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Interhospital transport of children with bronchiolitis by a 
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Bronchiolitis is a leading cause of emergency admission to 
paediatric intensive care units (PICUs) both in Australia and 
New Zealand1-3 as well as internationally4 and is a frequent 
reason for interhospital transport.5 The hallmarks of severity 
include hypoxia and increased respiratory effort and the 
mainstay of therapy is respiratory support in the form of 
oxygen and positive pressure support. In children with 
severe disease, admission to intensive care is required for 
non-invasive and invasive respiratory support. In Victoria, 
Australia, paediatric intensive care is centralised and, 
therefore, children with severe bronchiolitis in hospitals 
without paediatric intensive care services frequently require 
emergency transport.

In the past decade, there has been a decline in the 
proportion of children with bronchiolitis receiving 
mechanical ventilation.2 The high flow nasal cannula 
(HFNC) has become the predominant respiratory support 
mode, reducing the proportion of inpatients who require 
escalation of care.1,6 The key benefits of HFNC is the 
relative ease of administration, safety, tolerability and the 
ability to administer it outside of intensive care. However, its 
use has seen an increased rate of PICU admissions despite 
no definite change in the absolute number of children who 
require invasive mechanical ventilation.7

Recognition of the deteriorating patient in hospital is a 
key health care priority.8 Children with severe bronchiolitis 
in ward settings commonly have physiological criteria 
triggering escalation of care and, therefore, in hospitals 
without a PICU, interhospital transport is often required. In 
October 2014, the Victorian Children’s Tool for Observation 
and Response (ViCTOR) charts were introduced as a 
standardised, statewide intervention to help clinicians 
recognise clinical deterioration and trigger escalation 
of care.9 The impact on children with bronchiolitis and 
subsequent need for interhospital transport and intensive 
care support is not known.

We hypothesised that the introduction of HFNC and 
increased recognition of children with bronchiolitis identified 
for escalation of care by ViCTOR charts would increase 
interhospital transport of such children. Accordingly, we 
performed a retrospective study of emergency transport 

ABSTRACT

Objective: To investigate the rate of interhospital emergency 
transport for bronchiolitis and intensive care admission 
following the introduction of high flow nasal cannula and 
standardised paediatric observation and response charts.
Design: Retrospective cohort study.
Setting: A statewide paediatric intensive care transport 
service and its two referral paediatric intensive care units 
(PICUs) in Victoria, Australia.
Participants: Children less than 2 years old emergently 
transported with bronchiolitis during two time periods: 
2008–2012 and 2015–2019.
Main outcome measures: Incidence rates of bronchiolitis 
transport episodes, PICU admissions and respiratory 
support.
Results: 802 children with bronchiolitis were transported 
during the study period, 233 in the first period (2008–
2012) and 569 in the second period (2015–2019). The 
rate of interhospital transport for bronchiolitis increased 
from 32.9 to 71.8 per 100  000 children aged 0–2 years. 
The population-adjusted rate of PICU admission increased 
from 16.2 to 36.6 per 100  000 children aged 0–2 years. 
Metropolitan hospitals were the predominant referral 
source and this increased from 60.1% of transports to 
78.6% (P  <  0.001). In children admitted to a PICU, the 
administration of  high flow nasal cannula during transport 
increased significantly from 1.7% to 75.9% (P  <  0.001) 
and a concomitant reduction in continuous positive airway 
pressure and mechanical ventilation occurred (40–12.4% 
and 27–6.9% respectively; P  <  0.001). The proportion of 
mechanical ventilation as well as PICU and hospital length 
of stay decreased over time.
Conclusions: The population-adjusted rate of interhospital 
transport and admission to the PICU for bronchiolitis 
increased over time. This occurred despite a lower rate of 
non-invasive and invasive mechanical ventilation during 
transport and in the PICU.
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episodes by a statewide paediatric emergency transport 
service over two time periods to investigate whether 
resource utilisation and intensive care outcome had 
changed. These time periods were chosen to distinguish 
a before and after ViCTOR chart implementation and the 
emergence of HFNC therapy.

