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ABSTRACT

BACKGROUND

Although numerous studies have explored the benefit of using nebulized epinephrine
or corticosteroids alone to treat infants with bronchiolitis, the effectiveness of com-
bining these medications is not well established.

METHODS

We conducted a multicenter, double-blind, placebo-controlled trial in which 800 in-
fants (6 weeks to 12 months of age) with bronchiolitis who were seen in the pediatric
emergency department were randomly assigned to one of four study groups. One
group received two treatments of nebulized epinephrine (3 ml of epinephrine in a
1:1000 solution per treatment) and a total of six oral doses of dexamethasone (1.0 mg
per kilogram of body weight in the emergency department and 0.6 mg per kilogram
for an additional 5 days) (the epinephrine—dexamethasone group), the second group
received nebulized epinephrine and oral placebo (the epinephrine group), the third
received nebulized placebo and oral dexamethasone (the dexamethasone group),
and the fourth received nebulized placebo and oral placebo (the placebo group). The
primary outcome was hospital admission within 7 days after the day of enrollment
(the initial visit to the emergency department).

RESULTS

Baseline clinical characteristics were similar among the four groups. By the seventh
day, 34 infants (17.1%) in the epinephrine—dexamethasone group, 47 (23.7%) in the
epinephrine group, 51 (25.6%) in the dexamethasone group, and 53 (26.4%) in the
placebo group had been admitted to the hospital. In the unadjusted analysis, only the
infants in the epinephrine—dexamethasone group were significantly less likely than
those in the placebo group to be admitted by day 7 (relative risk, 0.65; 95% confi-
dence interval, 0.45 to 0.95, P=0.02). However, with adjustment for multiple com-
parisons, this result was rendered insignificant (P=0.07). There were no serious ad-
verse events.

CONCLUSIONS
Among infants with bronchiolitis treated in the emergency department, combined
therapy with dexamethasone and epinephrine may significantly reduce hospital ad-
missions. (Current Controlled Trials number, ISRCTN56745572.)
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N INFANCY, BRONCHIOLITIS IS THE MOST

common acute infection of the lower respira-

tory tract, characterized by rhinorrhea, cough,
wheezing, respiratory distress, and hypoxemia,*2
and is most often caused by the respiratory syn-
cytial virus (RSV). Hospital admissions for bron-
chiolitis have almost doubled over the past 10 to
15 years in both Canada and the United States.>*
In the United States, annual hospital costs for RSV-
associated bronchiolitis were estimated at $365
million to $691 million in 1998.5

The current treatment of bronchiolitis is con-
troversial. Bronchodilators and corticosteroids are
widely used but not routinely recommended.®
A meta-analysis of the treatment effects of nebu-
lized selective beta-agonists? failed to show any
consistent benefits, whereas a meta-analysis of the
treatment effects of nebulized epinephrine sug-
gested a decrease in clinical symptoms as com-
pared with either placebo or albuterol.® In one
small, randomized, controlled trial, treatment with
dexamethasone led to a 40% relative reduction in
admission rates as compared with placebo.® How-
ever, a large, recently published study of dexa-
methasone failed to show any difference in hospi-
tal-admission rates or respiratory clinical scores
as compared with placebo.®

The current study was undertaken in response
to the continued controversy concerning the use
of nebulized epinephrine and systemic cortico-
steroids in the treatment of bronchiolitis in infants
and in recognition of the substantial burden that
the care of infants with this disease adds to the
health care system. We conducted a randomized,
double-blind, placebo-controlled, clinical trial with
a factorial design at multiple sites to determine
whether treatment with nebulized epinephrine, a
short course of oral dexamethasone, or both re-
sulted in a clinically important decrease in hos-
pital admissions among infants with bronchiolitis
who were seen in the emergency department.

