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ABSTRACT
Rationale Severe acute paediatric asthma may 
require treatment escalation beyond systemic 
corticosteroids, inhaled bronchodilators and low- 
flow oxygen. Current large asthma datasets report 
parenteral therapy only.
Objectives To identify the use and type of escalation of 
treatment in children presenting to hospital with acute 
severe asthma.
Methods Retrospective cohort study of children with 
an emergency department diagnosis of asthma or 
wheeze at 18 Australian and New Zealand hospitals. 
The main outcomes were use and type of escalation 
treatment (defined as any of intensive care unit 
admission, nebulised magnesium, respiratory support 
or parenteral bronchodilator treatment) and hospital 
length of stay (LOS).
Measurements and main results Of 14 029 
children (median age 3 (IQR 1–3) years; 62.9% male), 
1020 (7.3%, 95% CI 6.9% to 7.7%) had treatment 
escalation. Children with treatment escalation had 
a longer LOS (44.2 hours, IQR 27.3–63.2 hours) 
than children without escalation 6.7 hours, IQR 
3.5–16.3 hours; p<0.001). The most common 
treatment escalations were respiratory support 
alone (400; 2.9%, 95% CI 2.6% to 3.1%), parenteral 
bronchodilator treatment alone (380; 2.7%, 95% 
CI 2.5% to 3.0%) and both respiratory support and 
parenteral bronchodilator treatment (209; 1.5%, 
95% CI 1.3% to 1.7%). Respiratory support was 
predominantly nasal high- flow therapy (99.0%). The 
most common intravenous medication regimens 
were: magnesium alone (50.4%), magnesium 
and aminophylline (24.6%) and magnesium and 
salbutamol (10.0%).

Conclusions Overall, 7.3% children with acute severe 
asthma received some form of escalated treatment, 
with 4.2% receiving parenteral bronchodilators 

Key messages

What is already known on this topic
 ► Some children with acute asthma exacerbations 
require escalation of care beyond inhaled broncho-
dilators and oral corticosteroids; however, rates of 
intravenous therapy vary between 3.4% (in the UK 
and Ireland) to 10.5% in the USA.

 ► To date, no large dataset has reported on both in-
travenous and respiratory support following first- line 
management for children presenting acutely to hos-
pital with asthma.

What this study adds
 ► This study of 14 029 New Zealand and Australian 
children presenting to hospital with acute wheeze 
or asthma demonstrates wide variation in manage-
ment: 7.3% received some form of escalated treat-
ment with 4.2% receiving parenteral bronchodilators 
and 4.3% respiratory support.

 ► Severe outcomes were rare, with 243 children ad-
mitted to intensive care; 22 received non- invasive 
ventilation and only 4 were intubated.

How this study might affect research, practice 
or policy

 ► Although large multicentre studies are required to 
guide future treatment, significant clinical events 
such as intubation, and/or use of non- invasive venti-
lation are too rare to be suitable for use as outcome 
measures in future randomised clinical trials.
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and 4.3% respiratory support. There is wide variation treatment 
escalation.

INTRODUCTION
Asthma is a frequent reason for a child to attend the emer-
gency department (ED),1 and one of the most common 
reasons for paediatric hospitalisation after an ED visit.2 In 
the USA, the rate (per population) of paediatric ED visits 
for asthma increased by 13.3% between 2001 and 2010,3 
while in the UK, it is estimated that a child is admitted to 
hospital every 20 min due to an asthma exacerbation.4

Most children with asthma have mild or moderate 
exacerbations, and respond to first- line treatment with 
inhaled bronchodilator therapy and systemic cortico-
steroids.5 However, a proportion of children require 
more intensive therapies including intravenous medica-
tions, supplemental oxygen, respiratory support, endo-
tracheal intubation and/or admission to the intensive 
care unit (ICU).5 6 Management of acute severe asthma 
is complicated by a number of challenges, including the 
infrequency of its occurrence, a large number of treat-
ment options and wide variation in self- reported and 
actual practice.7 Acute asthma has been highlighted as a 
research priority by multiple paediatric emergency medi-
cine research networks.8–10

A 2015 study from the UK found that 110 (3.4%) of 
3238 children with acute asthma presenting to 24 EDs 
received intravenous therapy: magnesium in 2.1%, salbu-
tamol in 1.9% and aminophylline in 1.6%. More than 
thirty different intravenous dosing and infusion regi-
mens were identified in these 110 patients.6 In contrast, 
a study from the USA found that 10.5% of 61 854 chil-
dren with acute asthma presenting to seven EDs between 
2012 and 2017 received intravenous magnesium.11 No 
clinical characteristics explained the variation in intra-
venous magnesium use in the USA study, and the large 
difference between use of intravenous magnesium in the 
UK and USA studies remains unexplained. While intra-
venous magnesium has been found in meta- analysis to 
reduce both hospital admission and hospital length of 
stay (LOS), the quality of evidence is low, mainly due to 
small sample size.12

