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BACKGROUND: The nasopharyngeal tube (NT) is a potential interface for noninvasive ventilation
(NIV) available in all health care centers. The aim of the study was to describe our experience in
the use of the NT for bi-level NIV in infants and its effectiveness. METHODS: Prospective obser-
vational study from January 2007 to December 2010, including all patients < 6 months old admitted
to the pediatric ICU (PICU) and treated with NIV with two levels of pressure using the NT. Clinical
data collected before starting NIV, and at 2, 8, 12 and 24 h, were analyzed following NIV initiation:
first-line or initial NIV (i-NIV), elective postextubation NIV (e-NIV), and rescue postextubation NIV
(r-NIV). The need for intubation was considered to be NIV failure. RESULTS: One hundred
fifty-one episodes of NIV were included in the study, with 65% of patients having bronchiolitis.
e-NIV was most frequently used (48%) (i-NIV 44%, r-NIV 8%), and the failure rate, 27% in total,
was highest in the i-NIV group (37%) (e-NIV 18%, r-NIV 25%). Case patients with successful
outcomes had shorter PICU stays (8.5 vs 13 d, P � .001) and hospital stays (17 vs 23 d, P � .03)
stays. The NT needed to be changed for another interface in only 5 case patients, few complications
(4 of 151 patients) were observed, and mortality (2 of 151 patients) was unrelated to NIV.
CONCLUSIONS: Use of the NT showed 73% effectiveness, with few complications. The effective-
ness was higher in e-NIV than i-NIV. Key words: airway extubation; bronchiolitis; infant; noninvasive
ventilation; pediatric intensive care units; respiratory insufficiency. [Respir Care 2014;59(4):510–517.
© 2014 Daedalus Enterprises]

Introduction

Using noninvasive ventilation (NIV) as a treatment for
respiratory failure requires the availability of appropriate
material and well-trained personnel.

Interface selection is fundamental to optimize the inter-
action between patient and ventilator.1 When nasal prongs

cannot be used in small infants, it is occasionally neces-
sary to adapt some interfaces designed for older patients,
like the nasal interface used as oronasal,2-4 as there are few
commercially-available interfaces which fit well in this
age group. The nasopharyngeal tube (NT) or single long
nasal prong, which has been in use since the 1970s, could
be another alternative.5 Although double nasal prongs have
been shown to be more effective than single nasal devices
for CPAP in premature babies,6 no studies to date have
analyzed the results with the NT in the pediatric popula-
tion.

From 1998 to 2006, all the infants in our pediatric ICU
(PICU) failing with CPAP were intubated without a pre-
vious trial with bi-level pressure, mainly due to the lack of
appropriate ventilators and interfaces. The present study
aims to describe our experience in introducing the use of
the NT as a single nasal interface for NIV with 2 levels of
pressure in infants up to 6 months of age in a PICU and to
analyze its effectiveness.

All authors are affiliated with the Pediatric Intensive Care Unit, Hospital
Universitario Sant Joan de Déu, Barcelona, Spain.
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Methods

A prospective observational study was carried out in the
PICU of a tertiary-care hospital with 14 beds for critical
patients ranging in age from 0 to 18 y, from January 2007
to December 2010.

Subjects

All patients � 6 months old who were treated with bi-
level pressure NIV using the NT were included in the
study. Approval from the ethics board of the Hospital
Universitario Sant Joan de Déu was obtained for collecting
NIV data. As NIV is a routine treatment in the PICU,
specific informed consent was not considered necessary.

NIV Strategy

A shortened endotracheal tube inserted through a naris
and secured in a way where 7 cm were introduced into the
hypopharynx was used as the interface. Because almost
75% of the patients were � 3 months old, the length of the
NT used was 7 cm.

Ventilator selection was based on patient age, ventilator
availability, our previous experience, and the published
data on the trigger sensitivity of each of the following
devices: Giulia (Ginevri, Rome, Italy) was used for infants
� 1 month old7; Servo-i (Maquet, Rastatt, Germany) for
infants between 1 and 3 months old4; and BiPAP Vision
(Respironics, Andover, Massachusetts) and Carina (Dräger,
Lübeck, Germany) for those � 3 months old. A heated
humidifier (Fisher & Paykel Healthcare, Auckland, New
Zealand) was used in all cases.

