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OBJECTIVES: To describe noninvasive positive-pressure ventilation use in intensive care unit clinical practice, factors
associated with NPPV failure and the associated prognosis.

METHODS: A prospective cohort study.

RESULTS: Medical disorders (59%) and elective surgery (21%) were the main causes for admission to the intensive
care unit. The main indications for the initiation of noninvasive positive-pressure ventilation were the following:
post-extubation, acute respiratory failure and use as an adjunctive technique to chest physiotherapy. The
noninvasive positive-pressure ventilation failure group was older and had a higher Simplified Acute Physiology
Score II score. The noninvasive positive-pressure ventilation failure rate was 35%. The main reasons for intubation
were acute respiratory failure (55%) and a decreased level of consciousness (20%). The noninvasive positive-pressure
ventilation failure group presented a shorter period of noninvasive positive-pressure ventilation use than the
successful group [three (2-5) versus four (3-7) days]; they had lower levels of pH, HCO3 and base excess, and the FiO2

level was higher. These patients also presented lower PaO2:FiO2 ratios; on the last day of support, the inspiratory
positive airway pressure and expiratory positive airway pressure were higher. The failure group also had a longer
average duration of stay in the intensive care unit [17 (10-26) days vs. 8 (5-14) days], as well as a higher mortality rate
(9 vs. 51%). There was an association between failure and mortality, which had an odds ratio (95% CI) of 10.6 (5.93 –
19.07). The multiple logistic regression analysis using noninvasive positive pressure ventilation failure as a
dependent variable found that treatment tended to fail in patients with a Simplified Acute Physiology Score II$34,
an inspiratory positive airway pressure level$15 cmH2O and pH,7.40.

CONCLUSION: The indications for noninvasive positive-pressure ventilation were quite varied. The failure group had
a longer intensive care unit stay and higher mortality. Simplified Acute Physiology Score II$34, pH,7.40 and higher
inspiratory positive airway pressure levels were associated with failure.
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INTRODUCTION

Mechanical ventilation without the use of an invasive
artificial airway is defined as noninvasive ventilation (NIV).
Noninvasive positive-pressure ventilation (NPPV) using a
mask (or interface) that conducts gas from a positive-
pressure ventilator into the airways has become the
predominant means of administering NIV. NPPV has long

been used to treat chronic respiratory failure, but in more
recent years it has increasingly been used to treat patients
with various forms of acute respiratory failure (1). A
recently published guideline has suggested the following
guidelines: bilevel NPPV should be the first option for
patients with either a severe exacerbation of chronic
obstructive pulmonary disease (COPD) or cardiogenic
pulmonary edema; continuous positive airway pressure
delivered by mask appears to be as effective as bilevel
NPPV for patients with cardiogenic pulmonary edema;
patients with acute respiratory distress or hypoxemia, either
in the postoperative setting or in the presence of immuno-
suppression, can be considered for a trial of bilevel NPPV;
patients with COPD can be considered for a trial of early
extubation to bilevel NPPV in centers with experience in the
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use of this technique (2). All of these suggestions were based
on an extensive systematic review of published randomized
controlled trials.

Clinical NPPV experience has been reported by some
authors (3-6,9,10). This information can elucidate the
feasibility of NPPV in all of the indications mentioned in
the guidelines as well as identify any issues that arise
during clinical practice. This type of research may inform
the identification of issues related to technical or even local
characteristics that could interfere with patient outcomes.

Our aim was to describe the clinical, demographic and
technical characteristics related to noninvasive positive-
pressure ventilation (NPPV) use in clinical practice, as well
as factors associated with NPPV failure and the prognosis of
critically ill adult patients at a large university-affiliated
hospital. We then compared our findings with the current
evidence.

MATERIALS AND METHODS

The institutional ethics committee approved the study
protocol. This observational, non-interventional, prospec-
tive cohort study was performed over the course of eight
months (May - December 2007) in all consecutive adult
patients who underwent NPPV in 11 intensive care units at
a university-affiliated hospital with a total of 140 ICU beds.
Patients meeting the inclusion criteria were observed daily
until ICU discharge or death. Patients with do-not-resusci-
tate or do-not-intubate orders were excluded.

The researchers carried out the data collection through a
form specially developed for this study. These researchers
had been trained for three months before gathering the data.
The form was tested and revised during the same period.
The units were visited daily by the researchers. The
prospective data were obtained from the patient’s chart
and from the ICU staff at the moment of data collection. All
of the decisions about the use of NPPV were made by the
ICU healthcare teams. Patients whose data were incomplete
during collection were excluded from the analysis.

