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Abstract Objective: To report our
experience of non-invasive ventila-
tion (NIV) as primary ventilatory
support strategy in infants admitted
for severe bronchiolitis. Design and
setting: Retrospective study in a
paediatric intensive care unit of an
university hospital. Patients:

Infants aged less than 12 months,
admitted for bronchiolitis during
2003-2004 and 2004-2005 winter
epidemics. Intervention: NIV was
used as the primary ventilatory sup-
port during the second winter (NI'V
period), whereas invasive ventilation
(IV) was the only support employed
during the first winter (IV period).
NIV consisted in either continuous
positive airway pressure (CPAP from
5 to 10 cmH,0) or bilevel positive
airway pressure (inspiratory pressure
from 12 to 18 cmH,0O) with a nasal
mask. Results: During the IV per-
iod, 53 infants were included,
compared to 27 during the NIV per-
iod. The two groups did not differ in

Introduction

In adults, non-invasive ventilation (NIV) has been shown
to obviate intubation, to reduce length of hospital stay,
and to reduce in-hospital mortality in chronic obstructive

age or in number of premature births.
Children in NIV group had less
apnoea on admission. The intubation
rate was reduced during NIV period
(p < 0.001). No children had venti-
lator-associated pneumonia (VAP)
during NIV period compared to nine
during IV period (p < 0.05). In the
NIV group, 10 infants (37%) required
supplemental oxygen for more than
8 days compared to 33 children
(65%) in IV group (p < 0.05). The
length of hospital stay and the dura-
tion of ventilation were similar.
Conclusions: In this retrospective
study, the use of NIV decreased the
rate of ventilator associated pneumo-
nia and reduced the duration of
oxygen requirement without pro-
longing the hospital stay.
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pulmonary disease as well as in acute pulmonary oedema
[1-4]. Infectious complications of endotracheal intubation

are well documented in children as well as in adults [5, 6].
The need for mechanical ventilation is a significant risk
factor for developing bronchiolitis obliterans in children
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with bronchiolitis, mainly due to adenovirus [7]. Small
children are more exposed to intubation-related compli-
cations [8], which are associated with a longer duration of
mechanical ventilation [9]. Although NIV has been
widely studied in children with neuromuscular disease or
with obstructive sleep apnoea syndrome [10-12], few
experiences have been reported on the use of NIV in acute
respiratory failure [13—16]. Theoretically, the application
of CPAP may maintain the airways open and therefore
may facilitate expiratory flow, may improve compliance,
and may decrease the work of breathing [17, 18].
McNamara et al. reported an improvement of RSV
infection-related apnoea with the use of CPAP [19].
However, experiences of NIV, mainly CPAP, in bron-
chiolitis are scarce [18, 20-22]. Recently, a randomised
controlled trial with cross-over design showed that infants
treated by nasal CPAP with moderate bronchiolitis and
mild hypercapnoea decreased their pCO, level. This
reduction was better if CPAP was used first than if it was
used after a 13-h period with standard treatment [23]. The
success rate of NIV in bronchiolitis found in two recent
French studies varied from 75 to 83% [24, 25]. Few
studies have compared NIV to conventional ventilation in
terms of infectious complications, particularly ventilator-
associated pneumonia (VAP), and length of hospital stay
or oxygen requirement. The aim of this study was to
compare an NIV-based ventilatory strategy with an IV-
based strategy in terms of rate of complications, duration
of oxygen requirement, and duration of ventilatory sup-
port [26]. Our hypothesis was that NIV in severe
bronchiolitis decreases the rate of PAV and reduces the
duration of oxygen requirement, therefore, shortening the
hospital stay.

Methods
Setting

This study was performed in a multidisciplinary 10-bed
Paediatric Intensive Care Unit of an university teaching
hospital which has experience in managing both chronic
and acute respiratory failures with NIV. Therefore, all the
attending physicians as well as the nurses were well-
trained for NIV management.

Patients

Patients younger than 1 year were included in this retro-
spective study if they were admitted to the PICU for acute
respiratory failure or apnoea associated with clinical and
radiological signs of bronchiolitis during the 2003-2004
and 2004-2005 winter RSV epidemic seasons (between 1
October and 30 April).

Severe bronchiolitis was defined as the presence of
cough, tachypnea, retraction of the chest wall or grunting,
wheezing, rales or rhonchi. Infants who presented with
SpO, < 92% in room air were defined as “hypoxemic at
admission”. Apnoeas were considered when they were
combined with a drop of SpO, under 90% or if cardiac
frequency was observed to be under 90 per minute
without stimulation. Ventilatory support was used when
these apnoeas continued for more than half an hour
despite standard treatment.