The ventilation strategy was applied in accordance with
the protocol of the Respiratory Group of the Spanish So-
ciety of Pediatric Intensive Care.8 Starting positive in-
spiratory pressure (peak inspiratory pressure or inspiratory
positive airway pressure [IPAP]) was set between 6 and 8
cm H2O, and positive end-expiratory pressure (or expira-
tory positive airway pressure [EPAP]) was set at 4 cm
H2O. According to the clinician’s criteria, if inspiratory
volume was inadequate, or work of breathing or hyper-
capnia did not diminish, the IPAP was increased progres-
sively to a maximum of 22 cm H2O, and the EPAP was
increased to a maximum of 8 cm H2O to improve alveolar
recruitment and oxygenation. In the cases where any signs
of NIV treatment failure were observed (SpO2

� 85%, pCO2

� 65 mm Hg, or an increase in the signs of respiratory
difficulty [i.e., greater respiratory/heart rate or work of
breathing]) despite maximum parameters of support, and
whenever any exclusion criteria for NIV9 appeared, endo-
tracheal intubation was performed and conventional me-
chanical ventilation was started. To overcome the presence
of leaks, both inspiratory and expiratory asynchrony were

reduced using the continuous mandatory ventilation pres-
sure mode with a fixed inspiratory time.10

In patients where nonpharmacologic methods were in-
sufficient to favor patient adaptation to the interface, the
following sedatives were used, alone or in combination,
depending on the physician’s criteria: oral levomeproma-
zine (1 mg/kg/dose) and, more commonly for patients be-
ing weaned from invasive ventilation, intravenous mida-
zolam (0.05–0.1 mg/kg/h) were maintained or switched to
propofol (1–2 mg/kg/h) for short periods of time.

A nasogastric tube was placed to avoid gastric disten-
tion and vomiting during the course of NIV, and for feed-
ing when the clinical situation permitted.

All patients were continuously monitored for heart rate,
breathing frequency, and SpO2

. Blood gas levels were ob-
tained by the physician when deemed necessary.

Variables

Patients’ age, gender, and weight were documented for
each episode, as was the Pediatric Risk of Mortality Score
II in the first 24 h after PICU admission,11 the presence of
underlying conditions, the days and parameters of conven-
tional mechanical ventilation in previously intubated pa-
tients, and the following clinical variables of NIV support:
the pathology that led to respiratory failure; type of ven-
tilator and ventilation mode; ventilation parameters (FIO2

,
IPAP, and EPAP); and physiological variables (heart rate,
breathing frequency, SpO2

, and SpO2
/FIO2

[SF] ratio) prior
to starting NIV at 2, 8, 12, and 24 h; blood gas measure-
ments (pH, PO2

, PCO2
, and bicarbonate) according to the

physician’s criteria; need to change ventilation mode, ven-
tilator, and/or interface; use of pharmacologic sedation;
appearance of complications or contraindications; mortal-
ity; NIV duration; success/failure of NIV; and duration of
PICU and hospital stays.

QUICK LOOK

Current knowledge

Noninvasive ventilation (NIV) is commonly applied
with a variety of nasal and oro-nasal masks. In infants,
the use of a nasopharyngeal tube represents an option
for non-invasive ventilation.

What this paper contributes to our knowledge

The use of NIV delivered via a naso-tracheal tube in
patients less than 6 months of age prevented intubation
in two-thirds of patients studied. NIV via a nasotracheal
tube was more successful for prevention of re-intuba-
tion than prevention of intubation during the initial NIV
application.
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To calculate the SF ratio, SpO2
values � 97% were ex-

cluded, and SF ratio values were correlated to PaO2
(PO2

in
arterial blood)/FIO2

ratio values in accordance with the
results published by Khemani et al.12

The patient population was subgrouped according to the
NIV indication:

1. First-line or initial NIV (i-NIV) without previous con-
ventional mechanical ventilation: in the initial phase of
respiratory failure, after the failure of a CPAP trial in
the cases where CPAP was indicated (apneas and type
1 respiratory failure). In the study period, CPAP was
provided in most cases using the Benveniste device
with a NT. This device does not allow ongoing pressure
monitoring and has an effectiveness of 54%

2. Elective postextubation NIV (e-NIV): immediately af-
ter extubation due to previous extubation failure or not
meeting the standard extubation criteria

3. Rescue NIV (r-NIV): after extubation, due to the ap-
pearance of respiratory failure; NIV was considered
successful when the patient avoided endotracheal intu-
bation. Episodes where NIV was withdrawn due to the
appearance of contraindications were excluded from
failure analysis.

Statistical Analysis

Analysis was carried out with the statistics program
SPSS version 18.0 (IBM, New York, New York). Descrip-
tive statistics are shown through proportions with 95% CIs
for categorical variables; with means and medians as mea-
sures of central tendency; and SD and interquartile range
as measures of dispersion for quantitative variables. In
view of the limitations arising from the small sample size
of the r-NIV group and the diverse character of the e-NIV
group, which complicate the analysis of postextubation
NIV as a whole, we decided, a posteriori, to exclude r-NIV
episodes from statistical hypothesis tests, which were per-
formed only in the i-NIV and e-NIV groups. NIV outcome
was correlated to the distinct variables analyzed, using the
chi-square test, the Student t test, and Mann-Whitney U test
accordingly. Multivariate analysis was performed with the
Cox regression model. Statistical significance was estab-
lished as a P value of � .05.

Prior data indicate that the failure rate among control
subjects is 0.24.13 If the true failure rate for experimental
subjects were 0.4, we would need to study 144 experimen-
tal subjects to reject the null hypothesis that the failure
rates for experimental and control subjects are equal with
a P value (power) of 0.8. The type 1 error probability
associated with the test of this null hypothesis is 0.05. We
used a continuity-corrected chi-square statistic or Fisher
exact test to evaluate this null hypothesis.

Results

Of 170 hospital admissions of infants � 6 months old
who received NIV treatment with 2 levels of pressure
during the study period, the NT was used in 151 (89%).
The yearly distribution of the episodes is shown in Figure
1. Twenty five percent of infants had been treated previ-
ously with CPAP.

The most frequent causes for the use of NIV were bron-
chiolitis (98 of 151 patients; 65%), cardiac surgery (14 of
151 patients; 9.5%), and other respiratory infections (13 of
151 patients; 8.5%) such as pertussis (3 of 13 patients;
23%). NIV was used on 66 of 151 occasions (44%) as
i-NIV, and on 85 of 151 occasions (56%) after extubation,
72 of 85 (85%) as e-NIV and 13 of 85 (15%) as r-NIV.
The baseline characteristics of the episodes are summa-
rized in Table 1.

The most frequently used ventilator was the Servo-i
device (136 of 151 occasions; 90%), and the most fre-
quently used mode was continuous mandatory ventilation
pressure (113 of 151 occasions; 75%). In 58 of 151 epi-
sodes (38%), the mode was changed: in 43 of 58 occasions
(74%), mode was changed to CPAP as a step preceding the
withdrawal of ventilatory support. In 28 of these 58 epi-
sodes, the ventilator was also changed, most commonly to
the Giulia device (13 of 28 episodes; 46%) and the Ben-
veniste device (10 of 28 episodes; 36%). An interface
change was only necessary in 5 of 151 cases (3%), one to
binasal prongs and the rest to an oronasal interface.

In 100 episodes (66%), some type of sedative was used,
alone (85 of 100 episodes; 85%) or in combination (15 of
100 episodes; 15%). The most commonly used medication
was oral levomepromazine (64 of 100 episodes; 64%),
followed by propofol in a continuous drip (32 of 100 ep-
isodes; 32%) for short periods, and midazolam (19 of 100
episodes; 19%).