The variables studied were selected through review of the
relevant literature. These included the following informa-
tion: demographic data, Simplified Acute Physiology Score
(SAPS II) for the first 24 hours of ICU hospitalization (7);
NPPV features; reason for installing NPPV (COPD exacer-
bation, asthma, neuromuscular disease, acute respiratory
failure [acute lung injury or acute respiratory distress
syndrome, acute cardiogenic pulmonary edema, congestive
heart failure, pneumonia, trauma, upper airway obstruc-
tion]); post-extubation, preventive NPPV application
(defined as the use of NPPV in patients without signs of
respiratory failure with a risk of worsening, for example
during the process of fluid balance adjustment, or any
patient considered to be at risk of respiratory distress by
physicians, such as burn patients (8), or as an adjunctive
technique associated with chest physiotherapy treatment (to
assist in resolving atelectasis or airway clearance in patients
not responding to routine deep breathing exercises and
incentive spirometry)) (9-11); days of NPPV use; time
between ICU admission and NPPV initiation; time between
extubation and NPPV initiation for post-extubation NPPV;
type of equipment (CPAP-flow generator, Bipap VisionH,
Bipap ST/D-30H, ICU conventional ventilators) at the onset
and on the final day of application; NPPV parameters at the
onset and on the last day of use; type of mask (nasal, full

face, total face); arterial blood gas levels at NPPV onset and
at the time when support was discontinued; tolerance to
NPPV or the lack thereof; and NPPV-related complications
(skin lesions, gastric distension due to aerophagia, eye
irritation, vomiting, hypotension, others); cough character-
istics; the need for nasotracheal suctioning; the incidence of
nosocomial pneumonia, as clinically defined according to
the CDC (Centers for Disease Control and prevention)
criteria (12). The study end-points were the following: NIV
outcome, ICU length of stay and mortality rate. NIV success
was defined as the avoidance of orotracheal intubation and
independence from NPPV within 72 hours after its dis-
continuation, and failure was defined as a need for
intubation.

Data analysis
A descriptive analysis of the overall study population was

carried out. The quantitative variables were expressed as the
mean (standard deviation) or median (interquartile range)
when more appropriate. Categorical variables were pre-
sented as proportions. Associations between categorical
variables were analyzed with the chi-square test. Fisher’s
exact test was applied when the expected value was not
sufficient for use of the chi-square test. Continuous data
with a normal distribution were compared using Student’s
t-test; otherwise, the non-parametric equivalent was
applied. NPPV outcome was considered as the primary
endpoint. All the tests were two-tailed with a significance
level of 5% (p#0.05). Factors independently associated with
NPPV outcome were identified using a logistic regression
model. A univariate analysis was initially performed, and
all variables considered clinically relevant with a p value
less than 0.20 were included in the model. Continuous
variables (age, SAPS II score, IPAP, EPAP and pH) were
dichotomized based on the median values of the distribu-
tion. In the preliminary stage of the analysis, we studied the
possible associations between the explanatory variables
examined in this study. The goodness-of-fit was assessed
using the Hosmer-Lemeshow test. Statistical analyses were
performed with SPSSH version 16.0

RESULTS

Between May 1st and December 31st, 2007, all of the ICU
patients over 18 years old who underwent NIV treatment
were studied. During the study, 407 patients were treated
with NIV, and 392 of them were included in the analysis.

The patient characteristics are presented in Table 1. The
patient age and SAPS II score were higher in the NPPV
failure group. At the time of ICU admission, 4% of the
patients came from other hospitals, and most patients came
from the ward (41%) and emergency room (28%). Medical
disorders (59%) and elective surgery (21%) were the most
common reasons for admission. Previous ICU admissions
had occurred in 15% of the patients. The previous use of
invasive mechanical ventilation was observed in 15% of
patients, and 9% had already been treated with NPPV on
another occasion. The main indications for NPPV initiation
were the following: post-extubation, acute respiratory fail-
ure and use as an adjunct to chest physiotherapy.

The NPPV failure rate in this population was estimated to
be 35%. The main reasons for intubation (Table 1) were
acute respiratory failure (55%) and a decreased level of
consciousness (20%).
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The prevalence of smoking was 15.5% in the group in
which treatment was successful and 20.7% in the group in
which NPPV failed, but this association was not significant
(p = 0.259).

The time between ICU admission and NPPV initiation
was estimated. The overall mean (SD) time was 1.4 (2.4)
days. In the successful NPPV group, this mean (SD) period
was 1.6 (2.7) days. In the NPPV failure group, it was 1.1 (1.9)
days. This difference was not statistically significant
(p = 0.201).