METHODS

PATIENTS

Patients were recruited during the bronchiolitis
season (December through April) at eight Cana-
dian pediatric emergency departments from 2004
through 2007. All hospitals are members of the
research group Pediatric Emergency Research Can-
ada (PERC). Written informed consent was obtained

from the parents or guardians of all infants in-
cluded in the study, and the study was approved
by the ethics committee at each site and by Health
Canada. The study protocol and manuscript were
written by the investigators; data were collected
by research nurses and analyzed by PERC statisti-
cians. The granting agencies covered all costs, in-
cluding the cost of medications, required no con-
fidentiality agreements, and played no role in study
design, data analysis, or manuscript preparation.
Infants 6 weeks to 12 months of age with bron-
chiolitis who were seen at participating emergency
departments were eligible for the study if they had
a score of 4 to 15 on the respiratory distress as-
sessment index (RDAI).** The RDAI, which has
good interobserver reliability, rates wheezing and
respiratory distress on a scale from 0 to 17, with
higher scores indicating more severe illness;
a score below 4 indicates very mild illness, and
a score above 15 very severe illness. Bronchiolitis
was defined as the first episode of wheezing as-
sociated with signs of an upper respiratory tract
infection during the peak RSV season. We exclud-
ed infants who received bronchodilator treatment
in the emergency department before being as-
sessed by a research nurse, infants who had re-
ceived oral or inhaled corticosteroids during the
preceding 2 weeks, infants with a previous episode
of wheezing or a diagnosis of asthma, previous
bronchodilator use, any chronic cardiopulmonary
disease, or immunodeficiency, and infants in se-
vere distress (defined as a pulse rate >200 beats per
minute, a respiratory rate >80 breaths per minute,
or an RDAI score >15) or with profound lethargy,
and infants who had been exposed to varicella
within the preceding 3 weeks. Also excluded were
infants born at less than 37 weeks of gestation
who had a corrected age of less than 6 weeks at
presentation. Finally, infants were excluded if there
were insurmountable barriers to communication
with the family (a language barrier or lack of a
telephone on the part of the parent or guardian).
A research nurse was present in the emergency
department up to 16 hours daily to recruit partici-
pants. Once a physician had confirmed the diag-
nosis and parental consent had been obtained, the
nurse documented demographic information, ob-
tained a medical history, and obtained a nasal
pharyngeal aspirate for RSV testing. Any child
with an oxygen saturation of less than 92% while
breathing ambient air received supplemental oxy-
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355

6 Were assessed for eligibility

2756 Were excluded
1841 Did not meet criteria
740 Did not have parental consent
175 Had other reasons

800

Were enrolled and underwent
randomization

200 Were assigned to receive
nebulized epinephrine and
oral dexamethasone

199 Were assigned to receive
nebulized epinephrine
and oral placebo

200 Were assigned to receive
nebulized placebo and
oral dexamethasone

201 Were assigned to receive
nebulized placebo and
oral placebo

1 Was lost to 1
follow-up

1 Was lost to
follow-up

Was lost to
follow-up

0 Were lost to

follow-up

199 Were included in the analysis 198 Were included in the

analysis 199 Were included in the analysis

201 Were included in the analysis

Figure 1. Eligibility, Randomization, and Follow-up of Study Participants.
For the primary outcome — admission to a hospital up to 7 days after enrollment — data were available for 797 infants.

gen, and any child with a fever (rectal temperature
>38°C) received acetaminophen (15 mg per kilo-
gram of body weight).

INTERVENTION

Using a computer-generated randomization se-
quence, the research nurse assigned participants to
one of four study treatments: nebulized epineph-
rine plus oral dexamethasone (group 1), nebulized
epinephrine plus oral placebo (group 2), nebulized
placebo plus oral dexamethasone (group 3), or neb-
ulized placebo plus oral placebo (group 4). The
two nebulized treatments, administered 30 min-
utes apart with the use of the 1730 Updraft II
nebulizer (Hudson RCI) and an oxygen flow rate
of 8 liters per minute, consisted of 3 ml of generic
epinephrine in a 1:1000 solution or an equivalent
volume of saline.’?17 The oral treatments, based
on a study by Schuh et al.,° consisted of 1.0 mg of
dexamethasone per kilogram of body weight (max-
imum dose, 10 mg) or placebo given after the
first nebulized treatment in the emergency de-
partment, followed by five once-daily doses of
dexamethasone (0.6 mg per kilogram; maximum

N ENGL ) MED 360;20

daily dose, 10 mg) or placebo. The dexamethasone
suspension consisted of generic dexamethasone
phosphate injection solution mixed with Ora-Plus
and Ora-Sweet (Paddock Laboratories). The place-
bo consisted of Ora-Plus and Ora-Sweet. The re-
search nurse administered all drugs in the emer-
gency department and taught parents how to
administer the oral drug at home. The treating
physician in the emergency department was al-
lowed to provide cointerventions after 90 min-
utes and independently determined whether to
admit or discharge the infant.

