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Bronchiolitis: Recent Evidence on Diagnosis and

Management

Viral bronchiolitis is a leading cause of acute illness and hospitaliza-
tion of young children. Research into the variation in treatment and
outcomes for bronchiolitis across different settings has led to
evidence-based clinical practice guidelines. Ongoing investigation con-
tinues to expand this body of evidence. Authors of recent surveillance
studies have defined the presence of coinfections with multiple viruses
in some cases of bronchiolitis. Underlying comorbidities and young
age remain the most important predictors for severe bronchiolitis.
Pulse oximetry plays an important role in driving use of health care
resources. Evidence-based reviews have suggested a limited role for
diagnostic laboratory or radiographic tests in typical cases of bronchi-
olitis. Several large, recent trials have revealed a lack of efficacy for
routine use of either bronchodilators or corticosteroids for treatment
of bronchiolitis. Preliminary evidence suggests a potential future role
for a combination of these therapies and other novel treatments such
as nebulized hypertonic saline. Pediatrics 2010;125:342—-349
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Bronchiolitis is a disorder of the lower
respiratory tract that occurs most
commonly in young children and is
caused by infection with seasonal vi-
ruses such as respiratory syncytial vi-
rus (RSV). Bronchiolitis is the leading
cause of infant hospitalization in the
United States and has been associated
with increasing morbidity rates and
cost over recent decades.'3 Multiple
studies have documented variation in
diagnostic testing, treatment, hospital-
ization rates, and length of hospital
stay for bronchiolitis, suggesting a
lack of consensus and an opportunity
to improve care for this common dis-
order.4fRecognition of this need led to
a clinical practice guideline’ published
by the American Academy of Pediatrics
(AAP) and other organizations in 2006
based on a review of the scientific evi-
dence funded by the Agency for Health-
care Research and Quality.®

Bronchiolitis is an active area of re-
search, and many important studies
have advanced the understanding of
this disorder in the past few years. In
this review we focus on new develop-
ments in the scientific evidence that
relate to the pathophysiology, epidemi-
ology, diagnosis, and management of
bronchiolitis. Because the AAP guide-
line recently summarized the previous
body of research, we highlight subse-
quently available information relevant
to those recommendations. The pre-
vention and potential long-term effects
of bronchiolitis, although active re-
search areas, will not be reviewed.

DEFINITION AND
PATHOPHYSIOLOGY

Although the term “bronchiolitis” re-
fers to inflammation of the bronchi-
oles, these findings are rarely ob-
served directly but inferred in a young
child who presents with respiratory
distress in association with signs of a
viral infection. Definitions of bronchi-
olitis vary and may account for some of
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the variability in the clinical evidence
derived from published studies. In the
United Kingdom, the term tends to be
used more specifically. The authors of
University of Nottingham study derived
a consensus definition of “a seasonal
viral iliness characterized by fever, na-
sal discharge, and dry, wheezy cough.
On examination there are fine inspira-
tory crackles and/or high-pitched expi-
ratory wheeze.” In North America,
bronchiolitis commonly is applied
more broadly but is linked to the spe-
cific finding of wheeze. The AAP guide-
line defined bronchiolitis as “a constel-
lation of clinical symptoms and signs
including a viral upper respiratory
prodrome followed by increased respi-
ratory effort and wheezing in children
less than 2 years of age.”” The distinc-
tion is important, because recurrent
wheezing among older children is of-
ten triggered by viruses that are typi-
cally limited to the upper respiratory
tract, such as rhinoviruses (see dis-
cussion below). Researchers have of-
ten attempted to focus the population
of children with bronchiolitis by limit-
ing inclusion to infants younger than
12 months with a first-time episode of
wheezing, although even then hetero-
geneity in the population may persist.
Recognizing the pathologic picture
that occurs in the airways of children
with bronchiolitis is important in un-
derstanding the clinical manifesta-
tions and developing rational manage-
ment.’® The viral infection occurs
through the upper respiratory tract
and spreads lower within a few days,
resulting in inflammation of the bron-
chiolar epithelium, with peribronchial
infiltration of white blood cell types,
mostly mononuclear cells, and edema
of the submucosa and adventitia.
Plugs of sloughed, necrotic epithelium
and fibrin in the airways cause partial
or total obstruction to airflow. The de-
gree of obstruction may vary as these
areas are cleared, resulting in rapidly
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changing clinical signs that confound
an accurate assessment of the sever-
ity of iliness. A “ball-valve” mechanism
can result in trapping of air distal to
obstructed areas, with subsequent ab-
sorption, atelectasis, and a mismatch
of pulmonary ventilation and perfusion
that may lead to hypoxemia. Atelecta-
sis may be accelerated by the lack of
collateral channels in young children
and potentially by the administration
of high concentrations of supplemen-
tal oxygen, which is absorbed more
rapidly than room air. Smooth-muscle
constriction seemsto have little role in
the pathologic process, which may ex-
plain the limited benefit of bronchodi-
lators observed in clinical studies.