Fig. 1. NIV episodes where nasopharyngeal tube was in use.
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Complications were observed in 4 of 151 cases (3%), 3
in the e-NIV group and 1 in the i-NIV group. One of them,

a case of bronchoaspiration, caused the failure of NIV in
a 5-month-old baby girl with meningococcal sepsis who

Table 1. Baseline Characteristics of the Episodes at NIV Initiation

Characteristics i-NIV (n � 66) e-NIV (n � 72) P* r-NIV (n � 13)

Age, months 1.6 (0.8–2.9) 1.4 (0.8–3.1) 2.4 (1.2–4.3)
Sex

Female 27 (41) 25 (35) 4 (31)
Male 39 (59) 47 (65) 9 (69)

Weight, kg 4.4 (3.4–5.3) 4.9 (3.3–5.7) 3.4 (3.2–4.6)
PRISM II score 4 (0–8.7) 9 (4–9.5) 0.03† 9 (7–9)
Underlying condition 22 (33) 31 (43) 9 (69)

Prematurity 9 (41) 11 (35) 2 (22)
Cardiopathy 5 (23) 10 (32) 6 (67)
Down syndrome 1 (4) 3 (10)
Neuromuscular 2 (9) 3 (10)
Oncological 1 (3)
Others 5 (23) 3 (10) 1 (11)

Admitting pathology
Bronchiolitis 51 (77) 44 (61) 0.02‡ 5 (38)
Cardiac postoperative 9 (13) 0.001‡ 4 (31)
Respiratory infections 6 (9) 7 (10)
Sepsis 1 (1)
Acute pulmonary edema 3 (5) 1 (1) 2 (15)
Bronchospasm/wheezing 2 (3) 2 (3) 1 (8)
Apnea 3 (5) 3 (5)
Atelectasis 1 (1) 2 (3) 1 (8)
Bronchoaspiration 1 (1)
Myopathy with insufficient respiratory effort 1 (1)
Postextubation croup 1 (1)

Vital signs
f, breaths/min 42 (33–51) 32 (28–36) 0.001† 30 (25–36)
HR, beats/min 167 � 23 142 � 24 0.001§ 147 � 26
SpO2

, % 98 (94–100) 96 (94–98) 99 (97–100)
Support prior to NIV

Intubation, days 7 (4–10) 2 (1–5.5)
FIO2

, % 50 (30–61) 30 (27–35) 0.001† 35 (30–50)
Positive inspiratory pressure, cm H2O 16 (14–22) 17 (12–21)
PEEP, cm H2O 5 (5–6) 5 (4.5–6.5)

SF ratio 234 (147–330) (n � 20) 310 (269–323) (n � 47) 0.02† 277 (194–277) (n � 3)
Blood gas measurements

paO2
, mm Hg 89 (64–143) (n � 10) 67 (59–108) (n � 5) 116 (114–116) (n � 3)

pH 7.38 (7.26–7.42) (n � 17) 7.40 (7.37–7.42) (n � 17) 7.32 (7.19;7.41)(n � 4)
pCO2

, mm Hg 42 (37–66) (n � 18) 45 (38–51) (n � 16) 50 (36–68) (n � 4)
Bicarbonate, mmol/L 25 (24–26) (n � 15) 26 (23–29) (n � 16) 23 (20–24) (n � 4)

Data are given as median (interquartile range), n (%), or mean � SD.
* Variables for which statistically significant differences between i-NIV and e-NIV were obtained are indicated.
† Mann-Whitney U test for the analysis of quantitative variables.
‡ Chi-square test was used for the analysis of categorical variables.
§ Student t test for the analysis of quantitative variables.
PRISM � Pediatric Risk of Mortality
f � breathing frequency
HR � heart rate
i-NIV � initial noninvasive ventilation
e-NIV � elective postextubation noninvasive ventilation
r-NIV � rescue postextubation noninvasive ventilation
SF ratio � SpO2/FIO2 ratio
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experienced clinical deterioration on the third day of e-
NIV due to a nosocomial infection. The remaining epi-
sodes were interface obstruction due to secretions.

In 2 of 151 cases (1%), NIV was suspended due to the
need for intubation for surgery.

