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BACKGROUND: The purpose of this work was to determine the safety and feasibility of nonin-
vasive support in children with acute respiratory failure (ARF) during interhospital ground trans-
port. METHODS: This was a prospective, single-center observational clinical study in the pediatric
transport unit of a tertiary-care pediatric hospital. We included all subjects with ARF transported
from November 2010 to March 2013. A specific noninvasive support protocol was used for all cases.
Transport ventilators used were the Crossvent 2� and Oxylog 3000; interfaces were an oronasal
mask, nasopharyngeal tube, or nasal prongs. RESULTS: A total of 288 children diagnosed with
ARF were transported. Fifty-four subjects (19%) were transported with invasive ventilation, 50
with CPAP, 58 with NIV, and 126 (44%) with oxygen cannula or nebulization. The median age was
3.4 months (interquartile range 1.2–17 months). ARF was mainly due to bronchiolitis (58%),
asthma (15%), and pneumonia (15%). Stabilization time, which is defined as the time between the
arrival in the parking lot of the referring hospital and departure, was lower with noninvasive
support than with invasive ventilation (median 48 min vs 83 min, P < .001). Median transport
time was 35 min (interquartile range 20–65). Noninvasive ventilation and oronasal interface use
rose progressively during the study period (P < .001 for the NIV and P < .036 for the interface).
One complication was observed: One subject required intubation during transport. Evolution of
subjects transferred while receiving noninvasive support was recorded in the receptor hospitals:
21% of subjects were intubated, and 55% continued with NIV. CONCLUSIONS: NIV seems to be
a safe and feasible technique during pediatric ground transport. Careful patient selection, adequate
material, and a well-trained transport team are crucial to minimize risks to the patient. Key words:
noninvasive ventilation; critically ill; transport; child; respiratory failure; high-flow nasal cannula.
[Respir Care 0;0(0):1–•. © 0 Daedalus Enterprises]

Introduction

Acute respiratory failure (ARF) is a major cause of
morbidity and mortality in pediatric patients and a com-
mon reason for transport to a tertiary health-care center.1

The use of noninvasive support, including noninvasive
ventilation (NIV), has been increasing in pediatric ICUs
(PICUs)2,3 and has proven to be beneficial in bronchiolitis,
pneumonia, neuromuscular diseases, hypoxemic and hy-
percapnic ARF, upper airway obstruction, and status asth-
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maticus.4-6 The randomized controlled trial by Yañez et al7

in children with common causes of ARF showed a 32%
reduction in the PICU intubation rate in the NIV group
compared with standard medical treatment. It is likely that
earlier application of NIV could contribute to decreasing
intubation rates,8 although this needs to be further dem-
onstrated in pediatrics.

A few adult studies in the prehospital setting showed a
reduction in the number of intubations and mortality in
subjects with ARF who received early CPAP, especially in
acute pulmonary edema.9-11 The benefit of NIV is also
clear in COPD exacerbations.12,13 Nasal CPAP is an ef-
fective respiratory support for term and preterm infants
and has been described in neonatal road transport as a safe
procedure.14 Nevertheless, NIV use in the out-of-hospital
setting has been poorly studied in children, with only small
studies published.15,16 These studies reported on neonates,
infants, and children with ARF but also included some
NIV-dependent patients with neurologic or pulmonary dis-
eases. The use of both high-flow nasal cannula (HFNC)17

therapy and NIV during transport showed good results.
Noninvasive support during transport could allow the

initiation of this therapy at least 1 or 2 h before PICU
admission, depending on the distance. Early treatment may
be crucial if we consider the importance of reducing work
of breathing in ARF.18,19 NIV has been widely and suc-
cessfully used in the PICU of our hospital since 1998.
Later on, it has been progressively implemented in our
transport unit since 2010. The first aim of this study was
to show the safety of noninvasive support in children with
ARF during interhospital ground transport. The second
aim was to demonstrate the feasibility of this type of re-
spiratory support in this setting.

Methods

Study Design

This was a single-center, prospective, observational
study conducted from November 2010 to March 2013 in
the transport unit of a tertiary-care pediatric hospital. We
developed a protocol based on the previous experience of
the PICU team, tested it in the first year of the study, and
improved on it over the next 2 years (see the protocol in
the supplementary materials at http://www.rcjournal.com).