The number of viruses recognized to
cause bronchiolitis has markedly ex-
panded with the availability of sensi-
tive diagnostic tests that use mo-
lecular amplification techniques. RSV
continues to account for 50% to 80% of
cases.'" Other causes include the para-
influenza viruses, primarily parainflu-
enzavirustype 3, influenza, and human
metapneumovirus (HMPV).'2-'¢ HMPV
has been estimated to account for 3%
to 19% of bronchiolitis cases.’™'6 The
clinical courses of RSV and HMPV seem
to be similar; most children are in-
fected during annual widespread win-
tertime epidemics, with a subset devel-
oping bronchiolitis.'217.18

Molecular diagnostic techniques have
also revealed that young children with
bronchiolitis and other acute respira-
tory illnesses often are infected with
more than 1 virus. Rates of coinfection
have ranged from 10% to 30% in sam-
ples of hospitalized children, most
commonly with RSV and either HMPV
or rhinovirus.' A recent large pro-
spective study of children younger
than 5 years of age hospitalized with
RSV infection revealed a coinfection
rate of 6%.5 Whether concomitant in-
fection increases the severity of bron-
chiolitis is controversial. A 10-fold in-
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crease in the risk of mechanical
ventilation was associated with dual
RSV and HMPV infection in 1 small
study.?0 Other studies, however, have
revealed no increased illness severity
associated with the presence of more
than 1 virus.'#2!

The role of rhinoviruses in bronchioli-
tis is unclear because of their well-
documented role in triggering exacer-
bations of wheezing among older
children with reactive airway disease
or asthma.?>2 A multicenter emer-
gency department (ED)-based study of
children younger than 2 years diag-
nosed with bronchiolitis revealed that
children infected with rhinovirus were
more likely to be black, to have a pre-
vious history of wheezing, and to be
treated with corticosteroids than in-
fants with other viral infections.'®

Genomics is an emerging area of re-
search for bronchiolitis. Studies have
identified single-nucleotide polymor-
phisms in a number of genes, includ-
ing those involved in innate immunity,
that are associated with risk for more
severe bronchiolitis.??” Other genes,
such as the vitamin D receptor gene,
have been associated with bronchi-
olitis and may link to preliminary ev-
idence associating neonatal vitamin
D levels with wheezing in young
children.28.28

DISEASE COURSE AND PREDICTION

Epidemiologic study results of bron-
chiolitis have suggested a high degree
of morbidity but low mortality. More
than one third of children develop
bronchiolitis during the first 2 years of
life.”%0 Of these, approximately 1 in 10
(~3% of all infants in the United
States) will be hospitalized, up from
approximately 1% in the 1970s.! The
rate of hospitalization retrospectively
estimated during 1995-2003 from a
Tennessee Medicaid population was
7.1%, which suggests that higher
rates may occur among some groups
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TABLE 1 Selected Risk Factors for Outcomes of Bronchiolitis in 3 Prospective Studies of

Outpatients

Shaw et al®®

Mansbach et al*
(2008)

Voets et al®

(1991) (2006)

Qutcome
Risk factors

Age
<2mo
<3 mo
<6 mo

Prematurity
<34 wk
<35 wk

Il appearance

Oxygen saturation
<94%
<95%

Respiratory rate
>45 breaths per min
At or higher than normal for age (40—45

breaths per min according to age)

=70 breaths per min

Work of breathing
Accessory muscle use
Moderate/severe retractions

Chest radiograph result
Atelectasis
Abnormal

Severe disease?

Hospitalization Hospitalization

45/0.78
2.2/0.75
2.2/0.53

5.4/0.77
1.5/0.96
3.2/0.32

5.4/0.77

16/0.69 5.2/0.37

3.8/0.39
1.3/0.61

5.8/0.75

2.2/0.42
3.2/0.76

10.5/0.81
1.2/0.73

Risk factors are presented as positive or negative likelihood ratios (+LR/—LR). The likelihood ratio can be multiplied by the
pretest odds (ratio of the risk/1-risk) to obtain the posttest odds. For example, with a previous risk of hospitalization of 33%
(odds of 0.33/0.66 = 0.5), a finding with a positive likelihood ratio of 4 increases the odds to 2 (4 X 0.5), corresponding to

a posttest risk of 67% (2/2 + 1).

aSevere disease was defined as unable to maintain alert, active, and well hydrated while taking oral fluids throughout the

iliness.

