for acute
exacerbations of chronic obstructive pulmonary
disease

The avoidance of intubation may have beneficial
effects in the long term. CONFALONIERI et al. [1§]
looked at the outcome at up to 1 yr in 24 patients
who received NIV during their acute exacerbation
of COPD and compared this with 24 well-matched
historical controls. Mean admission pH was 7.29 and
all were hypoxic and hypercapnic. The survival at
1 yr was 71% in the NIV group compared with 50%
in the controls. Further days in hospital during that
year with exacerbations were also significantly lower
in the NIV group (7£10 versus 25+22 days, p=0.003).
These findings were confirmed in another retro-
spective study [19] comparing face mask ventilation
with ETI and MV. Although no differences were
seen in in-hospital survival there was a marked
difference at 3 (23% versus 48% mortality) and 12
(30% versus 63% mortality) months favouring the
noninvasive approach. In addition the number of new
ICU admissions during the follow-up at 1 yr was
reduced in those ventilated noninvasively (0.12 versus

0.30, p<0.05). Within each group 1-yr mortality
was greater (p<0.01) in patients with pneumonia.
Imperfect matching is one possible explanation but
patients who are intubated and mechanically venti-
lated may lose a considerable amount of muscle bulk
[20] rendering them susceptible to further episodes
of ventilatory failure. The observation of a better
long-term outcome with NIV needs to be confirmed
in further prospective trials. Longer-term follow-up
from the study of PrLANT ef al [21] failed to show
any statistically significant benefit from NIV com-
pared with conventional therapy, though importantly
the study showed a median survival in both groups
of >1 yr indicating that the patients salvaged by
NIV were not just those who had a very poor
prognosis. It may be significant that few patients in
either group were intubated and ventilated and this
is an important difference when compared with the
studies mentioned earlier.

Nonhypercapnic respiratory failure

There is convincing evidence for the use of NIV in
patients with acute or chronic respiratory failure
secondary to COPD (table 2). The situation in
patients with ARF 1is less clear. Early studies in
predominantly hypoxaemic patients failed to show an
advantage to NIV [6, 27]. One small, randomized
study in patients with no previous history of chronic
lung disease did not show clear benefits of NIV, except
in a subgroup of patients with acute hypercapnia [27].
However more recent studies have suggested a role for
NIV in selected patients.

ANTONELLI et al. [22] compared intubation and
conventional MV with NIV in patients with acute
hypoxic respiratory failure. Patients were randomized
at the time they reached predefined criteria for
intubation, between endotracheal intubation or NIV.
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Improvement in oxygenation was similar with the
two modes of support but 10 out of 32 patients
in the NIV group eventually required intubation.
Delays in intubation may explain the worse out-
come in the intubated patients. Although all the
patients who required ETI after NIV died, 15 patients
who were intubated from the outset also died, making
this unlikely. Patients receiving NIV had signifi-
cantly lower rates of serious complications and those
successfully treated with NIV had shorter ICU stays.
One concern in this study, is the high mortality
rate observed in the NIV patients eventually requiring
endotracheal intubation. Post hoc subgroup ana-
lysis of patients with simplified acute physiological
scores (SAPS) of <16 and those >16 showed that
patients in the latter group had similar outcomes
irrespective of the type of ventilation. However NIV
was superior to conventional MV in patients with
SAPS <l6.

