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patients undergoing ambulatory surgery. Finally,
the use of remifentanil, an ultra–short-acting opi-
oid analgesic, as an alternative to fentanyl was not
found to be associated with a significant reduction
in postoperative emetic symptoms. The likely ex-
planation for the failure of the shorter-acting opi-
oid analgesic to reduce the risk of postoperative
nausea and vomiting was the use of a highly eme-
togenic opioid analgesic (morphine) at the end of
the operation.

Droperidol has recently been the subject of tre-
mendous controversy because of a change man-
dated by the Food and Drug Administration (FDA)
in the drug’s package insert.
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 Although a recent
analysis suggested that even low doses of droperi-
dol (1.25 mg or less, given intravenously) would be
expected to prolong the QT interval,

 

15

 

 the degree
of QT-interval prolongation associated with anti-
emetic doses of the drug appears to be of no clini-
cal significance. Despite the absence of any scien-
tific data to support the recommendations of the
FDA regarding additional electrocardiographic
monitoring before and after the administration
of low-dose droperidol, many hospital pharmacies
have removed this highly cost-effective drug from
anesthesiologists’ armamentarium.

In summary, several conclusions of the current
study have importance for practitioners. First, the
efficacy of prophylactic antiemetic drug therapy is
dependent on the patient’s overall risk of postop-
erative nausea and vomiting. Second, the benefit
of using two inexpensive antiemetics (e.g., dro-
peridol and dexamethasone) is significantly great-
er than the benefit of using an expensive 5-HT

 

3

 

antagonist (e.g., ondansetron). Third, with the ad-
dition of each successive therapeutic intervention,
the incremental antiemetic benefit diminishes. Fi-
nally, from a societal cost–benefit perspective, the
current data do not support the use of 5-HT

 

3

 

 an-
tagonists for routine antiemetic prophylaxis.

 

Dr. White reports having served as a consultant to Merck and
Akorn and having received grant support from Merck.

 

From the Department of Anesthesiology and Pain Management,
University of Texas Southwestern Medical Center, Dallas. 
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Noninvasive Ventilation — Don’t Push Too Hard

 

Jonathon Dean Truwit, M.D., and Gordon R. Bernard, M.D.

 

Noninvasive mechanical ventilation has been used
increasingly over the past decade in an effort to
avoid endotracheal intubation and to accelerate the
discontinuation of mechanical ventilation. Nonin-
vasive ventilation as adjunctive therapy can be ap-
plied before intubation or after extubation (Fig. 1).

The literature indicates that in both settings, out-
comes in patients with chronic obstructive pulmo-
nary disease (COPD) or cardiogenic pulmonary ede-
ma are successful.

 

1

 

 Randomized, controlled trials
also provide outcome data supporting the use of
noninvasive ventilation to obviate the need for en-
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dotracheal intubation in immunosuppressed pa-
tients who have bilateral infiltrates and patients who
are recovering from lung resection.

 

1

 

Noninvasive ventilation has been used in the
care of other types of patients in the hope of avoid-
ing intubation or reintubation. In this issue of the

 

Journal,

 

 Esteban et al.

 

2

 

 report the results of their
study of the use of noninvasive ventilation in pa-
tients with acute respiratory failure after extubation.
Noninvasive ventilation did not result in reduced
rates of reintubation, and delays in reintubation af-

ter the development of acute respiratory failure ac-
tually correlated with worsened survival rates. The
latter finding is a matter of great concern as clini-
cians explore further applications of noninvasive
ventilation.

When noninvasive ventilation is effective, clin-
ical status generally improves within two hours
after its application. Such changes can include re-
ductions in the respiratory rate and the use of ac-
cessory muscles and improvements in pH, arterial
carbon dioxide tension, and arterial oxygen ten-

 

Figure 1. Suggested Application of Noninvasive Ventilation.
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sion. Given the data presented by Esteban et al.,

 

2

 

a two-hour trial accompanied by quantitative as-
sessment in patients in whom noninvasive ventila-
tion is initiated is advisable. Furthermore, our in-
terpretation of the data suggests that this approach
is best limited to populations of patients in whom
success has been demonstrated.

Randomized, controlled trials involving patients
with COPD have demonstrated reductions in intu-
bation rates as a result of the application of noninva-
sive ventilation during acute hypercapnic respiratory
failure.

 

1,3-5

 

 Reductions in nosocomial complica-
tions and even in mortality have been recorded.
Some studies have also found that patients with
COPD who were randomly assigned to noninvasive
ventilation had a shorter stay in the intensive care
unit. Noninvasive ventilation has been applied to
very ill, immunosuppressed patients with bilateral
infiltrates, and reductions in intubation rates and
mortality have been observed.

