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Abstract
Acute viral bronchiolitis is a leading cause of admission
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to pediatric intensive care units, but research on the
care of these critically ill infants has been limited.
Pathology of viral bronchiolitis revealed respiratory
obstruction due to intraluminal debris and edema of
the airways and vasculature. This and clinical evidence
suggest that airway clearance interventions such as
hypertonic saline nebulizers and pulmonary toilet
devices may be of benefit, particularly in situations
of atelectasis associated with bronchiolitis. Research
to distinguish an underlying asthma predisposition
in wheezing infants with viral bronchiolitis may one
day lead to guidance on when to trial bronchodilator
therapy. Considering the paucity of critical care research
in pediatric viral bronchiolitis, intensive care practitioners
must substantially rely on individualization of therapies
based on bedside clinical assessments. However, with
the introduction of new diagnostic and respiratory
technologies, our ability to support critically ill infants
with acute viral bronchiolitis will continue to advance.

Key words: Respiratory syncytial virus; Rhinovirus;
Asthma; Hypertonic nebulized saline; Acute viral bron-
chiolitis
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Core tip: Pediatric acute viral bronchiolitis is charac-
terized by small airways obstruction due to inflammatory
infiltrates and debris. While this pathology has little
or no overlap with asthma, the clinical presentation
of wheezing may be similar. Emerging methods to
distinguish asthmatics from the general bronchiolitis
population, stratify patients according to illness severity,
and provide more effective pulmonary clearance and
respiratory support may improve outcomes for these
patients in the pediatric intensive care unit.

Lin JA, Madikians A. From bronchiolitis guideline to practice:
A critical care perspective. World J Crit Care Med 2015;
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INTRODUCTION AND PURPOSE OF THIS
PAPER

Widely recognized as the most common cause of
hospitalization for infants, bronchiolitis is responsible
for more than 100000 hospitalizations annually and
poses a significant risk for respiratory failure requiring
mechanical ventilation in infants'. Approximately 5%
to 30% of infants hospitalized with bronchiolitis require
pediatric intensive care®®*. To address the needs of this
patient population, many institutions have established
bronchiolitis order sets and pathways. A number of
issues now prompt the need to update and reconsider
the implementation of bronchiolitis pathways: institution
of new electronic medical systems under the Meaningful
Use program'™, the burgeoning pediatric hospitalist
movement'®, a national trend toward protocolized and
evidence-based hospital care, and the recent publication
of an updated AAP bronchiolitis guideline'.

CLINICAL PRESENTATION AND
PATHOLOGY

Bronchiolitis is typically recognized clinically by the
presence of wheeze, signs and symptoms of upper
and lower respiratory tract infection, and respiratory
distress'”). Apnea can be a major finding, especially
in younger infants®, Pathological studies of fatal
RSV bronchiolitis have revealed multiple contributing
factors to obstruction of small to large-sized airways:
intraluminal debris, airway wall edema, and compression
by edematous bronchial arteries and inflammatory peri-
bronchial lymphoid follicular aggregates (Figure 1). The
intraluminal debris may be composed of mucus, fibrin,
epithelial cells, and inflammatory cells™.,

MICROBIOLOGY

Etiologic agents of bronchiolitis include most promi-
nently respiratory syncytial virus (RSV) and rhinovirus'.
Additional viruses implicated in acute bronchiolitis
include parainfluenza virus, influenza virus, human
metapneumovirus, bocavirus, adenovirus, and corona-
virus’%,

What is the significance of viral identification in
acute bronchiolitis? The triple mission of academic
health centers is to deliver leading-edge patient care,
conduct research, and educate. In the United States,
more than 500 clinical laboratories, many of which
are maintained by academic centers, participate in
the National Respiratory and Enteric Virus Surveillance
System (NREVSS). The Centers for Disease Control
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Figure 1 Respiratory syncytial virus infection is associated with
vasocentric inflammation affecting bronchioles. Lymphoid aggregates
(L), probably developing from bronchiolar-associated lymphoid tissue, are
found between pulmonary arteries/arterioles (a) and bronchioles. Congested
arterioles surrounding bronchioles contribute to airways obstruction, along
with intraluminal debris (D) consisting of mucus, fibrin, epithelial cells,
and inflammatory cells. While neutrophils are occasionally obtained from
bronchoalveolar lavage, macrophages are the predominant inflammatory cell
type in the submucosal infiltrates and intraluminal locations.