All children with ARF referred for ground transport
were included in our study except for those proceeding
from a neonatal unit, which was the only exclusion crite-
rion, because the etiology of ARF in this group is usually
distinct from the PICU population. The study was ap-
proved by the ethics board of Hospital Sant Joan de Déu,
who waived the need for informed consent from the par-
ents or legal guardians because noninvasive support is a
standard treatment in our center.

Pediatric Retrieval System Characteristics

The pediatric transport unit is the provider of emer-
gency medical services for Catalonia, a Spanish region of
almost 7 million people, with 2 mobile PICUs staffed by
a fully dedicated, specialized pediatric intensive care trans-
port team: a pediatrician, a nurse, and an emergency med-
ical technician, all trained in pediatric advanced life sup-
port and noninvasive respiratory support.

Indications for Noninvasive Support

NIV/CPAP was indicated when the patient had moder-
ate/severe dyspnea or if apneas appeared. Some specific
contraindications during transport were included to avoid
complications during transport (see the supplementary ma-
terial). NIV/CPAP was also excluded when the stabiliza-
tion time was expected to be longer than the duration of
the transport. NIV failure was defined as the need to re-
move the NIV initiated by our transport team, due to in-
sufficient subject interfaces, lack of adequate trigger, or
need for intubation due to disease progression.

Implementation of NIV/CPAP

Noninvasive support was provided by 2 different trans-
port ventilators, the Oxylog 3000 (Dräger Medical, Lü-
beck, Germany) or the Crossvent 2� (Bio-Med De-
vices, Guilford, Connecticut).

QUICK LOOK

Current knowledge

Acute respiratory failure is a major cause of morbidity
and mortality in pediatric patients and a common rea-
son for transport to a tertiary health-care center. In pe-
diatrics, the use of noninvasive support has been in-
creasing. It is likely that earlier application of
noninvasive support could contribute to decreasing in-
tubation rates. Nevertheless, the use of noninvasive sup-
port in the out-of-hospital setting has been poorly stud-
ied in children.

What this paper contributes to our knowledge

Noninvasive support was feasible during pediatric
ground transport in subjects with acute respiratory fail-
ure. It allowed the approach of this support to referring
hospitals and an earlier application. Noninvasive sup-
port improved subjects’ condition during transfer to
pediatric ICUs. No significant adverse effects were
documented.
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CPAP values ranged between 5 and 10 cm H2O pres-
sure; NIV included maximum inspiratory positive airway
pressure of 18 cm H2O with expiratory positive airway
pressure of 5–8 cm H2O.

Several interfaces were used. The mask was secured
with head straps, and a hydrocolloid dressing was applied
over the nasal bridge when necessary to prevent pressure
sores.

Sedation was considered to facilitate the adaptation to
respiratory support. We used sucrose in neonates and drugs,
such as levomepromazine, ketamine plus midazolam, and
propofol, depending on age and cause of ARF.

Data Collection

For each subject we collected: age; cause of ARF; se-
verity of dyspnea, measured before treatment using the
Wood-Downes score modified by Ferrés for asthma and
the BROSJOD score for bronchiolitis (see supplementary
materials)20-22; stabilization time (time required by the team
from arrival in the parking lot to departure from the refer-
ring hospital); transport time (time spent from referring
hospital departure to receptor hospital admission); trans-
port ventilator used; respiratory treatment applied (oxy-
gen, nebulization, CPAP, NIV, or invasive mechanical ven-
tilation; type of interface; complications during transport;
evolution in the receptor hospital; physiological variables
(heart rate, breathing frequency, and SpO2

/FIO2
), measured

prior to and at the end of the transport.

Statistical Analysis

Categorical variables were expressed as percentages and
frequencies, and continuous variables were expressed as
means and SD or medians and interquartile range, depend-
ing on the variable distribution. Quantitative continuous
variables were compared among the groups using the un-
paired Student t test or the Mann-Whitney U test accord-
ingly. The Wilcoxon test was used to analyze paired vari-
ables. Statistical significance was set at P � .05. The
statistical analysis was performed using SPSS 17 (SPSS,
Chicago, Illinois).

