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Abstract

Acute laryngotracheobronchitis (croup) is one of the most common childhood respiratory
illnesses. Children with moderate to severe airway obstruction are traditionally admitted
to hospital for observation and treatment. Corticosteroids are now frequently used in
children with acute laryngotracheobronchitis.

To assess the efficacy of a smaller dose of dexamethasone (0.15 mg/kg) as compared to
the standard dose of oral dexamethasone (0.6 mg/kg) in children with croup.

We performed a double-blind, randomized trial involving 72 children with acute
laryngotracheobronchitis. One group of children had dexamethasone (0.6mg/kg) (group
A) and the other group of children was treated with oral dexamethasone (0.15mg/kg)
(group B). The severity of illness was assessed by a clinical croup score based on
retractions, stridor, air entry, cyanosis and the level of consciousness. Reduction in croup
score, hospitalization rate and admission and adrenaline usage were evaluated.

The characteristics of both groups were a most similar at the base line, including,
duration of symptoms, previous medication usage, and severity of illness. Most of the
children (90%) being younger than 5 years of age. Seventy-two patients completed the
study with 36 patients in each group. Twelve hours from the time of treatment, the
patients in group A (0.6mg/kg oral dexamethasone) as well as the patients in group B
(0.15mg/kg oral dexamethasone) had statistically significant decline in median croup
score from 4.5 to 2 (p=0.01) and from 5 to 2 (p=0.01), respectively. The over all rate of
hospitalization after treatment in group A (0.6 mg/kg dexa-methasone) was 15/36



children (41.6%) and in group B (0.15mg/kg dexamethasone) it was 14/36, (38.9%) and
there was not statistically significant different from one another (p=0.36). The median
hospital stay (hours) for group A was 28hr (12-50) and for group B was 26hr (14- 48). No
statistical significant difference between the two groups was observed (t=-0.32, p=0.64).
Other outcome measures were similar for the two groups.

We conclude that oral dexamethasone in a dose of 0.15mg/kg is as effective as a dose of
0.6 mg/kg in relieving symptoms of acute croup in children and results in similar
reduction in the croup score, the adrenaline usage and the overall hospital admission rate
and the duration-stay.

Introduction

Croup is an acute clinical syndrome characterized by inspiratory stridor, barking cough,
and signs of respiratory distress due to laryngeal or tracheal obstruction [1-3]. It occurs in
about 2% of preschool-aged children annually [1]. It mainly affects children aged 6-36
months, with a peak incidence at 12-24 months and with a male predominance of 3:2 [1].

The treatment of croup remains controversial and mild cases probably require no
treatment other than careful observation. Although humidification had been used in the
treatment of croup since the 19th century, it may not relive the symptoms. On the hand,
the nebulized adrenaline has a beneficial effect but of limited duration [3-5]. The degree
of obstruction in patients with croup returns to pretreatment levels within two hours [3].

In the past 40 years, there have been more than a dozen of clinical trials evaluating
steroid utilization in acute laryngotracheobronchitis [6-15] with some of them noting a
therapeutic benefit [6-10] and others showing no effect [11-15]. This equivocal evidence
supporting the use of corticosteroids in acute laryngotracheobronchitis may be related to
the methodological deficiencies in the previous studies, as outlined by Tunnssen and
Feinstein [16].

Lately, the benefit of glucocotricoid therapy in patients with croup has been firmly
established the results of four randomized clinical trials of intramuscular dexamethasone
[17,18], oral prednisolone [19] and nebulized busonide [20].

Although there were no statistical difference in the efficacy of oral dexamethasone versus
the efficacy of nebulized budesonide, with regard to hospitalization time or croup score,
there was a consistent trend in favor of the oral preparation. Of the children who
remained hospitalized, those who received oral dexamethasone had significantly lower
mean pulse rate at 8 and 12hr, and lower respiratory rate at 8hr, than those who received
aerosol budesonide, implying less work of breathing [21].