The overall median (interquartile range) for the time
between extubation and NPPV initiation for post-extubation
respiratory failure cases was zero (0-1) days. No difference
was found between groups (p = 0.390).

The median (interquartile range) overall length of NPPV
use was four (2-6) days. The NPPV failure group presented
a shorter period of use than the group in which NPPV was
successful [three (2-5) versus four (3-7) days, p = 0.034,
respectively].

The data related to arterial blood gas analysis (ABG) at
the time of NPPV onset and on the last NPPV day were also
collected (Table 2). Some patients had no ABG on these
specific days. At the time of NPPV onset, 336 patients had
ABG; on the final day of NPPV, this value was 223 patients.
The PaO2/FiO2 ratio was not available in all charts, and all
recorded data are presented below. There were no differ-
ences in ABG values between the groups studied at the time
of NPPV initiation, but on the last day, the failure group
presented lower levels of pH, bicarbonate and base excess.
Patients with NPPV failure presented a lower PaO2:FiO2
ratio from the time of NPPV onset onward (Table 2).

The data related to the equipment and NPPV parameters
were compared according to outcome at NPPV onset
(Table 3) and on the last day of application (Table 4). The
full-face mask was the used the most frequently. There was
no association between the NPPV interfaces and outcome.

Initially, the CPAP flow generator was used most com-
monly for NPPV, followed by the BIPAP Vision and ICU
ventilator. At onset, the equipment used to perform NPPV
was not associated with success or failure. On the last day of
NIV use, the prevalence of CPAP flow generator use was
lower, with an increase in BIPAP VisionH use and a
reduction in the use of ICU ventilators. Patients examined
with a BIPAP Vision presented a higher NPPV failure rate.

The NPPV parameters were also analyzed according to
two sets of results collected at onset and on the last day of
NPPV application. The initial IPAP and EPAP and CPAP
levels were not associated with the NPPV outcome, but the
FiO2 levels were significantly higher in the failure group
(p = 0.006). On the last day of support, the IPAP, EPAP and
FiO2 levels were significantly higher in the NPPV failure
group (Table 3).

The rate of complications related to NPPV use was
estimated during the study. Vomiting, either associated with
aspiration or not, was the most common occurrence. There
was a significant association between the occurrence of
complications and NPPV failure. Another event associated

Table 1 - Baseline characteristics of the study group
according to the outcome of noninvasive positive-
pressure ventilation.

Characteristics

All

patients

N = 392

Success

N = 254

Failure

N = 138

p-value,

failure vs.

success

Age, mean (SD), years 56 (20) 55 (19) 61 (16) 0.003

Male gender, n (%) 218 (56) 134 (53) 84 (61) 0.150

SAPS II, mean (SD) 36 (14) 34 (14) 38 (14) 0.010

Types of admission, n (%)

Medical 234 (60) 156 (61) 78 (57) 0.403

Elective surgery 83 (21) 47 (19) 36 (26) 0.104

Emergency surgery 74 (19) 50 (20) 24 (17) 0.675

Other* 1 (0.2) 01 (0.4) 0 (0)

Reasons for installing NPPV n (%)

Post-extubation 173 (44) 113 (45) 60 (44) 0.931

Acute respiratory failure 106 (27) 65 (26) 41 (30) 0.448

COPD* 9 (2) 7 (3) 2 (1)

Asthma* 1 (0,3) 1 (0,4) 0 (0)

Neuromuscular disease* 4 (1) 1 (0,4) 3 (2)

Other chronic respiratory

disease*

3 (1) 1 (0,4) 2 (1)

Chest physiotherapy 73 (19) 53 (21) 20 (15) 0.157

Preventive NPPV use 16 (4) 11 (4) 5 (4) 0.943

Unknown* 5 (1) 0 (0) 5 (4)

NPPV = noninvasive positive-pressure ventilation, COPD = chronic

obstructive pulmonary disease.
*not analyzed due to an insufficient number of cases.

Table 2 - Arterial blood gas analysis at NPPV onset and on
the last noninvasive positive-pressure ventilation day.