CONFALONIERI et al. [24] evaluated the early
application of NIV in patients with ARF due to
severe community acquired pneumonia, on three
intermediate respiratory ICUs. Twenty-eight patients
were randomly assigned to standard treatment and 28
to NIV. The study included both COPD patients
with hypercapnic ARF (23 subjects) and non-COPD
patients with pure hypoxaemic ARF (33 subjects).
NIV resulted in a significant reduction in intubation.
Six patients (21%) in the NIV group and 17 (61%)
in the standard treatment group met the preselected
criteria for intubation (p=0.007). In total, twenty
patients were intubated, six in the NIV group and 14
in the standard treatment group (p=0.03). The three
remaining patients in the standard treatment group,
who met the preselected criteria for intubation but
were not intubated, were all successfully treated with
NIV. Patients randomized to NIV had significantly
shorter ICU stays (1.8+0.7 days versus 612 days
p=0.04) and required a similar nursing care intensity
to those in the standard treatment group. The two
groups did not differ significantly in terms of duration
of hospital stay, complications, hospital and 2-month
mortality. However, there was a beneficial effect of
NIV upon the 2-month outcome in the subgroup with
COPD (89% versus 37.5% survival, p<0.05).

ANTONELLI et al. [23] evaluated the use of NIV
in patients undergoing solid organ transplantation.
They found a sustained improvement in the Pa,0./
inspiratory oxygen fraction (Fi,0,) ratio in more
patients (60% versus 25%, p=0.03) and a reduction
in the intubation rate (20% versus 70%, p=0.002),
rate of fatal complications (20% versus 50%, p=0.05),
length of stay in the ICU by survivors (5.5 versus
9 days, p=0.03) and ICU mortality (20% versus 50%,
p=0.05). However there was no difference in hospital
mortality.

HiLBerT et al [26] conducted a prospective,
randomized-controlled trial of NIV compared with
standard treatment with supplemental oxygen and no
ventilatory support, in 52 immunosuppressed patients
with pulmonary infiltrates and fever. Patients were
recruited at an early stage of hypoxaemic respiratory
failure. NIV (for at least 45 min) was alternated
every 3 h with periods of spontancous breathing

with supplemental oxygen. Each group of 26 patients
included 15 patients with haematological malig-
nancy and neutropenia. Fewer patients in the NIV
group required endotracheal intubation (12 versus 20,
p=0.03), had serious complications (13 versus 21,
p=0.02), died in the ICU (10 versus 18, p=0.03) or died
in hospital (13 versus 21, p=0.02).

These studies all suggest that there is an emerging
role for NIV in nonhypercapnic patients. There is no
data to suggest that it is worse than intubation and
MYV and certainly in the less severely affected patients
the early introduction of NIV reduces the need for
subsequent intubation and infectious complications,
which have a high morbidity and mortality.

Noninvasive continuous positive airway pressure
Respiratory failure due to lung disease

The issue of whether mask continuous positive
airway pressure (CPAP) should be considered as NIV
is debatable but it has been used in ARF [28-32],
during weaning [33] and for postextubation respira-
tory failure [34-36]. In patients with restrictive lung
disease it improves oxygenation and reduces the work
of breathing by recruiting atelectatic lung, improving
ventilation/perfusion relationships and increasing
functional residual capacity. In patients with COPD
it counterbalances intrinsic positive end-expiratory
pressure (PEEP) thereby reducing the work of breath-
ing [37] but the benefit seen is not as great as when
PEEP is added to pressure support ventilation [38].
CPAP may also be useful in splinting the upper airway
during sleep when there is upper airway obstruction,
which in the acute setting may further compromise
effective ventilation. It has been shown to reduce
inspiratory muscle effort during sleep in chronic stable
patients with COPD, but without any beneficial
effects upon gas exchange or daytime symptoms
[39]. Most of the studies reported earlier confirm
short-term physiological benefits, but there is little
controlled trial data to support the use of noninvasive
CPAP in ARF. DEeLcLAUX et al. [25] compared non-
invasive CPAP plus oxygen with oxygen alone in
123 patients of whom 102 had acute lung injury. After
1 h of treatment, subjective responses to treatment
(p<0.001) and median (5th-95th percentile) Pa,0,/Fi,0,
ratios were greater with CPAP (203 (45-431) mmHg
versus 151 (73-482) mmHg, p=0.02). No further
difference in respiratory indices was observed between
the groups. There was no difference in endotracheal
intubation rate (21 (34%) versus 24 (39%), p=0.53),
hospital mortality (19 (31%) versus 18 (30%), p=0.89),
or median (5th-95th percentile) ICU length of stay
(6.5 (1-57) days versus 6.0 (1-36) days, p=0.43). A
higher number of adverse events occurred with
CPAP treatment (18 versus 6, p=0.01). A number of
patients in the CPAP group had respiratory arrests,
suggesting that noninvasive CPAP delayed intuba-
tion. Despite early physiological improvement, CPAP
neither reduced the need for intubation nor impro-
ved outcomes in patients with acute hypoxaemic,
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nonhypercapnic respiratory insufficiency, primarily
due to acute lung injury.