Methods

A retrospective cohort study was performed in children with 
bronchiolitis requiring interhospital transport in Victoria, 
between 1 January 2008 to 31 December 2012 and 1 January 
2015 to 31 December 2019. The primary objective of the 
study was to compare the rate of interhospital transport 
between the two time periods. The secondary objectives 
were to compare the respiratory support characteristics, 
intensive care support and outcomes in patients who 
received such support. A 2-year intervening period was 
excluded to account for the staggered introduction of 
HFNC and allow for the commencement of ViCTOR charts 
in Victoria. Approval to conduct the study was provided by 
the Human Research and Ethics Committee of the Royal 
Children’s Hospital and Monash Children’s Hospital (HREC 
No. QA/65001/RCHM-2020).

In Victoria, paediatric emergency transport is performed 
by the Paediatric Infant Perinatal Emergency Retrieval 
(PIPER) service. It is a central referral service based at the 
Royal Children’s Hospital, Melbourne, operating with a 
control paediatric intensivist and a specialist transport 
team consisting of a senior paediatric intensive care trainee 
and a paediatric intensive care nurse. Decisions regarding 
retrieval, therapy and disposition are the responsibility of 
the intensivist. In 2015, HFNC was introduced by PIPER. 
Children weighing less than 5 kg are transported by the 
transported by neonatal PIPER. Paediatric intensive care 
services in Victoria are provided by two tertiary PICUs: 
the Royal Children’s Hospital Melbourne and Monash 
Children’s Hospital.

The number of transport episodes and patient 
demographic and clinical data were obtained from the PIPER 
database. These data include transport respiratory support 
mode, referring hospital location and retrieval duration.

Intensive care unit data were extracted from the respective 
PICU databases. In addition to age and sex and Paediatric 
Index of Mortality (PIM) 2 and 3, viral aetiology and 
additional diagnoses, including congenital heart disease, 
chronic lung disease, neurological disease, genetic disorders 
as well as prematurity (defined as < 37 weeks’ gestation at 
birth), were recorded. Clinical data included the maximum 
level of respiratory support, hospital and PICU length of 
stay, and hours of respiratory support.

Inclusion and exclusion criteria

All transport episodes were included if the diagnosis 
assigned by the paediatric transport service was bronchiolitis 
in children less than 2 years old. We excluded children 
transported by neonatal PIPER or intensive care admissions 
to mixed adult/paediatric centres. For children admitted to 
the PICU, only direct admissions following transport were 
included. Admissions to the PICU via a ward setting were 
considered a potential confounder, as time from transport 
to PICU admission may have varied.

Outcomes and definitions

The primary outcome was the rate of emergency transport 
of children with bronchiolitis as a proportion of total 
emergency transports and population adjusted (per 100 000 
children aged 0–2 years). Secondary outcomes included 
emergency transport respiratory support modes, rate of 
PICU admission (as a proportion of all transports and as a 
proportion of all PICU admissions). For patients admitted to 
a PICU, respiratory support modes and outcomes such as 
duration of respiratory support, PICU and hospital length of 
stay, and mortality were compared.

Statistical analysis

Categorical data were described using frequencies and 
proportions and continuous data using median and 
interquartile range (IQR). Normality of datasets was 
determined through the Shapiro–Wilk test and visualised 
with histograms. Wilcoxon rank sum tests were used to 
compare groups for non-parametric data. The c2 test, 
Fischer exact test (as appropriate) and incidence rate 
ratio (IRR) with 95% confidence interval (CI) were used to 
compare proportions and population incidence. P values 
of less than 0.05 were considered significant. Referring 
hospital locations were categorised as either metropolitan 
or regional based on the Victoria State Government’s 
definition.10 The population-adjusted rate was based on 
Australian Bureau of Statistics data.11 Rates are reported 
per 100 000 Victoria Children aged 0–2 years. A post hoc 
analysis was performed excluding the year 2015 due to the 
very high number of transports in that year. Analyses were 
performed using Stata version 16.1 (StataCorp, Texas, USA).