Characteristics Success Failure

p-value,

failure vs.

success

ABG at NPPV onset, n = 336 N = 221 N = 115

pH 7.37 (0.08) 7.37 (0.06) 0.612

PCO2 38.7 (10.3) 38.4 (10) 0.815

HCO3 23.6 (18.5) 21.9 (6.3) 0.319

Base excess - 2.5 (5.6) - 2.18 (8.1) 0.670

PaO2 /FiO2 ratioa 283.9 (139) 226 (89) 0.034

ABG on the last day of NPPV,

n = 223

N = 120 N = 103

pH 7.40 (0.07) 7.35 (0.09) ,0.001

PCO2 40 (9.7) 41 (11.9) 0.536

HCO3 24.3 (6.3) 21.7 (5.5) 0.001

Base excess - 0.57 (6.7) - 3.18 (5.6) 0.002

PaO2 /FiO2 ratiob 312 (137) 245 (123) 0.020

NPPV = noninvasive positive-pressure ventilation.
aN = 97 (success 65, failure 32), b N = 86 (success 44, failure 42).

Table 3 - Technical characteristics of noninvasive
ventilation: final equipment and parameters applied,
according to the noninvasive ventilation results.

Characteristics

All

patients

N = 392

Success

N = 254

Failure

N = 138

p-value,

failure vs.

success

NPPV equipment, n (%)

CPAP- flow generator 187 (48) 130 (51) 57 (41) 0.078

BIPAP VisionH 150 (38) 87 (34) 63 (45) 0.035

BIPAP ST/D-30H 29 (7) 17 (7) 12 (9) 0.602

ICU ventilator 17 (4) 11 (4) 6 (4) 0.801

Others* 9 (2) 9 (4) 0 (0)

NPPV final parameters, median (IR)

IPAP cmH2O 14 (12-16) 14 (12-15) 14 (14-16) 0.002

EPAP cmH2O 10 (8-10) 9 (8-10) 10 (8-10) 0.001

CPAP cmH2O 10 (10-10) 10 (10-10) 10 (10-10) 0.114

FiO2 (%) 35 (30-40) 30 (25-35) 40 (35-50) ,0.001

NPPV = noninvasive positive pressure ventilation, CPAP = continuous

positive airway pressure, ICU = intensive care unit, IR = interquartile range,

IPAP = inspiratory positive airway pressure, EPAP = expiratory positive

airway pressure, FiO2 = inspired oxygen fraction.
*not analyzed due to an insufficient number of cases.
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with failure was the need for nasotracheal suctioning
(Table 5).

The incidence of clinically defined nosocomial pneumo-
nia in the overall study population was 6%. There was no
difference between the groups.

The patients with NPPV failure had a higher length of
stay in the ICU when compared to the NPPV success group
[17 (10-26) days vs. 8(5-14) days]. The overall mortality rate
was 24%, and the NPPV failure group also presented a
higher mortality rate (9 vs. 51%). There was an association
between NPPV failure and mortality, with an estimated
odds ratio (95% CI) of 10.6 (5.93 – 19.07).

The multiple logistic regression analysis model using
NPPV failure as the dependent variable found that patients
with a SAPS II $ 34, IPAP level$15 cmH2O and pH,7.40
were independently associated with NPPV failure and were
kept in the final logistic model (Table 6). The goodness-of-fit
was confirmed by the Hosmer-Lemeshow test (p = 0.991).

DISCUSSION

Aside from the classic indications of NPPV use, such as
post-extubation and acute respiratory failure, we have
identified two distinct indications for NPPV: prophylactic
application and use as an adjunct to chest physiotherapy.
The prophylactic application was defined as the use of
NPPV in cases where the indication was based on clinical
criteria, such as patients who needed additional support but
did not require ventilatory support immediately, as in cases
of fluid replacement. This indication rate was only 4%.

Another indication that stood out was the use of NPPV in
association with chest physiotherapy (19%). In this case, the
objectives of positive pressure use were to assist in resolving
atelectasis and normalizing pulmonary function in patients
not responding to routine incentive spirometry and deep
breathing. The use of NPPV to assist patients in improving
ventilation and recruiting additional gas exchange units to
maintain functional residual capacity and vital capacity
with relatively little discomfort is instrumental to its success
(8). Although most epidemiological studies do not highlight
that NPPV indication, this technique is routine in our
country and is part of the procedures used in routine
hospital practice. The studies that report this type of NPPV
application were published as long as 30 years ago (9-11).

The multiple logistic regression analysis model using
NPPV failure as the dependent variable identified that
patients with IPAP levels$15 cmH2O, SAPS II$34, and
pH,7.40 were independently associated with NPPV failure.

The severity of illness, as evaluated by the SAPS II score at
the time of ICU admission, was high in our population and
independently associated with NPPV failure. Our study also
found that a SAPS II score$34 at the time of ICU admission
was independently associated with NIV failure. This finding
was similar to that reported by Antonelli et al. (23), which
recommended avoiding NPPV in ARDS patients with SAPS
II$34 due to the high levels of mortality observed in those
in whom NPPV had failed. Although our study population
was not comprised entirely of ARDS patients, we observed
that even in patients without ARDS, SAPS II$34 was

Table 4 - Events associated with NPPV use.