and Prevention (CDC) relies on NREVSS to monitor
temporal and geographic patterns of relevant virus
infections. These viruses significantly include RSV,
human metapneumovirus, respiratory adenovirus, and
human parainfluenza virus. This surveillance system
constitutes an important part of the CDC’s efforts
to prevent and control respiratory and enteric viral
diseases. For instance, an outbreak of enterovirus D68
in 2014 was identified in the Midwestern United States
and subsequently spread throughout the United States.
Enterovirus D68 caused unusually severe respiratory
illnesses, with almost all confirmed cases confined
to children. Although the disease was not reportable
nationally, “laboratory detections of enterovirus...
are reported voluntarily to (NREVSS).... (Suspected)
clusters or outbreaks should be reported to local or
state health department”™!l, Identifying viruses that
cause illnesses resembling asthma exacerbations is
important for the overall scientific goal of understanding
respiratory diseases in general. This leads to the
philosophic question of whether microbiological inves-
tigation of bronchiolitis-causing viruses at centers
participating in NREVSS should be regarded differently
from nonparticipating centers. Viral identification is
an important part of an academic institution’s broader
societal, educational, and research mission. Additionally,
for the patient’s family, knowledge that their hospi-
talized child has RSV or non-RSV virus infection may
provide important prognostic information in terms of
well-studied risk factors for mortality associated with
RSV, potential for longer hospitalization with RSV vs
rhinovirust”?, reduced likelihood of bacterial infection
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Table 1 Respiratory syncytial virus reinfection risk

Ref.

Henderson et al® 1979 78  74% by age 2 if infected in 1" year of age
Glezen et al™” 1986 125 76% by 24 mo age if infected before 12 mo
age
1991 15 50% at first challenge with RSV 2 mo after
initial infection
2004 165 25% within a year of first RSV infection

Year n Reinfection risk

Hall et al™

Kawasaki et al™

n: Total cohort of subjects studied; RSV: Respiratory syncytial virus.

in non-critically ill patients with community-acquired
pneumonia™®®, and potentially increased risk of asthma
associated with rhinovirus'****, Finally, a virology-
positive diagnosis of RSV or another well-established
bronchiolitis-causing agent would possibly help to
distinguish cases of bronchiolitis from asthmatics with
first-time acute wheeze, although this issue remains
under investigation (see section on Asthma below).

What is the risk of RSV reinfection? The most recent
AAP guidelines suggest that RSV prophylaxis may be
discontinued after breakthrough RSV infection”!. We
conducted a literature search to clarify the reinfection
risk of RSV in infants receiving palivizumab prophylaxis
who experience an acute episode of bronchiolitis.
Previous literature has demonstrated that RSV infection
is highly prevalent and only partially limited by acquired
immunity (Table 1). Risk of reinfection may be related
to serum titers of RSV-specific antibody">**!, These data
suggest that the reinfection risk for RSV in the absence
of ongoing passive immunization is high, is correlated
with diminished serum titers of RSV-neutralizing
antibodies, and can occur within the same RSV season.
To our knowledge, neither the effective development
of adaptive host immunity to RSV infection in the
setting of passive immunization, nor the incidence of
RSV reinfection after palivizumab withdrawal has been
reported.