Results

There were 1,317 interhospital pediatric transports per-
formed by our transport team during the study, 288 due to
ARF. Sex distribution was 62% males. The median age
was 3.4 months (interquartile range 1.2–17 months).

ARF was mainly due to bronchiolitis (58%), asthma
(15%), and pneumonia (15%). Other less frequent causes
were laryngitis and apneas. Forty-nine percent of the sub-
jects had moderate dyspnea, and 40% had severe ARF
according to the clinical scores (Table 1).

Fifty-four subjects (19%) were transported with inva-
sive mechanical ventilation and 126 (44%) with oxygen
cannula or nebulization. A total of 108 subjects were trans-
ported while receiving NIV/CPAP (37%) (Table 2).

Figure 1 shows the flow chart with the stabilization
measures applied by our retrieval team before the trans-
port. During stabilization by our team in the referring hos-
pital, NIV failed in 16 subjects: 6 due to lack of improve-
ment, 6 due to poor tolerance to NIV, and 4 because
interfaces were inappropriate in size. Six subjects had to
be intubated before transport, with an average stabilization
time of 109 min.

Stabilization time of subjects receiving noninvasive sup-
port in the referring hospital was 48 min versus 83 min in
cases of conventional mechanical ventilation (P � .001).
Subjects transported with oxygen or nebulization had the
lowest time of stabilization, with a median of 30 min
(P � .001). No significant differences were observed in
stabilization time throughout the study. Transport time in
the NIV/CPAP group ranged between 20 and 70 min.

The use of oronasal interfaces and the Oxylog 3000 trans-
port ventilator increased from 6% in both during period 1 to
40 and 42%, respectively, in period 3. NIV use rose progres-
sively from 22 to 72% during the study (P � .001) (Table 1),
with a median respiratory support of inspiratory positive air-
way pressure of 14 cm H2O and expiratory positive airway
pressure of 6 cm H2O.

The most common adverse event encountered during
transport was intolerance to the NIV/CPAP interface, in 3
subjects (3%). Only one subject of 108 (1%) had to be
intubated during transport due to a fast progression of the
ARF. No other complication resulted from NIV/CPAP in
our subjects. Sedation was needed in 26% of the NIV/CPAP
cases. No secondary effects or associated complications were
seen with the use of sedatives.

The severity of dyspnea was classified as severe in 114
subjects (40%): 43% of them were transferred intubated,
39% receiving NIV/CPAP, and 18% receiving nebuliza-
tion or oxygen. One hundred forty-two subjects (49%) had
moderate respiratory failure: only 3% required mechanical
ventilation for the transport, 42% were receiving NIV, and
55% received nebulization or oxygen (Table 2).

Fifty-four subjects were transported with invasive mechan-
ical ventilation: 33 (61%) were intubated by physicians of the
referring hospital, 11 (20%) were intubated by our transport
team upon arrival, and 10 (19%) were intubated after HFNC
or NIV was tried (Fig. 1). The evolution of the NIV/CPAP
group in the different tertiary-care receptor hospitals was as
follows: 59 subjects (55% of this group) continued with this
therapy, 23 (21%) needed invasive mechanical ventilation
(15 subjects during the first 12 h and only 4 subjects in the
first 2 h of admission to the PICU). In 22 subjects (20%), the
hospital changed NIV/CPAP to HFNC or oxygen therapy (10
during the first 2 h) (Fig. 2).
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Discussion

As far as we know from a review of the literature, the
present study is the largest prospective study of noninva-
sive support focused on ground transport in pediatric sub-

jects. Only 2 pediatric studies reporting their experience
using different types of respiratory support during trans-
port were found. First, Baird et al16 reported successful
interhospital ground transports of 25 children affected by
a broad spectrum of disorders and transported with NIV.
However, although there were no significant complica-
tions, �25% of the transports required the use of advanced
pediatric airway skills by the transport personnel (airway
suctioning, bag-valve-mask ventilation, and cough-assist
therapies).16 In our study, we only observed 3% minor
incidents, and only 1 subject had to be intubated during
transport. It seems clear that a meticulous patient selec-
tion, avoiding those at high risk of failure, is crucial to
avoid potential complications during transport, and, in fact,
this is one of the main points of our protocol.