In addition to the use of intravenous bronchodilators, 
another management strategy that is increasing in use 
and supported by limited evidence is nasal high flow 
(NHF) therapy.13 Other management strategies simi-
larly lack high- quality evidence, or even any evidence of 
effect on the key outcomes of LOS and admission into 
hospital. High- quality multicentre research to address 
these important evidence gaps is a research priority for 
major paediatric emergency research networks.14 15

To date, no large dataset has reported on both 
intravenous and respiratory support following initial 
management with inhaled bronchodilators and oral corti-
costeroids for children presenting acutely to hospital with 
asthma. This information is vital to understand variation 

in care, outcomes from care, and planning future studies 
in this population.

The primary aim of this study was to describe the 
escalation of treatment (modalities beyond systemic 
corticosteroids and inhaled bronchodilators) in chil-
dren presenting to hospital with acute severe asthma. 
Secondary aims were to (1) describe variation in esca-
lation of treatment; (2) determine the frequency of key 
outcomes (such as intubation, ICU admission and death) 
and complications in these children; (3) identify predic-
tors for escalation of treatment and (4) identify predic-
tors for hospital LOS.

METHODS
A multicentre retrospective cohort study of children 
diagnosed with asthma or wheeze was conducted in 18 
Australian and New Zealand EDs associated with the 
Paediatric Research in Emergency Departments Inter-
national Collaborative network.16 Eight hospitals had 
pediatric- only EDs, while the remaining EDs manage a 
mixture of adults and children.

Each site investigator identified a list of medical records 
of all children meeting inclusion criteria presenting 
between 1 November 2015 and 31 October 2016. The 
dates were chosen to avoid any confounding effects of the 
significant thunderstorm asthma event which occurred 
in Melbourne in November 2016.17 Potentially eligible 
records were identified using the local ED information 
system and hospital medical records, using the following 
International Classification of Diseases (ICD)- 10 codes: 
‘Asthma’ or ‘Childhood asthma’ (ICD- 10 code: J45, J46); 
‘Wheezing’ (ICD- 10 code: R06.2) and ‘Acute bronchiol-
itis’ (ICD- 10 code: J21). An ED visit was considered eligible 
for inclusion if the child (1) was aged between 1 and <18 
years (up to but not including 18th birthday) and (2) had 
a final discharge diagnosis of asthma/wheeze. Children 
with a final diagnosis of bronchiolitis and no bronchodi-
lator administered, and those with a diagnosis of foreign 
body inhalation, were excluded. Each ED presentation 
was eligible for inclusion, even if the child had previously 
been included in the study.

Data collection included (for all patients): age, sex, 
hospital LOS (from time of arrival in ED to the time the 
patient left hospital), triage category (using the Austral-
asian Triage Scale (ATS),18 a 5- point scale which allocates 
patients from category 1 (should be seen immediately) to 
category 5 (can wait up to 120 min)), and whether or not 
asthma treatment was escalated beyond systemic cortico-
steroids and inhaled bronchodilators (short- acting beta- 
agonists or anticholinergic agents). For patients who had 
escalation of treatment (defined as any of ICU admission, 
invasive or non- invasive respiratory support, or paren-
teral bronchodilator treatment)), the following data 
were also collected: duration of ICU admission; intrave-
nous bronchodilator treatment used; type of non- invasive 
respiratory support (continuous positive airway pressur 
(CPAP)/bilevel non- invasive ventilation (NIV) and NHF 
therapy); use of intubation and mechanical ventilation; 

copyright.
 on M

ay 19, 2023 by guest. P
rotected by

http://bm
jopenrespres.bm

j.com
/

B
M

J O
pen R

esp R
es: first published as 10.1136/bm

jresp-2021-001137 on 17 M
arch 2022. D

ow
nloaded from

 

http://bmjopenrespres.bmj.com/


Craig S, et al. BMJ Open Resp Res 2022;9:e001137. doi:10.1136/bmjresp-2021-001137 3

Open access

interhospital transfer and complications (pneumo-
thorax, hypokalaemia requiring replacement therapy, 
hypotension requiring an intravenous fluid bolus of at 
least 10 mL/kg, nausea/vomiting requiring antiemetic 
therapy, arrhythmias requiring ECG monitoring or anti-
arrhythmic therapy and death).

We followed guidance for optimal data quality in retro-
spective studies, including the use of defined inclusion 
criteria and variables, a standardised data extraction 
document and trained abstractors.19 Our research is 
reported according to the Strengthening the Reporting 
of Observational Studies in Epidemiology statement.20

Data storage and analysis
Deidentified data were entered into a protected elec-
tronic database by staff at each participating hospital 
using Research Electronic Data Capture,21 and housed 
at a central data processing site at Murdoch Children’s 
Research Institute, Parkville, Victoria, Australia.