RANDOMIZATION

The computer-generated randomization sequence,
stratified by center, used randomized permuted
blocks of 8 and 12. Codes were secured at each
center’s pharmacy until enrollment and data en-
try were complete. In order to conceal the alloca-
tion sequence, the pharmacy at each site prepared
the study drugs in sequentially numbered, visually
identical packets. The active drugs and placebo
were identical in appearance, volume, weight, odor,
and taste.
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ASSESSMENTS

The research nurse recorded the patient’s RDAI
score, respiratory rate, heart rate, and oxygen sat-
uration in ambient air at baseline, between the
two nebulizations, and at 60, 90, 120, 180, and
240 minutes; rectal temperature at 120 and 240
minutes (or at discharge); blood pressure at 240
minutes or at discharge; and any side effects

throughout the observation period in the emer-
gency department. Using a standardized telephone
follow-up procedure,® the research nurse obtained
data regarding compliance with administration
of study medication after discharge and health
care visits, as well as details about the infant’s feed-
ing, sleep, breathing, and coughing. Follow-up by
telephone was performed daily until day 7, then

Table 1. Baseline Characteristics of the Patients.*
Epinephrine— Placebo
Dexamethasone Epinephrine Dexamethasone Group
Characteristic Group (N=200)  Group (N=199)  Group (N=200) (N=201)
Age — mo
Median 5 5 5 5
Interquartile range 3-7 3-7 3-7 3-7
Male sex — no. (%) 124 (62.0) 122 (61.3) 127 (63.5) 120 (59.7)
Clinical characteristics
RDAI score
Median 8 8 8 8
Interquartile range 6-10 6-10 6-10 6-10
Respiratory rate — breaths/min
Median 48 48 50 48
Interquartile range 41-57 44-56 44-60 40-58
Heart rate — beats/min
Median 150 149 152 150
Interquartile range 138-160 138-160 141-161 137-160
Oxygen saturation — %
Median 97 97 97 97
Interquartile range 95-98 95-98 95-98 95-98
Temperature — °C
Median 37.6 37.7 37.6 37.7
Interquartile range 37.3-38.0 37.3-38.0 37.2-38.0 37.2-38.1
Duration of symptoms before enrollment —
days
Median 3 4 3 4
Interquartile range 2-5 3-6 2-5 2-6
RSV-positive — no. (%) 128 (64.0) 129 (64.8) 127 (63.5) 136 (67.7)
History — no. (%)
Atopy
Personal history 28 (14.0) 20 (10.0) 19 (9.5) 22 (10.9)
Family historys: 124 (62.0) 112 (56.3) 113 (56.5) 114 (56.7)
Prematurity§ 22 (11.0) 22 (11.1) 23 (11.5) 16 (8.0)
Clinically significant illness€ 7 (3.5) 10 (5.0) 14 (7.0) 11 (5.5)
Previous intubation|| 6 (3.0) 4 (2.0) 8 (4.0) 6 (3.0)
One or more smokers in home 84 (42.0) 72 (36.2) 67 (33.5) 82 (40.8)
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Table 1. (Continued.)

Characteristic

Previous treatment for current illness —

Epinephrine- Placebo
Dexamethasone
Group (N=200)

no. (%)
Bronchodilators 27 (13.5)
Antibiotics 24 (12.0)

Dexamethasone Group
Group (N=200) (N=201)

Epinephrine
Group (N=199)

21 (10.6) 20 (10.0) 24 (11.9)
20 (10.1) 21 (10.5) 17 (8.5)

* The Respiratory Distress Assessment Index (RDAI) rates wheezing and respiratory distress on a scale from 0 to 17,
with higher scores indicating more severe illness; a score below 4 indicates very mild illness, and a score above 15 very

severe illness. RSV denotes respiratory syncytial virus.