In patients with multiple admissions, only the first
RSV episode was considered for analysis. Infants in
ventilation on tracheotomy, those who had laryngotra-
cheomalacia were excluded (cf. ESM).

Periods of the study

During the first study period, the 2003-2004 epidemic
period of RSV infection, the attending physicians usually
used endotracheal intubation with mechanical ventilation
as the sole ventilatory support strategy. During this per-
iod, NIV was never proposed for infants with
bronchiolitis, therefore no infant were ventilated by NIV
before winter 2004/2005. This period was called “Inva-
sive ventilation (IV) period”. During the second year
(2004-2005), referred to as the “Non-invasive ventilation
(NIV) period”, the attending physicians were encouraged
to use NIV as the primary ventilation support strategy
when the infants required ventilatory support. All the
medical staff agreed to use NIV as primary ventilatory
support in this situation.

Ventilatory support strategies

The decision to initiate ventilation was at the discretion of
the attending physician without a priori criteria. During
the two study periods, infants were intubated if they were
in an impending arrest situation, or if their disease pro-
ceeded too rapidly for a trial of NIV.

NIV was delivered by a bilevel positive airway pres-
sure (BiPAP) flow generators (Synchrony®, Respironics,
Murrysville, PA or Eclipse, Taema, Nanterre, France).
Modes were set up either in continuous (CPAP) or in
BiPAP through a nasal mask (Infant nasal mask, Resmed,
Sydney, Australia). CPAP was usually started at
5 ¢cmH,0 and increased as necessary up to a maximum of
10 cmH,O. If needed, inspiratory positive airway pres-
sure was started at 12 cmH,0 and gradually increased to
a maximum of 18 cmH,O. A backup rate at 30 and the
lowest sensitive flow-trigger were systematically used in
BiPAP mode. Humidification was performed using heated
humidifier and supplemental oxygen was administered via
the circuit to achieve SpO, of at least 92%. Infants were
treated continuously during the first 24 h of NIV followed
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by periods of spontaneous ventilation which were
attempted for at least 1 h twice a day, according to clin-
ical tolerance. NIV failure was defined as the need for
endotracheal intubation.

Invasive ventilation was performed using either the
Servo900C (Siemens Electra, Uppsala, Sweden), or Evita
4 (Driger, Lubeck, Germany) with either pressure or
volume controlled modes. When the infants had a normal
conscious level, without signs of bacterial infection, and
when the FiO, level decreased fewer than 30%, a
weaning procedure was started, using a progressive
decrease of ventilatory rate or of inspiratory pressure.
When the infants maintained adequate SpO, (FiO, <
30% to maintain SpO, > 92%) and respiratory rate with
minimal pressure (inspiratory pressure <16 cmH,0) or
ventilatory rate (15 or 20 cycles/min), they were
extubated.

Standard treatment of bronchiolitis

All infants included were in dorsal 30° proclivity,
received continuous enteral feedings via naso or oro-
gastric tubes, and chest physiotherapy in order to clear
secretions using forced expiratory technique. Infants in-
tubated and ventilated were sedated using midazolam and
sometimes received morphinomimetics or oral hydroxy-
zine. Infants in NIV were not sedated. Following the
French consensus conference on the management of
infant bronchiolitis, corticosteroids and caffeine were
never used [27].

Data collection and end-points

Data collected for each infant included age, history of
prematurity, other risk factors of severe bronchiolitis
(chronic lung disease, congenital heart disease, immuno-
compromised states) [28], and presenting symptoms
(apnoea, oxygen requirement, atelectasis).The study end-
points included rates of bacterial pneumonia (bacterial
pulmonary co-infection and VAP), duration of oxygen
requirement, duration of ventilatory support, and hospital
length of stay (LOS).

Bacterial pulmonary co-infections were defined as the
presence of at least two of the following signs in infants
with worsening gas exchange: fever>38°C or hypother-
mia, new or progressive infiltrate or consolidation at chest
X-ray, and increased C-reactive protein up to 30 mg/l.
These criteria were usually used to start antibiotics. VAP
was defined as the occurrence of bacterial pulmonary co-
infection more than 48 h after initiation of a ventilatory
support. Bacterial analysis of tracheal aspirates was con-
ducted for intubated infants who met the criteria for
bacterial pneumonia.