Data were analysed descriptively. Binary outcomes are 
presented as proportions with 95% confidence intervals 
(CIs). For continuous outcomes, data are presented as 
mean and standard deviation (SD; normally distributed 
data) or median and IQR (Inon- parametric data). For 
categorical data, comparisons were made with calcula-
tion of OR (with 95% CIs), and significance determined 
using χ2 analysis. For non- parametric continuous data, 
comparisons were made using the Mann- Whitney U test 
(two- group comparisons) and the Kruskall- Wallis test 
(three- group comparisons). For normally distributed 
continuous data, two- group comparisons were made using 
independent samples t- test, while three- group compar-
isons were made using Analysis of Variance (ANOVA). 
LOS and type of escalation of treatment for the entire 
study population are analysed overall, and in subgroups 
by age: 1–5 years and 6–17 years, as we hypothesised that 
use of individual treatments would vary with age.

Multilevel generalised linear models were carried out 
to assess factors influencing LOS and escalation of treat-
ment, clustered on hospital site. A multiple logistic model 
was used to assess predictors of escalation of treatment, 
and odds ratios (OR) and 95% CI presented. For this 
outcome, Triage category 5 resulted in perfect prediction 
(all no escalation of treatment). Therefore, we combined 
Triage categories 4 and 5 (non- urgent and semiurgent) 
and used this combination as the reference for analysis.

For the LOS outcome, count distributions were 
explored due to heavy skew. Overdispersion in the data 
ruled out Poisson distribution, so negative binomial 
distribution was employed. Incidence rate ratios (IRR) 
are calculated alongside 95% CI and p values.

Sample size
The rate of administration of intravenous treatment for 
children in Australia and New Zealand was unknown. 
Based on the rate of intravenous treatment in a UK study 
of approximately 3%,6 we anticipated the need to review 

approximately 1000 eligible charts at each site to obtain 
30–40 presentations where intravenous bronchodilators 
were administered. This number would allow the detec-
tion of a 3%–6% difference in characteristics between 
those with and without escalated care.

Each site was requested to collect data on 1000 patients 
or 12 months of data (whichever was less). If more than 
1000 eligible medical records were identified on the 
initial screen of medical records at lenany participating 
hospital, screening occurred in random order until 1000 
eligible records had been identified for abstraction.

Patient and public involvement
Patients or the public were not involved in the design, 
or conduct, or reporting, or dissemination plans of our 
research.

RESULTS
A total of 14 029 children were enrolled from 18 partici-
pating hospitals (table 1). Of these, 1020 (7.3%, 95% CI 
6.9% to 7.7%) had escalation of treatment. Children with 
escalation of treatment had similar demographic features 
to those without escalation of treatment (median age 3 
(IQR 1–6) years vs 3 (IQR 1–5) years; male sex 62.5% vs 
63.0%) but were more likely to have a more urgent triage 
category. Of the total study population, 400 (2.9%, 95% 
CI 2.6% to 3.1%) received respiratory support alone, 
380 (2.7%, 95% CI 2.5% to 3.0%) received parenteral 
bronchodilator treatment alone and 209 (1.5%, 95% 
CI 1.3% to 1.7%) received both respiratory support and 
parenteral bronchodilator treatment. 30 (0.14%, 95% CI 
0.14% to 0.3%), all from one hospital, received nebulised 
magnesium: 23 received nebulised magnesium alone, 
while seven also received respiratory support and paren-
teral bronchodilators. 243 (1.7%, 95% CI 1.5% to 2.0%) 
were admitted to the ICU; of these eight (0.06%, 95% CI 
0.02% to 0.11%) received neither respiratory support nor 
parenteral bronchodilator treatment (table 2). There was 
considerable variation between sites in the proportion of 
children receiving escalation of treatment, and the type 
of escalation of treatment used (figure 1).

For the children receiving respiratory support, NHF 
therapy was used in 603 (99.0%, 95% CI 97.9% to 
99.6%), with a median duration of 18.7 (IQR 6.9–38.8) 
hours. A total of 432/603 (71.6%) received NHF in the 
ward environment, and did not require ICU admission. 
Other forms of respiratory support either alone or in 
combination with NHF were used in 22/609 (3.6%, 95% 
CI 2.3% to 5.4%). Of all escalation interventions NHF 
alone accounted for 322/1020 (31.7%, 95% CI 28.7% 
to 34.5%). Overall only four children (0.03%, 95% CI 
0.01% to 0.07%) received invasive ventilation and endo-
tracheal intubation, and there were no deaths.