Acute cardiogenic pulmonary oedema

Three randomized-controlled trials have been per-
formed comparing standard medical treatment plus
CPAP and standard medical treatment alone in
patients with cardiogenic pulmonary oedema (CPO)
[40-42] . The earliest of these studies [40] showed
significant improvement in oxygenation within the
first 10 min of treatment, in the patients randomized
to 10 cmH,O of CPAP as compared with control.
Seven of 20 patients in the CPAP group and 13 of 20
in the standard treatment group failed (p=0.068).
There was also no difference in mortality rates
between the two groups. The largest study [42]
involved 100 patients (50 in each group) admitted
to a Coronary Care Unit with acute pulmonary
oedema. Haemodynamic and pulmonary function
parameters were recorded over the first 6 h follow-
ing admission. Using predetermined criteria, CPAP
resulted in a reduced intubation and therapeutic
failure rates at 6 h (eight of 50 versus 18 of 50,
p<0.01 and 12 of 50 versus 25 of 50, p<0.01,
respectively). During the first 3-h the CPAP group
also showed significant improvements in oxygenation,
alveolar arterial oxygen gradient and intrapulmonary
shunt, a lower rate-pressure product and a higher
stroke/volume index as compared with the control
group. There was, however, no difference in hospital
or 1-yr mortality or hospital length of stay between
the groups. BERSTEN et al. [41] randomized 39 patients
admitted to ICU with acute CPO to receive standard
medical care (n=20) or CPAP (n=19). At enrolment
the patients were more acidotic than those in the
other two randomized-controlled trials (pH 7.18+
0.08 CPAP, 7.15+0.11 control). Receiving a total
of 9.3+4.9 h-day! of CPAP led to a reduction in
intubation rate (seven of 20 versus zero of 19,
p=0.005), a shorter ICU stay (1.2+0.4 days versus
2.74£2.0 days, p=0.006) and more rapid improvement
in respiratory rate, respiratory acidaemia and oxyge-
nation. Again there was no difference in mortality rate
between the two groups.

Pooled results of these three randomized-controlled
trials [43] showed a risk reduction for intubation of
26% (95% confidence interval (CI): 14-38%) with
CPAP indicating that four patients with pulmonary
oedema need to be treated with CPAP to prevent
one intubation. The pooled results also suggest a
trend towards a reduction in hospital mortality, with
a risk difference of 6.6% between the two treatment
groups, however the CI were wide (95% CI: -16-3%)
and thus do not allow the exclusion of harm with
CPAP.

Only one study has compared bilevel positive
airway pressure (BiPAP) and CPAP in the treatment
of acute pulmonary oedema [44]. Performed in
casualty, this study of 27 patients showed that
BiPAP improved ventilation and vital signs more
rapidly than CPAP. At 30 min the BiPAP group had
significant improvements in pH, Pa,C0O,, respiratory

