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THE USE OF NONINVASIVE POSI-
tive-pressure ventilation
(NPPV) in acute respiratory fail-
ure to avoid the need for endo-

tracheal intubation was first reported in
the late 1980s by Meduri et al.1 The ap-
parent successful application of this form
of ventilation in this and other case se-
ries2-8 has led to more intensive scru-
tiny of this technology in randomized
controlled trials.9-27 It appears that suc-
cessful avoidance of endotracheal intu-
bation through the addition of NPPV
may depend on the population stud-
ied.28 Although most trials have dem-
onstrated the potential benefit of NPPV
for patients who present with acute ex-
acerbations of chronic obstructive pul-
monary disease (COPD),9-19 less evi-
dence has been published that has
consistently supported its benefit for
other patient groups.20-24

Noninvasive positive-pressure venti-
lation has also been used to decrease the
duration of mechanical ventilation for
patients who require endotracheal intu-
bation.Forthesepatients,NPPVhasbeen
applied in 1 of 3 ways: (1) as an adjunct
toweaningpatients frommechanicalven-
tilation by early extubation directly to

Author Affiliations: Department of Medicine, Royal
Columbian Hospital, New Westminster, British Colum-
bia, and Centre for Health Evaluation and Outcome Sci-
ences, St Paul’s Hospital and University of British Colum-
bia,Vancouver (DrKeenan);andDivisionsofCriticalCare
(Ms Powers) and Respiratory Medicine (Dr McCor-
mack), Department of Medicine, and Department of
Anaesthesia (Dr Block), London Health Sciences Cen-
tre, University of Western Ontario, London, Ontario.

Corresponding Author and Reprints: Sean P. Keenan,
MD, FRCPC, MSc, Suite 103, 250 Keary St, New West-
minster, British Columbia, Canada V3L 5E7 (e-mail:
Sean_Keenan@telus.net).
Caring for the Critically Ill Patient Section Editor:
Deborah J. Cook, MD, Consulting Editor, JAMA.
Advisory Board: David Bihari, MD; Christian Brun-
Buisson, MD; Timothy Evans, MD; John Heffner, MD;
Norman Paradis, MD.

Context Noninvasive positive-pressure ventilation (NPPV) has been demonstrated
to be effective in preventing the need for endotracheal intubation in some patients
who present with acute respiratory failure. It is also used for patients who develop
acute respiratory distress after extubation, but there are no randomized controlled tri-
als that address its effectiveness in this population.

Objective To determine the effectiveness of NPPV compared with standard medi-
cal therapy in preventing the need for endotracheal reintubation in high-risk patients
who develop respiratory distress during the first 48 hours after extubation.

Design Randomized, controlled, unblinded study with concealed allocation con-
ducted between August 1, 1996 and October 31, 1999.

Setting An intensive care unit (ICU) in an academic, tertiary care hospital in On-
tario.

Patients Eighty-one patients with a history of cardiac or respiratory disease or who
initially required ventilatory support for more than 2 days and who developed respi-
ratory distress within 48 hours of extubation.

Interventions Patients were randomly assigned to receive standard medical therapy
alone (supplemental oxygen to maintain oxygen saturation by pulse oximetry �95%;
n=42) or NPPV by face mask plus standard medical therapy (n=39).

Main Outcome Measures Rates of reintubation, duration of mechanical ventila-
tion, lengths of ICU and hospital stay, and hospital mortality.

Results Comparing the NPPV group with the standard-therapy group, there was no
difference in the rate of reintubation (72% vs 69%; relative risk, 1.04; 95% confi-
dence interval, 0.78-1.38) or hospital mortality (31% for both groups; relative risk,
0.99; 95% confidence interval, 0.52-1.91). Similarly, no difference was found in du-
ration of mechanical ventilation or length of ICU or hospital stay.

