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Predictive factors for the outcome of noninvasive ventilation in
pediatric acute respiratory failure*
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Acute respiratory failure (ARF)
is one of the main reasons for
admission to a pediatric inten-
sive care unit (PICU). Tracheal

intubation and conventional mechanical
ventilation (CMV) are frequently neces-
sary to treat these patients. Noninvasive
ventilation (NIV) has been developed to
reduce complications associated with
these techniques. Numerous controlled
studies and meta-analysis have shown its
efficiency in different forms of ARF in

adults (1–5), but experience in pediatric
ARF is limited, showing a favorable out-
come in patients with postextubation
ARF (6), acute exacerbation of chronic
respiratory failure (7), and hypoxemic
ARF (8, 9). The aim of NIV is to gain
control of ARF, avoiding intubation; how-
ever, when intubation is required, its ap-
plication should not be delayed, as this
may result in a worse prognosis. This is
the main reason to look for reliable fail-
ure signs of the technique. In adults, sev-
eral retrospective (10, 11) and prospec-
tive (12, 13) studies have identified some
factors which can predict the success of
NIV. Less information is available regard-
ing children (14–17). The aim of this
study is to identify prognostic signs re-
lated to the application of NIV in pediatric
ARF, which would allow us to use the
technique appropriately and detect early
on which patients need tracheal intuba-
tion and CMV.

MATERIALS AND METHODS

We carried out a prospective, noncon-
trolled, clinical study on children admitted to

the PICU, who were treated with NIV over a
period of 4 yrs. This unit is a multivalent PICU
composed of six beds at a tertiary university
hospital. The study was approved by the Insti-
tutional Review Board, and informed parental
written consent was obtained. We applied NIV
to pediatric patients with ARF, aged 1 month
to 16 yrs, when the attending pediatric inten-
sive care physician considered that the patient
was likely to require tracheal intubation. All
patients included in the study fulfilled the
following clinical or blood gas criteria:

1. Increased respiratory rate for their age (18)
and moderate-to-severe signs of respiratory
distress, reading �4 on the Clinical Score
chart used (Table 1), and/or

2. Hypoxemic ARF (type 1): PaO2 �60 torr (� 8
kPa) or arterial oxygen saturation (SaO2) �
90% with FIO2 �0.5 (19), and/or

3. Hypercapnic ARF (type 2): pH �7.35 with
PaCO2 �50 torr (�6.67 kPa) (19, 20).

4. Mix form of ARF: Includes criteria from
hypoxemic and hypercapnic ARF.

Postextubation ARF was defined as the ap-
pearance of clinical ARF with the above crite-
ria, in the immediate postextubation period.
Acute respiratory distress syndrome (ARDS)
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Objectives: To identify success and failure prognostic signs of
noninvasive ventilation in pediatric acute respiratory failure. Non-
invasive ventilation constitutes an alternative treatment for pedi-
atric acute respiratory failure. However, tracheal intubation
should not be delayed when considered necessary.

Design: Prospective, noncontrolled, clinical study.
Setting: Pediatric intensive care unit in a university hospital.
Patients: Children (age range, 1 month�16 yrs) with moder-

ate-to-severe acute respiratory failure who received noninvasive
ventilation during a 4-year period. Failure was defined as the need
for tracheal intubation.

Interventions: None.
Measurements and Main Results: Nine (19.1%) of 47 patients

needed tracheal intubation between the third and 87th hour after
the start of treatment (33.6 � 29.6 hrs). Failure was associated
with the younger age group (4 � 3.3 yrs vs. 7.7 � 5 yrs, p < .04),
acute respiratory distress syndrome (failure/acute respiratory
distress syndrome: 5 of 10 vs. failure/non acute respiratory dis-
tress syndrome: 4 of 37, p � .013), and worsening radiographic

images taken at 24 hrs and/or 48–72 hrs (p � .001 and p < .001,
respectively). A significant reduction in heart rate was observed
between the second and fourth hour after starting noninvasive
ventilation (130 � 25.8 bpm vs. 116 � 27.7 bpm, p < .001) and
PCO2 (54.1 � 19.5 torr vs. 48.6 � 14.3 torr; 7.21 � 2.6 vs. 6.48 � 1.91
kPa, p < .007) in the success group. The failure group had a higher
rate of breathing assistance, both initial and maximal. In the multi-
variant analysis, only maximum mean airway pressure and FIO2

formed part of the success/failure discriminant function with a cutoff
point of 11.5 and 0.57, respectively.