Oral dexamethasone was selected for this study because of its availability and its lower
cost as compared to nebulized budesonide or intramuscular dexamethasone. In addition,
it does not require face mask, tubing, or prolonged time of delivery in agit-ted child and it
can be administered without the discomfort of intramuscular injection.



There is a concern that dexamethasone, with a serum half —life of 36-54 h [3,22], could
have sustained effects on multiple systems and that, it may reduce the immune function.
Persons exposed to varicella while taking glucocotricoid are at risk for severe varicella
infection [23]. In a placebo-controlled trial of nebulized dexamethasone in children with
moderate croup, Johnson et al [24] reported that bacterial trachitis developed in two chil-
dren with occult neutropenia. In order to evaluate the role of oral steroids in children with
croup, most of these studies had used a dose of 0.6 mg/kg. However, in patients who
were treated with nebulized budesonide, a smaller does of steroid had been administered.
Therefore, we hypothesized that smaller single dose of oral dexamethasone would be as
effective as 0.6mg/kg in the treatment of croup and would cause less adverse effects.
Hence, we designed a randomized, double-blind controlled trial to determine whether a
smaller dose of oral dexamethasone (0.15mg/kg) would have similar beneficial effects as
the usual dose (0.6 mg/kg), in children with croup.

Methods

Children were enrolled in the study if they were at age of 3 months to 9 years, had been
given a diagnosis of croup (defined as acute onset of inspiratory stridor associated with a
“seal-like” barking cough), had persistent, moderately severe respiratory distress, defined
as a croup score more than three (Table 1) [5,25] and their parents had given informed
conscent to particpate in the present study. Exclusion criteria included: symptoms or
signs suggesting another cause of stridor, such as epiglotitis, bacterial trachitis, or
supraglottic foreign body; a history of chronic pulmonary disease, severe systemic
disease, immune dysfunction, stridor or intubation for more than one month, or
glucocorticoid therapy in the last four weeks before study entry. Patients were recruited
in the emergency rooms and outpatient clinics from September 1998 to December 2002
in three medical institutes, Abha City, Southwestern of Saudi Arabia. To make the study-
drugs indistinguishable from each other, they were packaged in opaque containers and
diluted on the same amount of solution. A blocked randomization code was produced by
random-number-generating software, and the code was not broken until after the study
ended and all the decisions regarding data analysis were finalized. The need for further
treatment with racemic epinephrine and hospitalization were based on the clinical
judgment and no treatment or admission criteria were imposed. All children received mist
therapy throughout the observation period. Mist was administered through a plastic hose
held by the parents to the child’s face. The co-interventions treatment was administered
in a standard-ized fashion. Mist was used for a total croup score >2; racemic epinephrine
aerosols was given for croup scores >4; supple-mental oxygen was used for oxygen
saturation < 88%; and anti-biotics were given for causes other than croup such as otitis
media. The dosage of the racemic epinephrine aerosols was 0.5 cc of 2.25% racemic
epinephrine in 3.5ml of saline solution ad-ministered through an aerosol mask for 20
minutes [5].

Outcome measures

The primary and secondary outcome measures were defined before the data collection.
The primary outcome measures were the change in total croup scores per 12-hour interval



within and between the study groups, as well as the classification of patients as having a
favorable clinical response at 12 and 24 hours after treatment. A favorable clinical
response was defined as an improvement in the total croup score of >2 units [8]. The sec-
ondary outcome measures were: 1. The requirement for cointerventions such as racemic
epinephrine aerosols mist therapy or both, 2. The respiratory rate, and 3. The oxygen
saturation measured by pulse oximetry. In addition, the rate of hospitalization, the
intensive care unit admission and the duration of hospital stay, all were assessed.