Conclusions The addition of NPPV to standard medical therapy does not improve
outcome in heterogeneous groups of patients who develop respiratory distress during
the first 48 hours after extubation.
JAMA. 2002;287:3238-3244 www.jama.com
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NPPV,25,26 (2) as a routine application of
NPPV to all patients or a selected group
of higher-risk patients who were extu-
bated at the time they fulfilled standard
extubation criteria,27 or (3) as an appli-
cation of NPPV only to patients who
develop respiratory distress after hav-
ing been extubated according to stan-
dard criteria.29 Two randomized con-
trolled trials suggested that although
directly extubating patients to NPPV is
potentially beneficial for patients with
COPD(decreasedlengthofstayandmor-
tality),25 the effect is less clear for a more
heterogeneous population.26 The only
trialapplyingNPPVdirectlyafterpatients
are either electively or self-extubated
found no benefit from the addition of
NPPV.27 To date, no randomized con-
trolled trial has been reported on the
potential benefit of NPPV for patients
who develop respiratory distress after
extubation. Our hypothesis was that the
additionofNPPVtostandard therapy for
patients who develop respiratory dis-
tress after extubationwoulddecrease the
need for reintubation. The objective of
this trial was to determine the relative
effectiveness of NPPV compared with
standard medical therapy in preventing
the need for endotracheal reintubation
in high-risk patients who develop res-
piratorydistressduring the first48hours
after extubation.

METHODS
Patients

Between August 1, 1996, and October
31, 1999, patients who required ven-
tilatory support for more than 48 hours
or had a history of either congestive
heart failure or chronic lung disease or
their surrogate decision makers were
approached for consent to participate
in this study just before or shortly fol-
lowing their extubation. Patients were
only included in the study if they de-
veloped respiratory distress, defined as
a respiratory rate of greater than 30/
min or an increase in respiratory rate
of greater than 50% from baseline or use
of accessory muscles of respiration or
abdominal paradox.

The following specific extubation cri-
teria guided the timing of extubation for

all intensive care unit (ICU) patients ir-
respective of their potential eligibility for
the study: reason for intubation had been
reversed; patients were awake, afebrile,
and able to protect their airway; and pa-
tients had a maximal negative inspira-
tory pressure greater than –20 cm H2O,
a vital capacity of greater than 10 mL/
kg, a respiratory rate of less than 25/
min, and a level of ventilatory support
of less than 10 cm H2O of pressure sup-
port. Patients were excluded if they had
a do-not-resuscitate order; had a prior
history of obstructive sleep apnea, cer-
vical spine injury, or upper airway ob-
struction; were mentally challenged; or
were judged incompetent with no avail-
able surrogate decision maker. Patients
were also excluded if a language bar-
rier existed, if they had been previ-
ously randomized in the study, or if they
developed respiratory distress outside
the ICU (because the goal was to iden-
tify respiratory distress early and react
to it by initiating NPPV quickly in those
randomized to receive this treatment).
After the first year, patients with an acute
exacerbation of COPD were excluded
because the randomized trial evidence
strongly supported the use of NPPV for
these patients9-11 and because NPPV was
therefore applied when these patients de-
veloped respiratory distress. The study
was conducted in the ICU at the Lon-
don Health Sciences Centre, Victoria
Campus, British Columbia, a 30-bed ter-
tiary care ICU that serves as the only lo-
cation in the hospital where patients re-
ceive mechanical ventilation. In addition
to medical and surgical patients, this ICU
also cares for post–cardiac surgery pa-
tients and multiple-trauma patients. The
study protocol was approved by the re-
view board for health sciences research
involving human subjects at the Uni-
versity of Western Ontario, London, On-
tario. Informed consent was obtained
from all patients or their surrogate de-
cision makers.