Two patients died from conditions unrelated to NIV: a
newborn girl admitted to the hospital at 11 days of life for
bronchiolitis, who was intubated within 1 hour of NIV
initiation, and after receiving extracorporeal membrane ox-
ygenation for 14 days; and a 3-month-old girl with de-
compensated, complex congenital heart disease a week
after intubation following i-NIV due to progression of he-
patic failure.

Analysis of NIV efficacy

The distribution of the included episodes and NIV out-
comes are summarized in Figure 2.

The success rate was 109 of 149 cases (73%), with no
differences based on the year data were collected, presence
of underlying conditions, Pediatric Risk of Mortality Score
II score, pathology that caused the respiratory failure, type
of ventilator and ventilation mode, or the use of sedatives.
In the cases where NIV failed (i-NIV, e-NIV, and r-NIV),
the duration of support was shorter (12 h [interquartile range
2.2–28 h] vs 75.5 h [interquartile range 46.5–113.5 h]; P
� .001), and the PICU and hospital stays were longer than in
the successful cases (13 days [interquartile range 9–23.5 days]
vs 8.5 days [interquartile range 5–14 days], P � .001; and 23
days [interquartile range 16–37 days] vs 17 days [interquar-
tile range 12–30.5 days], P � .03, respectively).

The rates of failure and the duration of ventilatory sup-
port and hospital admission are shown in Table 2. In Table
3, the variables for which statistically significant differ-

ences were observed between episodes where NIV was
successful or failed in each group are detailed.

In the Cox regression analysis, decrease in heart rate
and breathing frequency at 2 h, and IPAP value at 12 h,
were entered, and the analysis was adjusted to the type of
NIV used (i-NIV, e-NIV, or r-NIV), showing IPAP at 12 h
(hazard ratio 0.980, 95% CI 0.961–0.999; P � .04) and
decrease in heart rate at 2 h (hazard ratio 1.298, 95% CI
1.046–1.611; P � .02) as independent predictive factors
for NIV failure.

Discussion

Few studies have analyzed the effectiveness of inter-
faces in pediatrics,14-16 and, to our knowledge, this is the
first one focused on the NT for bi-level NIV in infants.
The observational design of the study and the fact that it
was performed over a short period of time, in a single
center, without variation in protocol or materials used, and
without a control group, confer homogeneity to our sample
but may limit the generalization of some of the results
obtained.

The lack of evidence in favor of one or another inter-
face, the availability of material, and the practical experi-
ence of the PICU staff conditioned the use of the NT in the
large majority of case patients in this age range during the
study period. With the current protocol, the success rate,
nearly 75% of the episodes included, was similar to those
of other studies about pediatric NIV,2-4,13,17-19 few com-
plications were documented, and the mortality observed
was not attributable to NIV per se.

The separate analyses of i-NIV, e-NIV, and r-NIV is
common in adult studies as the baseline characteristics,
responses, and outcomes are different in each group. In

151 episodes
117

Contraindication
1

Contraindication
1

Deaths
2

Excluded from statistical
hypothesis tests

Succeeded
41

Failed
24

Succeeded
59

Failed
13

Succeeded
9

Failed
3

i-NIV
66

e-NIV
72

r-NIV
13

Fig. 2. NIV outcomes flowchart.
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our study, the small sample size of the r-NIV group hin-
dered comparisons with the other two groups. Neverthe-
less, without trying to draw conclusions, we have shown
the descriptive analysis of the r-NIV group where the suc-
cess rate was similar to what has been described in the
literature. Similar to other studies,20 e-NIV was more ef-
fective than i-NIV, with half the number of failures. This
observation is probably related to the difference in the
severity of respiratory distress at the time NIV was started,
with significantly lower breathing frequency, heart rate,
and FIO2

requirements, and a significantly higher SF ratio
in the e-NIV group at baseline. Having received invasive
ventilation first could lead to a faster recovery from the
acute phase in the e-NIV group and, consequently, to a
higher NIV success rate.