 

6

 

 Similarly, it has been
observed that patients receiving noninvasive venti-
lation after thoracic surgery appear to benefit from
this strategy, when outcomes are assessed in terms
of intubation rates.

 

1

 

Noninvasive ventilation has proved to be bene-
ficial in patients with cardiogenic pulmonary ede-
ma in randomized, controlled trials.

 

1,7,8

 

 However,
it is not clear whether continuous positive airway
pressure alone results in maximal gain or whether
bilevel positive airway pressure provides addition-
al benefit. In one small study, the latter technique
was associated with more myocardial infarctions
than the former.

 

8

 

 Clearly, continuous positive air-
way pressure is of benefit, and in our opinion, cli-
nicians should choose continuous positive airway
pressure until further data indicate an advantage in
association with the bilevel technique.

A recent study by Ferrer et al.

 

9

 

 suggests that ex-
tubation followed immediately by the application
of noninvasive ventilation may confer significant
benefit in patients who are initially intubated for
acute respiratory failure and who meet established
criteria for the discontinuation of mechanical ven-
tilation but who have had unsuccessful trials of
spontaneous breathing on three successive days.
Reductions in ventilation time and in mortality
were noted. In that study, two thirds of the patients
had COPD or cardiogenic pulmonary edema. Nava
et al. randomly assigned patients with COPD who
were intubated for 48 hours to extubation and non-
invasive ventilation or to continued invasive venti-
lation and conventional discontinuation after an

unsuccessful initial spontaneous-breathing tri-
al.

 

10

 

 The study demonstrated improved outcomes
as measured by the percentage of patients in whom
assisted ventilation could be discontinued, the du-
ration of assisted ventilation, survival, the length of
stay in the intensive care unit, and the incidence of
ventilator-associated pneumonia. Currently, there
are no data supporting the use of noninvasive ven-
tilation to facilitate the discontinuation of assist-
ed ventilation, other than in patients with COPD
or cardiogenic pulmonary edema.

The use of noninvasive ventilation in patients
in whom acute respiratory distress develops after
extubation, and not as an immediately applied ad-
junct to extubation, has also been examined. A his-
torical case–control study by Hilbert et al. showed
a reduction in the rate of reintubation in patients
with COPD.

 

11

 

 A recent randomized, controlled tri-
al by Keenan et al. did not show a benefit in associ-
ation with the application of noninvasive ventila-
tion.

 

12

 

 However, less than 10 percent of the patients
assigned to noninvasive ventilation had a diagnosis
of COPD. Cardiac disease was the predominant di-
agnosis, but it is unclear whether cardiogenic pul-
monary edema was present or not.

In the trial by Esteban et al.,

 

2

 

 the use of noninva-
sive ventilation failed to prove beneficial in patients
in whom respiratory failure developed within 48
hours after extubation. These authors randomly
assigned patients to medical treatment or nonin-
vasive ventilation and compared outcomes. They
found that reintubation rates were equal in the two
groups but that mortality was higher in the non-
invasive-ventilation group. The percentages of
patients with COPD (12 percent) or cardiogenic
pulmonary edema (7 percent) in the noninvasive-
ventilation group were low but not statistically dif-
ferent from those in the control group. Mortality
rates were higher in the noninvasive-ventilation
group, predominantly because the mortality rate
among the patients in that group who required re-
intubation was higher than that of the patients in
the control group who required reintubation. The
time to reintubation was considerably longer in the
noninvasive-ventilation group than in the control
group (median, 12 hours vs. 2 hours 30 minutes).

In our opinion, given the absence of support-
ive data, noninvasive ventilation when used to pre-
vent reintubation should be limited to patients with
COPD and perhaps those with cardiogenic pul-
monary edema. Surveillance to determine which
patients require early reintubation, if indicated, ap-
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pears essential, given the results of the study by
Esteban et al.

Successful noninvasive-ventilation strategies
require a program that includes the availability of
well-trained staff, careful selection of patients, and
attention to patients’ responses to noninvasive ven-
tilation. Noninvasive ventilation appears best suit-
ed to patients with COPD, those with cardiogenic
pulmonary edema, those who have just undergone
lung surgery, and those who are immunosup-
pressed and have bilateral infiltrates. Some data do
support the use of noninvasive ventilation in pa-
tients who have acute exacerbations of asthma,
pneumonia, hypoxic respiratory failure, trauma, or
the acute respiratory distress syndrome and patients
who have restrictive lung disease and are acutely
ill.