Following extubation, patients who
gave consent to participate were fol-
lowed up for the remainder of their hos-
pital stay. If they developed respira-
tory distress within the first 48 hours
of extubation and were still in the ICU,

they were randomized to receive NPPV
or standard therapy. Consent was ob-
tained just before extubation or as soon
as possible after extubation to avoid
having to obtain consent from pa-
tients in acute respiratory distress. This
resulted in a small portion of consent-
ing patients who were eventually ran-
domized (FIGURE).

Figure. Randomization of Patients
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Diagnostic group refers to those patients excluded be-
cause of diagnostic group as outlined in the “Meth-
ods” section (chronic obstructive pulmonary disease
after the first year, spinal cord injury, obstructive sleep
apnea). It is not possible to provide numbers for those
patients who met inclusion and exclusion criteria but
were not approached for consent (patient or physi-
cian refusal or no apparent attempt made to recruit
the patient) who developed respiratory distress (ie,
would have been eligible for the study) because this
was not recorded. Of those randomized, the flow of
patients through the trial is also illustrated. DNR in-
dicates do not resuscitate; NPPV, noninvasive positive-
pressure ventilation.
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The unit of randomization was the
individual patient, and randomization
was concealed using opaque enve-
lopes. The randomization schedule was
computer generated by an epidemiolo-
gist, who was otherwise not part of the
study, using random blocks of 4, 6, or
8. The study coordinator prepared
sealed opaque envelopes, and indi-
vidual envelopes were drawn by the res-
piratory therapist caring for the pa-
tient at the time of randomization.

Standard Therapy
Patients assigned to standard therapy
received supplemental oxygen to main-
tain oxygen saturation by pulse oxim-
etry greater than or equal to 95%. In
addition, they received aggressive phys-
iotherapy and pharmacotherapy with
diuretics, inhaled �-agonists, and in-
haled ipratropium bromide as clini-
cally indicated. The attending ICU staff
made decisions regarding the use of
these interventions.

NPPV Treatment
Patients randomized to NPPV re-
ceived ventilatory support in addition
to standard therapy (BiPAP S/T-D30
Ventilatory Support System, Respiron-
ics Inc, Murrysville, Pa). The ventila-
tory support device is capable of pro-
viding independently adjustable
inspiratory positive airway pressures
(IPAPs) and expiratory positive air-
way pressures (EPAPs). The device had
been used for a year in the ICU before
initiating the study. In addition, the res-
piratory therapist staff received exten-
sive in-service training before the study
and once again during the study and in-
formal in-service training throughout
the trial. The ventilatory support sys-
tem was initiated using a specific pro-
tocol designed by the respiratory
therapy department and critical care
unit staff. The ventilatory support sys-
tem was initiated at a level of 4 cm H2O

of EPAP and 9 cm H2O of IPAP in a
spontaneous mode. For hypoxemic res-
piratory failure, EPAP was titrated in
increments of 2 cm H2O while keeping
IPAP at a fixed increment above EPAP
to achieve an oxygen saturation of

greater than 92%. For hypercapnic res-
piratory failure, IPAP was titrated in in-
crements of 2 cm H2O following tidal
volumes and respiratory rate. The ob-
jectives were to have the patient breath-
ing comfortably as evidenced by a de-
crease in respiratory rate and heart rate
with oxygen saturations greater than
92% and a normal pH on arterial blood
gases. Throughout the first hour, res-
piratory therapists continually reas-
sessed patients, first explaining how
NPPV works and providing continual
reassurance to the patients. The goal
was to apply NPPV continually for the
first 12 hours, and then nonassisted
breathing would be allowed intermit-
tently at increasing intervals provided
patients were breathing comfortably,
their oxygenation remained adequate,
and their arterial pH was greater than
7.35. Noninvasive positive-pressure
ventilation was reinstated using the
same criteria for respiratory distress.
The attending physicians were given
control over this weaning process. Full
face mask was the preferred interface
and was used exclusively after the first
few patients. Noninvasive positive-
pressure ventilation was applied only
in the ICU in this study.