Conclusions: Modifications in a patient’s respiratory assis-
tance were made depending on the clinical, blood gas, and
radiologic evolution of the patient. Mean airway pressure and FIO2

values of >11.5 and 0.6, respectively, predict failure and possibly
set the limit above the patient’s risk of delayed intubation in-
creases. (Pediatr Crit Care Med 2010; 11:675–680)

KEY WORDS: noninvasive ventilation; children; acute respiratory
failure; acute respiratory distress syndrome; predictive factors;
mean airway pressure
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and pneumonia were diagnosed, using criteria
according to the American-European Consen-
sus (21) and Centers for Disease Control (22),
respectively. Newborns were excluded, along
with those who had: a need for immediate
intubation or incapacity to protect the airway;
hemodynamic instability in spite of blood vol-
ume expansion (�60 mL/kg); and the use of
vasoactive drugs (except dopamine �10 �g/kg/
min); malformations, traumatisms, and facial
burns; undrained pneumothorax; severe diges-
tive hemorrhage; serious obstruction of the su-
perior airway; abundant respiratory secretions;
and absolute absence of collaboration (23–27).

A volumetric ventilator with a specifically
fitted NIV module was used (Evita 2 Dura,
Dräger Medical, Lübeck, Germany) with active
humidification in all cases (Fisher and Paykel
Healthcare, Auckland, New Zealand). The start-
ing ventilatory mode was used as continuous
positive airway pressure with pressure support
(CPAP � PS) in patients post extubation and in
type 1 moderate ARF patients, and bilevel posi-
tive airway pressure with pressure support (BI-
PAP � PS) in the remaining patients. This mode
was also applied on patients where CPAP � PS
was initially used but the patient’s evolution was
not favorable. Nonvented mouth-nasal masks in-
terface were used: Mirage model (Resmed, Po-
way, CA), Performatrack (Respironics, Murrys-
ville, PA), or Hans Rudolph masks (Hans
Rudolph, Kansas City, MO). Clorazepate dipotas-
sium (0.5–1 mg/kg/day) or midazolam (0.05–0.1
mg/kg/hr) was administered to all patients to
improve mask tolerance and adaptation to me-
chanical ventilation, according to medical crite-
ria. Nasogastric tube decompression was used,
according to the attending pediatric physician
criteria. All patients remained without enteral
feedings until the need for intubation was ruled
out. Oral feeding was started when the patient’s
situation allowed the temporary withdrawal of
NIV.

Treatment failure criteria were determined
by withdrawal due to major complications,
poor tolerance, and/or inability to stabilize the
progression of respiratory failure requiring
tracheal intubation (28).

The following variables were analyzed to
determine the success/failure prognostic
signs:

1. Nominal and Ordinal Variables
a. Sex
b. Underlying disease
c. Cause and type of ARF
d. Need for sedation
e. Method of initial mechanical ventilation

used (CPAP � PS vs. BIPAP � PS)
f. Hemodynamic support: defined by the

need for vasoactive drugs above dopamine
5 �g/kg/min and/or blood volume expan-
sion of �20 mL/kg in the first 24 hrs

g. Appearance of complications brought on
by the use of NIV

h. Respiratory evolution between 0 hr, 2 hrs,
and 6 hrs assessed using the Clinical
Score chart (Table 1)

i. Chest radiography carried out at the be-
ginning, after 24 hrs and 48–72 hrs. The
evaluation was performed by a pediatric
radiologist who had no previous knowl-
edge of the patient’s clinical evolution.