Adapted with permission from Zorc JJ. Recent Advances in Paediatrics. London, United Kingdom: Royal Society of Medicine

Press; 2009:19.

of children?" A recent prospective
population-based study showed that
the yearly rate from RSV alone for in-
fants younger than 6 months of age
was 17 hospitalizations, 55 ED visits,
and 132 office visits per 1000 children.3

Although the number of hospitaliza-
tions seems to have increased, the
mortality rate is low; fewer than 400
deaths related to RSV occur annual-
ly3%255 Most deaths that result from
bronchiolitis occur in infants during
the first 6 months of life; infants with
prematurity and underlying cardiopul-
monary disease or immunodeficiency
are at higher risk.”3* Studies of preven-
tive immune therapies, such as palivi-
zumab, have documented a reduction
in RSV hospitalization rates for specific
high-risk groups, and AAP recommen-
dations were updated recently.®-57

The potential for disease progression
has led to research to identify risk fac-
tors for severe bronchiolitis. Table 1
presents the clinical predictors of hos-
pitalization evaluated in several outpa-
tient populations.3-0 The likelihood
ratios demonstrate the limited predic-
tive value of individual clinical findings
on the physical examination to predict
outcomes, which may be related to the
typical minute-to-minute variability of
these findings among children with
bronchiolitis. When evaluated indepen-
dently, other predictors, including at-
electasis on chest radiography, have
been correlated with outcomes in
some studies.® However, a recent
study showed that chest radiographic
abnormalities correlated with overall
clinical severity on physical examina-
tion, which suggests that the pre-
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sence of atelectasis adds little to the
assessment.#!

Pulse oximetry is among the measures
most strongly correlated with out-
comes of bronchiolitis. In a recent mul-
ticenter prospective study, a pulse
oximetry level of <94% was associ-
ated with a more-than-fivefold in-
crease in likelihood of hospitalization.*0
A cohort study conducted when oximetry
was not in routine use revealed that mild
hypoxemia was correlated with a more
severe course, which likely reflects pul-
monary ventilation-to-perfusion mis-
match.3 However, arbitrary thresholds
for oxygen therapy may also influence
outcomes. A survey of emergency physi-
cians revealed that reducing the oxime-
try level from 94% to 92% in a clinical
vignette significantly increased the likeli-
hood of recommending hospitalization.*?
Furthermore, a substantial proportion
of infants remain in the hospital to re-
ceive oxygen when other abnormalities
have improved.* A recent British study
revealed that the mean lag time for oxy-
gen saturation to normalize was 66
hours after all other problems had re-
solved* Continuous oximetry may en-
hance this situation, because it will de-
tect the characteristic transient dips in
oxygenation associated with bronchioli-
tis. This evidence further supports the
AAP recommendations that oxygen ther-
apy be initiated judiciously when oxygen
saturation levels fall below 90% and that
the intensity of monitoring oxygen satu-
ration levels be reduced as the infant im-
proves.” Novel approaches, such as the
use of home oxygen therapy, have been
studied in some populations, and further
research on oxygen use in bronchiolitis
is needed.*>46

Apnea is a specific and important con-
cern in the management of young in-
fants with bronchiolitis, especially
those with RSV. The incidence of this
complication may be much lower than
previous reports have suggested.*748 A
retrospective study of 691 infants
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younger than 6 months of age who
were hospitalized for bronchiolitis re-
vealed that apnea occurred in 19
(2.7%) 4 All of these apneic infants
were identified by risk criteria includ-
ing either (1) history of an apneic epi-
sode having already occurred or (2)
young age, defined as less than 1
month for term infants or a postcon-
ceptional age of <48 weeks for prema-
ture infants.*?

DIAGNOSTIC TESTING

The type and frequency of diagnostic
tests used for bronchiolitis, such as vi-
ral detection and radiographs, vary
markedly among clinicians.® As stated
in the AAP guideline, results of
evidence-based reviews have not sup-
ported a role for any diagnostic tests
in the management of routine cases of
bronchiolitis.”* In addition, studies of
efforts to standardize care have dem-
onstrated substantial reductions in di-
agnostic testing rates with potential
benefits on costs and outcomes.>'52Re-
cent evidence further supports a lim-
ited role for diagnostic testing in most
cases of bronchiolitis.