Criteria for Intubation
We developed the following guidelines
for endotracheal intubation. Patients
were to be strongly considered for intu-
bation if theyconsented to intubation and
any of the following criteria were met:
cardiac arrest or respiratory arrest or ap-
nea with loss of consciousness or gasp-
ing for air (inability to protect airway)
or marked respiratory distress in extre-
mis or psychomotor agitation making
nursing care impossible and requiring se-
dation or heart rate of less than 50/min
with loss of alertness or hemodynamic
instability with systolic arterial pres-
sure below 70 mm Hg.

Follow-up
At baseline, demographic data, Acute
Physiology and Chronic Health Evalu-
ation II (APACHE II) score, and diag-
nosis were recorded for all patients. Du-
ration of mechanical ventilation before

initial extubation was recorded, as were
the following weaning parameters when
available: vital capacity, minute ventila-
tion, respiratory rate, and maximal nega-
tive inspiratory pressure. At the time of
randomization, respiratory rate, heart
rate, blood pressure, arterial blood gases,
and fraction of inspired oxygen (FIO2)
were recorded. For those patients ran-
domized to receive NPPV, the time to ap-
plication of NPPV, the initial settings
used for IPAP and EPAP, and whether
the patient tolerated NPPV (able to wear
as requested by respiratory therapist)
were recorded. Patients were followed up
throughout their ICU and hospital stays.
The need for reintubation was recorded
as were the duration of further conven-
tional mechanical ventilation (not
NPPV), the length of ICU and hospital
stay, and vital status on discharge from
ICU and hospital. We recorded whether
a patient developed pneumonia, accept-
ing the clinical diagnosis made by at-
tending physicians rather than predefin-
ing specific criteria.

Sample Size and
Statistical Analysis
After reviewing reintubation rates
within our ICU and the literature, a
baseline reintubation rate of 65% was
estimated for this higher-risk group. Us-
ing a type I error of 5%, we estimated
that we would need 40 patients in each
group to have a power of 80% to de-
tect a reduction in reintubation rate to
35%. The latter was a rate that was sug-
gested as reasonable from the avail-
able literature. A total of 81 patients
were randomized.

Baseline comparison of the 2 study
groups was conducted using the �2 sta-
tistic or Fisher exact test, where appro-
priate, for categorical variables and the
t test for continuous variables. The pri-
mary outcome of need for intubation was
tested using the �2 statistic, as were the
secondary outcomes of ICU and hospi-
tal survival. Secondary outcomes of du-
ration of ventilation and ICU and hos-
pital length of stays were compared using
both the 2-sample t test and the Mann-
Whitney U test for means and medi-
ans, respectively. Survival analysis was
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used to compare the time to intubation
for those patients who required intuba-
tion. All analyses were conducted on pa-
tients within their randomized groups
(intention-to-treat analyses).

Because of concerns regarding the po-
tential for selection bias (the system-
atic withholding of patients from the
study that may benefit from NPPV,
therefore biasing the study toward dem-
onstrating no treatment effect), we col-
lected data on all patients receiving
NPPV outside the study for the last 18
months of the study period. We com-
pared the study patients to those re-
ceiving NPPV in terms of need for re-
intubation, duration of ventilation,
length of ICU and hospital stay, ICU
and hospital survival, and diagnoses.
We also examined the recruitment rate
and NPPV failure rate over time, which
may also suggest a selection bias for pa-
tients within the study. All analyses
were performed using SPSS Graduate
Pack 9.0 (Evanston, Ill).