 

1,13

 

 However, because the evidence is insuffi-
cient at this time, the use of noninvasive ventila-
tion in these populations cannot be uniformly rec-
ommended. Additional selection criteria include
moderate-to-severe respiratory distress, tachypnea,
accessory-muscle use, asynchronous chest–abdom-
inal muscle use, hypercapnia, and moderate aci-
dosis.

Factors favoring the successful application of
noninvasive ventilation are a small volume of respi-
ratory secretions; intact dentition; low scores on
the Acute Physiology and Chronic Health Evalua-
tion II; synchronous breathing; a good initial re-
sponse in terms of pH, arterial carbon dioxide ten-
sion, and respiratory rate; and the ability to protect
the airway.

 

1

 

 Many believe that with patients who
have acute respiratory distress there is a fairly nar-
row window of opportunity for the use of nonin-
vasive ventilation; they need to be sick enough for
intervention but not sick enough to require imme-
diate intubation. The initial six-to-eight-hour peri-
od of noninvasive ventilation is resource-intensive,
and failure to intubate a patient who does not have
a response is associated with increased mortality.

The article by Esteban et al.

 

2

 

 provides a valuable
lesson for all practicing clinicians. The application
of noninvasive ventilation is not without peril. Al-
though the report addresses patients in whom res-
piratory failure develops after extubation, the les-
sons learned probably apply to all patients receiving

noninvasive ventilation. A high level of vigilance is
required to identify those who do not have a re-
sponse, and adherence to defined selection and ex-
clusion criteria should be maintained. Noninva-
sive ventilation is clearly developing its own place
in the list of medical options for the treatment of
acute respiratory failure; however, as with all treat-
ments, there appear to be important risks that come
with the benefits.

 

From the Division of Pulmonary and Critical Care Medicine, Uni-
versity of Virginia, Charlottesville (J.D.T.); and the Division of Al-
lergy, Pulmonary, and Critical Care Medicine, Vanderbilt Univer-
sity, Nashville (G.R.B.).
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background

 

The need for reintubation after extubation and discontinuation of mechanical ventilation
is not uncommon and is associated with increased mortality. Noninvasive positive-
pressure ventilation has been suggested as a promising therapy for patients with respi-
ratory failure after extubation, but a single-center, randomized trial recently found no
benefit. We conducted a multicenter, randomized trial to evaluate the effect of noninva-
sive positive-pressure ventilation on mortality in this clinical setting.

 

methods

 

Patients in 37 centers in eight countries who were electively extubated after at least 48
hours of mechanical ventilation and who had respiratory failure within the subsequent
48 hours were randomly assigned to either noninvasive positive-pressure ventilation by
face mask or standard medical therapy.

 

results

 

A total of 221 patients with similar baseline characteristics had been randomly assigned
to either noninvasive ventilation (114 patients) or standard medical therapy (107 pa-
tients) when the trial was stopped early, after an interim analysis. There was no differ-
ence between the noninvasive-ventilation group and the standard-therapy group in the
need for reintubation (rate of reintubation, 48 percent in both groups; relative risk in
the noninvasive-ventilation group, 0.99; 95 percent confidence interval, 0.76 to 1.30).
The rate of death in the intensive care unit was higher in the noninvasive-ventilation
group than in the standard-therapy group (25 percent vs. 14 percent; relative risk, 1.78;
95 percent confidence interval, 1.03 to 3.20; P=0.048), and the median time from res-
piratory failure to reintubation was longer in the noninvasive-ventilation group (12
hours vs. 2 hours 30 minutes, P=0.02).

 

conclusions

 

Noninvasive positive-pressure ventilation does not prevent the need for reintubation or
reduce mortality in unselected patients who have respiratory failure after extubation.

abstract
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he process of discontinuing me-

 

chanical ventilation must balance the risk
of complications due to unnecessary delays

in extubation with the risk of complications due to
premature discontinuation and the need for reintu-
bation.

 

1,2

 

 Evidence-based guidelines recommend a
trial of spontaneous breathing to determine, in any
given patient, whether mechanical ventilation can
be successfully discontinued

 

3

 

; with this approach,
the documented need for reintubation ranges from
13 to 19 percent.

 

4-7

 

Patients who require reintubation have been not-
ed to have a significantly higher mortality rate than
those who are successfully extubated on the first at-
tempt.

 

8,9

 

 The reasons for their increased risk of
death may include both difficulties encountered
during the reintubation period and the development
of additional ventilator-related complications, such
as pneumonia.

 

10

 

 The need for reintubation may also
be a marker of increased severity of illness, but after
adjustment for coexisting conditions and severity of
illness, extubation failure is still an independent pre-
dictor of death.