Statistical analysis

Results of quantitative variables were expressed in med-
ian values, and first- and third quartiles. Categorical
values were compared using Chi-square test or Fischer
exact test when relevant. For continuous variables, ¢ test,
Kruskal-Wallis and Wilcoxon Signed-Ranks test were
used. We have calculated for our criteria of bacterial
pneumonia the positive likelihood ratio, which is the
sensitivity divided by 1 — specificity, and its 95% con-
fidence interval (95%CI). A p value of <0.05 was
considered statistically significant.

Results

Over the two periods 87 infants were admitted in PICU
for bronchiolitis. Two infants with ventilation on trache-
otomy, three with laryngo-tracheomalacia, and two
infants who received NIV only after extubation were
excluded (Cf. ESM). During IV period, 53 infants were
included compared to 27 during NIV period.

During the IV period, 47 (89%) infants were intubated
compared to 14 (52%) during the NIV period (p < 0.001).
During the second year, 15 (56%) infants were treated
with NIV. Median duration of NIV was 10 h (0-65). The
rate of RSV infection, as confirmed by ELISA detection,
was 72% for each study period without difference in the
distribution of type A and type B virus. One child died
during IV period. None died during the NIV period.

There was no difference in presenting symptoms
between the two populations except for apnoea on admis-
sion which was more frequent in the first group (Tables 1,
2). Infants in the IV group were more likely to require
oxygen therapy after 8 days (Table 2). Bacterial pulmon-
ary co-infections were similar over the two periods. Among
the 31 specimens identified in tracheal aspirates from IV
group infants, we found 14 Haemophilus influenzae, 6
Streptococcus pneumoniae, S Staphylococcus aureus, 3
Branhamella catharralis, and 3 other specimens. Only four
infants were considered infected according to our criteria
when no bacteria could be identified. The likelihood ratio of
bacterial pulmonary infection criteria was 3.28 (95%CI
1.02-12.43). After excluding the nine infants who had been
intubated at admission, no VAP was found in the NIV
group, compared to nine in the IV group (p < 0.05).

NIV was successful for ten children (group 1), five
patients required intubations despite NIV (group 2), and
nine were directly intubated (group 3) (Table 3). Two
infants only received CPAP (one success), the 13 others
required BiPAP ventilation (seven success). Three infants
were not ventilated. Infants who were intubated prior to
their admission to the PICU (group 3) tended to require
oxygen therapy more frequently than those who were
treated with NIV (78 vs. 40%, p = 0.17). The ventilatory
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Table 1 Characteristics of infants with severe bronchiolitis: comparison between the IV (2003-2004) and the NIV period (2004-2005)

IV period (n = 53) NIV period (n = 27) p value
Medical past
Age in days: median (1st quartile-3rd quartile) 40 (26-75) 41 (22-61) 0.71
Male number (%) 34 (64) 11 41) <0.05
Prematurity: number (%) 29 (54) 10 (40)¢ 0.22
Chronic respiratory failure:* number 2 2 0.29
Congenital heart disease: number 1 4
Immunocompromised states number 2 0
At least one risk factor:® number (%) 509) 5(19)
Presenting symptoms
Days ill before referral: median (range) 2 (14) 324 0.29
Oxygen requirement on admission: number (%) 33 (67)° 15 (58)° 0.34
Apnoea on admission: number (%) 35 (67)c_l 9 (33) <0.01
Atelectasis on admission: number (%) 16 (34)t 5 (22)° 0.27
Infants treated by antibiotics on admission number (%) 11 (21%) 3 (11%) 0.36
PRISM II score® median (1st quartile-3rd quartile) 14 (9-18) 12 (8-15) 0.20

1V invasive ventilation; NIV non-invasive ventilation
# Bronchopulmonary dysplasia, laryngo-tracheomalacia

Data unknown for 1 patient
Data unknown for 2 patients
Data unknown for 4 patients
f .
Data unknown for 7 patients

o a6 o

Chronic respiratory failure, congenital heart disease, and/or immunocompromised

€ Paediatric risk of mortality (PRISM); data unknown for 3 patients in IV group; using Wilcoxon Signed-Ranks test

Table 2 Outcome of infants admitted in PICU for severe bronchiolitis: comparison between the IV (2003-2004) and the NIV period

(2004-2005)