RESULTS
A total of 2763 patients were screened
during the study period. Of these, 880
fulfilled the inclusion criteria of requir-
ing ventilatory support for more than
48 hours or having underlying chronic
cardiac or lung disease. Following appli-
cation of the exclusion criteria, only 358
of these remained eligible (Figure). Of
these 358 patients, 81 developed res-
piratory distress and were randomized
(42 to standard therapy and 39 to non-
invasive ventilation). The 2 study
groups were similar in age, APACHE
II score, duration of initial period of
mechanical ventilation, time to respi-
ratory distress after extubation, and
diagnostic group (TABLE 1). Compli-
ance with recording of the extubation
criteria were variable: 76 patients had
respiratory rate recorded,75had minute
ventilation recorded, 54 had maximal
inspiratory pressure recorded, and 45
hadvital capacity recorded.Missingdata
were evenly distributed between the 2
study groups and summary data were
similar (Table 1). On reviewing com-
pliance with the extubation criteria, all
patients had their reason for intuba-

tion reversed and were awake and afe-
brile. Of those with these measure-
ments, all had a maximal negative
pressure of at least –20 cm H2O. More
leewaywasgiven for respiratory rate and
vital capacity so that 10 of the 76
patients with a respiratory rate recorded
had a rate greater than 25/min but none
greater than 30/min. Only 6 of 45
patients with a recorded vital capacity
had a value less than 600 mL, and only
1 of these had a respiratory rate of
greater than 25/min. In summary, the
extubation guidelines were generally
well adhered to.

The rate of reintubation in the stan-
dard therapy group was 69% (TABLE 2),
which was similar to the 65% we had

estimated before the study. We found
no difference between rates of reintu-
bation: 72% in the NPPV group and
69% in the standard therapy group
(relative risk [RR], 1.04; 95% confi-
dence interval [CI], 0.78-1.38; Table 2).
Although there was a trend toward a re-
duction in the time to reintubation for
those patients being reintubated
(P=.12), this was not statistically sig-
nificant. In addition, although there was
a trend toward a shorter duration of
conventional mechanical ventilation in
the NPPV group, this did not reach sta-
tistical significance (Table 2). There was
no difference in the duration of ICU or
hospital length of stay or ICU or hos-
pital survival (31% for both groups; RR,

Table 1. Baseline Characteristics of the Study Group*

Characteristics
NPPV

(n = 39)
Standard Therapy

(n = 42) P Value

Age, y 68.3 (13.1) 68.6 (12.4) .93

APACHE II score 22.5 (7.1) 24.0 (7.9) .38

Duration of initial ventilation, d
Mean (SD) 3.8 (4.0) 5.0 (4.5) .24

Median (range) 2 (0-19) 4 (0-21) .16

Extubation criteria
Vital capacity, L (n = 45) 1.10 (0.44) 0.92 (0.41) .77

Peak negative inspiratory pressure,
cm H2O (n = 54)

35.2 (10.1) 34.4 (10.3) .29

Respiratory rate, breaths/min (n = 76) 19.9 (5.0) 21.1 (4.6) .74

Minute ventilation, L /min (n = 75) 9.7 (2.9) 9.5 (2.5) .90

Time from extubation to respiratory distress, h 9.95 (10.1) 9.68 (10.1)

At time of randomization
Respiratory rate, breaths/min 31.8 (5.9) 31.2 (6.4) .64

Heart rate, beats/min 109.1 (18.7) 108.9 (26.1) .97

Mean arterial pressure, mm Hg 100.1 (21.6) 95.8 (18.4) .34

pH 7.41 (0.08) 7.39 (0.09) .22

PaO2/FIO2 ratio 142.6 (54.5) 156 (85.3) .42

PaCO2,, mm Hg 48.4 (12.8) 50.9 (17.2) .48

No. of Patients in Each Diagnostic Category

Cardiac 16 12

Respiratory
COPD 3 6

Others 8 10

Vascular surgery 3 4

Trauma 2 4

Gastrointestinal tract 2 3

Neurological 1 2

Sepsis 3 0

Renal 0 1

Hematological 1 0

Total 39 42

*Data are presented as mean (SD) unless otherwise indicated. NPPV indicates noninvasive positive-pressure ventila-
tion; APACHE II, Acute Physiology and Chronic Health Evaluation II; FIO2, fraction of inspired oxygen, and COPD,
chronic obstructive pulmonary disease.
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0.99; 95% CI, 0.52-1.91; Table 2). Pneu-
monia rates recorded by attending phy-
sicians were similar in both groups
(Table 2).