SCORING SYSTEM

A scoring system for bronchiolitis would help to
standardize care and potentially improve outcomes.
Unfortunately, no clinical scoring system has been
appropriately validated for reliability, physiologic
correlation, and clinical course™”). The original basis
of bronchiolitis scores was physical examination of
respiratory distress using commonly assessed clinical
variables™®!. Over time, continuing reassessment of
bronchiolitis scoring has made apparent that the most
common scoring system for bronchiolitis, the RDAI,
has poor construct validity for overall respiratory
status and limited discriminative ability to determine
major clinical outcomes like length of stay*®!. Recent
efforts have focused on modeling clinical indicators
associated with worse clinical outcomes. A secondary
analysis of a randomized, controlled multicenter trial
in 20 emergency departments related to bronchiolitis
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concluded that oxygen saturation was the best
predictor of hospitalization and length of stay®®”. Among
previously healthy infants with RSV bronchiolitis
who were admitted to a single academic center, risk
factors for respiratory failure that were identified in the
emergency department included lethargy, grunting,
and PaCO2 = 65 mmHg". Prodhan and colleagues
also noted that among RSV-infected infants admitted
to the intensive care unit with respiratory failure, the
major radiologic predictor of prolonged mechanical
ventilation was atelectasis, not hyperinflation®®!. Walsh
et al*” validated a model to predict admission from the
emergency department based on age, dehydration,
work of breathing, and initial heart rate. Weisgerber
et al” developed a model to predict prolonged length
of stay based on need for supplemental oxygen,
respiratory rate, gestation, and caloric intake. The topic
of predictive modeling for bronchiolitis has recently been
reviewed systematically®. Development of a clinical
score for bronchiolitis that accurately reflects relevant
indicators of bronchiolitis outcomes could potentially
enable research on earlier interventions to ameliorate or
prevent critical bronchiolitis disease.

ASTHMA EVALUATION IN EARLY
CHILDHOOD

The key differential diagnosis when evaluating a
wheezing infant with viral respiratory disease is asthma
exacerbation. Viral respiratory infections - especially
RSV, parainfluenza, and rhinovirus - are identified by
the Expert Panel Report 3: Guidelines for Diagnosis
and Management of Asthma to be “one of the most
important causes of asthma exacerbation and may
also contribute to the development of asthma”!.
Approximately 40% of infants hospitalized with RSV
may continue to wheeze or have asthma even into
young adulthood®®®. Importantly, children who develop
asthma symptoms before the age of 3 years are more
likely to experience declines in lung function growth
than those who develop asthma symptoms after 3
years of age®™.. Thus, efforts to predict development
of childhood asthma are ongoing. While a thorough
review of asthma prediction is beyond the scope of this
editorial, we present as examples 3 asthma prediction
tools in Table 2!, The wide range of predictive values
is notable, which may be attributable to the different
age ranges and clinical baseline of the analyzed patient
cohorts. As efforts continue to determine whether early
anti-inflammatory therapies can alter the decline in
lung function growth®” associated with early childhood
asthma, it seems likely that research will return to focus
on wheezing associated with preschool viral iliness. The
proscription against a bronchodilator trial in the latest
AAP bronchiolitis guideline - regardless of history of
recurrent wheeze, atopy, or family history of asthma -
will need to be reconciled with both asthma biology and
more long-term efforts to modify the natural history of
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Ref. Clough er a/*”! Castro-Rodriguez er al*”! Zhang et al™®

Year 1999 2000 2014

n 107 1246 128

Cohort Age 3 mo to 3 yr Longitudinal healthy birth cohort Age 2-20 mo
Wheeze onset <12 wk prior 1" wheeze

Parental history of asthma or eczema
Parental positive allergen skin prick test
Outcome prediction ~ Ongoing wheeze requiring treatment 1 yr
after presentation
71% accuracy overall, 57% sensitivity, 84%
specificity, 76% PPV, 68% NPV
Age at presentation

Prediction results

Components of tool
Serum soluble interleukin-2 receptor
concentration

Minor criteria: MD allergic rhinitis,

Active asthma during the school

42% sensitivity, 85% specificity,
59% PPV, 73% NPV

Wheezing by parent report

Major criteria: parental MD asthma,

Multi-trigger wheezing after 2 yr
years 6-13
95% sensitivity, 74% specificity, 59% PPV, 94%
NPV
Wheezing severity score
Family or personal history of atopic disease
MD eczema Number of exfoliated airway epithelial cells in

sputum

Wheezing apart from colds,

eosinophilia = 4%

n: Number of subjects; NPV: Negative predictive value; PPV: Positive predictive value; ROC: Receiver operator characteristic.

childhood asthma.