Rapid viral antigen tests have variable
sensitivity and specificity depending
on the test and when they are used
during the respiratory season.’ Their
predictive value is generally good dur-
ing the peak viral season but de-
creases considerably at times of low
prevalence. Because most viruses that
cause bronchiolitis have similar clini-
cal courses, the value of identifying the
specific agent varies according to the
setting. In typical outpatient cases, re-
sults would likely have little impact on
management. In the hospital setting,
however, specific viral testing has
been used as part of successful
interventions to reduce nosocomial
infection 4849

For the specific clinical scenario of an
infant presenting during the first few
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months of life with bronchiolitis and
fever, studies have evaluated prospec-
tively the ability of a positive viral test
to predict a low likelihood for a bacte-
rial infection. Authors of 1 study docu-
mented a low but not insignificant rate
of bacterial infection accompanying
RSV infection, mostly in the urinary
tract.>* Low rates of coinfections also
have been observed in recent studies
only on the basis of the clinical diagno-
sis of bronchiolitis.?® In a prospective
pediatric office—based study of 218 fe-
brile infants younger than 3 months of
age with clinically diagnosed bronchi-
olitis, no serious bacterial infections
were identified.®® These findings fur-
ther support the idea that, for most
cases of bronchiolitis, the clinical diag-
nosis of bronchiolitis is sufficient, and
viral testing adds little to routine
management.

The use of chest radiography for diag-
nosis and management of bronchioli-
tis has also varied widely and is not
recommended routinely by the AAP.” A
subsequent prospective study of chil-
dren aged 2 to 23 months who pre-
sented to the ED with bronchiolitis fur-
ther showed the low yield of routine
radiography as well as a potential
detrimental effect.> Of 265 children
with “simple” bronchiolitis (defined
as coryza, cough, and respiratory dis-
tress accompanying a first episode of
wheeze in a child without underlying
iliness), routine radiography identified
findings inconsistent with bronchioli-
tis in only 2 cases, and in neither case
did the findings change acute manage-
ment. After reviewing the radiographs,
clinicians were more likely to treat
with antibiotics, although the findings
did not support treatment.

Although the diagnosis of most cases
of bronchiolitis is clinically evident and
does not require diagnostic testing,
the differential diagnosis is broad and
always warrants consideration (see
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Table 2). This is essential for children
with atypical presentations, such as
the absence of viral symptoms, severe
respiratory distress, and frequent re-
currences. Children with this type of
presentation may require diagnostic
evaluation to rule out another cause.

THERAPY

The role of bronchodilators in the
treatment of bronchiolitis has been the
subject of many studies and systematic
evidence-based reviews of the litera-
ture.’® Summarizing the results of
these studies is confounded by the va-
riety of therapies and outcome mea-
sures, which range from short-term
clinical scores obtained soon after
treatment to broader clinical out-
comes such as hospitalization or dura-
tion of illness. Even score-based stud-
ies are difficult to compare, because
many of the measures used do not
have established validity or proven
correlation with clinically significant
improvement. Pooling the results of
clinical scores from a large number of
studies may result in a statistically
significant difference of questionable
clinical importance.

In a recent Cochrane collaboration
systematic review, studies that dichot-

Review: Bronchodilators for bronchiolitis
Comparison: 1 Bronchodilator versus placebo

TABLE 2 Differential Diagnosis for a Wheezing
Infant

Viral bronchiolitis

Other pulmonary infections (eg, pneumonia,
Mycoplasma, Chlamydia, tuberculosis)

Laryngotracheomalacia

Foreign body, esophageal or aspirated

Gastroesophageal reflux

Congestive heart failure

Vascular ring

Allergic reaction

Cystic fibrosis

Mediastinal mass

Bronchogenic cyst

Tracheoesophageal fistula

omized patients into those who did and
did not respond to bronchodilators
were compared (Fig 1).5 Several over-
arching principles are demonstrated
in Fig 1. First, the results are heteroge-
neous, with a minority of studies find-
ing improvement. This likely mirrors
the heterogeneity of the responses
among individual patients. Second, a
high rate of improvement among con-
trol subjects (43%) exists that may re-
sult from the characteristic clinical
variability observed with bronchiolitis
orfrom aresponse to other supportive
measures that could be mistakenly at-
tributed to a bronchodilator response
in an uncontrolled setting. The modest
difference in the treatment group