Of the 39 patients randomized to
receive NPPV, 10 did not tolerate this
intervention and 8 of these were rein-
tubated. There was no difference in
reintubation rates for those patients
who tolerated NPPV (20/29, 69%)
compared with the rest (37/52, 71%)
(efficacy analysis; P=.499; RR, 0.97;
95% CI, 0.72-1.31). Protocol viola-
tions occurred in both groups. Three
patients in the NPPV did not receive
it; 1 required intubation by the time
the NPPV was available, and 2 did not
receive it for unclear reasons (neither
required intubation). Three patients in
the standard treatment group received
delayed NPPV as rescue therapy
beyond the time of randomization
despite developing worsening respira-
tory distress to the point that they met

intubation criteria. One of these
required intubation. The mean (SD)
IPAP was 10.2 (2.0) cm H2O, and the
mean (SD) EPAP was 5.1 (1.2) cm
H2O. Patients wore NPPV on and off
for a mean (SD) of 1.7 (1.2) days
(range, 1-6 days) and a total of 12.3
(16.2) hours (range, 0-66 hours).
There were 2 cases of pressure necro-
sis that developed in the NPPV group
in patients who receive 37 and 42
hours of NPPV, respectively.

Post hoc, we explored the possibil-
ity that patients who presented with hy-
percapnic respiratory failure may ben-
efit more than others from the use of
NPPV when developing respiratory dis-
tress. Five patients did not have arte-
rial blood gases recorded before ran-
domization. Of the remaining 76
patients, 19 (11 control, 8 NPPV pa-
tients) had both a pH of less than 7.35
and a PaCO2 of more than 45 mm Hg.
In this subgroup, there was no differ-

ence in reintubation rate or hospital sur-
vival. Similarly, no differences were
found in these outcomes in the non-
hypercapnic group (of these 57 pa-
tients, only 10 had a PaO2/FIO2 ratio
greater than 200).

Our analyses to determine whether
there was a selection bias that led to the
systematic exclusion of patients from
the study who benefit from NPPV found
no difference in rates of recruitment be-
yond an initial drop in the first year (29
to 20 non-COPD patients per year) and
no difference in the relative success of
NPPV over time. Finally, we identi-
fied 44 patients who fulfilled our in-
clusion criteria and received NPPV out-
side the study during the final 18
months of the study. Although these pa-
tients differ from our study popula-
tion by not having our specific exclu-
sion criteria applied (within the study,
more than half of patients who met in-
clusion criteria were excluded), they
represent a reasonable sample for this
purpose. We found a trend toward a
lower reintubation rate among the non-
study patients (55% vs 70%, P=.08,
TABLE 3). When we examined the dis-
tribution of patients across diagnostic
groups, a greater proportion of pa-
tients in the nonstudy group with a car-
diac disorder diagnosis appeared to ex-
ist compared with the study population.
Thus, it is possible that a selection bias
occurred during the study period. How-
ever, when one examines the more
meaningful outcomes of survival and
length of stay, there was no difference
between study and nonstudy patients.

COMMENT
Contrary to our expectations, we found
no apparent benefit from the applica-
tion of NPPV in patients who develop
respiratory distress within the first 48
hours of extubation. Despite a trend to-
ward a longer time to reintubation for
patients with NPPV, the actual rates of
reintubation did not differ between pa-
tients treated with or without NPPV.
The ICU and hospital lengths of stay
and hospital mortality did not differ.
This randomized trial suggests that the
routine use of NPPV for all patients who