In both the i-NIV and e-NIV groups, the main cause of
failure was considered to be the progression of the illness
that had caused the PICU admission. Sedatives were re-
quired more frequently than in previous reports, which
predominantly used CPAP (Mayordomo et al21 described
a sedation rate of �45%). But, as previously demonstrated
by Essouri et al,22 leaks are not as influential on asyn-
chrony in patients receiving CPAP as they are in patients
receiving bi-level pressure. However, although intolerance
to the interface and/or adaptation problems with NIV were
documented, asynchrony was not quantified, and this could
have influenced some of the failures.

Unfortunately, the comfort level of our patients was not
monitored, not unlike previous reports. The need for phar-
macologic sedation in up to two thirds of episodes may
reflect the inherent difficulty in the adaptation and syn-

chronization of this age group to bi-level support, but it
can also be pointed out that 56% of our patients had been
intubated previously, so the sedatives were still being with-
drawn. Regarding the use of propofol in almost one third
of the episodes where sedatives were administered, we did
not observe any associated adverse events. However, even
though propofol can be used for short periods in pediatric
patients, we are not promoting it as a first-line drug in all
cases, and other alternatives may be considered.

In the i-NIV group, sustained hypoxemia with a greater
FIO2

requirement, a lower SF ratio at 12 and 24 h, and a
greater increase of heart rate at 12 h were associated with
a higher failure rate.

In the e-NIV group, failure was higher in girls, a fact for
which we have no hypothesis; in patients who received
more sedation, possibly due to greater adaptation problems
after sedation was decreased during the weaning process
of conventional mechanical ventilation; and in the cases
with a greater increase of breathing frequency at 2 h.

Multivariate analysis, as in other studies, indicated that
a smaller decrease in heart rate is the most important pre-
dictive factor for failure.3,4 A mean airway pressure value
� 11 cm H2O17 was also identified in a study using con-
ventional ventilators. As this value is not measurable in
NIV-specific ventilators, we found that a higher IPAP value
at 12 h was a predictive factor for failure in our sample.

As a whole, the success of NIV in the episodes included
in the study, with � 5 days of maximum support, meant a
shorter PICU length of stay. The decrease in hospital stay
and the rates of intubation/re-intubation and conventional
mechanical ventilation could influence the associated mor-

Table 2. NIV Failure rate, Duration of NIV, and Admissions at NIV Initiation

Characteristics i-NIV (n � 65)* e-NIV (n � 72) P† r-NIV (n � 12)

Failure 24 (37) 13 (18) .01 3 (25)
NIV

Duration, h 61 (12–93) 58 (33–96) 34 (16–76)
Success 82 (63–116) 68 (39–102) 23 (14–86)
Failure 8 (2–17) 28 (10–60) .01 38 (30–38)

Stay, days
PICU 7 (4–10) 14 (9–22.7) .001 10 (4.7–12.7)

Success 5 (4–8) 11 (8–19) 10 (3.5–12)
Failure 10 (8.2–13.7) 29 (18.5–68) .001 12 (7–12)

Hospital 16 (10.5–24) 24 (15–37) .001 15 (12.2–22.2)
Success 13 (9–24.5) 18 (14–35) 15 (10–19.5)
Failure 17 (14.2–23.7) 37 (27–101) .001 20 (12–20)

Data are given as n (%) or median (interquartile range), unless otherwise indicated.
* One subject was excluded from analysis because a contraindication appeared.
† Statistically significant differences between i-NIV and e-NIV. Chi-square test was used for the analysis of categorical variables and Mann-Whitney U test for the analysis of quantitative variables.
PICU � pediatric ICU
NIV � noninvasive ventilation
i-NIV � initial noninvasive ventilation
e-NIV � elective postextubation noninvasive ventilation
r-NIV � rescue postextubation noninvasive ventilation
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bidity and mortality, making it crucial to develop properly
designed studies to determine the predictive factors for
success and failure that would contribute to a better selec-
tion of patients who would benefit from starting and main-
taining NIV.