2. Scale Variables (Quantitative)
a. Age
b. Respiratory assistance (initial and maxi-

mum): peak inspiratory pressure, positive
end-expiratory pressure, pressure support
(PS), mean airway pressure (MAP) and
FIO2. Oxygen was administered by a Ven-
turi mask, reservoir mask, or nasal
prongs before starting NIV. When nasal
prongs were used, FIO2 was calculated by
using the formula: FIO2 � 20 � 4 �
oxygen flow in L/min (29). The following

FIO2 value was measured by a mechanical
ventilator.

c. NIV application time and length of PICU
stay

d. Respiratory rate, heart rate, and blood
pressure measured (0 hr and 2–4 hrs)

e. Blood gases and pH (0 hr and 2–4 hrs):
capillary samples were taken from most
patients (arterialized blood by heating the
peripheral extremity); the attending pedi-
atric physician determined the need to
obtain arterial samples.

f. SaO2 as determined by pulsioximetry
through the use of Masimo technology
(Radical, Datascope, Irvine, CA) at 0 hr
and 2–4 hrs

g. Pediatric logistic organ dysfunction mor-
tality score during the first 24 hrs

Statistical Analysis

The SPSS statistic package 14.0 for Win-
dows (SPSS Inc., Cary, NC) was used to ana-
lyze statistics. Analyses of variance were used
for continuous variables between subjects and
t tests were used for related values. Repeated-
measured designs were also used (intrasu-
bject). In the case of multiple comparisons,
Type I errors were corrected, using the Bon-
ferroni adjustment. To assess the prognostic
value in the case of ordinal variables, the Wil-
coxon matched-pairs ranks test for related val-
ues was applied, and the Kruskal-Wallis test
was used for comparisons within groups. Fish-
er’s exact test was used for dichotomous vari-
ables and the Ji-square for 2 � 3 tables. For
the scale variables, a discriminant analysis was
used along with an analysis of the receiver
operating characteristic curve. A p .05 was
considered statistically significant.

RESULTS

During the study period, there were
208 episodes of ARF in our PICU. Of
these, 98 (47.1%) required positive-
pressure respiratory assistance: 51
(52.1%) were treated with CMV. In the
remaining 47 episodes (47.9%), we ap-
plied NIV. This group included 37 pa-
tients, 25 boys and 12 girls aged between
1 month and 16 yrs of age (average age,
7.1 � 4.9 yrs). The technique was used
four times in one patient, three times in
another, and twice in five patients.
Twelve patients suffered from psychomo-
tor delay and 10 patients suffered from
immunosuppression. The most frequent
causes of ARF were pneumonia in 20
(42.5%) patients, followed by postextuba-
tion ARF in 11 (23.4%) patients and
ARDS in 10 (21.3%) patients. The re-
maining diagnoses were: lung atelectasis
(n � 2), acute lung injury (n � 2), asth-

Table 1. Clinical scores

Clinical Signs

Score

0 1 2

Intercostal/sternal
retractions

No Costal Costal � sternal

Thoraco-abdominal
dissociation

No Moderate High

Nasal flaring No Mild Severe
Expiratory groan No At auscultation Yes
Cyanosis (SaO2) No (�92%) With air (�92%) With FIO2 �0, 4 (�92%)
Conscience level Normal Depression/restlessness Lethargy/maximum

restlessness

Clinical score was applied a synthesis of Silverman and Wood-Downes test, applicable to any type
of pediatric acute respiratory failure. We used the Silverman test, utilizing the evolution of the costal
and sternal retractions as the only parameter, and we included the evaluations of the level of
consciousness and of cyanosis of the Wood-Downes score. This last parameter was evaluated by
pulsioximetry, instead of PO2 and clinical evaluation.

Scores: �4, mild; 4–6, moderate; �6, severe.
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matic episode (n � 1), bronchiolitis (n �
1). The type of respiratory failure was
mixed in 22 (46.8%) patients, hypercap-
nic in three (6.4%) patients, and hypox-
emic in 14 (29.8%) patients. In eight
(17%) patients, the criteria used for ap-
plying NIV was exclusively clinical.