Table 2. Outcomes for the Study Groups*

Outcomes
NPPV

(n = 39)
Standard Therapy

(n = 42) P Value

Reintubation, No. (%) 28 (72) 29 (69) .79

Pneumonia, No. (%) 16 (41) 17 (40) .61

Duration of ventilation†
Mean (SD) 8.4 (7.4) 17.5 (28.0) .11

Median (range) 6.7 (0.5-28.6) 8.9 (2.0-146.7) .12

ICU length of stay
Mean (SD) 15.1 (10.9) 19.4 (25.0) .32

Median (range) 11.9 (3.6-41.7) 10.8 (2.3-152.7) .72

Hospital length of stay
Mean (SD) 32.2 (25.4) 29.8 (28.4) .69

Median (range) 19 (6-111) 22 (4-162) .51

ICU survival, No. (%) 33 (85) 32 (76) .34

Hospital survival, No. (%) 27 (69) 29 (69) .99

*NPPV indicates noninvasive positive pressure ventilation; ICU, intensive care unit.
†Duration of mechanical ventilation includes only time using conventional ventilator.

Table 3. Comparison of Study Group and Patients Using Noninvasive Positive Pressure
Ventilation Outside Study*

Variable
Study Participants

(n = 81)
Nonstudy Patients

(n = 24) P Value

Intubation, No. (%) 87 (70) 24 (44) .08

Age, mean (SD), y 68.5 (13) 68.2 (15) .92

APACHE II, mean (SD), score 23.3 (7.5) 21.5 (8.31) .21

ICU length of stay, median (range), d 11 (2-153) 13.4 (4-46) .60

Hospital length of stay, median (range), d 22 (4-351) 28.5 (6-76) .19

ICU mortality, No. (%) 16 (20) 11 (25) .50

Hospital mortality, No. (%) 25 (31) 15 (38) .71

*APACHE II indicates Acute Physiology and Chronic Health Evaluation II; and ICU, intensive care unit.
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develop respiratory distress after extu-
bation is not effective.

The published literature addressing
the use of NPPV to avoid postextuba-
tion intubation is sparse. Two random-
ized controlled trials have examined the
use of NPPV in selected patients as an
adjunct to weaning from mechanical
ventilation. Nava et al25 found that pa-
tients with an exacerbation of COPD
who required intubation but were awake
after 1 to 2 days benefited from early ex-
tubation (from high pressure support
levels) to NPPV. Patients randomized to
receive NPPV had a shorter duration of
ventilatory support, a shorter length of
stay, less pneumonia, and improved sur-
vival compared with those undergoing
a conventional wean from mechanical
ventilation.25 Girault et al26 conducted
a similar study on a more heterog-
eneous population (not all with COPD)
and after a variable period of conven-
tional mechanical ventilation. These in-
vestigators found a decreased duration
of conventional mechanical ventilation
among patients randomized to early ex-
tubation to NPPV but no difference in
other outcomes. Jiang et al27 have re-
ported the only randomized trial pub-
lished to date that included patients who
had NPPV applied directly after being
weaned and extubated in a conven-
tional manner from mechanical venti-
lation. They randomized all patients fol-
lowing planned or self-extubation to
either NPPV or usual treatment and
found no benefit from NPPV. Their pa-
tient group did include a surprisingly
high proportion of patients who extu-
bated themselves (40%). The literature
describing the effect of NPPV to avoid
reintubation in patients who develop res-
piratory distress some time following ex-
tubation, the focus of our study, con-
sists of case series,8,29 a study using
historical controls,30 and one random-
ized controlled trial available only in ab-
stract format at the time of this writ-
ing.31 Both uncontrolled case series8,29

have suggested benefit from NPPV in a
heterogeneous group of patients with
respiratory failure, some of whom were
recruited during the postextubation pe-
riod. Hilbert et al30 described a de-

creased rate of intubation compared with
historical controls among COPD pa-
tients who developed respiratory dis-
tress after extubation who were treated
with NPPV. A recent abstract of a ran-
domized controlled trial suggested ben-
efit among patients who underwent ven-
tilatory support for at least 3 days, but
this study has yet to undergo further peer
review.31 To date, to our knowledge, our
study is the only randomized con-
trolled trial published evaluating the use
of NPPV among patients with postex-
tubation respiratory distress. Our study
differs from the 3 published random-
ized controlled trials in timing of appli-
cation of NPPV because these studies as-
sessed the effectiveness of NPPV use
immediately following extubation (not
waiting for patients to develop respira-
tory distress), either at a point when pa-
tients were weaning but still required
ventilatory support25-27 or when pa-
tients were considered fully weaned.27

