
Correspondence to:
Manavathongchai M. Department of Pediatrics, Faculty of
Medicine Vajira Hospital, Navamindradhiraj University,
Bangkok 10300, Thailand.
Phone: +66-2-2443156
E-mail: manutham@nmu.ac.th

Factors Associated with the Use of Continuous
Nebulization with Beta

2
 Agonist in Wheezing Children

at Faculty of Medicine Vajira Hospital
Nicha Nivatpumin MD1, Manutham Manavathongchai MD1

1 Department of Pediatrics, Faculty of Medicine Vajira Hospital, Navamindradhiraj University, Bangkok, Thailand

Objective: To identify factors associated with the use of β
2
 agonist continuous nebulization in children treated for wheezing.

Materials and Methods: This was a case-control study of children aged 1 to 15 years admitted with wheezing to a general
pediatric ward of Faculty of Medicine Vajira Hospital between January 2014 and November 2016. Data of wheezing children
were collected from in-patient charts. Characteristic features of who had continuous nebulization (case) were compared to
those who had intermittent nebulization (control).

Results: One hundred children (25 cases, 75 controls) were included in the present study. Oxygen saturation <95% on
admission and systemic corticosteroids use were independent risk factors for continuous nebulization with odds ratio [OR]
of 5.26 (95% CI: 1.86 to 14.83, p = 0.002) and 20.00 (95% CI: 1.92 to 99.98, p = 0.012) respectively. Subgroup analysis of
participants in recurrent wheezing children (n = 43), only oxygen saturations <95% was an independent risk factor for
continuous nebulization with OR of 24.66 (95% CI: 3.70 to 164.62, p = 0.002).

Conclusion: Oxygen saturations <95% on admission and systemic corticosteroid use were independent risk factors for
continuous β

2
 agonist nebulization in wheezing children.
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Dyspnea is an emergency condition in
children that requires immediate medical treatment. The
main cause of dyspnea is lower airway obstruction which
can be triggered by a number of factors. The signs and
symptoms are breathing with a whistling or rattling
sound in the chest, known as wheezing.

Many factors are known to contribute to
wheezing in childhood. Common pathologic factors are
respiratory tract infection and allergens. Infectious
agents may differ in each age group. In children younger
than 1 year old, respiratory syncytial virus [RSV]
infection has been identified as a significant cause of
wheezing(1). In children aged 1 to 3 years, rhinovirus
is more common pathogen(1). In children older than 1

year, respiratory infection or frequent exposure to
allergens or other stimulants, such as, cigarette smoke
are prominent factors(1). One study found that 58% of
pediatric patients with wheezing symptoms had a family
member who was a cigarette smoker(2).

Respiratory viral infection, allergy, and
wheezing can cause anatomical changes of respiratory
structures and increase the risk of developing asthma
in the future(3). Wheezing can be found in children who
suffer from coughing and dyspnea; 24% to 35% of
them had chance of being diagnosed with asthma(4).

There were many factors which were
associated with the severity of wheezing as well as
their respond to treatment. Recognition of these factors
are important if that the caregiver can increase
awareness so that appropriate treatment can be initiated
earlier, reduce the need for ventilator support and to
decrease the progression to respiratory failure, or even
death.

Previous studies focused more on the
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influencing factors for wheezing or severity of asthma.
These features were overweight, history of allergic
rhinitis, history of cigarette smoke exposure, an
unsanitary household environment, history of inhaled
β

2
 agonists >4 times within 3 months, duration of

symptoms before treatment, and presence of
hypoxemia(5-9).

Treatment for wheezing generally depends
on its severity. Treatment includes β

2
 agonist

bronchodilator which can be administered by nebulizer
inhalation, or intravenous in severe cases. The
nebulizer is generally given by intermittent
administration. In children who have severe symptoms
or those who have only partial response to the
intermittent nebulizer, continuous β

2
 agonist would be

used(10). Continuous nebulization significantly
improved clinical asthma score and decreased
admissions in pediatric asthma patients in the
emergency department(11). One study by Papo et al
compared intermittent vs. continuous nebulization
among children with impending respiratory failure due
to status asthmaticus(12). The children in the
continuous nebulization group had symptoms
improved faster, shorter hospital stay, and no different
side effects compared to those receiving intermittent
treatment(12).

All pediatrician, in our hospitals, in general
pediatric ward, generally used β

2
 agonist for the patients

with wheezing. However, the nebulizer may be
administered either intermittent or continuous
depending on symptoms, severity, and upon discretion
of the pediatrician in charge. Pediatric pulmonologist
would in service in difficult cases upon consultation.