In nine (19.1%) patients, NIV failed
due to the progression of ARF, requiring
tracheal intubation and CMV. NIV failure
was observed between hrs 3 and 87 (av-
erage, 33.6 � 29.6 hrs). Two patients
were intubated within 3–12 hrs, four pa-
tients within 12–48 hrs, and three pa-
tients after 48 hrs. The causes for failure
were: serious ARDS (PaO2/FIO2 post intu-
bation 101.5 � 50.6 torr [13.5 � 6.75
kPa]) in five (55.5%) patients associated
with immunosuppression in three
(33.3%) patients, pneumonia associated
with severe broncho-obstructive crisis in
two (22.2%) patients, and postextubation
ARF in another two (22.2%) patients.

No relationship was found between
the outcome (success/failure) and sex,
underlying disease, and type of respira-
tory failure. Both younger age (4 � 3.3

yrs vs. 7.7 � 5 yrs, p � .04) and the
diagnosis of ARDS (tracheal intubation/
ARDS: 5 of 10 patients vs. tracheal intu-
bation/no ARDS: 4 of 37 patients, p �
.013) were directly linked to failure. The
pediatric logistic organ dysfunction score
tended to be higher in the failure group
(20.3 � 35.2 vs. 5.6 � 14.2, p � .052).

None of the patients required treat-
ment interruption due to lack of toler-
ance. Cloracepate dipotassium was ad-
ministered to 20 patients, and conscious
sedation with midazolam was adminis-
tered to 27 patients. The type of sedation
used was not linked to the result. Hemo-
dynamic assistance was necessary in 16
patients, and again it was not related to
the result.

NIV produced a significant improve-
ment both clinically and statistically on
the clinical score, within 2 hrs (6 � 2.1
vs. 3.9 � 1.7, p � .001) as well as within
2–6 hrs (3.9 � 1.7 vs. 2.9 � 1.6, p �
.001). However, neither the initial scores
nor subsequent evolution were related to
the result.

Significant initial improvement was
observed also in respiratory rate, heart
rate, pH, PCO2, and SaO2 (Table 2). How-
ever, only heart rate and PCO2 evolution
were related to the result (Table 3).

On the initial radiograph, one quad-
rant was involved in six (12.8%) patients,
two quadrants in 24 (51%) patients, three
quadrants in three (6.4%) patients, and
four quadrants in seven (14.9%) patients.
No significant alterations were observed
in seven (14.9%) patients, six with post-
extubation ARF, and one with bronchioli-
tis. The level of initial radiograph involve-
ment was not related to the result.

The radiologic evolution of the seven
patients with normal initial radiograph
did not show any alterations. Improve-
ment was observed at 24 hrs (n � 39) in
26 (66.6%) patients, worsening in three
(7.6%) patients, and there was no change
in ten (25.6%) patients. Improvement
was noted in 26 (70.2%) patients (Fig. 1),
within 48–72 hrs (n � 37) worsening in
five (13.5%) patients, and no change was
observed in six (16.2%) patients.

Worsening of radiograph images at 24
hrs and/or between 48 hrs and 72 hrs was
mainly associated with NIV failure (p �
.001 and p � .001, respectively), all pa-
tients requiring tracheal intubation and
CMV.

Complications were minor and linked
to the use of the interface, although in
none of the patients was it necessary to
withdraw NIV. The most frequent com-
plication was minor erosion and irritant
dermatitis of nasal bridge (29.8%). Three
patients had signs of irritative conjuncti-
vitis (6.4%). There was no relationship
between complications and outcome.

CPAP � PS was used initially in 14
patients and proven successful in seven of
these patients. The other seven patients
needed to be switched over to BIPAP �
PS. Two of these patients required tra-
cheal intubation. BIPAP � PS was the
first method used in 33 patients. How-
ever, no correlation was found between
the first method used and the result. Ini-
tial and maximum assistance is shown in
Table 4. More assistance was needed for
patients for whom the technique had
failed in both the initial as well as maxi-
mum parameters (Table 5). They also re-
quired significantly stronger breathing
assistance after intubation (Fig. 2).