IV period (n = 53) NIV period (n = 27) p value
Duration of ventilation support: median (1st-3rd quartile) 100 (60-176) 87 (24-144) 0.45
Oxygen duration: median (1st-3rd quartile) 10 (5-14) 8 (3-10) 0.10
Oxygen duration >8 days: number (%) 33 (65)° 10 (37) <0.05
Bacterial pulmonary co-infections: number (%) 15 (28)° 5(19) 0.32
Ventilatory-associated pneumonia: number (%) 9 (17) 0 <0.05
Other infections:* number (%) 4 (8)° 14 0.66
Infants treated by antibiotics during PICU stay number (%) 33 (62%) 7 (26%) <0.01
Barotrauma: number (%) 24 2 (7) 0.26
Length of stay (LOS) in days: median (1st-3rd quartile) 12 (9-17) 11 (7-13) 0.14
LOS >10 days: number (%) 36 (68) 13 (48) 0.09

1V invasive ventilation; NIV non-invasive ventilation
# Urinary tract infections, bacteraemia

® Data unknown for 1 patient

¢ Data unknown for 2 patients

4 For infants in the NIV period, the rate of ventilator-associated pneumonia was only calculated among those who were not intubated at
admission (n = 23 infants). The unilateral exact Fischer Exact test was used in this situation

support duration was longer for infants who failed to NIV
compared to those for whom NIV was successful (Table 3).
Among the five infants who failed to NIV, two had bacterial
pulmonary co-infection of whom one had concomitant
urinary infection. The two others had history of prematurity
and heart disease, and presented with severe apnoea.

Discussion

In our PICU, a ventilation strategy based on NIV as the
primary ventilation support in infants with severe

bronchiolitis was associated with a lower rate of venti-
lator-associated pneumonia, with a shortened duration of
supplemental oxygen and with a trend of a reduction in
the length of hospital stay.

Previous studies carried out in adults with COPD had
shown that NIV may reduce the rates of bacterial pul-
monary infections and improve the survival [6, 29, 30].
For children, the mean duration of mechanical ventilation
and PICU stay is longer for patients with VAP [31, 32].
The rates of bacterial pulmonary co-infection observed in
our study (28% in IV group, 22% in the NIV group) are
consistent with previous studies [5, 33-35]. Kneyber et al.
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Table 3 Characteristics of infants with severe bronchiolitis: comparison between 3 groups during NIV period (2004—2005): NIV success

(group 1), NIV failure (group 2), and intubation without trying NIV (group 3)

Group 1 (n = 10)

Group 2 (n = 5)

Group3 (n=9)

Medical past and presenting symptoms

Age median (1st-3rd quartile)

Prematurity

At least one risk factor

Days ill before referral median(1st-3rd quartile)
Oxygen requirement on admission

Apnoea on admission

Atelectasis on admission

Outcome

Duration of ventilatory support (hours)® median (1st-3rd quartile)
Oxygen duration (days): median (1st-3rd quartile)
Oxygen duration >8 days

Bacterial pulmonary co-infections

Barotrauma

Length of stay (days) median (1st-3rd quartile)
LOS >10 days

38 (17-51) 41 (23-42) 30 (22-71)
3 2 4

0 2 1

3 (3-3)* 3 (2-4) 3 (1-3)

3 3 7

3 2 22

1? 28 2°

53 (32-117) 134 (107-245) 144 (59-356)
6 (2-9) 9 (8-11) 8 (3-16)*

3 2 4

0 1 2

0 0 2

10 (6-13) 13 (11-14) 12 (7-78)

4 4 59

LOS length of stay; IV invasive ventilation; NIV non invasive ventilation

* Data unknown for 1 patient
® Data unknown for 2 patients

¢ Infants who failed to NIV treatment (Group 2) were on ventilatory support for a longer period than those who succeeded (Group 1),
p = 0.04 using Wilcoxon Signed-Ranks test. The differences between groups 1 and 3 and between Groups 3 to Group 2 were not

significant (p = 0.16 and 0.89, respectively)