Second, Schlapbach et al17 observed a 2-fold reduction
in intubations performed by their transport team with the
use of HFNC therapy. We were not able to show the same

Table 1. Comparison of the Study Periods

Characteristics
Period 1:

November 10
to August 11

Period 2:
September 11

to June 12

Period 3:
July 12

to March 13

Total or Overall
November 10
to March 13

P

Subjects, n 66 98 124 288
Male sex, % 59 68 58 62 .26
Age, median (IQR) months 3.4 (1.3–12.5) 2.98 (1.2–17) 4.3 (1.3–23) 3.4 (1.2–17) .51
Cause of ARF, % .56

Bronchiolitis 59 65 52 58
Wheezing 14 14 17 15
Pneumonia 12 12 17 15

Severity, % .046
Mild 17 11 8 11
Moderate 56 40 53 49
Severe 27 49 38 40

Transport respiratory support, % .032
O2/neb 61 41 37 44
NIV/CPAP 27 38 43 37
Invasive ventilation 12 21 20 19

Stabilization time, median (IQR) min 45 (30–60) 47 (35–71) 43 (30–60) 45 (31–61) .16
Transport time, median (IQR) min 43 (25–66) 40 (15–60.5) 32.5 (18–63.5) 35 (20–65) .18
Ventilator, % .046

Home ventilator 5 0 3 3
Crossvent 89 60 55 62
Oxylog 6 40 42 35

Interfaces, % .036
Oronasal 6 32 40 31
Others 94 68 60 69

Respiratory support, % .001
CPAP 78 57 28 46
NIV 22 43 72 54

IQR � interquartile range
ARF � acute respiratory failure
neb � nebulization
NIV � noninvasive ventilation

Table 2. Respiratory Support During Transport Depending on
Severity of Respiratory Failure

Respiratory Failure
Invasive

Ventilation
NIV/CPAP O2/neb Total

Mild ARF, n (%) 0 (0) 5 (16) 27 (84) 32
Moderate ARF, n (%) 5 (3) 59 (42) 78 (55) 142
Severe ARF, n (%) 49 (43) 44 (39) 21 (18) 114
Total, n 54 108 126 288

NIV � noninvasive ventilation
neb � nebulization
ARF � acute respiratory failure
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positive results, but these 2 studies are not comparable:
We included subjects with different types of ARF, age,
etc, and our study was not designed for this aim; 44 of the
54 subjects who needed invasive mechanical ventilation
were intubated for transport (33 by the referring hospital)
without even a chance for an NIV/CPAP trial due to the
severity of the ARF. This percentage did not diminish in
any of the 3 periods of the study despite the increase in our
use of noninvasive support. A possible explanation for this
could be that stable and strict criteria for pretransfer intu-
bation were maintained throughout the course of the study
because patient safety during transport was our main con-
cern.

In our study, bronchiolitis was the predominant condi-
tion requiring transport and NIV/CPAP therapy (65%).
Several studies confirmed the effectiveness of CPAP in
bronchiolitis as a first step23,24 as well as HFNC therapy,25

with NIV rescue treatment to increase alveolar ventilation
while reducing dyspnea and inspiratory effort.18 The PICU
of Hospital Sant Joan de Déu showed a 63% success rate
when NIV was used with nasopharyngeal tubes for rescu-
ing bronchiolitis patients failing while receiving CPAP.26

The use of NIV or CPAP in our study depended on the
severity of the ARF (BROSJOD score �10) or lack of
improvement while receiving CPAP. We used NIV in 43%
of our bronchiolitis subjects. There is a scarcity of studies

comparing CPAP versus NIV in bronchiolitis, with the use
of CPAP ranging from 36 to 64%.27,28

In the subjects younger than 6 months, 46% were trans-
ported with a nasopharyngeal tube, and oronasal masks
were used in only 4 subjects. This is due to the difficulty
of finding suitable interfaces, especially in younger in-
fants. Although the nasopharyngeal tube may be a viable
alternative interface in small patients,26 an oronasal mask
was chosen whenever possible to reduce leaks.29

The statistically significant increase in the use of oro-
nasal masks, NIV mode, and the Oxylog 3000 ventilator
with a homogeneous sample can be explained by our learn-
ing curve: In the first year, we tested our protocol, so we
were extremely cautious. As skills and material improved
in the following years, both NIV and oronasal interface
use also increased. As Baird et al30 insist, extensive train-
ing of transport teams is crucial, particularly when using
NIV in infants and children.