In the multivariate analysis of scale
variables (Tables 3 and 5), only maximum
MAP and FIO2 formed part of the discrimi-
nant function to predict outcome. The
results were correctly predicted in 85.1%

Table 2. Clinical and laboratory variables before the start of noninvasive ventilation and after a period
of 2–4 hrs of the treatment

n � 47 Before NIV After NIV p

RR (b/m) 44 � 15.8 33.7 � 12 �.001
HR (bpm) 133.1 � 26.1 121 � 29.9 �.001
SAP (mm Hg) 108.4 � 18 109.3 � 16.3 NS
DAP (mm Hg) 58.4 � 13.3 58.6 � 11.8 NS
pH 7.34 � 0.11 7.36 � 0.07 �.001
PCO2 (torr) 55.1 � 19.2 49.8 � 14.7 �.001
SaO2 (%) 90 � 8.8 95.4 � 3.8 �.001
PaO2 (torr)a 102.1 � 42.6 116 � 32.1 NS
FIO2 0.52 � 0.23 0.51 � 0.17 NS

NIV, noninvasive ventilation; RR, respiratory rate; b/m, breaths/minute; HR, heart rate; bpm, beats
per minute; SAP, systolic arterial pressure; DAP, diastolic arterial pressure. To convert torr to kPa,
multiply by 0.133. an � 12.

Table 3. Initial progress of the success/failure groups and univariant analysis of the clinical and
analytical parameters according to the results (success/failure) of noninvasive ventilation

Failure
(n � 9)

Success
(n � 38) p

Effect
Size (%)

Strength of
Test (%)

HR before NIV, bpm 145.9 � 24.8 130 � 25.8a NS
HR after 2–4 hrs, bpm 142.2 � 31 116 � 27.7a �.02 12.2 68.6
RR before NIV, b/m 51 � 11.3b 42.4 � 16.3a NS
RR after 2–4 hrs, b/m 37.1 � 8.9b 32.9 � 12.6a NS
pH before NIV 7.34 � 0.09 7.34 � 0.11a NS
pH after 2–4 hrs 7.37 � 0.06 7.36 � 0.07a NS
PCO2 before NIV, torr 59.4 � 18.5 54.1 � 19.5c NS
PCO2 after 2–4 hrs, torr 55.2 � 16.3 48.6 � 14.3c �.04 9.6 55
SaO2 before NIV, % 92 � 6d 89.5 � 9.4d NS
SaO2 after 2–4 hrs, % 95.1 � 3.6d 95.5 � 3.9d NS

NIV, noninvasive ventilation; HR, heart rate; bpm, beats/min; RR, respiratory rate; b/m, breaths/
min. ap � .001; bp � .02; cp � .007; dp � .004. To convert torr to kPa, multiply by 0.133.
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of patients when using this function.
When the leave-one-out cross-validation
with forward stepwise was used, the per-
centage remained identical.

With the receiver operating character-
istic curve analysis, we established as cut-
off points for failure an MAP of 11.5
cm H2O (sensibility, 89%; specificity,
82%) and an FIO2 of 0.57 (sensibility,
78%; specificity, 84%).

Understandably, the time needed for
NIV was significantly less in those patients
in whom the technique had failed (36.6 �
29.6 hrs vs. 80.8 � 62.2 hrs, p � .05). On
the other hand, they required longer
breathing assistance (285.33 � 150.1 hrs
vs. 80.8 � 62.2 hrs, p � .03) as well as a
lengthier PICU stay (23 � 16.9 days vs.
13.1 � 9.9 days, p � .03). Only one patient
from the failure group died during hospital
stay, after 1 month of NIV treatment, due to
complications of the underlying disease.

DISCUSSION

The main aim of NIV is to control ARF
and to avoid tracheal intubation and its
complications. In our study, this objec-
tive was achieved in 81% of patients. Fur-
thermore, NIV application only caused
minor complications, which were inter-
face related. These results are similar to
other studies (15, 30–32). Therefore, we
think that it should be used early, as long
as its use is not contraindicated. Early
application is especially important for pa-
tients suffering from psychomotor delay
(9) and immunosuppression (5, 15, 33–
35), because the application of NIV could
especially benefit them.