7 A personal history of atopy was defined as a history of eczema or allergies.

I A family history of atopy was defined as allergies, asthma, or eczema in a parent or any sibling.

§ Prematurity was defined as birth at less than 37 weeks of gestation.

9 Clinically significant illness was defined as any illness requiring surgery, hospital admission, or ongoing medical care.
| Fourteen of the infants who were previously intubated were premature.

every 2 days until day 14, and then every 3 days
until day 22. A review of the patient’s hospital chart
was completed 22 days after enrollment.

OUTCOME MEASURES
The primary outcome — hospital admission up
to 7 days after enrollment, which occurred during
the visit to the emergency department — was de-
termined through telephone follow-up and con-
firmed by chart review, as were rates of admission
at enrollment and by day 22. The secondary out-
comes of change in heart and respiratory rate,
RDAI score, and oxygen saturation from baseline
to 30, 60, 120, and 240 minutes were determined
by direct measurement by the research nurse. Sec-
ondary outcomes of length and severity of symp-
toms were determined by standardized telephone
follow-up. Time to discharge, determined by chart
review, was defined as the time between the triage
time at the enrollment and the time of discharge
from the last emergency department visit or from
the last hospitalization for each patient within the
next 7 days. Patient return to the health care pro-
vider for bronchiolitis symptoms within 22 days
of enrollment was determined by telephone fol-
low-up and confirmed by chart review.

STATISTICAL ANALYSIS
A sample size of 800 infants was chosen to pro-
vide 80% power (with a 5% type I error rate) to
detect an absolute difference of 10 percentage
points in admission rates resulting from admin-
istration of each drug and assumed no interaction
between epinephrine and dexamethasone. Data
analysis was performed with the use of Stata soft-
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ware, version 10.0. Two interim analyses were
planned and conducted with the use of the Hay-
bittle—Peto approach (with a stopping rule that
specified a P value of less than 0.001)1%2°; both
interim analyses had nonsignificant results. Sub-
group analyses that were planned a priori includ-
ed analyses according to the presence or absence
of atopy, RSV status, and duration of illness at
presentation.

All analyses followed the intention-to-treat
principle.2* Admission and return visits due to
symptoms of bronchiolitis were analyzed with the
use of relative-risk regression for binary outcomes.
Our analysis plan, as specified by our protocol
and based on published recommendations regard-
ing analysis of data in studies with factorial de-
signs,?2 was to first conduct a factorial analysis
incorporating terms for epinephrine, dexametha-
sone, and study center, then examine associated
interactions, and finally, if evidence of interaction
was found, analyze and present our results as
separate comparisons of each of the three treat-
ment groups with the placebo group. Evidence of
a clinically significant interaction between epi-
nephrine and dexamethasone was found. To ac-
commodate the uncertainty arising from this un-
anticipated interaction, we provide both unadjusted
results and results adjusted for multiple compari-
sons with the use of the approach described by
Westfall?® and as implemented by Hothorn et al.#
Time to discharge was analyzed with the use of
a Cox proportional-hazards model. To allow for
intervals between follow-up telephone calls and
censoring before the end of the study, time to
symptom relief was analyzed by means of para-
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No. of 95% ClI
Admission Patients (%) Relative Risk (95% Cl) (adjusted)
At enrollment E
Placebo 36 (17.9) ! 1.00
Epinephrine and dexamethasone 23 (11.5) —+ :: { 0.65 (0.41-1.04) (0.37-1.15)
Epinephrine 29 (14.6) = 4y 0.79 (0.51-1.23)  (0.47-1.34)
Dexamethasone 31 (15.5) H— : i 0.85 (0.56-1.31) (0.51-1.43)
By day 7 H
Placebo 53 (26.4) 1.00
Epinephrine and dexamethasone 34 (17.1) H i 0.65 (0.45-0.95)  (0.41-1.03)
Epinephrine 47 (23.7) H——0——+ 0.88 (0.63-1.23) (0.59-1.32)
Dexamethasone 51 (25.6) H—O——H 0.96 (0.69-1.33)  (0.65-1.42)
By day 22
Placebo 54 (26.9) ! 1.00
Epinephrine and dexamethasone 37 (18.5) H—O—li—! 0.69 (0.48—0.99) (0.44-1.07)
Epinephrine 50 (25.1) H—0—H 0.92 (0.66-1.27) (0.62-1.36)
Dexamethasone 53 (26.5) H—O:—H 0.98 (0.71-1.35)  (0.66—1.44)
0.:10 0.60 0.;30 1 60 1 I40
Figure 2. Frequency and Relative Risk of Hospital Admission on the Day of the Initial Emergency Department Visit,
by Day 7, and by Day 22.
The red horizontal lines represent the 95% confidence intervals (Cls) for the adjusted comparisons and the black hori-
zontal lines represent the 95% Cls for the unadjusted comparisons. Values of less than 1.00 favor the intervention.