Results

There were 802 paediatric emergency transports for 
bronchiolitis out of 5056 total transports (15.9%) during 
the study period. Bronchiolitis transports increased from 
233/1972 transports (11.8%) to 569/3084 transports 
(18.5%) in the second period (P < 0.001). Seventy-three per 
cent were from metropolitan hospitals.
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Rate of emergency transport

The rates of emergency transport (including population-
adjusted) for the entire cohort and by period are shown 
in Table 1. The population-adjusted rate of emergency 
bronchiolitis transports more than doubled between periods, 
from 32.9 to 71.8 per 100  000 children aged 0–2 years 
(IRR, 2.2; 95% CI, 1.9–2.6; P < 0.001), as did subsequent 
transport to a PICU, which increased from 16.2 to 36.6 per 
100 000 children (IRR, 2.3; 95% CI, 1.8–2.8; P < 0.001). 
The rate of emergency transport per 100 000 children per 
year by referral location is shown in Figure 1. Emergency 
transport from metropolitan hospitals increased in the 
second period (140 [60.1%] v 447 [78.6%]; P  <  0.001) 
(Table 1).

Sensitivity analysis

In a post hoc analysis excluding the year 2015, the 
rate of emergency transport, nonetheless, remained 
significantly higher in the second period (Online Appendix, 
supplementary table 1).

Demographic characteristics of admissions to the PICU 
following emergency transport

Direct admission to a PICU occurred in 405 out of 802 
bronchiolitis transports (50.5%) during the study period. 

Demographic and clinical characteristics of admissions to 
the PICU are shown in Table 2. The median age at admission 
was slightly higher in the second period (226 days [IQR, 
114–313.9] v 256 days [IQR, 146–352]; P = 0.024). There 
was an increase in proportion of admissions to PICU from a 
metropolitan hospital in the second period (67/115 [58.3%] 
v 212/290 [73.1%]; P = 0.004).

Respiratory support during emergency transport

Respiratory support characteristics for all bronchiolitis 
transports are shown in the Online Appendix, supplementary 
table 2. In the second period, the use of HFNC increased 
(5/233 [2.1%] v 443/569 [77.9%]; P < 0.001) and the rate 
(including population-adjusted) of mechanical ventilation for 
all transported children decreased (36 [15.5%] v 24 [4.2%]; 
P < 0.001; IRR, 0.6 [95% CI, 0.3–1.0]; P = 0.049) (Online 
Appendix, supplementary table 2). In children admitted to 
a PICU, the rate (including population-adjusted) of HFNC 
increased (2/115 [1.7%] v 220/290 [75.9%]; P  <  0.001), 
whereas mechanical ventilation decreased (31 [27.0%] v 20 
[6.9%]; P < 0.001; IRR, 0.6 [95% CI, 0.3–1.0]; P = 0.054) 
during transport (Table 3). Nine mechanically ventilated 
children with a transport diagnosis of bronchiolitis were 
subsequently admitted to a neonatal unit or admitted 
to a PICU with a revised admission diagnosis. Transport 

Table 1. Rates of emergency transport for bronchiolitis over the study period

Variable Entire cohort 2008–2012 2015–2019
Incidence rate 
ratio (95% CI) P

Total Victorian population aged 0–2 years 1 499 767 707 748 792 019

Total emergency transports 5056 1972 3084

Emergency transports per 100 000 population 
aged 0–2 years

337.1 278.6 389.4 1.4 (1.3–1.5) < 0.001

Bronchiolitis emergency transports 802 233 569

Proportion of all emergency transport, % 15.9% 11.8% 18.5% < 0.001

Per 100 000 population aged 0–2 years 53.5 32.9 71.8 2.2 (1.9–2.6) < 0.001

Admissions to PICU following emergency 
transport for bronchiolitis

405 115 290

Proportion of bronchiolitis emergency 
transports, %

50.5% 49.4% 51% 0.681

Proportion of all admissions to a PICU, % 2% 1.4% 2.5% < 0.001

Per 100 000 population aged 0–2 years 27 16.2 36.6 2.3 (1.8–2.8) < 0.001

Referring hospital location for all bronchiolitis 
transports

Metropolitan hospital 587 (73.2%) 140 (60.1%) 447 (78.6%) < 0.001

Regional hospital 215 (26.8%) 93 (39.9%) 122 (21.4%)

PICU = paediatric intensive care unit.
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respiratory support modes per year are shown in the Online 
Appendix, supplementary figure.