Our results are also in agreement with
those of other authors (14, 16, 17, 30).
The risk of failure is higher in patients at
younger ages and also among those with
more severe conditions at the time of
admission, as our results indicate and has
been observed by other authors (15, 17).
Therefore, extra vigilance is required for
these patients.

As in other pediatric ARF studies (9,
14, 28, 30), pneumonia was reported to
be the main cause of NIV, followed by
postextubation ARF (14, 15, 30, 32, 36).
There is some controversy about the use
of NIV on adult patients for these indica-
tions (10, 13, 37). There is also contro-
versy about its use in adult patients with
ARDS (38, 39). In pediatrics, only Essouri
et al (15) studied its use in these patients,
showing a failure rate of 78%, which in
our study dropped to 50% (5 of 10 pa-
tients). On the other hand, tracheal in-

Figure 1. Significant thorax radiograph improvement after 72 hrs (right) from the beginning of
noninvasive ventilation (left) in two patients with acute respiratory distress syndrome and inmuno-
suppression who did not need tracheal intubation.

Table 4. Initial and maximum assistance (n � 47)

Initial Assistance
(Range)

Maximum Assistance
(Range)

FIO2 0.5 � 0.2 (0.21–0.9) 0.5 � 0.2 (0.3–1)
PIP, cm H2O 17.7 � 2.9 (14–23) 19 � 2.7 (15–25)
PEEP, cm H2O 5.4 � 1.1 (4–9) 6 � 1.2 (4–9)
PS over PEEP,

cm H2O
9.7 � 2.1 (5–14) 10.6 � 2.5 (5–18)

MAP, cm H2O 8.7 � 1.7 (6–12) 10 � 2.2 (6–15)

PIP, peak inspiratory pressure; PEEP, positive end-expiratory pressure; PS, pressure support; MAP,
mean airway pressure.

Table 5. Respiratory assistance according to noninvasive ventilation result

NIV Failure
NIV

Success p
Effect

Size (%)
Strength of

Test (%)

Initial breathing assistance
PEEP, cm H2O 6.2 � 1.5 5.2 � 0.9 �.015 19.7 89.6
PIP, cm H2O 19.4 � 2.9 17.2 � 2.7 .07
PS, cm H2O 10.8 � 1.1 9.5 � 2.2 .06
MAP, cm H2O 9.8 � 1.9 8.5 � 1.6 �.04 13.3 73.8
FIO2 0.59 � 0.15 0.52 � 0.18 NS

Maximum assistance
PEEP, cm H2O 6.9 � 1.2 5.8 � 1.1 �.02 17.3 85
PIP, cm H2O 20.5 � 2.1 18.5 � 2.7 .053
PS, cm H2O 12 � 1.5 10.2 � 2.5 �.005 8.3 50.8
MAP, cm H2O 12.5 � 1.2 9.4 � 2 �.001 32 99.4
FIO2 0.64 � 0.13 0.45 � 0.17 �.005 17.3 85

NIV, noninvasive ventilation; PEEP, positive end-expiratory pressure; PIP, peak inspiratory pres-
sure; PS, pressure support; MAP, mean airway pressure.
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tubation was avoided in the remaining
50% of patients. This fact is especially
relevant when these patients are immu-
nodepressed (6 of 10 in our series) (5,
15, 33–35). For this reason, we believe
that diagnosis of ARDS should have no
contraindications for the use of NIV. It
should be used early in acute lung in-
jury or mild ARDS (PaO2/FIO2 �150
torr; �20 kPA), and with careful mon-
itoring so as not to delay intubation
whenever necessary.

Avoiding tracheal intubation delay is,
in our opinion, the cornerstone of NIV
use in ARF. That is why it is essential to
have objective predictive factors to deter-
mine which patients should be intubated
and when. It is important because this
particular period, as we have seen in our
study and in others (15, 30, 32), can
range from a few hours to days.