metric survival models with Weibull distributions
assumed. We analyzed clinical characteristics (e.g.,
RDAI score) with the use of linear mixed-effects
regression, incorporating baseline values. Assump-
tions such as proportional hazards and normal-
ity were examined graphically.

RESULTS

RECRUITMENT AND BASELINE CHARACTERISTICS
A total of 3556 infants were screened for eligibil-
ity, 1715 met the criteria for enrollment, and 800
were enrolled (Fig. 1). Of the 1841 ineligible infants,
867 (47.1%) had a previous episode of wheezing
or diagnosis of asthma, 90 (4.9%) had an RDAI
score above 15, and 343 (18.6%) had an RDAI
score below 4. (For more details on patient ex-
clusion, see the Supplementary Appendix, avail-
able with the full text of this article at NEJM.
org.) A total of 200 patients were randomly as-
signed to the epinephrine—dexamethasone group,
199 to the epinephrine group, 200 to the dexa-
methasone group, and 201 to the placebo group.
No data were available on the primary outcome
for three patients (one each in the first three
groups); these patients were not included in the
intention-to-treat analysis. Because of a pharma-
cy error, a total of 23 patients in group 1 and 23
patients in group 3 received dexamethasone at
80% of the planned dose (0.8 mg per kilogram of

body weight in the emergency department and
0.48 mg per kilogram of body weight at home);
these patients were included in the analysis. Other
deviations from the protocol were minor and
equally distributed among the groups. Baseline
clinical and demographic characteristics were sim-
ilar among the groups (Table 1). The additional
use of bronchodilators 90 minutes after enrollment
was similar across groups, with 18.4% of patients
receiving albuterol and 20.6% receiving epineph-
rine (median number of treatments, 1). At follow-
up, the parents or guardians of 19 infants in the
epinephrine—dexamethasone group, 13 in the epi-
nephrine group, 20 in the dexamethasone group,
and 12 in the placebo group reported that they had
stopped administering the study syrup; for all 19
children in the epinephrine-dexamethasone group,
all 20 in the dexamethasone group, and 3 of the 12
in the placebo group, the study syrup was with-
drawn so that a physician could prescribe oral
corticosteroids. The study groups did not differ
significantly with respect to use of nonstudy med-
ications at discharge from the initial emergency
department visit through day 7.

HOSPITAL ADMISSIONS
By the seventh day, 34 of the 199 infants in
group 1 (17.1%) had been admitted to the hospital,
as had 47 of the 198 infants in group 2 (23.7%),
51 of the 199 infants in group 3 (25.6%), and 53
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of the 201 infants in group 4 (26.4%). The relative
risk of admission, unadjusted and adjusted for mul-
tiple comparisons, is shown in Figure 2. The rela-
tive risk of admission by day 7 in group 1 as com-
pared with group 4 was 0.65 (95% confidence
interval, 0.45 to 0.95; P=0.02 and P=0.07 for the
unadjusted and adjusted analyses, respectively); 11
infants would need to be treated to prevent one
hospital admission. In contrast, in both unadjust-
ed and adjusted analyses, neither treatment with
dexamethasone alone nor treatment with epineph-
rine alone reduced the rate of admission, as com-
pared with placebo (P=0.87 and P=0.52, respec-
tively, for the unadjusted analysis). Positive RSV
status, personal or family history of atopy, pre-
sentation early in the course of illness (<2 days
after the onset of symptoms), severe illness (de-
fined as an RDAI score 20), and the pharmacy
error (lower dexamethasone dose) did not affect
the primary results. The effects of combining
epinephrine and dexamethasone were most ap-
parent in the first 3 days after study enrollment
(Fig. 3).