Three combinations of intravenous medication 
accounted for over 85% of parenteral bronchodilator 
usage: magnesium alone (291/577, 50.4%), magnesium 
and aminophylline (142/577, 24.6%) and magnesium 
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Table 1 Demographic and clinical data for children with and without escalation of asthma therapy*

Total study population 
(n=14 029)

Escalation of therapy 
(n=1020)

No escalation of 
therapy (n=13 009) P value

Age in years, median (IQR) 3 (1–5) 3 (1–6) 3 (1–5) 0.09†

Male gender, n (%) 8825 (62.9) 635 (62.3) 8190 (63.0) 0.61‡

Australasian Triage Category 1–2, n (%)§ 4401 (31.4) 690 (67.6) 3711 (28.6) <0.001‡

Australasian Triage Category§

  Category 1, n (%) 91 (0.6) 48 (4.7) 43 (0.3)

  Category 2, n (%) 4310 (30.7) 642 (62.9) 3668 (28.2)

  Category 3, n (%) 7950 (56.7) 317 (31.1) 7633 (58.7)

  Category 4, n (%) 1633 (11.6) 13 (1.3) 1620 (12.5)

  Category 5, n (%) 37 (0.3) 0 (0) 37 (0.3)

Hospital length of stay in hours, median (IQR) 7.4 (3.7–19.6) 44.2 (27.3–64.2) 6.7 (3.5–16.3) <0.001†

ED disposition, n (%)

  Home 5028 (35.8) 5 (0.5) 5023 (38.6) <0.001‡

  ED observation/short stay unit 5234 (37.3) 80 (7.8) 5154 (39.6)

  Admission to ward 3471 (24.7) 725 (71.1) 2746 (21.1)

  Admission to ICU in same hospital 160 (1.1) 156 (15.3) 4 (0.03)

  Interhospital transfer 78 (0.6) 54 (5.3) 24 (0.2)

  Left before treatment completed 51 (0.4) 0 (0) 51 (0.4)

  Missing data 7 (0.05) 0 (0) 7 (0.05)

*Defined as any of intensive care admission, invasive or non- invasive respiratory support, or parenteral bronchodilator therapy.
†Mann- Whitney U test.
‡ χ2 test.
§Data missing for triage category for eight patients.
ED, emergency department; ICU, intensive care unit.

Table 2 Details of escalation of therapy,* comparison of young (1 –5 years) and older (6 to <18 years) children

Total
N=14 029

1–5 years
N=10 581

6 to <18 years
N=3448

Unadjusted OR 
(95% CI) P value

Intensive care admission, n (%) 243 (1.7) 171 (1.6) 72 (2.1) 1.30 (0.98 to 1.71) 0.07

Any respiratory support†, n (%) 609 (4.3) 484 (4.6) 125 (3.6) 0.79 (0.64 to 0.96) 0.02

NHF therapy, n (%) 603 (4.3) 484 (4.6) 119 (3.5) 0.75 (0.61 to 0.92) <0.01

Duration in hours, median (IQR) 18.2 (7–38.4) 19.6 (7.4–39.5) 13.8 (5.8–30) N/A 0.01

Non- invasive ventilation, n (%) 20 (0.1)‡ 10 (0.1) 10 (0.3)‡ 3.08 (1.28 to 7.39) <0.01

  Duration of non- invasive ventilation in 
hours, median (IQR)

3.3 (1.5–17.3) 7.3 (1.4–22.7) 3.1 (1.3–6.7) N/A 0.53

  Any CPAP 15 (0.1) 8 (0.1) 7 (0.2) 2.69 (0.97 to 7.42) 0.05

  Any bilevel NIV 7 (0.0) 2 (0.0) 5 (0.1) 7.68 (1.49 to 39.6) <0.01

  Intubation, n (%) 4 (0.0) 2 (0.0) 2 (0.1) 3.07 (0.43 to 21.8) 0.24

Any parenteral bronchodilator, n (%) 589 (4.2) 358 (3.4) 231 (6.7) 2.05 (1.73 to 2.43) <0.001

  Any intravenous magnesium 552 (3.9) 331 (3.1) 221 (6.4) 2.12 (1.78 to 2.52) <0.001

  Any intravenous aminophylline 210 (1.5) 117 (1.1) 93 (2.7) 2.48 (1.88 to 3.62) <0.001

  Any intravenous salbutamol 111 (0.8) 65 (0.6) 46 (1.3) 2.19 (1.50 to 3.20) <0.001