rate, cardiac frequency and dyspnoea scores. In
contrast only respiratory rate improved, from baseline
values, in the patients treated with CPAP. When
the two therapeutic groups were compared a greater
reduction in Pa,CO, was seen in the BiPAP group
although this failed to reach a significant level
(p=0.057). The BiPAP group did however have a
significantly greater reduction in systolic (p=0.005)
and mean blood pressure (p=0.03). The outcome
variables were similar in both groups, with no
difference or trends towards difference in intubation
rates (7% versus 8%, p=Ns), mortality rates (7% versus
15%, p=ns) and ICU or hospital length of stay. The
study was terminated early, following interim analysis,
because of an increased rate of myocardial infarc-
tions in the BiPAP group (10 of 14 versus four of 13,
p=0.06). Baseline characteristics of the two groups
of patients were well matched except for a higher,
although nonstatistically significant, incidence of chest
pain (10 of 14 versus four of 13, p=0.06) and left
bundle branch block on the electrocardiogram in the
BiPAP group. It is therefore unclear as to whether
the increased infarction rate is due to BiPAP ventila-
tion per se, the specific settings used or due to the
higher incidence of chest pain at the outset.

Another prospective randomized-controlled trial
[45] compared NIV with oxygen therapy in addi-
tion to standard medical therapy in 40 patients
and showed a reduction in the intubation rate and
more rapid resolution of abnormal physiology. Endo-
tracheal intubation was required in 5% of patients
assigned to NIV and in 33% of those treated
conventionally (p=0.037). The time to reach an
oxygen saturation of >96% and respiratory rate
<30 breaths'min™ was significantly shorter in the
NIV group (median 30 (interquatile range (IQR)
15-53) versus 105 (50-230) min, p=0.002). How-
ever there was no difference in survival or hospital
length of stay. Further larger studies comparing
CPAP and NIV are needed.

When noninvasive ventilation fails

Some patients require ETI and MV from the outset
or after a failed trial of NIV and in this situation NIV
may have a role in facilitating weaning from MV.
Nava et al. [46] performed a prospective multicentre
randomized-controlled trial of the use of NIV as a
means of weaning patients with COPD, who had
failed a T-piece weaning trial after 48 h of ETI,
controlled MV and aggressive suctioning to clear
secretions. A total 56% of the patients had required
immediate ETT on presentation and 44% after a failed
trial of NIV (mean pH at presentation 7.18). If
patients failed the weaning trial they were randomized
to further intubation and MV or NIV. NIV was
associated with a shorter duration of ventilatory
support (10.2 days versus 16.6 days), a shorter ICU
stay (15.1 days versus 24 days), less nosocomial
pneumonia (zero of 25 versus seven of 25) and an
improved 60-day survival (92% versus 72%). GIRAULT
et al. [47] in a further randomized-controlled trial
involving 33 patients showed a reduction in the
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duration of InMV (4.6£1.9 versus 7.7+3.8 days)
and a reduced mean daily ventilatory support,
but an increased total duration (11.5+5.2 versus
3.5+1.4 days) of ventilatory support when the non-
invasive approach was used. There was no difference
in percentage of patients successfully weaned or in
complication rates. In patients not suitable for NIV
from the outset or those who fail, ETI for 24-48 h
to gain control, and then early extubation onto NIV
may have advantages over prolonged endotracheal
intubation.

A proportion of patients weaned from invasive
ventilation subsequently deteriorate and require
further ventilatory support. HILBERT et al [48]
reported 30 patients with COPD who developed
hypercapnic respiratory distress within 72 h of extu-
bation. They were treated with mask bilevel pressure
support ventilation. Only six of these 30 patients as
compared to 20 of 30 historical controls required
reintubation. Although in-hospital mortality was not
significantly different, the mean duration of ventila-
tory assistance and length of ICU stay related to the
event were significantly shortened by NIV. Further
studies are needed before NIV becomes a routine
method of weaning from MV. The role of NIV in
weaning is described in more detail in another article
in this series.