 

8

 

 This suggests that, at least to some
extent, the increased mortality seen in these patients
may be reduced by treatments aimed at reducing ei-
ther the need for reintubation or its subsequent
complications.

Noninvasive positive-pressure ventilation has
been deemed by a recent international consensus
conference to be a promising therapy after failure
of extubation.

 

11

 

 This conference, which considered
the findings of physiological and nonrandomized
studies,

 

12,13

 

 called for randomized, controlled trials
with clinical end points to examine the value of non-
invasive ventilation as a means of averting the need
for reintubation.

 

11

 

 Subsequently, the results of one
randomized, controlled trial, conducted while our
study was being planned, were published. Keenan
et al.

 

14

 

 reported no difference in either the rate of
reintubation or mortality with the use of noninva-
sive positive-pressure ventilation as compared with
standard medical therapy in patients who had res-
piratory failure within 48 hours after extubation.
Their study was a relatively small, single-center tri-
al that evaluated the rate of reintubation as a primary
end point. The extent to which its results can be gen-
eralized has been questioned.

 

15

 

We performed a large, multicenter, international
study to determine whether noninvasive ventilation,
as compared with standard medical therapy, would
reduce the rate of death in the intensive care unit

among patients who have respiratory failure within
48 hours after elective extubation. We hypothesized
that a reduction in mortality would be mediated
through a decrease in the need for reintubation.

The study protocol was approved by the institution-
al ethics review board at each of the participating
centers (see the Appendix). Written informed con-
sent was obtained from the patients or their surro-
gates at the time of their enrollment in the at-risk
cohort.

 

selection of patients

 

Between November 1999 and May 2002, consecu-
tive patients in the intensive care units of 37 centers
in eight countries were enrolled in a cohort of pa-
tients at risk of requiring reintubation (the at-risk
cohort). To be enrolled, the patients had to be older
than 18 years of age, had to have undergone me-
chanical ventilation for more than 48 hours, and had
to have been successfully extubated after the com-
pletion of a trial of spontaneous breathing. Exclu-
sion criteria were the presence of a tracheostomy
and the absence of informed consent.

In all the participating intensive care units, the
following procedures were in place for the discon-
tinuation of mechanical ventilation. Discontinua-
tion was considered appropriate when all of the fol-
lowing criteria were met: the underlying cause of
acute respiratory failure had improved; the patient
was alert and able to communicate; the patient’s
core temperature was less than 38°C; there was no
need for vasoactive drugs, with the exception of do-
pamine at doses lower than 5 µg per kilogram of
body weight per minute; and the partial pressure of
oxygen was greater than 60 mm Hg while the pa-
tient was breathing an inspired fraction of oxygen
of 0.40 or less with a positive end-expiratory pres-
sure of 5 cm of water or less. Discontinuation of
mechanical ventilation was performed by means of
one of the following techniques: a trial of sponta-
neous breathing (a single daily trial or multiple daily
trials of spontaneous ventilation with the use of a

 

T

 

 tube, continuous positive airway pressure, flow-
by, or pressure support of 5 to 8 cm of water) for up
to 120 minutes or a gradual reduction of pressure
support in steps of 2 cm of water every 2 hours until
a pressure of 7 cm of water was reached. Patients
who successfully tolerated a trial of spontaneous

t
methods
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breathing (according to published criteria)

 

2-4

 

 were
subsequently extubated.

After extubation, patients were observed for 48
hours for the onset of respiratory failure, as defined
by the presence of two or more of the following: res-
piratory acidosis (defined as an arterial pH below
7.35 with a partial pressure of arterial carbon di-
oxide greater than 45 mm Hg), clinical signs sug-
gestive of respiratory-muscle fatigue or increased
respiratory effort (i.e., use of accessory muscles,
intercostal indrawing, or paradoxical motion of the
abdomen), a respiratory rate greater than 25 breaths
per minute for two consecutive hours, and hypox-
emia (defined as an arterial oxygen saturation of less
than 90 percent or a partial pressure of arterial oxy-
gen of less than 80 mm Hg with a fraction of in-
spired oxygen greater than 0.50).

Patients who met at least two of these criteria
were randomly assigned to either standard medical
therapy or noninvasive ventilation. The assignments
were made with the use of a random-number table
and opaque, sealed, numbered envelopes. Random-
ization was performed with variable block sizes and
was stratified according to the study center and the
presence or absence of chronic obstructive pulmo-
nary disease.

 

standard medical therapy

 

Patients assigned to the standard-therapy group
received supplemental oxygen, respiratory physio-
therapy, bronchodilators, and any other therapies as
directed by the attending physician. These patients
could be reintubated or crossed over to receive non-
invasive ventilation if they met the prespecified cri-
teria for reintubation (described below). In this
group, the application of noninvasive ventilation
was considered to indicate that standard medical
therapy had failed.