Although the ideal interface does not exist, selecting an
inappropriate one could contribute to NIV failure. Therefore,
besides developing and commercializing appropriate inter-
faces for diverse ages and situations, it is essential to know
the advantages and disadvantages of the ones that are cur-
rently available. The NT is a cheap and easily available in-
terface, which could be obstructed by secretions. It also has a

predictable presence of leaks as a limiting factor for synchro-
nization, especially if a pressure support mode is selected.
Despite all this, we believe that, due to the continuous care
and respiratory hygiene measures, tube change was required
on very few occasions, complications were rare, and pressure
sores from interfaces frequently described in the litera-
ture3,4,13,18,23,24 were not observed.

We would like to stress that clinicians should be cautious
about using the NT interface with ventilators other than Ser-
vo-i or BiPAP Vision. Their superiority in compensating for
leaks has been shown in a bench study,25 so it must be pointed
out that different ventilators may offer different results.

Table 3. Differences Between Successful and Failed Episodes of i-NIV and e-NIV

Variables Success Failure P

i-NIV*
PRISM II score 4 (0–5.2) 9 (2–10) .05†
FIO2

, %
At 2 h 35 (10–50) (n � 40) 46 (40–51) (n � 17) .04†
At 12 h 39 (30–42) (n � 39) 42 (37–59) (n � 9) .04†
At 24 h 35 (30–43) (n � 39) 47 (45–47) (n � 3) .02†

IPAP at 12 h, cm H2O 14 (11–15) (n � 39) 16 (13–18) (n � 9) .04†
SpO2

at 24 h, % 98 (96–99) (n � 39) 94 (84–94) (n � 3) .03†
Variation in HR at 12 h, beats/min �1 (�15–9) (n � 39) 13 (2–20) (n � 9) .03†
SF ratio

At 12 h 273 (230–318) (n � 22) 176 (142–256) (n � 6) .03†
At 24 h 242 (223–317) (n � 15) 206 (168–238) (n � 3) .01†

pH at 0 h 7.42 (7.41–7.42) (n � 3) 7.31 (7.26–7.36) (n � 6) .02†
pCO2

at 0 h, mm Hg 38 (33–43) (n � 4) 58 (44–59) (n � 6) .02†
NIV duration, h 82 (63–116) 8 (2–17) .001†
PICU stay, days 5 (4–8) 10 (8–13.7) .001†

e-NIV‡
Sex, n (%)

Female 17 (29) 8 (62) .03§
Male 42 (71) 5 (38)

Sedation, n (%) 43 (73) 13 (100) .04§
IPAP at 12 h, cm H2O 13 (12–15) (n � 54) 16 (14–18) (n � 9) .04†
f, breaths/min

At 0 h 32 (26–37) 38 (33–43) .01†
At 2 h 32 (26–43) (n � 59) 40 (34–52) (n � 12) .03†
Variation at 0 h �0.5 (�5 to 5) 5 (�1 to 14) .04†

NIV duration, h 68 (39–102) 28 (10–60) .01†
PICU stay, days 11 (8–19) 29 (18–68) .001†
Hospital stay, days 18 (14–35) 37 (27–101) .001†

Data are given as n (%) or median (interquartile range), unless otherwise indicated.
* i-NIV: 41 successful and 24 failure episodes.
† Mann-Whitney U test for the analysis of quantitative variables.
‡ e-NIV: 59 successful and 13 failure episodes.
§ Chi-square test was used for the analysis of categorical variables.
f � breathing frequency
PRISM � Pediatric Risk of Mortality
NIV � noninvasive ventilation
i-NIV � initial noninvasive ventilation
e-NIV � elective postextubation noninvasive ventilation
IPAP � inspiratory positive airway pressure
PICU � pediatric ICU
SF ratio � SpO2/FIO2 ratio
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Conclusions

In infants failing with CPAP or receiving bi-level pres-
sure as a first step according to the Respiratory Group of
the Spanish Society of Pediatric Intensive Care protocol,8

the NT is an alternative interface capable of providing
effective NIV with two levels of pressure and with few
complications in 73% of infants � 6 months old. Using
the same ventilators and an appropriate protocol of care,
we believe it could be applicable to other health care cen-
ters.

The effectiveness of NIV varies according to the mo-
ment it is started, being higher in the e-NIV group.
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