Objective
We aimed to identify the factors associated

with the use for β
2
 agonist continuous nebulization in

children admitted with wheezing to our pediatric ward.

Materials and Methods
The present study was approved by the

Ethics Committee of the institution. We conducted a
case-control study among children who were admitted
to the general pediatric ward of the Department of
Pediatrics, Faculty of Medicine Vajira Hospital between
January 1, 2014 and November 30, 2016. Children were
included if they met the following criteria: aged 1 to 15
years, presented with wheezing, and responded to a
β

2
 agonist nebulization, did not have an underlying

disease that might cause wheezing (e.g., heart disease,
chronic lung disease, subglottic stenosis), and had data

available data.
The children were divided into cases or control

(1: 3). Cases were children who received continuous
β

2
 agonist nebulization treatment whereas controls were

children who received β
2
 agonist intermittent

nebulization treatment. Cases were matched to control
by age within 1 year.

Data collection and definitions
Data collected were: demographic data of the

patients and related history (gender, obesity, history
of allergic rhinitis, history of recurrent wheezing, history
of asthma with its severity as well as their family history
of asthma), environmental factors (cigarette smoke
exposure, RSV infection, and season), pre-hospital
prophylaxis or treatment (before and during the current
episode), season during admission, oxygen saturations,
and presence of any lung infection.

Obesity was assessed by a percentage of
reference body weight relative to height (weight-for-
height) >140. Overweight was assessed as a percentage
of reference body weight relative to height of 120 to
140. Wheezing was breathing difficulty with a whistling
sound detected by physical examination by a physician.
Recurrent wheezing was defined as an experience of at
least one previous episode of wheezing without
receiving a diagnosis of asthma. Family history of
asthma was defined with their father or mother had
history of asthma. Asthma symptom control was
categorized as well-controlled, partly controlled, and
uncontrolled asthma according to the Global Initiative
for Asthma criteria for 2015(13). Pre-hospital treatment
included no treatment, β

2
 agonist treatment by either

nebulization or metered dose inhaler [MDI], antibiotics
or other treatments.

Statistical analysis
Data were analysed by SPSS statistical

analysis for Windows version 22.0 (IBM Corp, Armonk,
NY). Descriptive data were presented as median and
interquartile range or number and percentage. Features
associated with the type of β

2
 agonist nebulization

(intermittent vs. continuous) were determined by
univariate analysis. Significant factors from univariate
analysis were entered for multivariate analysis by
multiple logistic regression, and were presented with
odds ratios [ORs] and 95% confidence intervals [CIs].
p-value <0.05 was considered as statistical significant.

We also performed subgroup analyses among
the wheezing patients with recurrent wheezing, asthma
and first wheezing.
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Results
Demographic data of cases and controls

During the study period, 100 children met all
inclusion criteria. Approximately 66% were males, 25%
were obese, 22% had history of allergic rhinitis, 28%
had asthma, and only 20% had family history of asthma.
Recurrent wheezing was present in 43%. Asthma was
diagnosed in 28%: 9% were well-controlled, 16% partly
controlled, and 3% poorly-controlled. Pre-hospital
prophylactic inhaled corticosteroids or montelukast
resulting in complete symptom control were identified
in 29% of the patients with recurrent wheezing.
Cigarette smoke exposure was recorded in 32%. Nearly
half of the wheezing (47%) occurred in rainy season.

Upon hospital admission, 37% of the patients
had oxygen saturation <95% on admission, 21% had
RSV infection, and 56% had pneumonia. Approximately
55% were treated with β

2
 agonists by nebulization or

MDI before hospitalization.

Analyses of factors between cases and controls of all
patients

The mean ages of 25 cases was 3 years old
(IQR, 2 to 5 years) and of 75 controls was 3 years old
(IQR, 2 to 4 years). By univariate analysis, we found 3
factors were significantly associated with the use of
continuous nebulizer. The ORs were 3.50 (95% CI: 1.09
to 11.22, p = 0.040) for male sex, 16.67 for systemic
steroid (95% CI: 2.27 to 100.00, p = 0.006) and 6.07 (95%
CI: 2.25 to 16.34, p<0.001) for oxygen saturation <95%
on admission. By multivariate analysis, significant
factors of continuous nebulizer were systemic steroid
use with OR of 20.00 (95% CI: 1.92 to 99.98, p = 0.012)
and oxygen saturation <95% on admission with OR of
5.26 (95% CI: 1.86 to 14.83, p = 0.002) whereas male
gender was only nearly significant with OR of 3.33
(95% CI: 0.92 to 12.02, p = 0.067). There were no
statistically significant difference of other factors
between cases and controls (Table 1).