Patients may fail NIV "late", after a period of
successful NIV, with rates reported at 0-20% and this
has been associated with poor outcomes. MORETTI
et al. [49] studied 137 patients admitted with COPD
and acute hypercapnic respiratory failure, initially
treated successfully with NIV. Of these, 106 continued
to improve and were discharged home. The remain-
ing 23% deteriorated after 48 h of NIV. These so
called "late failures" were then assigned to either
an increased number of hours of NIV (the mean
number of hours per day of NIV at the time of late
failure was 9.2) or intubation and MV, depending
on the patients/relatives wishes. Patients assigned to
increased NIV did significantly worse, with a mortal-
ity of 92% compared with 53% in those invasively
ventilated. At the time of relapse those patients
treated with increased NIV were more acidotic than
those who were intubated (pH 7.1 versus pH 7.29)
and though this difference was not statistically signifi-
cant it is clinically significant. The lack of statistical
significance probably reflects the small number of
patients. The difference in pH suggests that the
patients who were treated with continuing NIV were
sicker than those who were intubated. There is also
the possibility that patients who were not intubated
were self-selected as a group with more advanced
disease, since they were not offered or declined ETI.
At the time of admission "late failures" had signifi-
cantly lower activities of daily living (ADL) scores
and blood pressure, were more tachycardic and more
likely to have associated complications, in particular
hyperglycaemia. pH was not different between the
groups at admission, at 1 h or 24 h. Using logistic
regression analysis a low pH, a low ADL score and
the presence of associated complications at admission
were more likely in patients who failed after >48 h of
NIV. Interestingly neither the Acute Physiology and

Chronic Health Evaluation (APACHE) II score nor
age were predictive of failure.

In summary, patients who fail NIV "early" have a
reasonable prognosis with subsequent InMV. How-
ever, decisions about subsequent management must be
based upon individual circumstances. The published
data do not distinguish between failure of NIV due
to intolerance of the technique and when NIV could
be applied appropriately, but despite this the patient
still deteriorated. It is possible that the outcome in
these two situations with subsequent InMV might be
different. In one case the failure is of the application
of assisted ventilation, whereas in the second it is a
failure of assisted ventilation to improve gas exchange
etc. The prognosis in patients who fail "late" after
initial successful NIV is poor and further data,
particularly on the quality of life in those who do
survive, are needed before informed decisions can be
made about the appropriate action in this situation.

Patients with contraindications to endotracheal
intubation

Several reports have described the application
of NIV to patients with ARF who are poor candi-
dates for endotracheal intubation for a variety of
reasons: advanced age or poor physiological condi-
tion, advanced disease and "do not resuscitate"
directives [50, 51]. The overall success rate in these
reports is ~60-70%. Successfully treated patients
rapidly improved gas exchange. Even when respira-
tory failure did not resolve, NIV can be effective in
providing symptomatic relief of dyspnoea.

Noninvasive ventilation in the "real" world

NIV is very dependent upon the skill, expertize and
enthusiasm of the attending medical, therapist and
nursing staff. Inevitably, clinical trials are performed
in units with a particular interest in the subject under
investigation and it is possible that the results seen
in the clinical trials are not generalizable to every-
day clinical practice. The study of PLANT er al [10]
attempted to address this, in that the majority of
centres involved had no particular expertize in NIV,
but inevitably participation in a trial with access
to a full-time research doctor and nurse may have
improved the application of NIV. A recent survey was
undertaken among 42 ICUs in France over a
3-week period [52] including all the 689 patients
who needed ventilatory support. Patients treated with
NIV represented 16% of all patients and 35% of
the patients admitted without previous endotracheal
intubation and needing ventilatory support. NIV was
employed in <20% of all hypoxic ARF, in one-half
of patients with hypercapnic respiratory distress and
was never used in patients with coma. It was followed
by ETI in 40% of cases. The incidence of both
nosocomial pneumonia (10% versus 19%, p=0.03) and
mortality (22% versus 41%, p<0.001) was lower in
NIV patients than in those with ETI. After adjust-
ing for differences at baseline, Simplified Acute
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Physiology Score (SAPS) II (odds ratio (OR)=1.05
per point; CI: 1.04-1.06), McCabe/Jackson score
(OR=2.18; CI: 1.57-3.03), and hypoxaemic ARF
(OR=2.30; CI: 1.33-4.01) were identified as risk
factors explaining mortality. Success of NIV was
associated with a lower risk of pneumonia (OR=0.06;
CI: 0.01-0.45) and of death (OR=0.16; CI: 0.05-0.54).
In NIV patients, SAPS II and a poor clinical tolerance
predicted secondary ETI. Failure of NIV was
associated with a longer length of stay.

