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ABSTRACT
Background: Severe asthma exacerbation is one of the common pediatric medical emergencies that necessitates
hospital visits. The study aimed to identify risk factors associated with pediatric severe asthma exacerbations that
might have the potential to guide the parents for early medical consultations and physicians at primary health care
centers for proper management.
Methods: A case-control study was conducted on over 100 asthmatic children below 12 years attending the
Emergency Department of Alexandria University Children’s Hospital in acute exacerbation. Based on a modified
pulmonary index score, the patients were allocated into 2 groups; study group (50 patients with severe asthma
exacerbation) and control group (50 patients with mild asthma exacerbations). Demographic data, history of illness,
alarming clinical signs, medications, and outcome of all participants were recorded.
Results: Severe asthma exacerbations were more encountered among males, older age, and with a longer duration of
asthma (X±SD=28.4±15.9 months) with significant differences when compared to controls. Comparing the studied
groups revealed higher risk for severe asthma exacerbations mainly with; history of sudden onset of severe respiratory
distress (Odds ratio ―OR‖=30.13, 95% CI, 13.78-66.69) and chronic steroid-dependent asthma (OR=14.46, 95% CI,
3.97-52.65). Cyanosis, lethargy, and inability to talk were alarming signs in patients with severe asthma exacerbation
when compared to those with mild asthma exacerbation (p<0.05).
Conclusions: Severe asthma exacerbation in children is still associated with many risk factors that may alert the
patients’ caregivers and physicians prospectively for early proper management.
Keywords: Childhood asthma, Severe exacerbation, Pulmonary index scoring, Hypoxia, Silent chest
INTRODUCTION
Worldwide, childhood asthma appears to be increasing in
prevalence, despite considerable improvements in
management.1 Acute asthma exacerbation is one of the
most distressing events of childhood persistent asthma
specially the severe attacks. In addition to significant
burden on the hospital resources, severe exacerbations are
serious conditions that might necessitate course of
systemic corticosteroids in order to prevent unfavourable

outcomes or death.2 Substantial efforts have been
invested through many studies to assess severity and to
identify children at risk for severe asthma exacerbations
at the Emergency Department (ED). Modified Paediatric
Pulmonary Index Score (PPIS) and asthma exacerbation
clinical score are good applications.3,4 However,
awareness of risk factors for severe asthma exacerbations
by parents or family is still challenging. Anxious families
may visit ED frequently even for mild exacerbations
however, other families might present late to the hospital
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with severe attacks. The current study was conducted for
identification of risk factors associated with pediatric
severe asthma exacerbations that might have the potential
to guide the parents for early medical consultations and
physicians at primary health care centres for proper
management.
METHODS
Ethical considerations
Ethical approval was obtained from the Ethical Review
Committee, Alexandria University, Egypt. Informed
consents were obtained from all patients’ caregivers.
Study settings and design
The current study was case control study. It was
conducted over asthmatic children who attended ED of
Alexandria University Children’s Hospital due to
exacerbation of their asthma symptoms during the period
from April 2011 to March 2012.
Study population
The current study included 100 children; 50 cases
presented with severe asthma exacerbations (study group)
and 50 children presented with mild asthma
exacerbations (control group).
Inclusion criteria
Children diagnosed as persistent bronchial asthma and
presenting during acute asthma exacerbation were
included in the study provided that their ages ranged
between 3-12 years. Asthmatics older than 3 years were
selected to avoid misdiagnoses with bronchiolitis and
transient wheezing of early childhood which disappear by
3 years old. Cases were selected consecutively from ED
and the asthma exacerbation severity was assessed
according to modified PPIS by Carroll et al before
receiving medications.5 Mild attacks scored from 6-9
while severe attacks scored from 15-18.
Exclusion criteria
Asthmatic children with other associated illnesses or
underlying diseases that may affect asthma exacerbation
severity were excluded from our study e.g. congenital
heart disease, pneumonia, cystic fibrosis, immunodeficiency disease, ciliary dyskinesia etc.
Methods
The study was based on collecting demographic data,
history data, alarming signs, medications and patient’s
outcome through patients questionnaire and examination.
Demographic data of the patients included age, gender
and age of onset of asthma. The following history data
related to their disease status were recorded; history of