Analyses of factors between cases and controls among
patients with recurrent wheezing

Among 43 wheezing children with recurrent
wheezing, there was a statistically significant
association between rainy season and oxygen
saturations <95% on admission and cases (use of
continuous nebulization): OR 10.29 (95% CI: 1.74 to
60.90, p = 0.010) for rainy season and 35.50 (95% CI:
4.92 to 201.56, p-value = 0.002) for oxygen saturation
<95% on admission (Table 2). Only oxygen saturation
<95% remained significant by multivariable analysis,

with OR of 24.66 (95% CI, 3.70 to 164.62, p = 0.002).

Analyses of factors between cases and controls among
patients with asthma

For the association of pattern of nebulizer
used in 28 wheezing children with asthma, There were
no statistically significant difference of all factors
between cases and controls.

Analyses of factors between cases and controls among
patients without previous wheezing

For the association of pattern of nebulizer
used in 29 children presented with first wheezing. There
were no statistically significant difference of all factors
between cases and controls (data not shown).

Discussion
We analyzed data from 100 children with

wheezing, aged 1 to 15 years, who were hospitalized to
a general pediatric ward to identify factors associated
with the need for β

2
 agonist continuous nebulization.

We found oxygen saturations <95% on
admission and systemic corticosteroids use were
independently associated with β

2
 agonist continuous

nebulization in wheezing children. Previous studies
evaluated the risk factors of wheezing or asthma
without focusing on the pattern of nebulization. One
study by Belessis et al(7) reported the use of intermittent
nebulization of β

2
 agonist as the initial treatment. In

non-responders, the treatment was changed to
continuous nebulization and subsequent intensive care
admission if failed continuous nebulization. Their study
found one among several factors associated with the
continuous nebulization and ICU admission was
oxygen saturation on present <91% which was similar
to the present study.

Receiving corticosteroids treatment was
significantly associated with cases (β

2
 agonist

continuous nebulization in wheezing child) in our study.
This finding was different from other previous studies
which rarely used systemic corticosteroids for
preschool children with general episodes of wheezing
not diagnostic of asthma(14-17). Generally, systemic
corticosteroids using was reserved to the more severe
illness(18,19), so systemic corticosteroids in wheezing
children might represent severe symptoms of the
patients and the need of β

2
 agonist continuous

nebulization as found in the present study.
Regarding the history of asthma symptom

control, we found no association between the asthma
symptom control (good or poor) with β

2 
agonist
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continuous nebulization. This result was consistent
with the report of Belessis et al(7) in children that history
of asthma control was not associated with the severity
of current asthma attack or the use of continuous
nebulization and ICU admission.

Although other studies reported the
association of RSV infection, obesity, season, history
of smoking exposure, family history of asthma, familial
allergic rhinitis, and pneumonia and wheezing or
asthma, the present study could not demonstrate such
associations. This might be due to small number of
patients in the present study.

Regarding the wheezing children with
recurrent wheezing, we found only oxygen saturations
<95% on admission was associated with β

2
 agonist

continuous nebulization which was consistent with
previous report(7).

The present study had some limitations aside
from the small number of patients. Not all inciting factors
were analyzed i.e. other viruses such as rhinovirus that
affected patients aged 1 to 3 years suffered wheezing.
Our wheezing patients might actually be ultimately
diagnosed as asthma, the overlapping of diagnosis may
actually represent the spectrum of symptoms and
illnesses and the diagnosis of wheezing in our patients
might be an underestimation.