Initial evolution of the clinical and
blood gas parameters has been put for-
ward as signs of success/failure (10–13,
16, 17). In our study, as in the study of
Bernet et al (14), the initial improvement
of respiratory rate in both groups (suc-
cess and failure) suggests that this is an
initial sign of adaptation to NIV treat-
ment and not necessarily an indication of
success. The same thing occurs with the
interpretation of the initial improve-
ment of pH, oxygen saturation, and the
clinical score. Although the evolution
of heart rate and PCO2 are related to the
result, we believe its role is similar.
Likewise, the initial improvement of
these parameters could be regarded as
“adaptation or initial success,” and fur-
ther progress of disease can condition
the failure of NIV. In our opinion, con-
tinuous evaluation of these parameters
is useful, as it enables us to modify the

level of ventilatory assistance and eval-
uate the need for tracheal intubation.

Radiologic assessment seems espe-
cially interesting as a prognostic sign.
Although initial affectation was not re-
lated to the result, the worsening of the
radiograph at 24 hrs and then between 48
hrs and 72 hrs is a clear sign of illness
progression and is useful in predicting
late failure of NIV. Therefore, unfavorable
radiograph evolution compelled us to
monitor carefully without ruling out tra-
cheal intubation. We have not found any
information regarding the use of thoracic
radiograph as a prognostic sign in other
studies.

Furthermore, we have not found any
studies that use the patient’s respiratory
assistance as a predictive factor. However,
in our study, several ventilatory parame-
ters, at initial and maximal settings, were
directly linked to the result. Nevertheless,
only two parameters made up the dis-
criminating success/failure function:
MAP and FIO2. Maximum MAP represents
all the power from the effects of the other
pressure parameters. Therefore, an MAP
�11.5 cm H2O predicted failure in nearly
90% of patients, regardless of time to
disease progression. Although it is possi-
ble to see that this value fluctuates
slightly in other studies, we believe that it
marks the limit that NIV treatment can
reach. This is why MAP can be considered
as a sign of failure at any point during the
progress of ARF. We believe that the sec-
ond parameter, FIO2 during the maxi-
mum assistance period, has an additional
purpose. If we cannot reduce FIO2 down
to a safe level (�0.5–0.6) during NIV in
spite of intensifying respiratory assis-
tance and other treatment measures, NIV
is at high risk of failing. In our study, an

FIO2 of � 0.57, during the time of maxi-
mum assistance, predicted failure in
nearly 80% of patients. Other authors
(14, 16) have already observed that evo-
lution of initial FIO2 was defined as a sign
of early failure. We observed that this
parameter is useful at any moment dur-
ing the progress of ARF. To be inter-
preted correctly, it must now be valued
together with MAP. These parameters al-
low us to evaluate illness severity and
establish the most convenient therapeu-
tic management at any moment during
the progress of ARF.

CONCLUSIONS

We believe that clinical, blood gas, and
radiologic evolution results should be
used as a guide for modifying respiratory
assistance parameters. MAP and FIO2 val-
ues allow us to evaluate the required in-
tensity of the treatment. In our study,
MAP and FIO2 values of �11.5 and 0.6
respectively, predict failure and possibly
set the limit above the patient’s risk of
delayed intubation increases.

ACKNOWLEDGMENTS

We thank Dr. Adela Meseguer for her
assessment of the imaging evolution, Pedro
M. Medina for his help with the data man-
agement and statistical advice, and Ms. Do-
lores Tarazona for the translation. We
thank our nursing staff for their enthusias-
tic support performing noninvasive ventila-
tion.