 

noninvasive ventilation

 

Patients assigned to the noninvasive-ventilation
group received ventilation through a full facial mask
from a ventilator located in the intensive care unit.
Before ventilation was begun, the head of the pa-
tient’s bed was positioned at a 45-degree angle. The
initial ventilator mode was pressure support, set to
achieve a tidal volume of more than 5 ml per kilo-
gram of body weight and a respiratory rate of less
than 25 breaths per minute. The fraction of inspired
oxygen and the positive end-expiratory pressure
were titrated to maintain the arterial oxygen satura-
tion above 90 percent. The ventilator settings were

subsequently adjusted as needed for the patient’s
comfort (notably, if there was a decrease in the res-
piratory rate and heart rate), while an adequate ar-
terial oxygen saturation and an arterial pH above
7.35 were maintained. The facial skin was assessed
every four hours to prevent damage from the tightly
fitting face mask used to deliver the ventilation.

The patients in this group were encouraged to
use noninvasive ventilation continuously for four-
hour periods. The face mask could be removed,
however, for 15-to-20-minute periods to allow the
patient to drink fluids or receive nursing care. The
decision regarding when to discontinue noninva-
sive ventilation was left to the attending physician.
If respiratory failure subsequently developed, how-
ever, noninvasive ventilation was restarted.

 

criteria for reintubation

 

In both study groups, patients were reintubated if
they met at least one of the following criteria, as
judged after they had undergone the assigned treat-
ment for at least 1 hour: lack of improvement in the
pH or in the partial pressure of carbon dioxide;
changes in mental status, rendering the patient un-
able to tolerate noninvasive ventilation; a decrease
in the oxygen saturation to less than 85 percent, de-
spite the use of a high fraction of inspired oxygen;
lack of improvement in signs of respiratory-muscle
fatigue; hypotension, with a systolic blood pressure
below 90 mm Hg for more than 30 minutes despite
adequate volume challenge, the use of vasopressors,
or both; or copious secretions that could not be ade-
quately cleared or that were associated with acidosis,
hypoxemia, or changes in mental status. The final
decision to reintubate was made by the treating phy-
sician, who recorded the single most relevant rea-
son for reintubation from the list of six possible
reasons.

 

data collection

 

At baseline, demographic data, the Simplified Acute
Physiology Score II (which can range from 0 to 163
points, with higher scores indicating greater impair-
ment), the reason for mechanical ventilation, the
duration of mechanical ventilation before extuba-
tion, and the method of discontinuation of mechan-
ical ventilation were recorded. Before extubation, the
spontaneous tidal volume, the maximal negative
inspiratory pressure, and the respiratory rate were
measured, and the rapid shallow breathing index
(the ratio of the respiratory rate [expressed in
breaths per minute] to tidal volume [expressed in
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liters], where a value greater than 105 breaths per
minute per liter is associated with an increased risk
of reintubation) was calculated. At the time of ran-
domization, the respiratory rate, heart rate, arterial
blood gas values, and oxygen saturation were re-
corded.

If needed, the time and reason for reintubation
were recorded. Every patient was followed until dis-
charge from the intensive care unit. The length of
stay in the intensive care unit and the vital status at
the time of discharge were recorded.

 

statistical analysis

 

We calculated that 194 patients would be required
in each group to allow detection of a 13 percent ab-

solute reduction in the risk of death with the use of
noninvasive ventilation (relative to a mortality rate
of 33 percent in controls

 

5

 

) with a type I error of
5 percent and a power of 80 percent. One interim
analysis by an independent data-monitoring board
was planned after 200 patients had been recruited.
The interim analysis was based on a comparison of
the mortality in the two treatment groups with the
use of a normal approximation for a two-sided test,
according to the following rules: first, if noninvasive
ventilation was associated with a reduction in mor-
tality, the P value needed to stop the trial should
be less than 0.029 (Pocock’s value for one interim
analysis)

 

16

 

; and second, if noninvasive ventilation
was associated with an increase in mortality, the

 

Figure 1. Randomization and Patient Outcomes.

 

The numbers of patients with various outcomes in the crossover group are included among the numbers of patients with those outcomes 
in the standard-therapy group.