Conclusion
Oxygen saturation <95% on admission and

systemic corticosteroids using were risk factors for β
agonist continuous nebulization in wheezing children.
We also found that oxygen saturations <95% on
admission was risk factor for β

2
 agonist continuous

nebulization in cases presenting with recurrent (non-

General characteristics/ Cases Controls                   Univariate                 Multivariate
factors (n = 25) (n = 75)

OR (95% CI) p-value OR (95% CI) p-value

Median age, year (Q1-Q3) 3 (2 to 5) 3 (2 to 4) NA NA NA NA
Gender: male 21 45 3.50 (1.09 to 11.22) 0.040 3.33 (0.92 to 12.02) 0.067
Overweight and obesity 3 22 0.33 (0.09 to 3.36) 0.605 NA NA
Family history of asthma 3 17 2.15 (0.57 to 8.06) 0.257 NA NA
History of allergic rhinitis 5 17 0.85 (0.28 to 2.61) 0.780 NA NA
Prophylactic medication:

Inhaled corticosteroid 6 17 0.93 (0.32 to 2.69) 0.891 NA NA
Montelukast 2 5 0.82 (0.15 to 4.52) 0.821 NA NA

Hx of wheezing/ asthma:
None 4 25 1.00 NA NA NA
Recurrent wheezing 13 30 2.71 (0.78 to 9.36) 0.115 NA NA
Well-controlled asthma 2 7 1.79 (0.27 to 11.86) 0.548 NA NA
Partly controlled asthma 4 12 12.50 (0.91 to 172.08) 0.353 NA NA
Uncontrolled asthma 2 1 2.08 (0.44 to 9.79) 0.059 NA NA

β
2
 agonist treatment before 14 41 0.99 (0.40 to 2.48) 0.989 NA NA

hospitalization
Systemic corticosteroids use 24 43 16.67 (2.27 to 100.00) 0.006 20.00 (1.92 to 99.98) 0.012
Smoking exposure 8 24 1.00 (0.38 to 2.64) 1.000 NA NA
Seasons:

Winter 6 29 1.00 NA NA NA
Summer 4 14 1.38 (0.33 to 5.70) 0.655 NA NA
Rainy 15 32 2.27 (0.78 to 6.62) 0.135 NA NA

Oxygen saturation <95% 14 13 6.07 (2.25 to 16.34) <0.001 5.26 (1.86 to 14.83) 0.002
on admission
RSV infection 4 17 0.71 (0.43 to 4.05) NA NA NA
Pneumonia 16 40 1.50 (0.72 to 5.30) 0.550 NA NA
Antibiotics use 16 30 NA 0.182 NA NA

Table 1. Characteristic features with their odds ratio between the wheezing patients who had continuous (case, n = 25) or
intermittent b2 agonist nebulizer (control, n = 75)

CI = confidence interval, NA = not applicable, OR = odds ratio
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Factors Cases Controls                     Univariate                                   Multivariate
(n = 13) (n = 30)

OR (95% CI) p-value OR (95% CI) p-value

Gender: male 10 19 1.93 (0.44 to 8.55) 0.387 NA NA
Overweight and obesity 2 10 0.36 (0.07 to 1.97) 0.240 NA NA
Family history of asthma 0 5 NA 0.301 NA NA
History of allergic rhinitis 3 6 1.20 (0.25 to 5.77) 0.820 NA NA
Prophylactic medication:

Inhaled corticosteroid use 0 1 NA 1.000 NA NA
Montelukast use 0 0 NA 1.000 NA NA

Treatment before hospitalization: 5 18 0.42 (0.11 to 1.58) 0.199 NA NA
β

2
 agonist

Systemic corticosteroids use 12 20 1.38 (0.28 to 4.55) 0.78 NA NA
Smoking exposure 7 11 2.01 (0.54 to 7.54) 0.298 NA NA
Seasons:

Winter 2 18 1.00 NA NA NA
Summer 3 5 5.40 (0.70 to 41.75) 0.106 NA NA
Rainy 8 7 10.29 (1.74 to 60.90) 0.010 3.01 (0.51 to 17.86) 0.225

Oxygen saturation <95% 9 2 35.50 (4.92 to 201.56) <0.001 24.66 (3.70 to 164.62) 0.002
on admission
RSV infection 2 2 2.55 (0.32 to 20.38) 0.379 NA NA
Pneumonia 10 15 3.33 (0.77 to 14.58) 0.110 NA NA
Antibiotics use 10 12 NA 0.75 NA NA

Table 2. Analysis of factors associated with the use of continuous β
2
 agonist nebulization in patient with recurrent

wheezing who had continuous (case, n = 13) or intermittent β2 agonist nebulizer (control, n = 30) (n = 43)

CI = confidence interval, NA = not applicable, OR = odds ratio

asthma) wheezing. Further study in larger cohorts is
required.

What is already known on this topic?
Continuous nebulization significantly

improved clinical asthma score faster and decreased
admissions in pediatric asthma patients in the
emergency department than those receiving
intermittent treatment.