CLINICAL MEASURES
The RDAI score and the respiratory rate improved
in all groups during the initial emergency depart-
ment visit. Infants in the epinephrine group and
those in the epinephrine—dexamethasone group
had significantly lower RDAI scores during the
first hour of the study than did infants in the pla-
cebo group; the RDAI scores for infants in the dex-
amethasone group did not show significant im-
provement as compared with the change in the
scores for infants in the placebo group (Table 2).
Infants in the epinephrine—dexamethasone group
also had lower respiratory rates during the first
hour than did those in the placebo group. As com-
pared with infants in the placebo group, those in
the epinephrine group and the epinephrine—dex-
amethasone group had elevated heart rates during
the first hour, whereas infants in the dexametha-
sone group did not.

OTHER OUTCOMES
The median time until discharge from the emer-
gency department or hospital for group 1 was
slightly shorter than that for group 4 (4.6 and 5.3
hours, respectively; unadjusted P=0.02), whereas
neither group 3 (5.1 hours) nor group 2 (4.9 hours)
differed from group 4 on this measure. In group 1,
95 patients (47.7%) returned to a health care pro-
vider for bronchiolitis-related symptoms, as did 93
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Figure 3. Cumulative Admissions during the First 7 Days after the Initial
Emergency Department Visit, According to Study Group.
Enrollment data represent all patients admitted at their initial visit to the
emergency department, and data for day 1 represent patients admitted
within 24 hours of this visit.

in group 2 (47.0%), 106 in group 3 (53.3%), and 86
in group 4 (42.8%); only the difference between
group 3 and group 4 was significant, and only in
the unadjusted analysis (P=0.04).

Infants in group 1 appeared to return to quiet
breathing and normal or almost normal feeding
more quickly than those in group 4 (Fig. 4).

ADVERSE EVENTS
Adverse events were uncommon (see the Supple-
mentary Appendix). Pallor was reported in 76 in-
fants (9.5%), tremor in 15 (1.9%), and vomiting in
14 (1.8%), with no significant differences among
the groups. One hospitalized infant in group 2
and one in group 3 had mild, transient hyperten-
sion, which resolved rapidly.

DISCUSSION

In this randomized, controlled trial of the treat-
ment of acute bronchiolitis in infants, we found
an unexpected synergism between epinephrine and
dexamethasone. Combined therapy with epineph-
rine and dexamethasone, as compared with pla-
cebo, appeared to reduce the rate of hospital ad-
mission in the 7 days after study enrollment by
9 percentage points, with a relative risk reduction
of 35%. These results were not modified by RSV
status, presence or absence of a history of atopy,
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Table 2. Changes in Clinical Characteristics of Patients and Time to Discharge.*
Epinephrine— Epinephrine Dexamethasone Placebo
Variable Dexamethasone Group Group Group
Group (N=199) (N=198) (N=199) (N=200)
change
RDAI score
30 min -1.62+2.23 -1.44+1.94 -0.98+2.07 -1.06+2.16
60 min -2.50+2.58 -2.45+2.32 -1.75+2.40 -1.65+2.42
P value Reference
Unadjusted <0.001 0.003 0.75
Adjusted <0.001 0.005 0.75
Respiratory rate (breaths/min)
30 min -2.40+8.29 -1.35+8.53 -1.63+8.32 -0.59+8.34
60 min -4.04+9.17 -3.68+8.89 -3.30+9.60 -2.88+10.20
P value Reference
Unadjusted 0.04 0.44 0.83
Adjusted 0.09 0.66 0.83
Heart rate (beats/min)
30 min 3.57+17.40 4.20+15.7 -0.17+17.80 1.65+18.80
60 min 5.20+17.80 4.80+17.60 -3.76+17.70 -3.24+18.80
P value Reference
Unadjusted <0.001 <0.001 0.41
Adjusted <0.001 <0.001 0.41
Oxygen saturation (%)
30 min -0.35+2.61 0.17+2.09 -0.52+2.45 -0.24+2.77
60 min -0.73+2.56 0.07+2.70 -1.02+2.57 -0.77+3.23
P values Reference
Unadjusted 0.59 0.005 0.22
Adjusted 0.59 0.013 0.36
Temperature (°C)
At discharge or at 240 min -0.19+0.78 -0.17+0.66 -0.10+0.71 -0.29+0.76
P value Reference
Unadjusted 0.76 0.26 0.18
Adjusted 0.76 0.42 0.39
Time to discharge (hr)T
Median 4.6 4.9 5.1 5.3
Interquartile range 3.5-7.0 3.7-9.6 3.6-17.0 3.8-21
P value Reference
Unadjusted 0.02 0.78 0.99
Adjusted 0.94 0.94 1.00