No benefit was demonstrated for our
population of patients who either re-
quired 48 hours of mechanical ventila-
tion or had underlying chronic respira-
tory or cardiac disease.

Studies of NPPV and similar technolo-
gies are difficult to blind. This lack of
blinding of patients and clinicians may
not be expected to attenuate the treat-
ment effect of NPPV because the direc-
tion of this type of bias tends to favor the
intervention group. We did not specify
the use of cointerventions for the 2 treat-
ment groups, leaving this up to the at-
tending staff. This is a potential source
of bias in our study because it is pos-
sible that patients were treated less ag-
gressively with other therapies, such as
diureticsorbronchodilators, in theNPPV
group if the attending staff believed that
NPPV would obviate their need. We did
not record the relative use of these
cointerventions, and medical manage-
ment was otherwise at the discretion of
the attending physicians.

The success of NPPV is clearly linked
to the expertise and enthusiasm for its
effectiveness among those using it. Cen-
ters with greater expertise may be more
likely to report better outcomes. In our
center, we had used NPPV for these pa-

tients for 1 year before the study and
had frequent in-service training ses-
sions to maintain expertise and enthu-
siasm among the respiratory thera-
pists and physicians who applied NPPV.
It is possible that other, more experi-
enced centers may have achieved bet-
ter results. The timing of the applica-
tion of NPPV after extubation may affect
outcome such that early use may be
more beneficial. To test the effect of
NPPV among patients with respira-
tory distress, we waited until these
symptoms occurred. Earlier applica-
tion could yield different results.

In this randomized trial, we at-
tempted to enroll a higher-risk group of
patients with either premorbid cardiac
or respiratory disease or who had re-
quired at least 2 days of ventilatory sup-
port. Although it is clear that applying
NPPV to all patients who fit this descrip-
tion is not beneficial, there may be a spe-
cific subgroup in this heterogeneous
population who could benefit from this
treatment. Patients with COPD were ex-
cluded after 1 year because we did not
believe that it was ethical to continue to
randomize them due to strong estab-
lished literature supporting the use of
NPPV for COPD exacerbations. We also
were concerned that physicians may
have systematically kept patients out of
the study who could potentially ben-
efit from NPPV. Although we did find
a nonsignificant trend toward a de-
creased reintubation rate among those
patients receiving NPPV outside the
study, these patients were not directly
comparable to our study patients be-
cause they met inclusion but not exclu-
sion criteria. In addition, although there
was a trend toward a decreased rate of
reintubation, the more important out-
comes of length of stay and survival were
no different.

Based on this randomized trial, we
cannot recommend the routine use of
NPPV for patients who require me-
chanical ventilatory support for more
than 48 hours or those with a known
history of cardiac or non-COPD respi-
ratory disease who develop respira-
tory distress within 48 hours of extu-
bation. Although it is clear that applying
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NPPV to all patients who fit this de-
scription is not beneficial, there may be
a subgroup who could benefit that we
could not detect within this heterog-
eneous population. We found no dif-
ference in the need for reintubation,
length of stay, or mortality. Our study
is consistent with prior literature sug-
gesting that if NPPV is to be used after

extubation, it might be most effective
if applied early, before the develop-
ment of respiratory distress. However,
further work is required to clarify which
patients, if any, may benefit from the
use of NPPV in this setting.
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