Events associated with NPPV use, n(%)

Total

N = 392

Success

N = 254

Failure

N = 138

p-value,

failure vs.

success

NPPV complications 21 (5) 9 (4) 12 (9) 0.050

Complications*

Vomiting and aspiration 10 (3) 5 (2) 5 (4)

Skin lesion 3 (1) 2 (1) 1 (1)

Gastric distension 2 (1) 0 (0) 2 (1)

Arterial hypotension 1 (0) 0 (0) 1 (2)

Intolerance to NIV 69 (18) 47 (18) 22 (16) 0.619

Air leakage 8 (2) 6 (2) 2 (1) 0.718

Productive cough 109 (28) 62 (24) 47 (34) 0.055

Ineffective cough 162 (41) 108 (42) 54 (39) 0.587

Nasotracheal suctioning 115 (29) 64 (25) 51 (37) 0.020

Hypersecretion 65 (17) 36 (14) 29 (21) 0.247

Nosocomial pneumonia 22 (6) 15 (6) 7 (5) 0.910

NPPV = noninvasive positive-pressure ventilation.
*Not analyzed due to insufficient data.

Table 5 - Factors associated with noninvasive ventilation
failure – multiple logistic regression, final model.

Variables OR Lower Upper p-value

Age 1.094 0.887 1.349 0.400

EPAP 0.089 0.013 0.617 0.014

IPAP 4.452 1.529 12.968 0.006

FiO2 0.829 0.640 1.073 0.155

EPAP by FiO2 1.029 1.000 1.059 0.051

EPAP by age 1.026 1.001 1.051 0.040

Age by IPAP 0.979 0.962 0.995 0.011

OR = odds ratio, EPAP = expiratory positive airway pressure,

IPAP = inspiratory positive airway pressure, FiO2 = inspired oxygen

concentration.

Table 6 - Factors associated with noninvasive ventilation
failure – multivariate analysis.

Variables OR 95% CI p-value

SAPS II,

points

,34 1.0

$34 2.97 1.31-6.99 0.010

IPAP, cm H2O

,15 1.0

$15 3.13 1.34-7.71 0.010

pH

$7.4 1.0

,7.4 2.72 1.21-6.28 0.017

OR = odds ratio, IPAP = inspiratory positive airway pressure.
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associated with treatment failure. Another study by Carlucci
et al. (14) also found that SAPS II was an independent risk
factor for secondary intubation. The authors maintain that
the SAPS II score indicates that the most severely ill patients
are poor candidates for NPPV. However, they recom-
mended that the severity score cannot be used as such on
an individual basis.

In relation to the NPPV pressure levels used, in the
multivariate analysis, the value of IPAP$15 cmH2O was
independently associated with NPPV failure. Among the
studies that evaluated NPPV parameters, only the study by
Antonelli et al. (23) reported higher IPAP values in the
failure group, but this association was not maintained in the
multivariate analysis. Other studies (6,20) did not report
such a relationship, and we observed lower levels of IPAP
and EPAP in both studies. Our findings suggest that the use
of higher values of IPAP ($15 cmH2O) indicate a higher
probability of NPPV failure.

The failure group presented lower levels of pH, bicarbonate
and base excess, and the PaCO2 did not differ between
groups. According to Rana et al. (18), the presence of
metabolic acidosis was predictive of NPPV failure, even
when shock was not present at the time NPPV was initiated.
Although patients who failed NPPV tended to have a higher
level of serum lactate, this did not reach a statistically
significant value, suggesting that not only tissue hypoperfu-
sion but also metabolic acidosis per se, may be associated with
poor NPPV outcomes. Their finding are consistent our results.
We also suggest that lower levels of pH may be a good marker
for a poor outcome after NPPV, as shown in Tables 2 and 6.

The overall time between extubation and NPPV initiation
for post-extubation respiratory failure cases was estimated.
Half of the patients used NPPV on the same day of
extubation, and only 25% used NPPV after the first
postoperative day. No difference was found between the
groups. We observed that clinical practice reflects the
findings of the literature, which recommends the early use
of NPPV after extubation (19-22).

The time of NPPV use in patients with failure was shorter.
This finding is similar to that reported in the literature
(13,24). Our hypothesis is that this is most likely due to the
negative impact of delayed intubation patients on the
prognosis (25).