Data analysis

Estimation of sample size was based on two-point improvement in the croup score or a
return of the score to 1 or less and this was considered to be clinically important and to
constitute a response. We estimated that at least 70 percent of patients as-signed to either
group of treatments would have clinically impor-tant improvement. With two-sided,
alpha level of 0.05 and 80 percent power, a sample containing 32 patients per group
would be required. With regard to data analysis, Chi-square analysis with Yates
correction was used for all dichotomous variables. The Mann-Whitney U test and the
Wilcoxon matched-pair signed rank test were used for all ordinal variables and the T test
and paired t test were used for interval variables. All statisti-cal tests were two-tailed test.
For interval variables the results were reported as mean £ SD (standard deviation) and for
ordinal variables the medians and ranges were reported [25].

Results

Eighty-four patients were enrolled in the study over four years interval from September
1998 to September 2002 and only 72 had completed the study. Other patients did not met
the eligibility criteria for the study because they had croup that was too mild, did not
meet the age requirement, did not meet our defini-tion of the croup, had croup that was so
severe, had epiglottis, had previous upper airways disease, or/and had been treated with
steroids.

Thirty-six patients were randomly assigned to receive the standard dose of 0.6mg/kg of
oral dexamethasone (Group A), and the other 36 patients were assigned randomly to
receive oral dexamethasone at a dose of 0.15 mg/kg (Group B).

At enrollment, the two groups were almost identical regarding age, sex, duration of
symptoms, previous medication usage, and severity of illness (Table 2). The children age
range was 6 to 160 months with 90% being younger than 6 years of age.

A chest or lateral neck roentgenogram (or both) was obtained on nine patients in group A
and ten patients in group B. None of these patients had any roentogenographic evidence
of pneumonia or epiglottis at the time of study entry. However, all had subglottic
narrowing on their roentogenograms. The total croup score was the same in both baseline
observations.



Figure 1, demonstrates decline in median croup score in both groups at different
intervals. Twelve hours after treatment those who received 0.6mg/kg oral dexamethasone
had significant improvement in their total croup score (Figure 1) from 4.5 to 2 (range3-6
and 1-4, respectively; Z score = -3.22. p =0.001. Wil-coxon matched-pair signed-rank
test). Patients who received 0.15mg/kg oral dexamethasone had also significant improve-
ment in their total croup score from 5 to 1.5 (range 3-6 and 0-3, respectively, Z score = -
3.45, p=0.001) as shown in figure 1.

At 12 hours after treatment, group A (0.6 mg/kg oral dexamethasone) total score was
comparable to group B’s score (0.15 dexamethasone) (Z score= -1.12 p= 0.15, Mann-
Whitney U test).

By 24 hours, group A’s ( 0.6 mg/kg oral dexamethasone) total croup score was 1.0 (range
0- 3) and group B’s (0.15 mg/kg oral dexamethasone) score was 1.0 (range 0-3.5; Z
score= -1.42, p=0.24, Mann-Whitney U test).

Most of the improvement in the total croup score was seen in the diminution of the
retractions and stridor 24-hour after the treatment. Group A (0.6 mg/kg oral
dexamethasone ) had a significant improvement in both retraction from 2.0 ( range 1-3)
to 0.5 (range 0-3); p<0.002) and in stridor from 2 (range 0- 2 ) to 0.5 (range 0- 1);
p<0.001). Group B (0.15 mg/kg, oral dexamethasone) showed, also, significant
improvement in both re-traction and stridor. However, there was no statistical significant
difference between the two groups regarding retraction and stridor score after the 24
hours with p value =0.87.

No statistical significant difference was evident between the two groups at 12 and 24
hours after treatment neither in oxygen saturation nor in the respiratory rate. The rate of
hospital admission (Table 3) after treatment in group A (0.6mg/kg dexa-methasone) was
15/36 children (41.6 percent) and it was 14/36 children (38.9 percent) in group B
(0.15mg/kg dexamethasone). The value were not statistically significant (p value = 0.36)

The median hospital stay (hours) of group A (0.6mg/kg dexamethasone) was 28 (12-50)
and in group B (0.15 mg/kg dexamethasone) was 26 (14- 48). There was no statistical
significant difference between the two groups (t=-0.32, p=0.64) (figure 2). Four patients
from each group were admitted into pediatric ICU but none of them needed mechanical
ventilation.