* Plus—minus values are means SD. The Respiratory Distress Assessment Index (RDAI) rates wheezing and respiratory
distress on a scale from 0 to 17, with higher scores indicating more severe illness; a score below 4 indicates very mild
illness, and a score above 15 very severe illness. Since almost one third of the patients (283) had been discharged
home by 120 minutes and the majority of patients (583) had been discharged by 240 minutes, we do not report clinical
measures for times beyond 60 minutes after treatment. P values are for comparisons of treatment with placebo in the
linear mixed-effects regression of repeated measures over time.

T The time to discharge was defined as the time between the triage time at the enrollment visit and the time of discharge
from the last emergency department visit or the last hospitalization for each patient within the next 7 days.

2086 N ENGLJ MED 360;20 NEJM.ORG MAY 14, 2009

Downloaded from www.nejm.org on November 30, 2009 . For personal use only. No other uses without permission.
Copyright © 2009 Massachusetts Medical Society. All rights reserved.



EPINEPHRINE AND DEXAMETHASONE IN CHILDREN WITH BRONCHIOLITIS

Median No. of Days 95% Cl
(LQ-UQ) Mean Ratio (95% Cl) (adjusted)
Normal feeding E
Placebo 0.9 (0.3-2.1) . 1.00
Epinephrine and dexamethasone 0.6 (0.2-1.3) H—0——™H E 0.63 (0.50-0.80) (0.47-0.84)
Epinephrine 0.5 (0.2-1.2) H—o——H | 0.60 (0.47-0.76)  (0.45-0.80)
Dexamethasone 0.8 (0.3-1.9) H——o——H+i 0.89 (0.70-1.31)  (0.67-1.19)
Normal sleeping H
Placebo 0.8 (0.3-1.8) 1.00
Epinephrine and dexamethasone 0.7 (0.2-1.7) H—0———H 091 (0.71-1.17)  (0.68-1.23)
Epinephrine 0.8 (0.3-1.9) H——o——H 1.02 (0.79-1.30)  (0.76-1.37)
Dexamethasone 0.8 (0.3-1.9) H—f—H 1.02 (0.79-1.31) (0.76-1.38)
No coughing E
Placebo 13.3 (8.2-19.5) . 1.00
Epinephrine and dexamethasone 12.6 (7.8-18.5) H—<>-E—H 0.94 (0.84-1.07) (0.82-1.09)
Epinephrine 13.2 (8.1-19.3) H—¢—H 0.99 (0.88-1.12) (0.85-1.15)
Dexamethasone 13.8 (8.5-20.2) H—o—H 1.04 (0.92-1.18)  (0.89-1.21)
Quiet breathing H
Placebo 3.7 (1.6-7.2) 1.00
Epinephrine and dexamethasone 3.1 (1.4-6.1) H——-H 0.83 (0.69-1.00) (0.66—1.04)
Epinephrine 3.6 (1.5-6.9) H—o+—H 0.95 (0.79-1.15)  (0.76-1.20)
Dexamethasone 3.7 (1.6-7.1) H—4—-H 0.98 (0.81-1.19)  (0.78-1.24)
O.LO 0.I60 O.ISO l!O 1.2 1?4
Figure 4. Median Days to Symptom Resolution, with Ratio to Placebo Value.
The red horizontal lines represent the adjusted 95% confidence intervals (Cls), and the black horizontal lines the un-
adjusted 95% Cls. Values of less than 1.00 favor the intervention. LQ denotes lower quartile, and UQ upper quartile.