In our study, we observed 6 failures in the referring
hospital due to asynchrony and 6 failures due to lack of
improvement. These results would probably be better if we
had better material, especially ventilators with appropriate
triggers (the minimum trigger for the Oxylog is 3 L/min,
and the Crossvent does not have an NIV mode).

Subjects were sedated due to material limitations and
asynchrony to improve NIV tolerance. As reported previ-

Fig. 1. Flow chart showing the stabilization measures applied by the retrieval team before transport. HFNC � high-flow nasal cannula, NIV �
noninvasive ventilation.
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ously,31 the use of sedation has been shown to be safe and
feasible with NIV. In this study, we used sedation in only
26% of our subjects. This is a very low number in com-
parison with other NIV studies, where sedation was used
in up to 50% of the subjects.32-34 The low percentage of
sedation could be explained by an initial fear of decreasing
the subject’s level of consciousness.

Stabilization time is an important piece of data to col-
lect. Our transport team usually needs 15–30 min for med-
ical decisions, which is why our protocol had strict rules:
We did not apply NIV during transport to any subject with
severe ARF who did not show clear improvement in se-
verity score in this short period of time.

Also, although we know that an inspiratory positive
airway pressure maximum level of 18 cm H2O seems a

little restrictive, we consider that limit to avoid complica-
tions during transport. Predictive factors for NIV success
reported in the literature were used, such as a decrease in
heart rate, breathing frequency, oxygen needs measured by
SpO2

/FIO2
, or an improvement in work of breathing.32,34,35

No significant adverse effects were documented with
NIV in our study, with only a few minor complications
observed. It should be stressed that only one subject re-
quired intubation during transport. A post-transport anal-
ysis of this subject’s clinical chart suggests that this sub-
ject had ongoing ARDS, which should have been detected
before leaving the referring hospital because it is an im-
portant contraindication for NIV during transport in our
protocol. In our study, 75% of NIV/CPAP-transported sub-
jects avoided intubation in the tertiary hospitals where

Fig. 2. Subject evolution in the tertiary care receptor hospitals. HFNC � high-flow nasal cannula, NIV � noninvasive ventilation.
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they were transferred, a success rate similar to the majority
of NIV studies in the pediatric population of around
75%.7,18,32

It is possible that our subjects did not need NIV/CPAP
so early, but if we follow their evolution, this overtreat-
ment was minimal, with only 20% of our NIV/CPAP sub-
jects successfully switched to HFNC in the tertiary-care
receptor hospitals. Findings from the randomized controlled
trial of Yañez et al7 showed that 40% of the control group
avoided intubation without receiving NIV.

This study has several limitations. The first is that our
data come from a single transport unit with a relatively
small sample size, which lacked statistical power to detect
a significant decrease in intubation rate in our population,
as previous studies have shown.10,11,14 Moreover, we should
take into account that there were several tertiary-care re-
ceptor hospitals involved, with varying levels of NIV/CPAP
expertise, so the final intubation rate depended on several
factors not related to the transport itself. Second, it is
possible that the increase in NIV/CPAP use may partially
represent overtreatment of some subjects who hypotheti-
cally would have done well while receiving HFNC ther-
apy, as some studies suggest.17,25 Further studies are needed
to evaluate a scoring system that identifies appropriate
candidates for noninvasive support. Third, we can only
generalize our data to the population that have a transport
system similar to ours. And finally, this study has no data
for the recently introduced small pediatric total face masks.
This interface has shown preliminary but promising results
in critically ill adult patients failing with oronasal masks.36

Conclusions

Noninvasive respiratory support seems to be safe and
feasible during pediatric ground transport in subjects with
ARF. This respiratory support improved subjects’ condi-
tion during transfer to the PICUs. A restrictive protocol,
careful selection avoiding moderate and severe ARDS pa-
tients, and a well-trained retrieval team are essential for
using NIV or CPAP during transport.

Finally, suitable material and ventilators are needed to
improve adaptation to NIV/CPAP and success. Neverthe-
less, the data obtained seem promising, so noninvasive
support in the transport setting deserves further research.
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