Two patients developed bronchopneumonia on the second day of admission as confirmed
by chest X-ray and one patient had bacterial trachitis. All these three patients were in
group A (0.6 mg/kg dexamethasone). No adverse events were noted in the group B
patients. No patient had clinical deterioration, either in the emergency room or after
discharge and no child had gastrointestinal bleeding or bacterial infection [26].

No difference was seen between the two groups with regard to the use of nebulized
adrenaline either in first hour post-treatment or subsequently (Table 3). There was no
difference in the pulse rate, respiratory rate, temperature, or oxygen saturation (in room



air) between the two groups at presentation or at the time of discharged from the
emergency room or during hospitalization.

Although no attempt was made to categorize children’s illness as viral or episodic croup,
on entry into the trail, we recorded whether children had symptoms of fever and
rhinorrhea at home or/and had fever in hospital. Also, the number of previous episodes of
croup, the number of admissions to hospital with croup, and the duration of symptoms
prior to presentation, were recorded. We arbitrarily defined viral croup as having
temperature of greater than 38°C/or fever and rhinorrhea at home and symptoms for 6 hr
or more. The episodic spasmodic group was defined as no history of fever and
rhinorrhnea at home, fever duration of less than 4 hrs, and at least one episode of croup in
the past. Based on these definitions we were able to label the patient’s illness as either
viral or spasmodic. There was no dif-ference in the proportion of viral, spasmodic, or
undefined children’s illness in either group. There was no significant difference in the
duration of hospitalization between the viral- and the spasmodic- causes of children’s
illness.

Table 1: The croup scoring system5

Symptoms Score  Total Cumulative Score
Stridor

None 0

When agitated 1

At rest 2 2
Retractions

None 0

Mild 1

Moderate 2

Severe 3 5
Alr entry

Normal 0

Decreased 1

Markedly decreased 2 7

Cyanosis while breathing

Room air

None 0

With agitation <

At rest 5 12
Level of consciousness

Normal 0

Disoriented 5 17

Table 2: Base-line Characteristics of the children



Characteristic Dexamethasone Dexamethasone
(0.6mgikg) Group A  (0.15mgrkg) Group B
n =36 n= 36
Chinical Demographic features
Sex
Male 19 20
Female 17 16
Age, months (mean+SD) 176413 168212
Weight, Kg (meanzSD) 122:64 136+73
Duration of Symptomst(hours)
Fever 9(0-22) 10(0-24)
Cough 14(5-38) 12(6-40)
Stndor 7(3-14) B({2-15)
Breathing difficulty 51-8) 6(2-12)
Signs
Temperature (C) 376213 378211
Croup Score 4 5(3-6) 50(3-6)
Heart rate (beat/mn) 136£20 4 14042225
Respiratory rate (breath/min) 3646 39+10
Oxygen saturation (%) +4% 90+6%
Prior treatment with racemic epinephring 3 3
(number of times)
P 000000000revious croup (number of oc- 4 5
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Figure 1: Median Croup score at different intervals
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Figure 2: Hospital stay (hour) for both treatment groups



Table 3: Changes in outcome variables after treatment in both groups

Variable Dexamethasone Dexamethasone Pvalue
0.6mgikg, group A 0.15my'kg, group B
n=36 n«36
Mean (+ SE) changs 29204 -31403
n croup scoret
Patents requirng = 2 aerosols of racemic 7735 (20%) 8736 (22%)

epnephnne in the first b0 hours

Mist therapy (patients n Mist at 24hr) 18/36 (50%) 16436 (44%)
putse oximetry ( 02 saturabon %) at 24 hr 044+3% 93+4%
(MeansSD)

Respwratory rate (breath/man at 24 after 3249 3047

fraatment (Mean+SD)

Hospatalization {number and %) 14736 (35%) 15036 (38) %
Median hospital stay(hr) 26 {14- 48) 28 (12-50)
1CU admission (number of patients) 4 4

T The change in scores from baseline to the assessment (the assessment at four hours is
shown). SE = standard error of mean.