BETA2-AGONISTS FOR ACUTE
PEDIATRIC BRONCHIOLITIS

The relevant Cochrane review for bronchodilator therapy
in bronchiolitis is directed at first-time wheezing infants
receiving beta2-agonists. Exclusion criteria for studies
on first-time wheezing infants generally included
prior history of wheeze, previous bronchodilator or
steroid use, and underlying lung or cardiac disease
(including asthma). Additionally, most of the studies
excluded patients requiring intensive care. Regarding
bronchodilators, the AAP bronchiolitis guideline noted
“variable study designs” and “inclusion of infants who
had a history of previous wheezing in some studies”.
This is an unreferenced statement and requires clarifi-
cation. Of the 33 studies included in the most recent
relevant Cochrane analysis, only 4 studies included
infants with prior history of wheeze. Two of those studies
included only 3 or fewer infants with prior wheeze in
each study arm'”.. In other words, the inclusion of
infants with any prior wheeze in bronchodilator trials for
bronchiolitis was extremely limited. The AAP guideline
makes reference to this: “Those studies showing
benefit (of bronchodilators)... include older children
with recurrent wheezing.... Although it is true that a
small subset of children with bronchiolitis may have
reversible airway obstruction..., attempts to define a
subgroup of responders have not been successful to
date”. Furthermore, the AAP guideline goes on to state,
“Children with severe disease or with respiratory failure
were generally excluded from these trials, and this
evidence cannot be generalized to these situations””’.
Therefore, significant question remains as to whether
to trial a beta2-agonist in infants with prior history of
wheezing, atopy, or more severe clinical presentations
of acute viral bronchiolitis.
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CHEST RADIOGRAPHY, ATELECTASIS
AND AIRWAY CLEARANCE THERAPY

The AAP bronchiolitis guideline recommends against
routine chest radiography in children with bronchiolitis,
except for “cases in which respiratory effort is severe
enough to warrant ICU admission or where signs of
an airway complication (such as pneumothorax) are
present™’),

While mild-to-moderate presentations of bronchiolitis
are unlikely to benefit from chest radiography, detection
of radiographic atelectasis in more severe disease
may be clinically important. In a study of 46 children
with RSV-related respiratory failure, a multiple logistic
regression model was developed by Prodhan et af**" to
predict length of mechanical ventilation. After excluding
hyperinflation due to lack of association, the model
included only age and radiologic atelectasis. On days
1 and 2 of mechanical ventilation this model correctly
classified patients requiring > 8 d of mechanical
ventilation in 84% of cases, and had an area under the
ROC curve of 0.92"", This suggests that development
of atelectasis in severe bronchiolitis is highly correlated
with worse clinical outcome.

The cumulative literature on severe bronchiolitis
and our own clinical experience in pediatric intensive
care support the idea that the ability to clear obstructed
airways and prevent or reverse atelectasis is directly
related to an improved clinical course. That atelectasis
predicts clinical outcome substantially explains why the
literature on chest physiotherapy in acute bronchiolitis
in infants has been uniformly negative. As reported in
the relevant Cochrane review™", patient selection for
these trials did not specifically test whether patients
with evidence of impaired mucus clearance would fare
better with chest physiotherapy. Atelectasis, when
reported at all, was in the range of 10%-25% of
subjects. In one of the trials, a patient in the control
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arm who developed atelectasis was withdrawn from the
study in order to receive chest physiotherapy™. This
suggests that randomized trials of chest physiotherapy
may be limited by clinicians who would not allow their
patients to participate if the patients were clinically likely
to benefit from chest physiotherapy. Most of the chest
physiotherapy trials were conducted on small humbers
of subjects. The data could not be pooled because of
major differences between studies in both study design
and chest physiotherapy technique. To our knowledge,
none of the chest physiotherapy trials in bronchiolitis
tested recent pulmonary toilet devices like The Vest
(pneumovest), intrapulmonary percussive ventilator,
MetaNeb, or Cough Assist. A randomized trial on the
use of cough assist in acute bronchiolitis is currently
underway.