REFERENCES

1. Peter JV, Moran JL, Phillips-Hughes J, et al:
Noninvasive ventilation in acute respiratory
failure—A meta-analysis update. Crit Care
Med 2002; 30:555–562

2. Keenan SP, Sinuff T, Cook DJ, et al: Does
non-invasive positive pressure ventilation
improve in acute hypoxemic respiratory fail-
ure? A systematic review. Crit Care Med
2004; 32:2516–2523

3. Girou E, Schortgen F, Delclaux C, et al: As-
sociation of noninvasive ventilation with
nosocomial infections and survival in criti-
cally ill patients. JAMA 2000; 284:2361–2367

4. Confalonieri M, Potena A, Carbone G, et al:
Acute respiratory failure in patients with se-
vere community-acquired pneumonia. A pro-
spective randomized evaluation of noninva-
sive ventilation. Am J Respir Crit Care Med
1999; 160:1585–1591

5. Hilbert G, Gruson D, Vargas F, et al: Nonin-
vasive ventilation in immunosuppressed pa-
tients with pulmonary infiltrates, fever, and
acute respiratory failure. N Engl J Med 2001;
344:481–487

Figure 2. Failure group (n � 9): comparison of parameters for maximum assistance used in
noninvasive ventilation and conventional mechanical ventilation (CMV). Respiratory assistance needed
by these patients was significantly higher after having passed through CMV. PEEP, positive end-
expiratory pressure; PIP, peak inspiratory pressure; MAP, mean airway pressure; a, p � .015; b, p �
.020; c, p � .008.

679Pediatr Crit Care Med 2010 Vol. 11, No. 6



6. Akingbola OA, Servant GM, Custer JR, et al:
Noninvasive bi-level positive pressure venti-
lation: Management of two pediatric patients.
Respir Care 1993; 38:1092–1098

7. Padman R, Lawless S, Von Nessen S: Use of
BiPAP by nasal mask in the treatment of
respiratory insufficiency in pediatric pa-
tients: Preliminary investigations. Pediatr
Pulmonol 1994; 17:119–123

8. Akingbola OA, Palmisano JM, Servant GM, et
al: BIPAP mask ventilation in pediatric pa-
tients with acute respiratory failure. Abstr.
Crit Care Med 1994; 22:144

9. Fortenberry JD, Del Toro J, Jefferson LS, et
al: Management of pediatric acute hypoxemia
respiratory insufficiency with bilevel positive
pressure (BiPAP) nasal mask ventilation.
Chest 1995; 108:1059–1064

10. Ambrosino N, Foglio K, Rubini F, et al: Non-
invasive mechanical ventilation in acute re-
spiratory failure due to chronic obstructive
pulmonary disease: Correlates for succes.
Thorax 1995; 50:755–757

11. Soo Hoo GW, Santiago S, Williams AJ: Nasal
mechanical ventilation for hypercapnic re-
spiratory failure in chronic obstructive pul-
monary disease: determinants of success and
failure. Crit Care Med 1994; 22:1253–1261

12. Phua J, Kong K, Lee KH, et al: Noninvasive
ventilation in hypercapnic acute respiratory
failure due to chronic obstructive pulmonary
disease vs other conditions: Effectiveness and
predictors of failure. Intensive Care Med
2005; 31:533–539

13. Antonelli M, Conti G, Moro ML, et al: Pre-
dictors of failure of noninvasive positive pres-
sure ventilation in patients with acute hypox-
emic respiratory failure: A multicenter study.
Intensive Care Med 2001; 27:1718–1728

14. Bernet V, Hug MI, Frey B: Predictive factors
for the succes of noninvasive mask ventila-
tion in infants and children with acute respi-
ratory failure. Pediatr Crit Care Med 2005;
6:660–664

15. Essouri S, Chevret L, Durand P, et al: Non-
invasive positive pressure ventilation: Five
years of experience in a pediatric intensive
care unit. Pediatr Crit Care Med 2006;
7:329–334

16. Joshi G, Tobias JD: A five-year experience
with the use of BIPAP in a pediatric intensive

care unit population. J Intensive Care Med
2007; 22:38–43

17. Mayordomo-Colunga J, Medina A, Rey C, et
al: Pediatric factors of non invasive ventila-
tion failure in critically ill children: A pro-
spective epidemiological study. Intensive
Care Med 2009; 35:527–536

18. Lopez-Herce J, Rupérez M, Carcía C, et al:
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