Enrollment in at-risk cohort
(N=980)

Respiratory failure within
48 hr after extubation

(N=244)

Randomization
(N=221)

Noninvasive ventilation
(N=114)

Standard medical therapy
(N=107)

Crossover to noninvasive ventilation 
(N=28)

Reintubation
(N=55)

No reintubation
(N=59)

Reintubation
(N=51)

No reintubation
(N=56)

Reintubation
(N=7)

No reintubation
(N=21)

Death
(N=21)

Death
(N=7)

Death
(N=11)

Death
(N=4)

Death
(N=1)

Death
(N=2)

Exclusion because of immediate need for reintubation
(N=23)

Decreased level of consciousness (N=8)
Increased respiratory effort (N=5)
Shock (N=4)
Hypoxemia (N=4)
Upper-airway obstruction (N=2)
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P value needed to stop the trial should be less than
0.05 (Pocock’s recommended value).

 

16

 

 In the inter-
im analysis, the observed mortality rate in the non-
invasive-ventilation group was higher than that in
the standard-therapy group, and the P value was less
than 0.05 (P=0.048); the trial was therefore stopped
according to the second rule. The analysis was per-
formed on an intention-to-treat basis.

Continuous variables are presented as means
±SD or as medians and interquartile ranges. Com-
parison of continuous variables between the two
groups was conducted with the use of Student’s
t-test for variables with a normal distribution and
with the use of the Mann–Whitney U test for varia-
bles with a non-normal distribution. Results with
respect to categorical variables are presented as pro-
portions with 95 percent confidence intervals and
were analyzed with the use of chi-square tests, ex-
cept when small samples required the use of Fish-
er’s exact test. All reported P values are two-sided.

A total of 980 patients who had been electively ex-
tubated after receiving ventilation for more than 48
hours were enrolled in the at-risk cohort. Respirato-
ry failure developed within 48 hours after extubation
in 244 of them (25 percent; 95 percent confidence
interval, 22 to 28 percent). Twenty-three patients
(four of whom died in the intensive care unit) did
not undergo randomization because their clinical
condition necessitated urgent reintubation. There-
fore, 221 patients were randomly assigned to a study
group — 114 to receive noninvasive ventilation and
107 to receive standard medical therapy (Fig. 1).
The groups did not differ significantly at baseline,
at the time of extubation, or at the time of random-
ization (Tables 1, 2, and 3).

 

primary outcome

 

Mortality from all causes in the intensive care unit
was higher in the noninvasive-ventilation group
than in the standard-therapy group: 28 of the pa-
tients assigned to noninvasive ventilation died (25
percent; 95 percent confidence interval, 17 to 34
percent), as compared with 15 of those assigned to
standard medical therapy (14 percent; 95 percent
confidence interval, 8 to 23 percent; P=0.048). The
absolute difference in mortality was thus 11 per-
centage points (95 percent confidence interval, 0 to
21 percentage points). This difference corresponds
to a relative risk of death from all causes of 1.78 (95
percent confidence interval, 1.03 to 3.20) and a
number needed to harm of 9 (95 percent confidence
interval, 4.5 to 100) associated with noninvasive
ventilation.

This difference appeared to be due to differences
in the rate of death among the patients who required
reintubation. Of the 55 patients in the noninvasive-
ventilation group who required reintubation, 21
died (38 percent; 95 percent confidence interval,
26 to 52 percent); in comparison, 11 of the 51 pa-
tients in the standard-therapy group who required
reintubation died (22 percent; 95 percent confi-
dence interval, 12 to 36 percent; P=0.06).

 

secondary outcomes

 

There was no difference in the rate of reintubation
between the two groups: reintubation was necessary
in 55 of the patients assigned to noninvasive venti-
lation (48 percent; 95 percent confidence interval,
38 to 57 percent) and 51 of those assigned to stan-

results

 

* Plus–minus values are means ±SD.
† The Simplified Acute Physiology Score II can range from 0 to 163 points. 

 

A higher score indicates greater impairment.

 

Table 1. Baseline Characteristics of the Patients, According to Study Group.*

Characteristic

Non-
invasive

Ventilation
(N=114)

Standard 
Medical 
Therapy
(N=107)

P
Value

 

Age — yr 61±17 58±19 0.25

Female sex — no. (%) 47 (41) 47 (44) 0.68

Simplified Acute Physiology Score II on 
admission†

37±13 36±10 0.77

Reason for initiation of mechanical ventilation 0.65

Acute respiratory failure — no. (%)

Pneumonia 28 (25) 20 (19)

Postoperative respiratory failure 20 (18) 23 (21)

Sepsis 13 (11) 11 (10)

Trauma 11 (10) 7 (7)

Cardiac failure 8 (7) 12 (11)

Acute respiratory distress syndrome 4 (4) 8 (7)

Other 12 (11) 10 (9)

Acute-on-chronic respiratory failure —
no. (%)

Chronic obstructive pulmonary disease 14 (12) 9 (8)

Asthma 1 (1) 3 (3)

Neuromuscular disease — no. (%) 3 (3) 4 (4)
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dard medical therapy (48 percent; 95 percent confi-
dence interval, 39 to 58 percent). The reasons for
reintubation were similar in the two groups (Table
4). However, the interval between the development
of respiratory failure and reintubation was signifi-
cantly longer in the noninvasive-ventilation group
(median, 12 hours; interquartile range, 2 hours
10 minutes to 28 hours) than in the standard-therapy
group (median, 2 hours 30 minutes; interquartile
range, 45 minutes to 16 hours 30 minutes; P=0.02).