Respiratory support during intensive care admission 
and outcomes

Mechanical ventilation was reduced in the second period, 
both as a proportion (77/115 [67%] v 56/290 [19.3%]; 
P < 0.001) and population-adjusted, from 10.9 to 7.1 per 
100 000 population (IRR, 0.6 [95% CI, 0.5–0.9]; P = 0.014) 
(Table 4). Non-invasive ventilation (including continuous 
positive airway pressure and HFNC) increased threefold in 
the second period (22/115 [19.1%] v 220/290 [75.9%]; 
P  <  0.001). Respiratory support hours, PICU and hospital 
length of stay were also reduced. There were no deaths 
over the study period.

Discussion

Key findings

In the second period, emergency transport for bronchiolitis 
as a proportion of all transports increased by over 50% 
and more than doubled per 100  000 Victorian children. 
However, during transport, the number and proportion 
requiring invasive ventilation decreased while HFNC 
use substantially increased. The proportion of transport 
episodes subsequently admitted to a PICU did not change 
between periods, but the population-adjusted rate more 
than doubled. The proportion of all children receiving 
mechanical ventilation during transport decreased, as did 
the population-adjusted rate. So too did the proportion of 
children who received mechanical ventilation in the PICU. 
Respiratory support hours and PICU and hospital length 
of stay all decreased in the second period. Metropolitan 
hospitals were the most common referral source and this 

increased in the second period.
Our findings show that more children are 

being transported for bronchiolitis, yet their 
requirement for intensive care support has 
decreased. This may be placing considerable 
burden on children, their families and health 
care resources, and because outcomes such 
as the need for invasive and non-invasive 
ventilation have improved over time, a 
number of such transports may potentially be 
avoidable.

Several factors may explain our findings. 
The introduction of statewide observation and 
response charts in Victoria in 2014 is a crucial 
intervention to standardise and optimise the 
recognition of clinical deterioration and critical 
illness in hospitalised children. It is possible 

that statewide observation and response charts identified 
abnormal physiological signs more frequently in settings 
where intensive care resources were unavailable therefore 
triggering interhospital transport. The lack of paediatric high 
dependency or intensive care services at referring hospitals 
may be a reason for increased interhospital transport. Our 
data cannot confirm these factors nor indicate their relative 
importance. Lower illness severity in the second period 
could also explain the differences. We cannot compare 
severity of illness between periods. Importantly, there was 
no clinically significant difference in age nor difference 
in presence of additional diagnoses. There was a lower 
proportion of chronic lung disease in the second period 
despite a stable incidence of bronchopulmonary dysplasia 
in preterm neonates in Australia and New Zealand over 
the past decade (to 9.8% in 2019).12 Although the PIM2/
PIM3 score was higher in the first period, it is not a suitable 
marker of bronchiolitis severity at presentation.

The emergence of HFNC for children with bronchiolitis 
is another possible explanation for increased interhospital 
transports. HFNC is a safe, well tolerated13 and less invasive 
mode of respiratory support. It provides oxygenation and 
some positive pressure support and can be administered 
in a ward setting.14,15 For children in intensive care with 
bronchiolitis, it may reduce the subsequent need for 
mechanical ventilation.16 Previous studies of the effect 
of HFNC during paediatric emergency transport show a 
reduction in the proportion (but not absolute numbers) 
of children requiring mechanical ventilation.17 Our 
study shows a reduction in the number, proportion and 
population-adjusted rate of mechanical ventilation in the 
second period, but we cannot make any causal inferences 
about either of these interventions.

Paediatric early warning tools have enabled the early 
recognition and subsequent intervention for children who 

Figure 1. Annual population adjusted emergency transport for 
bronchiolitis by region
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deteriorate in hospital,18-20 but bronchiolitis-specific tools 
do not exist. The sensitivity of such tools can vary according 
to underlying conditions.21 No such modifications have 
been described in hospitalised children with bronchiolitis. 
Vital sign thresholds are commonly used to grade severity 
in bronchiolitis; however, standard vital sign thresholds may 
indicate the need for escalation of care but not the need for 
mechanical ventilation.

A combination of these factors likely contributed to 
our findings. As HFNC emerged, development of hospital 
processes to accommodate such therapy outside of a PICU 
may have lagged. Our data indicate that an initial spike in 

transports in 2015 subsequently reduced and stabilised in 
subsequent years. Sensitivity analysis was consistent with 
the primary analysis.