In this unselected patient sample, we observed that the
NIV failure rate was similar to that reported in other cohort
studies (3,5). We considered the overall failure rate because
our study did not classify patients according to arterial
blood gas values. During the study period, there was no
standardized NPPV utilization protocol, and some patients
did not have arterial blood gas samples. Rather, both studies
mentioned were based on standardized protocols. The
study by Meduri et al. (5) applied a protocol in a large
group of medical patients, and Girault et al. (3) presented
two years of NIV experience at a specialized medical ICU
with 22 beds. Another study by Schettino et al. (6) reported
data related to NIV use over a period of one year at a
university-affiliated hospital. All patients submitted to NIV
at this hospital were included. The authors estimated the
rate of NIV failure in the ICU setting to be 49%. They
considered that ICU-managed patients were the sickest and
that this population was composed of patients that could
not be managed in the general ward. Patients maintained on
the ward were able to breathe spontaneously for at least one
hour. One important difference between our study and that

reported by Schettino et al. (6) is that our study population
included only a small proportion of those with chronic
respiratory disease.

The availability of a CPAP flow generator in the ICU
contributed to the frequent use of this type of equipment at
the time of NIV onset. We observed that this device was
shifted to the bilevel setting during treatment. At that time,
NIV was performed using a CPAP flow generator, Bipap
STD 30, Bipap Vision or conventional ICU ventilator. We
did not find any association with NIV outcome. A recently
published guideline by Keenan et al. (2) did not describe
any influence of the ventilatory mode or equipment on the
NIV outcome.

Univariate analysis showed that NIV was likely to fail in
patients requiring nasotracheal suctioning. This procedure
was required due to a cough that occurred in 29% of the
study population. It seems important to evaluate cough
severity, even in patients with NIV support. According to
the literature, patients with weak coughs after planned
extubation may benefit from NIV, but this procedure
requires staff with expertise in invasive airway management
(2). In a prospective multicenter survey, Carlucci et al. (14)
estimated that 52 of the 108 patients (48%) submitted to
NPPV discontinued the treatment prematurely. This was
due to an inability to manage copious secretions in 32% of
the patients. Our study estimated that 37% of the patients in
the NPPV failure group required nasotracheal suctioning.

The overall incidence of nosocomial pneumonia was 6%.
Despite differences in the diagnostic criteria, we observed a
similar rate in the literature (15). A matched case-control
study compared the rates of nosocomial infections among
patients submitted to NPPV and those submitted to invasive
mechanical ventilation. The study concluded that the use of
NPPV was associated with a lower risk of nosocomial
infections and better outcomes.

Patients with NIV failure had a poor prognosis as well as
a high mortality rate (51%). The overall mortality rate was
24%. Alsous et al. (13), in a retrospective study at a
community teaching hospital, also found a higher mortality
among those in whom BIPAP had failed. They considered
some factors that contributed to this fact: 1) a ‘‘do-not-
intubate’’ order from 7 of 18 patients, 2) less physiological
derangement among the subcohort of BIPAP success
patients, and 3) the attempt at a trial of BIPAP rather than
intubation may prolong cardiorespiratory decompensation
and worsen patient outcomes. This study concluded that
BIPAP success was associated with significantly better
outcomes (ICU length of stay and mortality). This finding
may indicate that NIV failure must be avoided through
appropriate approaches, such as staff education. Two
studies carried out at a medical ICU where there was a
protocol and a well-trained staff presented lower mortality
rates. The study by Girault et al. (3) conducted at a 22-bed
medical ICU presented an overall mortality rate of 11%; this
rate was 16% in another study by Meduri et al. (5).

An important point with respect to interpretation of our
results is that the patients were not transferred to chronic
respiratory units because this type of facility is rare in our
country. Almost all patients remain in the ICU when they
are dependent on ventilatory support. This factor may also
have affected the observed mortality rates. We consider that
educational approaches and the use of protocols can
improve NIV outcomes, as observed in the studies
mentioned above.
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The present study provides information about NIV as
part of the clinical practice at a large university-affiliated
hospital. Our intention was to analyze the main features of
this procedure in a non-controlled environment, as occurs
during a clinical trial. During the study period, there was no
standardized NIV protocol in the observed units, but we
also consider that the activities of research and teaching
may influence the results at a university-affiliated hospital.
This study presented the demographic, clinical and techni-
cal features of NPPV use in clinical practice among the
unselected ICU patients. Our results showed that patients
with NPPV failure have a poor prognosis, with a high
mortality rate and a prolonged length of stay in the ICU. The
more severe patients (higher SAPS II score and lower pH)
had higher failure rates. High levels of IPAP also indicate a
higher risk of failure. In our study, we found that
physiotherapy uses the NPPV for therapeutic purposes
and not only in cases of acute respiratory failure.