  Any parenteral epinephrine 26 (0.2)§ 13 (0.4) 13 (0.1) 3.08 (1.43 to 6.64) <0.01

  Any intravenous ketamine 6 (0.0) 4 (0.0) 2 (0.1) 1.54 (0.28 to 8.38) 0.62

*Defined as any of intensive care admission, invasive or non- invasive respiratory support or parenteral bronchodilator therapy.
†Defined as any of NHF therapy, non- invasive ventilation (CPAP or Bilevel NIV) or intubation.
‡Two children aged 6–17 years received both CPAP and bilevel NIV during their hospitalisation.
§Twenty- two children received intramuscular epinephrine alone, three children received an intravenous epinephrine infusion and one child received 
both intramuscular epinephrine and an intravenous epinephrine infusion.
CPAP, continuous positive airway pressure; HFNC, high flow nasal cannula; NA, not available; NHF, nasal high flow; NIV, noninvasive ventilation.
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and salbutamol (58/577, 10.0%). Children aged 6–17 
years were less likely to receive respiratory support (1–5 
years 484/714, 67.8% vs 6–17 years 125/306, 40.8%; OR 
0.79, 95% CI 0.64 to 0.96, p=0.02), but more likely to 
receive parenteral bronchodilators (1–5 years 349/714, 
48.9% vs 6–17 years 228/306, 74.5%; OR 2.05, 95% CI 
1.73 to 2.43, p<0.001) (table 3).

Overall the median LOS for the 14 029 children was 
7.4 (IQR 3.7–19.6) hours. Children aged 1–5 years had 
longer LOS compared with older children (1–5 years 
LOS 8.2 hours, IQR 4.0 to 20.1 hours vs 6–17 years LOS 
5.4 hours, IQR 3.0 to 16.5 hours; p<0.001). There was 
considerable variation in LOS by site (figure 2). Chil-
dren with escalation of therapy had a longer LOS (chil-
dren with escalation 44.2 hours, IQR 27.3–63.2 hours 

Table 3 Treatments administered and complications occurring in those children who received escalation in therapy,* 
comparison of young (1–5 years) and older (6 to <18 years) children

Total
N=1020

1–5 years, 
N=725

6 to <18 years, 
N=295

Unadjusted OR (95% 
CI) P value†

Intensive care admission, n (%) 243 (23.8) 171 (23.6) 72 (24.4) 1.04 (0.76 to 1.44) 0.78

Any respiratory support‡, n (%) 609 (59.7) 484 (66.8) 125 (42.4) 0.37 (0.28 to 0.48) <0.001

  NHF therapy, n (%) 603 (59.1) 484 (66.8) 119 (40.3) 0.34 (0.26 to 0.45) <0.001

  Non- invasive ventilation, n (%) 20 (2) 10 (1.4) 10 (3.4) 2.51 (1.03 to 6.09) 0.04

  Intubation, n (%) 4 (0.4) 2 (0.3) 2 (0.7) 2.47 (0.35 to 17.6) 0.35

Any parenteral bronchodilator, n (%) 589 (49.4) 358 (49.4) 231 (78.3) 3.7 (2.71 to 5.06) <0.001

  Magnesium alone 292 (28.6) 185 (25.5) 107 (36.3) N/A <0.001

  Magnesium +aminophylline 143 (14) 78 (10.8) 65 (22)

  Magnesium +salbutamol 60 (5.9) 38 (5.2) 22 (7.5)

  Magnesium +aminophylline + salbutamol 39 (3.8) 22 (3) 17 (5.8)

  Aminophylline alone 18 (1.8) 13 (1.8) 5 (1.7)

  Parenteral epinephrine alone 11 (1.1) 7 (1)§ 4 (1.4)¶

  Other combinations of intravenous 
bronchodilators

22 (2.2) 11 (1.5)** 11 (3.7)††

Other asthma treatment

  Heliox 4 (0.4) 4 (0.6) 0 (0) 0.71 (0.68 to 0.74) 0.58‡‡

  Nebulised magnesium 30 (2.9) 17 (2.3) 13 (4.4) 1.92 (0.92 to 4.01) 0.08

Other treatments administered

  Potassium replacement 152 (14.9) 79 (10.9) 73 (24.7)§§ 2.69 (1.89 to 3.83) <0.001

   Oral potassium replacement 18 (1.8) 4 (0.6) 14 (4.7) N/A <0.001

   Intravenous potassium replacement 140 (13.7) 75 (10.3) 65 (22)

  Antiemetic administration 167 (16.4) 76 (10.5) 91 (30.8) 3.81 (2.7 to 5.37) <0.001