Implications of study findings

The increased rate of transport of children with bronchiolitis 
and the reduced requirement for mechanical ventilation 
imply that better systems could facilitate the care of such 
children in hospitals without paediatric intensive care 
services. Improved methods for identifying children at risk 
of requiring higher levels of respiratory support are needed. 
The challenge in the management of bronchiolitis in centres 

Table 2. Demographics and clinical characteristics of bronchiolitis admissions to paediatric intensive care following 
emergency transport

Variable All cohort 2008–2012 2015–2019 P

Total episodes 405 115 290

Age (days), median (IQR) 248 (131.4–339.5) 226 (114–313.9) 256 (146–352) 0.024

Neonates, 0–28 days 0 0 0

29–90 days 53 20 33

91 days to 1 year 278 81 197

1–2 years 74 14 60

PIM* probability of death (%), median (IQR) 0.16% (0.14–0.38%) 0.42% (0.20–0.63%) 0.15% (0.14–
0.23%)

< 0.001

Sex, male 237 (58.5%) 70 (60.9%) 167 (57.6%) 0.543

Additional diagnosis

Any additional diagnosis 138 (34.1%) 44 (38.3%) 94 (32.4%) 0.259

Congenital heart disease 56 (13.8%) 18 (15.7%) 38 (13.1%) 0.494

Chronic lung disease 39 (9.6%) 19 (16.5%) 20 (6.9%) 0.003

Neurological disease 10 (2.5%) 6 (5.2%) 4 (1.4%) 0.035

Prematurity (< 37 weeks) 97 (27.4%) 29 (31.2%)† 68 (26.1%)‡ 0.344

Genetic disorders 18 (4.4%) 5 (4.4%) 13 (4.5%) 0.965

Viral aetiology

All viruses 284 61 (53.0%) 223 (76.9%) < 0.001

RSV 164 (40.5%) 42 (36.5%) 122 (42.1%)

hMPV 23 (5.7%) 3 (2.6%) 20 (6.9%)

Influenza 7 (1.7%) 1 (0.9%) 6 (2.1%)

Parainfluenza 14 (3.5%) 1 (0.9%) 13 (4.5%)

Adenovirus 13 (3.2%) 1 (0.9%) 12 (4.1%)

Picornavirus (including rhinovirus) 63 (15.6%) 13 (11.3%) 50 (17.2%)

Referring hospital region

Metropolitan hospital 279 (68.9%) 67 (58.3%) 212 (73.1%) 0.004

Regional hospital 126 (31.1%) 48 (41.7%) 78 (26.9%)

hMPV = human metapneumovirus; IQR = interquartile range; PICU = paediatric intensive care unit; PIM = Paediatric Index of Mortality; RSV = respiratory 
syncytial virus. * PIM3 after 2013, PIM2 before 2013. † From 93 known values. ‡ From 261 known values. 
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without PICUs is establishing systems to enable ward-based 
management of HFNC and optimally recognising those 
children who require higher levels of respiratory support. 
This would improve the impact on children, their families 
and health care resources.

Table 4. Respiratory support in intensive care and outcomes of children with bronchiolitis emergently transported to a 
paediatric intensive care unit (PICU)

Variable 2008–2012 2015–2019
Incidence rate ratio 

(95% CI) P

Admissions to PICU 115 290

Respiratory therapies in PICU

Low flow oxygen 16 (13.9%) 14 (4.8%) 0.002

	 Per 100 000 population 2.3 1.8 0.78 (0.4–1.7) 0.507

HFNC/CPAP 22 (19.1%) 220 (75.9%) < 0.001

	 Per 100 000 population 3.1 27.8 8.9 (5.8–14.6) < 0.001

Mechanical ventilation 77 (67.0%) 56 (19.3%) < 0.001

	 Per 100 000 population 10.9 7.1 0.6 (0.5–0.9) 0.014

Duration of respiratory support and PICU and 
hospital LOS (h), median (IQR)

Respiratory support (all) 43 (15.6–71.5) 22.5 (13.6–40.8) < 0.001

Mechanical ventilation 54.3 (25.7–92) 41.9 (23.1–82.8) 0.312

PICU LOS (all) 56.8 (32.1–106.2) 41.4 (24.7–64.0) < 0.001

PICU LOS (mechanical ventilation) 89.3 (52–117.6) 79.3 (59.2–138.8) 0.886

Hospital LOS (all) 116.7 (73.5–179.1) 71.7 (47.3–111.6) < 0.001

Hospital LOS (mechanical ventilation) 154 (97.5–219.6) 107 (74.4–176.5) 0.042

CPAP = continuous positive airway pressure; HFNC = high flow nasal cannula; IQR = interquartile range; LOS = length of stay.