In a post hoc analysis of the 23 patients with
chronic obstructive pulmonary disease who were
included in the study, we observed that the rate of
reintubation was lower among those who had been
assigned to noninvasive ventilation (7 of 14 [50 per-
cent]) than among those who had been assigned to
standard therapy (6 of 9 [67 percent], P=0.67), but
the sample was too small to allow us to draw mean-
ingful conclusions about this subgroup. Similarly,
in a post hoc examination of the data from the pa-
tients who had respiratory acidosis after extubation,
there was no significant difference between the
study groups in the rate of reintubation, which was
52 percent (12 of 23 patients) in the noninvasive-
ventilation group and 35 percent (6 of 17 patients)
in the standard-therapy group (P=0.29).

The difference between the groups in the length
of stay in the intensive care unit was also not signif-
icant. The median time was 18 days (interquartile
range, 11 to 30) in the noninvasive-ventilation group
and 18 days (interquartile range, 11 to 26) in the
standard-therapy group (P=0.59). 

Of the 114 patients assigned to noninvasive ven-
tilation, 5 did not tolerate the procedure, and 2 of
these 5 patients were reintubated. Of the 107 pa-
tients assigned to standard medical therapy, 28 (26
percent) received noninvasive ventilation as rescue
therapy; of these 28 patients, 7 (25 percent; 95 per-
cent confidence interval, 11 to 45 percent) subse-
quently required reintubation, and 3 died (Fig. 1).

The main finding of this study is that noninvasive
ventilation did not reduce mortality or the need for
reintubation among patients receiving mechanical
ventilation who had respiratory failure after extuba-
tion. The mortality rate tended to be higher among
the patients assigned to noninvasive ventilation than
among those assigned to standard medical thera-
py, and the interval from the development of respi-
ratory failure to reintubation was significantly long-

er with noninvasive ventilation than with standard
therapy.

Since the first report, in the late 1980s, of the
use of noninvasive ventilation instead of intubation

discussion

 

* Plus–minus values are means ±SD.
† The rapid shallow breathing index is the ratio of the respiratory rate (expressed 

in breaths per minute) to the tidal volume (expressed in liters). A value greater 
than 105 breaths per minute per liter is associated with an increased risk of re-

 

intubation.

 

Table 2. Characteristics of the Patients at the Time of Extubation, According to 
Study Group.*

Characteristic

Non-
invasive

Ventilation
(N=114)

Standard 
Medical 
Therapy
(N=107)

P
Value

 

Duration of mechanical ventilation — days 0.67

Median 7 8

Interquartile range 4–12 4–13

Tidal volume — ml/kg 6±2 6±2 0.76

Maximum inspiratory pressure — cm of water 33±15 32±15 0.72

Respiratory rate — breaths/min 24±7 23±7 0.20

Rapid shallow breathing index — breaths/min/
liter†

62±31 58±30 0.33

Method of withdrawal from mechanical 
ventilation — no. (%)

0.99

Single daily trial of spontaneous breathing 61 (54) 54 (50)

Multiple daily trials of spontaneous breathing 19 (17) 19 (18)

Gradual reduction of pressure support 29 (25) 28 (26)

Other 5 (4) 6 (6)

 

* Plus–minus values are means ±SD.

 

Table 3. Characteristics of the Patients at the Time of Randomization, 
According to Study Group.*

Characteristic

Non-
invasive

Ventilation
(N=114)

Standard 
Medical 
Therapy
(N=107)

P
Value

 

Interval between extubation and respiratory 
failure (hr)

0.90

Median 9 9

Interquartile range 3–21 2–21

Respiratory rate (breaths/min) 29±7 29±6 0.70

Heart rate (beats/min) 98±24 95±24 0.36

pH 7.39±0.09 7.39±0.08 0.48

Partial pressure of arterial carbon dioxide 
(mm Hg)

47±18 45±16 0.37

Partial pressure of arterial oxygen (mm Hg) 73±29 79±29 0.11

Oxygen saturation (%) 93±6 93±5 0.88
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in patients with acute respiratory failure,

 

17

 

 this tech-
nique has been used in a number of clinical situa-
tions. The majority of studies examining noninva-
sive ventilation have assessed its role in averting the
need for primary endotracheal intubation in patients
with acute respiratory failure.