  Antibiotics 297 (29.1) 220 (30.3) 77 (26.1) 0.81 (0.60 to 1.10) 0.18

*Defined as any of intensive care admission, invasive or non- invasive respiratory support, or parenteral bronchodilator treatment.
†All p values calculated using χ2 test unless otherwise specified.
‡Defined as any of NHF therapy, non- invasive ventilation (CPAP or Bilevel NIV) or intubation.
§All epinephrine doses administered intramuscularly.
¶Three epinephrine doses administered intramuscularly, one by continuous infusion.
**Magnesium +salbutamol + epinephrine (1); Magnesium +epinephrine (2); Magnesium +aminophylline + salbutamol +epinephrine (1); 
Magnesium +aminophylline + epinephrine (1); Magnesium +aminophylline + salbutamol +ketamine (1); Salbutamol alone (2); Ketamine alone (1); 
Magnesium +aminophylline + adrenaline +ketamine (1); Magnesium +ketamine (1).
††Magnesium +salbutamol + epinephrine (4); Magnesium +epinephrine (1); Magnesium +aminophylline + salbutamol +epinephrine (2); 
Magnesium +aminophylline + epinephrine (1); Magnesium +aminophylline + salbutamol +ketamine (1); Aminophylline+epinephrine (1); 
Magnesium +aminophylline + ketamine (1).
‡‡Fisher’s exact test.
§§Six children aged 6–17 years had both oral and intravenous potassium replacement.
CPAP, continuous positive airway pressure; NHF, nasal high flow therapy.NIV, non- invasive ventilation;

Figure 1 Proportion of children receiving escalation of 
treatment, and the type of escalation of treatment used, by 
Hospital.
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vs children without escalation 6.7 hours, IQR 3.5–16.3 
hours; p<0.001) (table 1).

Multilevel linear models (table 4) demonstrated that 
LOS was strongly related to a higher (more urgent) 
triage category (ATS 1 patients had an IRR of 2.70 (95% 
CI 2.24 to 3.25), p<0.001) and escalation of treatment 
(IRR of 3.45, 95% CI 2.93 to 4.06, p<0.001). Escalation of 
treatment was strongly related to a higher (more urgent) 
triage category (ATS 1 patients had an OR of 214 (95% 
CI 101 to 452, p<0.001)) and increasing age (OR 1.05 
(95% CI 1.02 to 1.09), p=0.004).

Regression analysis using hospital as an independent 
variable (rather than a clustering variable) demonstrated 
some effect of hospital site on LOS and escalation of 
treatment (online supplemental table 1).

Of those receiving escalation of therapy, major sequelae 
were rare. There was no hypotension requiring intrave-
nous fluid therapy, and no arrhythmias requiring antiar-
rhythmic therapy or DC- cardioversion. Only two patients 
had a pneumothorax; both were managed conservatively 
without pleural drainage (table 3). Potassium replace-
ment (OR 2.69, 95% CI 1.89 to 3.83, p<0.001) and use of 
antiemetics (OR 3.81, 95% CI 2.7 to 5.37, p<0.001) were 

more commonly used in children aged 6–17 years than 
those aged 1–5 years.

DISCUSSION
Our multicentre study of over 14 000 New Zealand and 
Australian children presenting to hospital with acute 
wheeze or asthma demonstrates wide variation in manage-
ment beyond systemic corticosteroids and inhaled bron-
chodilators. Overall, 7.3% of children presenting to 
hospital with asthma and wheeze received some form 
of escalated treatment with 4.2% receiving parenteral 
bronchodilators and 4.3% respiratory support. We have 
identified considerable inter- hospital differences in the 
frequency of treatment escalation, the choice of escala-
tion treatments and hospital LOS.

This is the first large dataset reporting management 
beyond systemic corticosteroids and inhaled bronchodi-
lators in the current era where NHF therapy has been 
increasingly used outside the ICU environment. Remark-
ably NHF was used in nearly all patients who received 
respiratory support and accounted for nearly one- third of 
all escalation of asthma treatment. There is high- quality 
evidence supporting NHF therapy as a rescue treatment 
in children <1 year with bronchiolitis.22 This may explain 
the increased use in younger children in our study. 
However, there is little evidence to guide NHF therapy 
in children over 1 year of age with asthma and wheeze. 
Small observational studies report conflicting results,23 24 
while pilot randomised controlled trials (RCTs) in chil-
dren25 and adults26 appear promising. The results of 
an ongoing large RCT of over 1500 children aged 1–4 
years comparing conventional ‘low- flow’ oxygen to NHF 
with oxygen for hypoxic respiratory failure (including 
presentations characterised by airflow obstruction such 
as asthma/wheeze)25 is likely to provide more definitive 
evidence of effect in that subgroup.

In our cohort, the use of respiratory support varied 
ten- fold between hospitals and the use of parenteral 
treatment varied eight- fold. Intravenous magnesium was 
administered in 3.9%. This is nearly twice as frequent as 

Figure 2 Hospital length of stay, by site.