chronic steroid intake, prior intensive care admission,
prior mechanical ventilation for asthma, recurrent visits
to ED in the past 48 hours, sudden onset of severe
respiratory distress, poor compliance with therapy, poor
recognition of severity of attack by patients' family or
their physician, prior use of systemic corticosteroid in last
year, previous history of respiratory arrest or hypoxic
seizures/encephalopathy, over-reliance on short acting
β2-agonist inhaler therapy and previous history of delay
hospital or intensive care unit admission. Thorough
clinical examination was done and focused on the level of
consciousness, cyanosis and talking pattern.
In addition, oxygen saturation (SpO2%) by pulse
oximeter and PEFR by Wrights peak flowmeter for
cooperative children ≥6-year-old were measured. Arterial
blood gases were only measured for cases admitted to
PICU. The treatment protocol used for asthma
exacerbation was adopted by the Pediatric Department,
Faculty of Medicine, Alexandria University, and all given
medications were recorded.6 Patients’ outcome (recovery
and discharging from ED, admission to hospital or
Pediatric Intensive Care Unit (PICU), or death) were
recorded.
Statistical analysis
Data were checked and analysed by SPSS system files
(SPSS package version 18). A Chi-squared or Fisher
exact test was used to compare categorical variables.
Continuous variables were determined by Student’s t-test
or univariate analysis. All continuous data are expressed
as means±standard deviation. A two-tailed p value of
<0.05 was considered statistically significant.
RESULTS
One hundred asthmatic children presented to ED with
asthma exacerbation between age of 3 and 11 years were
enrolled in the current study. The patients with severe
asthma exacerbations were older in age when compared
to those with mild asthma exacerbations (X±SD=6.9±1.4
versus 5.2±1.4 years, p<0.0001) (Table 1). Male
percentage was significantly higher in the study group
than in the control group (70% versus 46%, p=0.015).
Also, the duration of asthma illness was significantly
longer in the study group compared with controls
(X±SD=28.4±15.9 versus 16.7±13.5 months, p<0.0001).
After analysing the history data of the patients’ illness
(Table 2), the following risk factors were found to occur
more likely among patients with severe asthma
exacerbations when compared to those with mild asthma
exacerbations; history of sudden onset of severe
respiratory distress (odds ratio (OR)=30.13, 95% CI;
13.78-66.69), history of steroid-dependent asthma
(OR=14.46, 95% CI; 3.97 to 52.65), history of previous
admissions to ICU (OR=13.5, 95% CI; 2.93-62.21),
history of poor compliance to therapy (OR=10.1, 95% CI;
3.6-28.1), history of delayed hospital admission
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(OR=10.2, 95% CI; 3.4-30.6), history of respiratory arrest
(OR=9.03, 95% CI; 2.46-33.12), history of prior use of
systemic corticosteroid in last year (OR=8.22, 95% CI;
1.33-49.23), history of over-reliance on rapid short acting
β2 agonist inhaler therapy (OR=8, 95% CI; 3.36-20.38),
history of recurrent visits to emergency unit in last 48
hours (OR=7.87, 95% CI; 1.07-57.56) and history of

prior mechanical ventilation for asthma exacerbation
(OR=5.27, 95% CI; 1.08-25.79). On the other hand, cases
with history of poor recognition of the severity of the
attack and history of hypoxic seizures were weakly
associated with severe asthma exacerbation (OR=2.25,
95% CI; 0.17-7.14 and OR=7.70, 95% CI; 0.78-75.77,
respectively).

Table 1: Comparison between the studied groups as regards age, gender and duration of disease.