(67%) did not reach statistical signifi-
cance in this analysis. The question-
able clinical importance of this
response is underscored by a meta-
analysis of studies that found no effect
of bronchodilator administration on
hospitalization rates.®® Furthermore,
results of a multicenter clinical trial of
epinephrine administration revealed
that epinephrine had no effect on du-
ration of hospitalization.®

A 2006 Cochrane systematic review of
studies that compared bronchodila-
tors for the management of bronchioli-
tisin outpatients suggested a potential
benefit with epinephrine administra-
tion 8 However, several more recent
studies did not support the routine use
of epinephrine. A study of 703 children
with bronchiolitis in 2 EDs compared 3
doses of albuterol with 1 dose of race-
mic epinephrine and revealed a small
benefit that favored albuterol in
successful discharge.®" A multicenter
study from the Pediatric Emergency
Research Canada network enrolled
800 healthy infants with a first episode
of bronchiolitis and compared epi-
nephrine to placebo as part of a facto-
rial design trial with 4 groups that also
evaluated dexamethasone (see discus-

Qutcome: 1 Improvement in clinical score (dichotomous)

Study or subgroup Bronchodilator Placebo Odds Ratio Weight Odds Ratio
n/N n/N M-H,Random,95% CI M-H,Random,95% CI

Alario 1992 22/37 35/36 —&%— 10.2% 0.04 [0.01,0.34)
Can 1998 15/52 2/52 —l— 124% 10.14 [2.18,47.06]
Henry 1983 16/34 17/32 —a— 147 % 0.78[0.30, 2.06]
Klassen 1991 20/42 30/41 —— 149% 0.33[0.13, 0.84)
Lines 1990 21/26 19/23 — 127% 0.88[0.21, 3.78)
Lines 1992 5117 714 — 126% 0.42(0.09,1.83)
Mallol 1987 4/31 12/15 —&%—— 120% 0.04 (0.01,0.19])
Tal 1983 3/8 4/8 o m— 105% 0.60[0.08,4.40]

Total (95% CI) 247 221 g 100.0 % 0.45 [ 0.15, 1.29 ]

Total events: 106 (Bronchodilaton), 126 (Placebo)

Heterogeneity: Tau® = 1.77; Chi* = 32.09, df = 7 (P = 0.00004); P =78%

Test for overall effect: 2 = 1.49 (P = 0.14)

001 01 1 To Too

Favours treatment Favours placebo

FIGURE 1

Cochrane collaboration systematic review of studies that assessed the difference in rate of improvement after B,-agonist bronchodilators or placebo
among children with bronchiolitis. (Reproduced with permission from Gadomski AM, Bhasale AL. Cochrane Database Syst Rev. 2006;(3):CD001266.)
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TABLE 3 Summary of Recent Evidence for Therapies Used for Bronchiolitis

Therapy Summary

Recommendation

Bronchodilators
or hospitalization®5°

May improve short-term clinical
scores in a subset of children’®
No improvement in duration of illness

Corticosteroids
or hospitalization”63
Leukotriene receptor

No improvement in duration of iliness

No improvement in duration of

No routine use
Use only after proven benefit in a trial
of therapy, if chosen as an option

No routine use

Not recommended

antagonists illness®”.7
Nebulized hypertonic May reduce length of inpatient None
saline hospitalization®

sion below) .52 Two doses of nebulized
epinephrine did not reduce the num-
ber of hospitalizations when com-
pared with placebo. Overall, the avail-
able current evidence continues to
support the AAP recommendation
against the routine use of bronchodila-
tors for bronchiolitis.” A monitored
trial of a bronchodilator can be consid-
ered as an option, but it should be con-
tinued only after a documented benefi-
cial response (Table 3).

Corticosteroid administration for the
treatment of bronchiolitis also has
been controversial. The studies re-
viewed inthe AAP guideline revealed that
corticosteroid administration was not
associated with significant reductions in
clinical scores, hospitalization rates, or
length of hospitalization.” Several large
studies subsequently expanded these
data. A multicenter trial from the Pediat-
ric Emergency GCare Applied Research
Network, which enrolled 600 previously
healthy infants with a first episode of
bronchiolitis, showed that a single oral
dose of dexamethasone resulted in no
significant improvement compared with
placebo in the rates of hospitalization or
clinical scores.%

The Pediatric Emergency Research
Canada study, mentioned above, con-
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