showed that infants with a positive culture (blood or
endotracheal aspirate) were ventilated 4 days longer than
those for whom bacteriological documentation was not
obtained (difference not statistically significant) [34]. The
presence of bacterial pneumonia did not influence the
hospital stay of infants with severe bronchiolitis in a
previous study [5]. On the contrary, Thorburn et al. found
that children with bacterial co-infection (40%) required
ventilatory support for a longer period than those with
RSV only [33]. Using bacteriological data and polymor-
phonuclear neurophil count obtained from endotracheal
sputum specimens, Randolph et al. found 17.5% of
probable bacterial pneumonia and 20.6% of possible
bacterial pneumonia in children intubated for a severe
bronchiolitis [36]. Criteria used for the definition of
acquired pneumonia in these studies were mainly based
on bacteriological data obtained by tracheal aspirates. On
the other hand, in our study, bacterial pulmonary co-
infections were defined without any bacteriological cri-
teria. However, the positive predictive value for bacterial
identification of our criteria was more than 80%. We used
the same criteria over the two study periods. The lack of
bacteriological criteria was justified by the inability to
obtain comparable bacteriological criteria for children
treated by NIV and those managed by IV. The definition
of nosocomial pneumonia proposed by the Centre for
Disease Control (CDC) is difficult to apply to infants
admitted for severe bronchiolitis because it does not allow
us to distinguish between a bacterial pneumonia and a
pulmonary viral infection [37]. The clinical and vital
signs used in these criteria are those we used to determine
admission of infants with bronchiolitis to the PICU.

Clinical criteria are likely to be sensitive but have a lower
specificity [36]. This is probably the reason why, at
present, no study has been carried out on VAP in children
with bronchiolitis using the CDC criteria. The reduction
of VAP rate found in our study is probably due to the
absence of tracheal tube. Infants admitted to PICU during
both periods were similarly co-infected by bacterial at
admission, and the PICU admission delays were similar in
both groups.

A ventilation strategy based on NIV as the primary
ventilation support was associated with a decrease on
oxygen requirement greater than 8 days and tended to
reduce the LOS, as previously shown [25]. The use of
sedative drugs in intubated infants can explain this dif-
ference. However, this was not associated with a
significant reduction in ventilation duration. The lack of a
standardised weaning protocol for infants treated by NIV
and the low duration of ventilation in IV group (almost
4 days) can both explain the absence of reduction in
ventilation duration with NIV [5, 25, 33, 34]. No study
has previously reported weaning strategy for children in
acute respiratory failure treated by NIV. The reason why
the duration of ventilatory support was not reduced in our
study, whereas the rate of VAP was decreased is unclear.
One possible explanation is that VAP was over-diagnosed
given that we used clinico-biological criteria. Another
hypothesis is that colonisation may lead to a weak impact
of VAP on the outcome of infants ventilated for a severe
bronchiolitis. Otherwise, the fact that we found a longer
duration of ventilatory support to be associated with NIV
failure suggests that it might be better to assess the
response to NIV earlier. This recommendation is
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consistent with the results of previous studies on NIV in
children for acute respiratory failure [13, 15]. The median
hospital LOS (12 days for IV and NIV group) was higher
than those recently reported [5, 35, 38]. The hospital stay
of infants with bronchiolitis can be prolonged because of
many reasons, such as feeding troubles, social problems,
or differences in the discharged policy.

Our results do not seem to be explained by a lower
severity in infants during the NIV period. The risk factors
of severe RSV infection are mostly related to preexisting
factors [28, 39, 40]. Indeed, base-line characteristics as
age, premature birth, were similar in the two groups,
except for apnoea on admission. This difference could
mitigate our result even though, no study has shown that
infants with apnoeas on admission had a shorter length of
hospital stay, neither more pulmonary bacterial infections
[40, 41]. Infants younger than 2 months were reported to
be the strongest independent risk factor for RSV associ-
ated apnoea, but not infections [40]. The PRISM II scores,
the rates of ventilatory support requirement and of

bacterial pulmonary co-infection on admission were
similar in both groups. Moreover, the rate of RSV
infection and the distribution of type A and B virus did
not differ between groups.

This study is limited by the retrospective nature of data
and by the small sample sizes. Some biological data on
admission, particularly blood gas analysis, are lacking. No
written standardised protocols were used to set up and to
wean from IV or NIV over the two study periods. How-
ever, the study was undertaken in the same PICU, with the
same physicians over two successive years so that we can
assume that habits did not change over the study.

Our experience on a ventilation support strategy based
on NIV in infants admitted for severe viral bronchiolitis
suggests that NIV may be an alternative to invasive
ventilation. This strategy was associated with a lower rate
of VAP and a shorter duration of oxygen therapy. Pro-
spective controlled trial will be crucial to confirm the
efficiency of NIV compared with intubation, and to assess
potential benefits in length of ICU and hospital stay.
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