A major objective of this study is to present the main
features of the use of NPPV in patients admitted to the
intensive care unit. We understand that the study design
weakens some of our conclusions because it is an
uncontrolled study without an intervention. However, our
results are not discordant with those observed in most
previously published studies.

ACKNOWLEDGMENTS

We are grateful to Felipe Granado de Souza and Fabio Montesano,

statisticians at the Federal University of Sao Paulo, for their help in the

analysis of these data.

AUTHOR CONTRIBUTIONS

Yamauchi LY participated in the study design, performed the statistical

analyses, contributed to data analysis and interpretation, and drafted the

manuscript. Travaglia TC participated in the study design, data collection,

and drafted the manuscript. Bernardes SR and Figueiroa MC participated

in the study design and data collection. Tanaka C contributed to the study

analysis and data interpretation. Fu C participated in the study design,

made substantial contributions to data analysis and interpretation, and

drafted the manuscript. All authors have read and approved the final

version of the manuscript.

REFERENCES

1. Hill NS. Noninvasive positive-pressure ventilation. In: Principles and
practice of mechanical ventilation. Mc Graw-Hill; 2006.p.433-71.

2. Keenan SP, Sinuff T, Burns KEA, Muscedere J, Kutsogiannis J, Mehta S,
et al. Clinical practice guidelines for the use of noninvasive positive-
pressure ventilation and noninvasive continuous positive airway
pressure in the acute care setting. CMAJ. 2011;183(3):E195-E214,
http://dx.doi.org/10.1503/cmaj.100071.

3. Girault C, Briel A, Hellot MF, Tamion F, Woinet D, Leroy J,
Bonmarchand G. Noninvasive mechanical ventilation in clinical practice:
a 2-year experience in a medical intensive care unit. Crit Care Med. 2003;
31(2):552–559, http://dx.doi.org/10.1097/01.CCM.0000050288.49328.F0.

4. Sinuff T, Cook D, Randall J, Allen C. Noninvasive positive-pressure
ventilation: a utilization review of use in a teaching hospital CMAJ
2000;163(8):969-73.

5. Meduri GU, Turner RE, Abou-Shaia N, Wunderink R, Tolley E.
Noninvasive positive pressure ventilation via face mask: first-line
intervention in patients with acute hypercapnic and hypoxemic

respiratory failure. CHEST. 1996;109(1):179-93, http://dx.doi.org/
10.1378/chest.109.1.179.

6. Schettino G, Altobelli N, Kacmarek RM. Noninvasive positive-pressure
ventilation in acute respiratory failure outside clinical trials: experience
at the Massachusetts General Hospital. Crit Care Med. 2008;36(2):441–
447, http://dx.doi.org/10.1097/01.CCM.0000300084.67277.90.

7. Le Gall JR, Lemeshow S, Saulnier F. A New Simplified Acute
Physiology Score (SAPS II) based on a European/North American
multicenter study. JAMA. 1993;270(24):2957-63. Erratum in: JAMA
1994;271(17):1321.

8. Endorf FW, Dries DJ. Noninvasive Ventilation in the Burned Patient.
J Burn Care Res. 2010;31(2):217-28, http://dx.doi.org/10.1097/BCR.
0b013e3181d0f62c

9. Holland AE, Denehy L, Ntoumenopoulos G, Naughton MT, Wilson JW.
Non-invasive ventilation assists chest physiotherapy in adults with acute
exacerbations of cystic fibrosis. Thorax. 2003;58(10):880–4, http://
dx.doi.org/10.1136/thorax.58.10.880.

10. Ricksten SE, Bengtsson A, Soderberg C, Thorden M, Kvist H. Effects of
periodic positive airway pressure bymask on postoperative pulmonary
function. Chest. 1986(6);89;774-81, http://dx.doi.org/10.1378/
chest.89.6.774.

11. Stock MC, Downs J B, Gauer PK, Alster JM, Imrey PB. Prevention of
postoperative pulmonarycomplications with CPAP, incentive spirome-
try,and conservative therapy. Chest. 1985;87(2):151-7, http://dx.doi.org/
10.1378/chest.87.2.151.

12. CDC definitions for nosocomial infections, 1988. Am Rev Respir Dis.
1989;139(4):1058–9.

13. Alsous F, Amoateng-Adjepong Y, Manthous CA. Noninvasive ventila-
tion: experience at community hospital. Intensive Care Med.
1999;25(5):458-63, http://dx.doi.org/10.1007/s001340050880.