 

18-22

 

 When the results
of these studies were examined together in a recent
meta-analysis, they showed that noninvasive venti-
lation is effective in reducing morbidity and mor-
tality in patients with acute-on-chronic respiratory
failure but that the benefit in patients with hypox-
emic respiratory failure is less clear.

 

23

 

 The use of
noninvasive ventilation to avert the need for reintu-
bation in patients with respiratory failure after ex-
tubation has been less extensively studied. Until very
recently, the published literature addressing this
question consisted entirely of physiological case se-
ries and nonrandomized studies.

 

12,13,24-26

 

 One ran-
domized, controlled trial examining the use of non-
invasive positive-pressure ventilation in patients
with respiratory failure after extubation was con-
ducted while we were planning this study and was
recently published.

 

14

 

 In that trial, Keenan and col-
leagues enrolled 81 patients in a single-center study
and, as in the current study, found that the use of
noninvasive ventilation did not significantly alter
the need for reintubation. These authors did not find
differences between patients assigned to noninva-
sive ventilation and those assigned to standard ther-
apy in the rate of death either in the intensive care
unit or in the hospital overall, but their study was
powered only to detect large differences in the rates
of reintubation.

 

14

 

There may be several reasons why noninvasive

ventilation was ineffective in preventing the need for
reintubation in our study. First, the success of non-
invasive ventilation could be dependent on the ex-
perience of the health care team using the tech-
nique. All the centers participating in this study,
however, had incorporated noninvasive ventilation
into their routine clinical practices at least one year
before the start of the study. In addition, the find-
ings in the study by Keenan et al.,

 

14

 

 in which a one-
year training period was undertaken before the start
of the trial, were similar to ours. Second, the tim-
ing of the initiation of noninvasive ventilation could
be important. We chose to start noninvasive posi-
tive-pressure ventilation when respiratory failure
first developed. The only trial of noninvasive posi-
tive-pressure ventilation after extubation in which
the procedure was begun early, before the develop-
ment of signs of respiratory failure, also failed to
show positive results.

 

26

 

 Finally, the composition of
the study population may influence the results. It
has been consistently shown that patients with
chronic obstructive pulmonary disease benefit from
noninvasive ventilation.

 

23

 

 Only approximately 10
percent of our patients had chronic obstructive pul-
monary disease (a proportion consistent with that
reported in previous observational studies),

 

27,28

 

 and
thus there may be a beneficial effect in these patients
that was not detected in our study.

An important observation from our study was
that the rate of death in the intensive care unit ap-
peared to be greater among patients assigned to
noninvasive ventilation than among those assigned
to standard therapy. In a recent observational study
conducted by our group, we found that patients with
acute respiratory failure who were intubated after
having first received noninvasive ventilation had a
higher mortality rate than those who were intubat-
ed without having received noninvasive ventilation
(48 percent vs. 31 percent, P=0.01).

 

28

 

 In the cur-
rent trial, the interval between the onset of respira-
tory failure and reintubation was significantly long-
er in the noninvasive-ventilation group than in the
standard-therapy group. It is possible that this de-
lay in reintubation was the reason for the significant
increase in the risk of death in the former group,
through a number of mechanisms such as cardiac
ischemia, increased respiratory muscle fatigue, as-
piration pneumonitis, and complications of emer-
gency intubation.

We conclude that noninvasive ventilation is not
effective in averting the need for reintubation in un-

 

Table 4. Reasons for Reintubation, as Defined in the Protocol Guidelines, 
According to Study Group.

Reason

Non-
invasive

Ventilation
(N=55)

Standard 
Medical 
Therapy
(N=51)

P
Value

 

no. (%)

 

Lack of improvement in signs of muscle fatigue 25 (45) 23 (45) 0.97

Hypoxemia 9 (16) 15 (29) 0.11

Copious secretions 5 (9) 6 (12) 0.65

Lack of improvement in pH or partial pressure 
of carbon dioxide

8 (15) 3 (6) 0.13

Changes in mental status 4 (7) 2 (4) 0.45

Hypotension 4 (7) 2 (4) 0.45
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selected patients in whom respiratory failure devel-
ops after extubation. In addition, noninvasive pos-
itive-pressure ventilation does not improve survival
and may in fact be harmful. Although selected pa-
tients in specialized centers may benefit from this
therapy, specific hypotheses need to be tested pro-
spectively.
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