Discussion

There has been increasing evidence of an immunological component for the acute
laryngotracheobronchitis. Welliver et al [27] reported that children with croup caused by
parainflunza viruses had high titers of both parainflunza virus-specific IGE and histamine
in their nasal secretion in comparison with children who had only an upper respiratory
tract infection caused by parainflunza virus. Furthermore, over half of the children with
past history of croup developed increased airway hyperactivity and have abnormal
pulmonary function [28,29]. The use of dexamethasone in acute viral croup may have a
role in blunting these immunological processes and hence potentially ameliorating not
only the acute process but also these later responses. Further studies are needed to
confirm this hypothesis.

In our randomized, double-blind, controlled trials involving children with croup who
presented to the emergency room, we used two different doses of dexamethasone,
0.6mg/kg in one group and a smaller dose of 0.15 mg/kg in the other group. The croup
score was used as primary outcome variable in our study because it represents the
severity of the patient’s illness and could easily be applied in clinical practice [5,24]. The
improvement of total clinical score at 12 hours and 24 hours in patients received small
dose of oral dexamethasone (0.15mg/kg) was similar to the clinical improvement in
patient received the stan-dard dose of oral dexamethasone (0.6mg/kg).

Stridor and retractions which are the major components of the croup score, correlate well
with the diameter of the trachea when it is measured fluoroscopically [30]. Most of the
improve-ment in the total croup score in our trial was seen in stridor and retraction
parameters. Both treatment groups showed significant improvement at different intervals



of the study, and there was no statistical difference between the two groups (p value
<0.05).

In this study, the rate of hospitalization in group A (0.6 mg/kg oral dexamethasone) was
41.6 percent and in group B (0.15 mg/kg oral dexamethasone) 38.9 percent and there was
no significant difference noted between the two groups with odd ratio for differences
between treatments (95% ClI), 0.4 (0.2-1.3). Hospital admission rate for children suffering
from croup which had been seen in outpatient setting ranged from 1.5% to 30% of cases
seen. These figures vary widely, depending on hospital admission practices and the
severity of the disease in the popu-lation being assessed [31,32]. Admission rate in
patients at-tending emergency room was higher and it has been shown by other
investigators that hospital admission rate is reduced in patient treated with 0.6 mg/kg of
dexamethasone. Johnson et al [33] demonstrated that the rate of hospitalization after
treatment in the placebo group was 67 percent and it was reduced to 35 percent in
patients treated with steroids.

Our study also showed that treatment with small dose of oral dexamethasone (0.15mg/kg)
resulted in no significant difference in the duration of hospitalization as compared to the
standard dose of oral dexamethasone (0.6mg/kg). Hospital stay has been shown to be
shorter in patients treated with dexamethasone as compared to placebo. Geelhood and
Macdonald, [21] demon-strated that patients treated with steroids have shorter duration of
hospitalization as compared to placebo group.

We found that there is a little need for adrenaline administration after the first two hours
post-treatment in patients who received small dose of oral dexamethasone (0.15mg/kg),

as it is the case in patients treated with standard dose of oral dexamethasone (0.6mg/kg).
This decrease in the use of adrenaline was also found by Super et al [17].

Our data did not demonstrate any significant differences in respiratory rate, oxygen
saturation or intensive care unit admis-sions between the two groups.

In the meta-analysis study, there appeared to be a dose-response effect of steroids in
croup. The great effect clinical improvement was seen in studies in which the highest
doses of steroids were used [9,10,15]. The low doses studies in the meta-analysis,
however, used an average dose of only 0.08mg/kg of dexamethasone [11,12,14]. These
findings are compatible with the existence of a plateau effect where an improvement in
the outcome occurs with increasing doses up to somewhere between 0.08 and 0.15 mg/kg
dexamethasone with no further improvement achieve with greater doses and this is also
demonstrated in our data analysis as above. In addition to our study, Geelhood et al [34]
also concluded that oral dexamethasone in a dose of 0.15 mg/kg is effective in out-patient
children with acute laryngotracheobronchitis.