What this study adds?
Factors associated with the use of continuous

nebulization in wheezing children were oxygen
saturation <95% on admission and systemic
corticosteroids use. These features in wheezing children
should raise an awareness of disease severity and
prompted the clinicians to consider the use of β

2
 agonist

continuous nebulization earlier in their treatment.

Acknowledgements
The present study was made possible through

funding and support from the Faculty of Medicine Vajira
Hospital, Navamindradhiraj University.

Potential conflicts of interest
The authors declare no conflict of interest.

References
 1. Hancerli-Torun S, Ozceker D, Uysalol M, Tamay Z,

byk G, Somer A, et al. Predictive factor for first
wheezing episode. Turk J Pediatr 2015;57:367-73.

2. Duff AL, Pomeranz ES, Gelber LE, Price GW,
Farris H, Hayden FG, et al. Risk factors for acute
wheezing in infants and children: viruses, passive
smoke, and IgE antibodies to inhalant allergens.
Pediatrics 1993;92:535-40.

3. Grad R, Morgan WJ. Long-term outcomes of early-
onset wheeze and asthma. J Allergy Clin Immunol
2012;130:299-307.

4. Murata A, Ling PM. Asthma diagnosis and
management. Emerg Med Clin North Am
2012;30:203-22, vii.

5. Camargo CA Jr, Spooner CH, Rowe BH. Continuous
versus intermittent beta-agonists in the treatment
of acute asthma. Cochrane Database Syst Rev
2003;(4):CD001115.

6. Carroll CL, Stoltz P, Raykov N, Smith SR, Zucker



AR. Childhood overweight increases hospital
admission rates for asthma. Pediatrics
2007;120:734-40.

7. Belessis Y, Dixon S, Thomsen A, Duffy B, Rawlinson
W, Henry R, et al. Risk factors for an intensive care
unit admission in children with asthma. Pediatr
Pulmonol 2004;37:201-9.

8. van den Bosch GE, Merkus PJ, Buysse CM,
Boehmer AL, Vaessen-Verberne AA, van Veen LN,
et al. Risk factors for pediatric intensive care
admission in children with acute asthma. Respir
Care 2012;57:1391-7.

9. Fogaca HR, Marson FA, Toro AA, Sole D,
Ribeiro JD. Epidemiological aspects of and risk
factors for wheezing in the first year of life. J Bras
Pneumol 2014;40:617-25.

10. Eisner MD, Lieu TA, Chi F, Capra AM, Mendoza
GR, Selby JV, et al. Beta agonists, inhaled steroids,
and the risk of intensive care unit admission for
asthma. Eur Respir J 2001;17:233-40.

11. Sabato K, Ward P, Hawk W, Gildengorin V,
Asselin JM. Randomized controlled trial of a
breath-actuated nebulizer in pediatric asthma
patients in the emergency department. Respir Care
2011;56:761-70.

12. Papo MC, Frank J, Thompson AE. A prospective,
randomized study of continuous versus

intermittent nebulized albuterol for severe status
asthmaticus in children. Crit Care Med
1993;21:1479-86.

13. Initiative for Asthma (GINA). Global Strategy for
Asthma Management and Prevention. Ontario,
Canada: GINA; 2015.

14. Panickar J, Lakhanpaul M, Lambert PC, Kenia P,
Stephenson T, Smyth A, et al. Oral prednisolone
for preschool children with acute virus-induced
wheezing. N Engl J Med 2009;360:329-38.

15. Oommen A, Lambert PC, Grigg J. Efficacy of a short
course of parent-initiated oral prednisolone for viral
wheeze in children aged 1-5 years: randomised
controlled trial. Lancet 2003;362:1433-8.

16. Grant CC, Duggan AK, De Angelis C. Independent
parental administration of prednisone in acute
asthma: a double-blind, placebo-controlled,
crossover study. Pediatrics 1995;96:224-9.

17. Castro-Rodriguez JA, Holberg CJ, Wright AL,
Martinez FD. A clinical index to define risk of
asthma in young children with recurrent wheezing.
Am J Respir Crit Care Med 2000;162:1403-6.

18. Bush A. Practice imperfect-treatment for wheezing
in preschoolers. N Engl J Med 2009;360:409-10.

19. Grigg J. Role of systemic steroids in acute
preschool wheeze. Arch Dis Child 2010;95:491-2.

S124                                                                                                          J Med Assoc Thai | Vol.101 | Suppl.8 | 2018