Table 4 Regression analysis modelling length of stay and escalated treatment

Length of stay Escalated treatment

IRR (95% CI) P value OR (95% CI) P value

Age (years) 0.99 (0.98 to 1.001) 0.082 1.05 (1.02 to 1.09) 0.004

Triage

  4 and 5 (ref) (ref)

  3 1.53 (1.36 to 1.74) <0.001 5.93 (3.12 to 11.25) <0.001

  2 2.25 (1.93 to 2.64) <0.001 30.44 (15.45 to 59.98) <0.001

  1 2.70 (2.24 to 3.25) <0.001 214.18 (101.38 to 452.48) <0.001

Sex (female) 1.05 (0.99 to 1.12) 0.095 1.03 (0.89 to 1.20) 0.690

Tertiary 1.26 (0.92 to 1.74) 0.150 0.98 (0.52 to 1.85) 0.940

Escalated treatment 3.45 (2.93 to 4.06) <0.001 N/A

Five cases with unspecified gender excluded from analysis.
IRR, incidence rate ratio; N/A, not available.
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reported in the UK and Ireland (2.1%)6 but less than half 
the rate reported in the USA (10.5%).11 Lack of high- 
quality evidence may contribute to this regional variation 
in practice. A 2016 Cochrane review of the use of intra-
venous magnesium for treating acute paediatric asthma 
in the ED found that the treatment may reduce the need 
for hospital admission and LOS, although this was based 
on limited data (admission, three studies of 115 children; 
LOS one study of 47 children).12 The authors concluded 
equipoise still exists and recommended further trials.

Similar to the UK study, we found a large number of 
combinations of parenteral bronchodilators were used. 
However, in 85% of children receiving escalated therapy 
with intravenous bronchodilator treatment, this was 
confined to just three different regimens; intravenous 
magnesium alone or in combination with either amino-
phylline or salbutamol. Once again, the lack of high- 
quality evidence,15 as well as inconsistent local guidelines, 
may contribute to this variation. While magnesium and 
salbutamol are listed as second- line and third- line bron-
chodilators for management of acute severe paediatric 
asthma in Australian national guidelines,27 some state- 
based guidelines prefer magnesium and aminophyl-
line.28 In New Zealand, guidelines suggest consideration 
of all three without preference,29 while the Global Initia-
tive for Asthma guidelines strongly recommend against 
aminophylline and states there is insufficient evidence to 
support the use of intravenous beta2- agonists.30

Cochrane reviews of advanced pharmacologic treat-
ment of children with acute exacerbations of asthma 
highlight a number of knowledge gaps.15 The evidence 
supporting intravenous magnesium is extremely limited 
(including only 5 studies and 182 children),31 while 
only one study (showing no significant benefit) was 
identified regarding intravenous ketamine.32 Despite a 
meta- analysis of nearly 3000 patients enrolled in trials 
of inhaled magnesium, review authors noted that large, 
well- conducted trials had not shown clinically meaningful 
benefits.33 This finding has been reinforced by a recent 
large study of over 800 children demonstrating no differ-
ence in hospitalisation when nebulised magnesium was 
added to nebulised albuterol.34 Studies on intravenous 
beta2- agonists35 36 and/or intravenous aminophylline37 
have not demonstrated clinically significant benefit, 
while there is no available Cochrane review on the utility 
of parenteral epinephrine for acute severe asthma in 
children.15

A major hurdle to determining effective management 
strategies following failure of systemic corticosteroids 
and inhaled bronchodilators in children presenting with 
acute severe asthma, is the lack of consistency in primary 
outcome measures. A systematic review of primary 
outcomes used in RCTs of intravenous bronchodilators 
in acute paediatric asthma identified 35 publications and 
four protocols that used 56 different primary outcomes 
between them, concluding that core outcome sets need 
to be developed for future trials.38 Large observational 
studies, such as our study, allow the consideration of the 

frequency of important outcome measures and are vital 
to informing the design of future comparative trials.

Of those children who had escalated treatment of 
some description (intensive care admission, respiratory 
support or intravenous bronchodilator administration), 
243 (23.8%) were admitted to intensive care. However, 
only four received intubation and mechanical ventila-
tion, and 22 received CPAP or Bi- level NIV. Sample size 
calculations for studies with 90% power and a type I error 
(alpha) of 0.05 to demonstrate a 50% reduction in these 
outcomes would require 24 078 (for intubation) and 5766 
(for NIV) children with asthma requiring escalation of 
therapy, or 450 220 (for intubation) and 80 728 (for NIV) 
children attending the ED with an asthma exacerbation. 
It, therefore, is not feasible, even with large multicentre 
studies, to achieve sufficiently large sample sizes to power 
randomised clinical trials to address these outcomes.