Currently the literature on chest physiotherapy in
acute bronchiolitis should be regarded as limited to
non-critically ill bronchiolitis and inadequate to make
any conclusions regarding patients with suspected or
radiologic atelectasis. We believe that clinicians should
make individualized decisions on chest radiography
and chest physiotherapy in bronchiolitis, particularly
to evaluate and treat atelectasis. Although this may
seem to be in contrast to the AAP guideline: “Clinicians
should not use chest physiotherapy for infants and
children with a diagnosis of bronchiolitis””}, the nature
of the guidelines is as “an evidence-based shared
baseline.... (not to) tell you what to do in the case of
every patient,

THREE PERCENT OF HYPERTONIC
SALINE NEBULIZER THERAPY

Nebulized hypertonic saline potentially addresses
the pathophysiology of airways obstruction in acute
viral bronchiolitis by reducing pulmonary edema and
loosening intraluminal debris to facilitate mobilization.
The most recent Cochrane review on hypertonic saline
therapy for acute bronchiolitis was undertaken on 11
inpatient and outpatient studies, all of which were
randomized, double-blind, parallel-group, controlled
trials (RCTs) using 0.9% saline as a control. All of the
trials excluded patients with prior wheeze or severe
bronchiolitis (requiring mechanical ventilation or
intensive care, or oxygen saturation < 85% on room
air). The concentration of hypertonic saline was 3%
in all but one trial, which included both 3% and 5%
concentrations. The 6 inpatient trials involving 500
participants revealed a pooled reduction in length of
hospital stay by 1.15 d (95%CI: -1.49 to -0.82, P <
0.0001) for children treated with hypertonic saline,
with average stays ranging 3.5 to 7.4 d. All 6 inpatient
trials demonstrated a benefit in reducing duration of
hospitalization™*. Subsequent to this Cochrane review,
randomized trials of inhaled hypertonic saline have
revealed mixed results™®, Resolving the differences
between the many RCTs on nebulized hypertonic saline
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will likely require either a meta-analysis approach or an
updated Cochrane review. In the meantime, evidence in
support of 3% hypertonic saline therapy for hospitalized
pediatric bronchiolitis includes clinical and biologic
plausibility, numerous well-designed RCT'’s, substantial
benefit in a number of trials, and virtually no observed
harm, including a notable absence of bronchospasm®™*.
While the AAP guideline on hypertonic saline nebulizer
for inpatient bronchiolitis appropriately balances the
mostly if not uniformly positive evidence, the deve-
lopment of an institutional protocol could reasonably
implement hypertonic saline for every admitted patient
with acute bronchiolitis, especially if the institutional
average length of stay for bronchiolitis exceeds three
days.

ADDRESSING THE ACADEMIC MISSION
OF ADVANCING HEALTH CARE

In conclusion, we applaud the 2014 revision of the
AAP guideline on bronchiolitis and suggest further
research to: (1) develop and validate severity scores
to help guide clinical therapies; (2) incorporate early
identification of childhood asthma; (3) study methods
to identify and address atelectasis; and (4) consolidate
the available data on inhaled hypertonic saline. Most
importantly for the bedside practitioner, the pragmatic
clinical setting and individualized assessment continue
to guide medical care. With the development of new
medical technologies and informatics, we are beginning
to investigate bronchiolitis using a different set of tools
and in a different way from those in the past, although
constrained by the same limitations on resources and
funds. In this way, academic centers can continue to
fulfill our mission to educate, study, and provide the
best health care to each of our patients.
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