or the severity or the duration of illness. The ef-
fects of combining epinephrine and dexametha-
sone were most apparent in the first 3 days after
study enrollment. We also found an apparent ben-
efit from combined therapy on our secondary
outcomes: infants in this group were discharged
earlier from medical care and resumed quiet
breathing and normal feeding sooner than did
those in the placebo group. In contrast, neither
dexamethasone alone nor epinephrine alone had
any effect on these outcomes.

Three small studies — two published since our
trial began — have also reported a benefit from
combining epinephrine and dexamethasone?5:2°
or albuterol and dexamethasone?>?” in similar
populations and have reported no benefit from the
administration of epinephrine or albuterol alone.
Furthermore, although the mechanism of action
is not known, synergism between corticosteroids
and beta-agonists in the treatment of chronic
asthma is well documented.?8-3°

Dexamethasone has been studied in a similar
population, with conflicting results.®*° Schuh et
al.? reported a 40% reduction in admissions in a
small, single-site study, whereas Corneli et al.1°
reported no effect in a large, multisite study. The
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patients in the study by Schuh et al. were consis-
tently treated with bronchodilators, whereas the
patients in the study by Corneli et al. were not.

A meta-analysis has suggested that when epi-
nephrine is used in outpatients with a diagnosis
of bronchiolitis, as compared with either placebo
or salbutamol, there is short-term improvement
in clinical measures.® Our study showed an im-
provement in the clinical score in the first hour
after treatment with epinephrine, as compared
with placebo, but with no significant difference
in admission rates.

Although there were no serious short-term ad-
verse events among the infants enrolled in our
study, we do not have findings from long-term
follow-up to establish whether our study treat-
ments caused adrenal suppression, arrest of so-
matic growth, or neurodevelopmental delay. Ad-
renal suppression from exogenous corticosteroid
use remains a risk; however, with short courses
of corticosteroids, any suppression is likely to be
transient.3133 Concern has been expressed about
possible developmental delay after treatment with
corticosteroids.3* To date, this concern has been
limited to preterm infants with very low birth
weight (<1501 g) who are given corticosteroids in
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the first few days of life.3>37 The effect of a short
course of corticosteroids on otherwise healthy in-
fants is unknown.

Our study has several limitations. First, in order
to exclude children with early asthma, we restrict-
ed enrollment to infants who had wheezing for
the first time. Our results are thus not generaliz-
able to older children or to those with recurrent
wheezing, but they are directly pertinent to infants
with typical viral bronchiolitis. Second, we en-
rolled infants at academic centers. Nonetheless,
the eligibility criteria were chosen with the inten-
tion of enrolling otherwise healthy infants with
a wide range in severity of symptoms who did not
have complex coexisting conditions, so that our
results could be broadly generalized. Third, we
did not anticipate the synergism between epi-
nephrine and dexamethasone in our study de-
sign, and fourth, our factorial study design raises
the issue of multiple comparisons. To address
these limitations, we present the results of both
unadjusted analyses and analyses adjusted for
multiple comparisons. The results of the unad-
justed analyses show that combined treatment
with epinephrine and dexamethasone led to a
significant reduction in hospital admissions, but
the results of the adjusted analyses are above the
threshold for statistical significance.

In summary, our multicenter study of 800 in-

fants with bronchiolitis suggests that combined
treatment with epinephrine and dexamethasone
reduces hospital admissions as well as shorten-
ing both the time to discharge and the duration
of some symptoms. Given the unexpected synergy
we found between epinephrine and dexametha-
sone and the lack of any apparent benefit when
either drug is used alone, our results should be
considered exploratory. Although some clinicians
consider a trial of a bronchodilator to be standard
therapy,® published data show, at most, mild tran-
sient clinical benefits and no effect on the admis-
sion rate. Therefore, confirmation of our findings
by a study powered specifically to compare com-
bined epinephrine and dexamethasone therapy
with placebo is needed.
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