Personal data and
history of illness
Gender
Male
Female
Age (years)
Min-Max
Mean age±SD
Duration of illness (month)
Min-Max
Mean±SD

Study group (patients with severe
asthma exacerbation)
(N=50)
No
%

Control group (patients with
severe asthma exacerbation)
(N=50)
No
%

P value

35
15

23
27

0.015*

70
30

46
54

5-11
6.9±1.4

3-10
5.2±1.4

<0.0001*

6-84
28.4±15.9

5-72
16.7±13.5

<0.0001*

*significant at p≤0.05.

Table 2: Comparison between cases and controls concerning patients’ history profile of bronchial asthma.

History of asthma
Chronic steroid-dependent asthma
Prior intensive care admission
Prior mechanical ventilation for asthma
Recurrent visits to emergency unit in last 48 hrs
Sudden onset of severe respiratory distress
Poor compliance with therapy
Poor recognition of severity of attack
Prior use of systemic corticosteroid in last year
Respiratory arrest
Hypoxic seizures/encephalopathy
Over-reliance on rapid & short acting β2 agonist,
inhaler therapy
Delayed admission to hospital or ICU

Study group
(N=50)
No.
%
24
48
18
36
9
18
50
100
50
100
29
58
10
20
50
100
10
20
3
6

Control group
(N=50)
No.
%
3
6
2
4
2
4
46
92
8
16
6
12
5
10
44
88
0
0
0
0

35

70

11

15

30

0

Odds
ratio

95% confidence
interval

14.46
13.5
5.27
7.87
30.38
10.13
2.25
8.22
9.03
7.70

3.97 to 52.65
2.93-62.21
1.08-25.79
1.07-57.56
13.78-66.96
3.65-28.13
0.17-7.14
1.33-49.23
2.46-33.12
0.78-75.77

22

8.27

3.36-20.38

0

10.27

3.45-30.62

Table 3: Comparison between cases and controls according to associated alarming physical signs during asthma
exacerbations.

Alarming signs during asthma exacerbation
Cyanosis
Talking pattern
1-Sentences
2-Phrases
3-Words/unable to speak
Lethargy or changed consciousness

Study group
(N=50)
No.
%
9
18.0
(N=50)
17
34.0
21
42.0
12
24.0
11
22.0

Control group
(N=50)
No
%
0
0.0
(N=49)
49
100.0
0
0.0
0
0.0
0
0.0

P1
Y

P=0.003*

P<0.0001*
P<0.0001*
P=0.0003*
P<0.0001*

Y

P: Yates corrected Chi-Square test; *significant at p≤0.05.
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Table 4: Comparison between cases and controls according to the used medications during asthma exacerbations
and according to patients’ outcome.

Results
Treatment given
Systemic corticosteroids
Oxygen
Sedatives
Patients’ outcome
Sent to home
Observed in ER
Admitted to ward
Admitted to ICU
Deaths

Cases group
(N=50)
No.
%

Control group
(N=50)
No.
%

P1

50
19
4

100
38.00
8

6
2
0

12
4
0

<0.0001*
<0.0001*
Y
p=0.117

0
25
12
13
0

0
50
24
26
0

44
6
0
0
0

88
12
0
0
0.0

<0.001*
<0.001*
<0.0001*
FE
p<0.0001*
NA

Y

P: Yates corrected Chi-Square test; FEP: Fisher's exact test; *significant at p≤0.05.