Our study has a number of limitations. Our data was 
based on a retrospective analysis of medical records; we 
mitigated its inherent limitations by following published 
guidance19 though abstractors were not blinded. Our 
case definition (asthma or wheeze, aged between 1 and 
17 years, administered salbutamol in the ED) was inten-
tionally broad, and aimed to capture all children outside 
the traditional age range for bronchiolitis who were 
administered bronchodilators. Although the inclusion 
of a large number of preschool children raises the possi-
bility of some overlap with bronchiolitis, the definition of 
bronchiolitis in the Australasian setting usually refers to 
those under 12 months of age.

As our focus was on describing practice in those chil-
dren who received escalated asthma care, we collected 
limited data on those patients who did not receive treat-
ment beyond inhaled bronchodilators and oral corti-
costeroids. We did not assess compliance with local or 
national clinical practice guidelines. Our determination 
of predictors of escalated therapy and hospital length of 
stay was therefore limited due to less data points being 
captured for those not receiving escalated care.

Due to the large number of charts at each site, we 
were unable to allocate two reviewers to independently 
extract the data. However, the data points requested were 
designed to be from unambiguous parts of the medical 
record (such as medication charts, triage categories, 
oxygen and respiratory therapy, and times of admission 
and discharge) rather than items which require signifi-
cant interpretation such as clinical examination findings. 
Further, it is not routine practice in Australia and New 
Zealand to use a bedside asthma score, so this informa-
tion was not available.

In conclusion, there is wide variation in both the 
frequency and nature of escalation of treatment for 
children with ED presentations for acute severe asthma. 
Overall, 7.3% of children presenting to hospital with 
asthma and wheeze received some form of escalated treat-
ment with 4.2% receiving parenteral bronchodilators 
and 4.3% respiratory support. NHF is more likely in chil-
dren aged 1–5 years, while intravenous bronchodilators, 
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particularly magnesium, is more commonly administered 
in older children. Significant clinical events such as intu-
bation, and/or use of NIV are rare and are not suitable 
for use as outcome measures in future studies.
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Supplementary information 

Supplementary Table 1. Regression analysis modelling length of stay and escalation of care, using 

hospital as an independent variable (rather than a clustering variable) 
 

  LOS    Escalated Care 

  IRR 95%CI p    OR 95%CI p 

Age (years) 0.995 (0.988, 1.003) 0.237  Age (years) 1.049 (1.030, 1.070) <0.001 

           

Triage      Triage     

1 (ref)     1 (ref)    

2 0.483 (0.358, 0.653) <0.001  2 0.141 (0.088, 0.226) <0.001 

3 0.277 (0.205, 0.374) <0.001  3 0.027 (0.017, 0.044) <0.001 

4 0.167 (0.122, 0.229) <0.001  4 0.005 (0.002, 0.010) <0.001 

5 0.105 (0.062, 0.180) <0.001  5 -    

           

Sex (female) 1.052 (1.001, 1.106) 0.045  Sex (female) 1.032 (0.898, 1.186) 0.660 

           

Tertiary 4.278 (3.824, 4.787) <0.001  Tertiary 1.084 (0.787, 1.493) 0.622 

           

Hospital      Hospital     

K (ref)     K (ref)    

H 1.174 (1.028, 1.341) 0.018  H 0.626 (0.446, 0.879) 0.007 

M 5.192 (4.603, 5.856) <0.001  M 0.802 (0.570, 1.128) 0.204 

Q 0.987 (0.883, 1.103) 0.817  Q 0.869 (0.620, 1.218) 0.415 

E 5.075 (4.178, 6.165) <0.001  E 0.685 (0.420, 1.116) 0.129 

O 0.756 (0.672, 0.850) <0.001  O 0.319 (0.221, 0.461) <0.001 

F 1.906 (1.566, 2.319) <0.001  F 0.265 (0.137, 0.513) <0.001 

N 0.590 (0.524, 0.664) <0.001  N 0.073 (0.041, 0.129) <0.001 

L 2.932 (2.638, 3.259) <0.001  L 0.321 (0.224, 0.459) <0.001 

B 3.893 (3.192, 4.747) <0.001  B 0.721 (0.468, 1.112) 0.139 

P 4.494 (3.943, 5.122) <0.001  P 0.421 (0.288, 0.616) <0.001 

A 3.417 (2.865, 4.077) <0.001  A 0.488 (0.309, 0.770) 0.002 

G 2.985 (2.614, 3.408) <0.001  G 0.857 (0.612, 1.200) 0.370 

D 3.234 (2.827, 3.699) <0.001  D 0.613 (0.404, 0.929) 0.021 

I 0.968 (0.861, 1.088) 0.584  I 1.266 (0.934, 1.717) 0.129 

J 0.880 (0.773, 1.003) 0.056  J 0.463 (0.322, 0.666) <0.001 

R 1.120 (0.993, 1.263) 0.066  R 0.555 (0.390, 0.790) 0.001 

C -         C -       

Note: C excluded due to collinearity. 
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