A reduction in the incidence of nosocomial infec-
tion is a consistent and important advantage of NIV
compared with InMV [53, 54]. In intubated patients
there is a 1% risk per day of developing nosocomial
pneumonia [55]. This complication of invasive ventila-
tion is associated with a longer ICU stay, increased
costs and a worse outcome [56]. The reduction in
nosocomial infections is probably the most important
advantage of avoiding ETI and using NIV.

Contraindications to noninvasive ventilation

The boundaries for the use of NIV continue to
expand. However intubation and conventional venti-
lation remain the "gold standard" in the management
of many patients with ARF. Local protocols need
to be developed in order to avoid inappropriate trials
of NIV in patients who require urgent intubation.
NIV is not appropriate in well-documented end-stage
disease or when several comorbidities are present.
There are no absolute contraindications although a
number have been suggested [57, 58]. These include
coma or confusion, inability to protect the airway,
severe acidosis at presentation, significant comor-
bidity, vomiting, obstructed bowel, haemodynamic
instability (two studies have shown only small changes
in cardiac output when NIV is initiated [59, 60]
but haemodynamic collapse comparable to that often
seen when patients are intubated is seldom seen),
radiological evidence of consolidation, and orofacial
abnormalities which interfere with the mask/face
interface. In part, these "contraindications" have
been determined by the fact that they were exclusion
criteria for the controlled trials. It is therefore more
correct to state that NIV is not proven in these
circumstances. In addition other factors, such as
failure of pH to improve within 1 h [57] are a
self-fulfilling prophecy if they have been determined
from the outset as indicating a failure of treatment.
Whether NIV is contraindicated or not must depend
on individual circumstances. For instance if invasive
ventilation is not considered appropriate, but NIV
would be acceptable, there is nothing to be lost by
a trial of NIV and there are no contraindications.
By contrast in an individual moribund with life
threatening asthma, who may be very difficult to
ventilate noninvasively, but in whom no problems
with weaning efc. would be anticipated, there is little
to be gained and much to be lost by attempting NIV.

NIV has been used in patients with an undrained
pneumothorax, without apparently causing the pneu-
mothorax to increase in size [61]. However, in most

patients with a pneumothorax it will be appropriate to
insert an intercostal drain before commencing NIV.

Conclusion

Noninvasive ventilation can be very effective for
reversing the severe physiological abnormalities in
acute or chronic respiratory failure. Indeed it should
now be regarded as a new standard of care in the
management of acute exacerbations of chronic
obstructive pulmonary disease [62]. It may also be
useful in selected patients with hypoxic respiratory
failure, although patient selection and administration
of the ventilatory support may prove more difficult
in this group. Noninvasive ventilation can reduce
the need for endotracheal intubation and its asso-
ciated complications, improving the outcome of
patients. When successful it can be associated with
a reduction in the duration of intensive care unit and
hospital stay, which may have important economic
implications. It is important to note that, to date,
no direct comparison between InMV and noninvasive
ventilation has been published and the two techniques
should be viewed as complementary, with noninva-
sive ventilation considered a means of obviating
the need for endotracheal intubation rather than as
a direct alternative. Noninvasive ventilation should
be available in all hospitals admitting patients with
acute respiratory illness. Motivation of the staff and
education of personnel are essential for the success of
the technique.
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