Regarding the limitation of our study, there was no placebo group included in our trial.

However, since the benefit of steroids in the treatment of laryngotracheobronchitis have
been established [20,21,35-36], we think that it is unethical to deprive patients from this
modality of treatment. In addition, there was no long-term follow-up of patients and the



type of causative organism was not isolated and the clear distinction between viral
laryngotracheobronchitis and spasmodic croup was made only by clinical assessment.
However, a traditional distinction has been made between spasmodic recurrent croup and
laryngotracheobronchitis. Some researchers have considered the distinction is important
because spasmodic croup may have an allergic component [37] and may improve more
rapidly than laryngotracheobronchitis whether or not treatment is given, whereas
laryngotracheobronchitis is thought to be clearly associated with viral infection of the
respiratory tract, especially, but not exclusively, infection with parainflunza virus [38].
Others recognized that there is enough overlapping in the signs, symptoms and viral
origins of the spasmodic croup and laryngotracheobronchi-tis to consider them a
manifestation of a single disease [3]. Johnson et al [33] did not find that a viral-induced
croup had a significant effect on the difference between the treatment groups. The
efficacy of glucocorticoids has been demonstrated in children with both types of croup
[21].

Regarding adverse effects in our entire study population, three patients in group A
(0.6mg/kg dexamethasone) developed com-plications. Two patients developed
pneumonia and one patient developed bacterial trachitis. None of the patients in group B
(0.15mg/kg) developed any adverse effects. These observed complication have been
reported previously in patients with croup who were treated with dexamethasone. In
Jame’s study [8] eight out of 88 patients (9%) developed pneumonia, of whom 2 of 8
(25%) received dexamethasone. In the study by Muhlen-hal et al [10] bronchopneumonia
or bronchitis developed in 24 of 349 (7%) patients; 18% of the 24 patients received
dexamethasone. One explanation for the development of pneumonia and bacterial
trachitis in our trail is that these complications are related to the natural course of the
illness. However, the possibility that these complications could be due to dexamethasone
cannot be ignored and the risk of pneumonia and bacterial trachitis must be balanced
against the benefits of using dexa-methasone in the treatment of children with
laryngotracheobronchitis. Further studies are needed to evaluate the safety of this
treatment in such viral illnesses.

Past advocation against the routine use of glucocorticoids in patients with croup have
stressed the potential for infrequent serious gastrointestinal hemorrhage and other adverse
effects after dexamethasone therapy [25,26]. Glucocorticoids should be given with
caution in patients with preexisting immunodeficiency, recent exposure to varicella, or
possible tuberculosis. When used in previously healthy children with croup, however,
glucocorticoids have had a few important adverse effects [3,35].

In conclusion, our trial demonstrated that oral dexamethasone at a dose of 0.15 mg/kg is
as effective as 0.6mg/kg in reducing the total croup score, the need for racemic
epinephrine, the rate of hospital admission and the duration of hospitalization. There were
no statistical differences in respiratory rate, oxygen satura-tion or intensive care
admission. Two patients had pneumonia and one had bacterial trachitis and these patients
were treated with 0.6 mg/kg dexamethasone. No adverse effects were seen in patients
treated with the small dose of dexamethasone (0.15mg/kg). Therefore, we recommend
further studies to ex-plore the safety of glucocorticoids and the efficacy at different doses



of dexamethasone in treating children with acute laryngotracheobronchitis. In addition,
we advice that specimens for viral studies are to be obtained by a nasal swab (for
respiratory syncytial virus antigen assay by fluorescent antibody [39], a throat swab (for
culture of parainflunza and influenza virus) and other methods to be examined by
standard laboratory procedures [40].
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