The percentage of patients with severe exacerbation
having cyanosis, altered sensorium and talking in
words/unable to speak (Table 3) were 18%, 22%, and
24% respectively, while no patients in the control group
had these signs (p<0.05).
In the current study all the enrolled cases received β2
agonist delivered by nebulizer to relive the exacerbation
at ED. Meanwhile, 100% of severe cases received
systemic corticosteroid compared to 12% of mild group
(p<0.0001) (Table 4). Also, oxygen supply was used in
ED in 38% of cases with severe asthma exacerbation
compared to 4% of the cases with mild exacerbation
(P=0.0001). Concerning patients’ outcome, 26% of the
cases with severe exacerbation were admitted to ICU,
24% to wards while the remaining 50% were managed in
ED up to 24 hours, while in control group 88% were sent
home after receiving inhaled β2 agonist and 12% were
observed in ED for 2 hours. These differences in the
patients’ outcome between the study and control groups
were significant (p<0.001).
DISCUSSION
Acute asthma exacerbation is the most common cause of
childhood
emergency
department
visits
and
hospitalizations. Adequate management of persistent
asthma have been consistently shown to reduce the risk
of severe exacerbations.7 However, some children with
persistent asthma who developed one severe exacerbation
in the prior year have a two folds increased risk of
subsequent severe exacerbations despite use of controller
medications suggesting that apart from medical control
there are other risk factors for precipitating severe
attacks.8 This study was conducted to identify risk factors
of severe exacerbations of asthmatic children to guide the
parents for early medical consultations and physicians at
primary health care centres for proper management.
Gender, age and disease duration represented the main
checked demographic data. In agreement with Schatz et

al and Sears et al the study showed that severe asthma
exacerbations were affecting more male patients.9,10 Also,
these severe attacks were frequently encountered among
older asthmatic children than younger children. This is
contradictory to Engelsvol et al who reported that severe
attacks were highly related to younger age.11 This may be
explained in our study by excluding children below 3
years to avoid early transient wheezing. On addition,
children with severe asthma exacerbations had longer
duration of the disease than in mild exacerbations group.
Similarly to this finding, Tsukioka et al concluded that
with chronicity of the disease, poor lung function will be
more expected and more symptomatology.12
Poor asthma control was a risk factor for asthma
exacerbations as concluded by Haselkorn et al who
studied asthmatic children between 6 to 11 years for risk
of severe asthma exacerbation.13 Yavuz et al found that
most of severe asthma exacerbations were among less
controlled school children.14 As in our study, the high risk
for severe asthma exacerbation due to poor compliance to
therapy was approved by Scarfone et al, Johnston et al
and recent GINA guidelines.15-17 An adherence to daily
inhaled corticosteroid (ICS) therapy is the cornerstone of
asthma control and discontinuation leads to deterioration
of clinical control.18 About half of the study patients with
severe asthma exacerbation were chronic steroid
dependent and those were more likely to have severe
attacks. Moreover, frequent use of short acting β2 agonist
(SABA) medication is a key indicator of poor asthma
control as reported by Gibson et al and Butz et al.19, 20 Our
results showed that over reliance on SABA could be an
important risk associated with severe exacerbations
similar to results found by Paris et al.21
History of previous ICU admission in past year, history
of recurrent visits to ED in the preceding 48 hours,
history of mechanical ventilation and prior use of
systemic corticosteroid in last year were highly
associated risk factors in children with severe attacks.
These findings are in consistent with other similar
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studies.22-25 In addition, delayed admission to hospital
was important factor for developing severe asthma
exacerbation. Renato Stein et al found that the delay may
have contributed to the need for ICU admission.26 In our
study, history of hypoxic seizures were weakly associated
with severe asthma exacerbation and it was found among
6% of severe asthma exacerbation group. Although, this
matched Stein et al (7.5%) but it was contradictory to
GINA guidelines and this may be explained by small
sample size of the study group.26,17 Also, we found in our
study poor recognition of severity of attack was weakly
associated risk factor with severe asthma exacerbations
and this may be attributed to illiteracy, lack of health
education of caregivers and suboptimal interventions of
physicians caring for patients with asthma mainly in poor
urban areas.

history profile including a sudden severe respiratory
distress in previous attacks, poor drug compliance,
chronic steroid-dependent asthma, prior intensive care
admission and/or over-reliance on short beta 2 agonists
inhaler. During asthma exacerbations, cyanosis, altered
sensorium and inability to talk or speaking few words
could be considered red flag signs for severe asthma
exacerbations.
Recommendation
Awareness of risk factors related to severe asthma
exacerbation in children may alert children’ caregivers
and physicians for prompt interventions in order to
reduce asthma morbidity and mortalities.
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