Table 3. Respiratory support during emergency transport in children subsequently admitted to the paediatric intensive 
care unit

Variable 2008–2012 2015–2019
Incidence rate 
ratio (95% CI) P

Total respiratory therapies during transport 115 290

No oxygen 2 (1.7%) 8 (2.76%) 0.731

Per 100 000 population 0.3 1.0 3.6 (0.7–34.6) 0.094

Low flow oxygen 34 (29.6%) 6 (2.1%) < 0.001

Per 100 000 population 4.8 0.8 0.2 (0.1–0.4) < 0.001

HFNC 2 (1.7%) 220 (75.9%) < 0.001

Per 100 000 population 0.3 27.8 98.3 (26.9–816.7) < 0.001

CPAP 46 (40.0%) 36 (12.4%) < 0.001

Per 100 000 population 6.5 4.5 0.7 (0.4–1.1) 0.108

Mechanical ventilation 31 (27.0%) 20 (6.9%) < 0.001

Per 100 000 population 4.4 2.5 0.6 (0.3–1.0) 0.054

CPAP = continuous positive airway pressure; IQR = interquartile range; HFNC = high flow nasal cannula.

Strengths and limitations

The strengths of this study include the use of statewide 
data from a centralised transport service and from two 
state referral paediatric intensive care services. The study 
period spans more than a decade and allows for the effect 
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of introducing track-and-trigger charts and HFNC to be 
examined. However, some limitations should be noted. 
Very young infants were excluded as we did not include 
data from the neonatal transport service, aiming instead 
to investigate the specific effects on paediatric transport 
and paediatric intensive care services. The retrospective 
nature of our study prevents making causal associations 
and warrants careful consideration of confounding factors. 
We do not present population incidence of bronchiolitis nor 
hospitalisation rates for bronchiolitis which may influence 
our results, but we include population-adjusted rates 
providing a suitable denominator. We could not analyse 
illness severity at presentation. These data are not reported 
and, in general, such scores are variable in outcome 
prediction.22 We therefore could not analyse the results 
adjusting for illness severity but do present median age and 
PIM2/PIM3 score in both periods. We did not have access 
to the total number of bronchiolitis hospitalisations for the 
whole period and also did not include children admitted to 
the PICU with an intervening period on the ward. Changes in 
health services over time, for example, may have influenced 
the referral rate and are not accounted for. Development 
of high dependency units and intensive care services 
for children in regional areas and mixed adult/paediatric 
centres took place during the study periods, potentially 
affecting the results. However, any such impact would likely 
be a reduction in the number of transports to intensive 
care. Two randomised controlled studies for bronchiolitis 
were conducted in Victoria during the second period: the 
PARIS (ACTRN12613000388718) and the DAB studies 
(ACTRN12613000316707).6 Neither study administered 
interventions during transport and neither were conducted 
at referring hospitals. Therefore, these studies would not 
have affected transport but they may have had an impact 
on intensive care resource utilisation. We were unable 
to differentiate continuous positive airway pressure and 
HFNC from some PICU respiratory support data as both are 
categorised as non-invasive ventilation. However, the rate 
of mechanical ventilation was able to be differentiated. We 
were unable to determine the criteria for referral, transport 
or PICU admission from our data. We did not account for 
children admitted to a paediatric ward after transport who 
were subsequently admitted to a PICU.

Conclusions

The population-adjusted rate of emergency transport of 
children with bronchiolitis has increased over time. The 
population-adjusted rate of PICU admission increased 
despite a decrease in the need for invasive respiratory 
support. HFNC use during transport substantially increased. 
The rate of interhospital transport from metropolitan 
hospitals increased over time.
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