14. Carlucci A, Richard JC, Wysocki M, Lepage E, Brochard L, and the SRLF
Collaborative Group on Mechanical Ventilation. Noninvasive versus
conventional mechanical ventilation an epidemiologic survey.
Am J Respir Crit Care Med. 2001;163(4): 874–80.

15. Girou E, Schortgen F, Delclaux C, Brun-Buisson C, Blot F, Lefort Y, et al.
Association of noninvasive ventilation with nosocomial infections and
survival in critically ill patients. JAMA. 2000;284(18):2361-7, http://
dx.doi.org/10.1001/jama.284.18.2361.

16. III Consenso Brasileiro de Ventilação Mecânica: Ventilação Não Invasiva
com Pressão Positiva. Jornal Brasileiro de Pneumologia. 2007;33(supl
2):S54-S70.

17. Paus-Jenssen ES, Reid JK, Cockcroft DW, Laframboise K, Ward HA. The
Use of Noninvasive Ventilation in Acute Respiratory Failure at a Tertiary
Care Center. Chest. 2004;126(1):165–72, http://dx.doi.org/10.1378/
chest.126.1.165.

18. Rana S, Jenad H, Gay PC, Buck CF, Hubmayr RD, Gajic O. Failure of
non-invasive ventilation in patients with acute lung injury: observational
cohort study. Crit Care. 2006;10(3):R79, http://dx.doi.org/10.1186/
cc4923.

19. Ferrer M, Valencia M, Nicolas J M, Bernadich O, Badia J R, Torres A.
Early noninvasive ventilation averts extubation failure in patients at risk.
A randomized trial. Am J Respir Crit Care Med. 2006;173(2):164–70.

20. Nava S, Gregoretti C, Fanfulla F, Squadrone E, Grassi M,Carlucci A, et al.
Noninvasive ventilation to prevent respiratory failure after extubation in
high-risk patients. Crit Care Med. 2005;33(11):2465-70, http://
dx.doi.org/10.1097/01.CCM.0000186416.44752.72.

21. Trevisan C, Vieira S. Noninvasive mechanical ventilation may be useful
in treating patients who fail weaning from invasive mechanical
ventilation: a randomized clinical trial. Crit Care. 2008;12(2):R51,
http://dx.doi.org/10.1186/cc6870.

22. Nery P, Pastore L, Carvalho CRR, Schettino G. Shortening ventilatory
support with a protocol based on daily extubation screening and
noninvasive ventilation in selected patients Clinics. 2011;66(5):759-66.

23. Antonelli M, Conti G, Esquinas A, Montini L, Maggiore SM, Bello G, et al.
A multiple-center survey on the use in clinical practice of noninvasive
ventilation as a first-line intervention for acute respiratory distress
syndrome. Crit Care Med. 2007;35(1):18-25, http://dx.doi.org/10.1097/
01.CCM.0000251821.44259.F3.

24. Antonelli M, Conti G, Moro ML, Esquinas A, Gonzalez-Diaz G,
Confalonieri M, et al. Predictors of failure of noninvasive positive
pressure ventilation in patients with acute hypoxemic respiratory failure:
a multicenter study. Intensive Care Med. 2001;27(11):1718-28.

25. Epstein SK, Ciubotaru RL, Wong JB. Effect of failed extubation on the
outcome of mechanical ventilation. Chest. 1997;112(1):186-92, http://
dx.doi.org/10.1378/chest.112.1.186.

Noninvasive ventilation in practice
Yamauchi LY et al.

CLINICS 2012;67(7):767-772

772


	Title
	Authors
	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Data analysis
	RESULTS
	Table 1
	Table 2
	Table 3
	DISCUSSION
	Table 4
	Table 5
	Table 6
	REFERENCES
	Reference 1
	Reference 2
	Reference 3
	Reference 4
	Reference 5
	Reference 6
	Reference 7
	Reference 8
	Reference 9
	Reference 10
	Reference 11
	Reference 12
	Reference 13
	Reference 14
	Reference 15
	Reference 16
	Reference 17
	Reference 18
	Reference 19
	Reference 20
	Reference 21
	Reference 22
	Reference 23
	Reference 24
	Reference 25


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 30%)
  /CalRGBProfile (None)
  /CalCMYKProfile (U.S. Sheetfed Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed false
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier (FOGRA1)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /FRA <>
    /JPN <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Settings for the Rampage workflow.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


