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Asthma and bronchiolitis are episodic obstructive pulmonary diseases characterized by broncho-
constriction, airway wall inflammation, increased mucus production, and air-flow obstruction. We
present the cases of 5 infants treated for acute bronchiolitis with respiratory distress using a
combination of high-flow nasal cannula oxygen (HFNC) and an Aerogen nebulizer to deliver
aerosolized �-agonist therapy. In all infants, we found that HFNC resulted in a greater heart rate
increase than delivery via a facemask. We also found that patients tolerated inhaled therapy better
with HFNC than a facemask. Key words: asthma; bronchiolitis; � agonists; HFNC; high-flow nasal
cannula. [Respir Care 2015;60(9):e161–e165. © 2015 Daedalus Enterprises]

Introduction

Asthma and bronchiolitis are episodic obstructive pul-
monary diseases characterized by bronchoconstriction, air-
way-wall inflammation, increased mucus production, and
air-flow obstruction.1 Although both diseases result in sig-
nificant morbidity and mortality, bronchiolitis is an in-
creasing concern in small children, particularly when as-
sociated with new strains of viral infection such as
respiratory syncytial virus, rhinovirus/enterovirus, human
pneumovirus, and H1N1 virus. These infections range in
severity from mild respiratory infections (common cold)
to severe respiratory distress syndromes and can produce
enough air-flow obstruction to cause respiratory failure.1,2

Clinically, both asthma and bronchiolitis result in the acute
onset of respiratory distress, during which patients fre-

quently present to the clinic or pediatric emergency de-
partment for urgent care.

Current American Academy of Pediatrics guidelines do
not recommend the use of bronchodilators for bronchioli-
tis.3 However, these guidelines are controversial,4 and be-
cause the initial differential diagnosis includes acute asthma
attacks, clinicians may initially use jet nebulizers to de-
liver aerosolized �-agonist medications as a therapeutic
trial.4 An inhaled � agonist such as albuterol is often de-
livered using a jet nebulizer connected to a face mask. Use
of a face mask, however, can often produce agitation,
worsening respiratory distress and preventing effective drug
delivery, particularly in young children.5

Case Reports

We present the cases of 5 infants treated in the pediatric
emergency department at The University of Chicago Med-
icine Comer Children’s Hospital. Two males 3 and
14 months of age and 3 females 2–21 months of age were
brought to the pediatric emergency department seeking
relief for moderate-to-severe respiratory distress. Initial
clinical examination of all 5 children revealed wheezing,
coughing, tachypnea, retractions, and decreased oxygen
saturation (SpO2

� 90%) on room air. The 5 patients had
chest radiographs notable for atelectasis, pneumonia, and
peribronchial thickening. Chest auscultation revealed rhon-
chi, wheezing, or diminished and coarse breath sounds.
Upon presenting to the pediatric emergency department,
all demonstrated a clinical asthma severity assessment score
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consistent with moderate-to-severe exacerbations. This
scoring system is a modified version of the Wood asthma
scoring system,6 is age-specific, and includes assessment
of breathing frequency, SpO2

, auscultation, retraction, and
dyspnea. Scores range from mild (5–7) or moderate (8–11)
to severe (12–15). In all patients, initial treatment consisted of
2 consecutive doses of 0.083% albuterol delivered by a jet
nebulizer connected to a face mask using 100% oxygen. Three
patients also received racemic epinephrine (2.25%) treatments
delivered the same way and exhibited increased mucus pro-
duction requiring frequent nasopharyngeal suctioning. Two
patients had respiratory syncytial virus or rhinovirus/entero-
virus, and 3 others had either rhinovirus or enterovirus. All
patients had difficulty maintaining an SpO2

of � 88% on room
air and demonstrated only slight improvement with low-flow
nasal cannula. After multiple albuterol treatments with the jet
nebulizer connected to a face mask, clinical asthma severity
assessment scores in all patients remained in the moderate-
to-severe range (Table 1).

Due to persistent air-flow obstruction and increasing
concern for fatigue and respiratory failure, the pediatric
emergency department staff considered more aggressive
respiratory support options, including nasal CPAP, bi-level
positive airway pressure, heliox (helium-oxygen mixture),
or intubation. Because infants with bronchiolitis and ob-
structive lung disease can be difficult to manage on pos-
itive-pressure ventilation, high-flow nasal cannula (HFNC)
was attempted because it reduces the risk of intubation in
infants with respiratory failure.7 HFNC was implemented
at oxygen gas flows set between 5 and 8 L/min with a
target FIO2

of 1.0.
To avoid diluting the FIO2

with HFNC use, the gas flow
must meet or exceed the inspiratory flow demands of the
patient. We set the O2 flow by estimating the expired tidal
volume for each patient and multiplying by the breathing
frequency to obtain the estimated expired minute volume.
We then set the oxygen gas flow to �3.5 times higher the
expired minute volume and/or 5–8 L/min based on the
manufacturer’s instructions for the nasal cannula.

After HFNC implementation, SpO2
rose to � 95% at

100% FIO2
, but average clinical asthma severity assess-

ment scores remained unchanged (14.6 � 0.55 before
HFNC application and 13 � 0.71 after). We thus added
aerosolized �-agonist delivery via a jet nebulizer connected
to a face mask to the HFNC treatment. All patients thus
received 0.083% albuterol and aerosolized steroid treat-
ments via the jet nebulizer and face mask every 2 h along
with HFNC and chest physiotherapy. However, all pa-
tients remained agitated and combative.

To reduce anxiety, agitation, and work of breathing, we
then removed the jet nebulizer and face mask and deliv-
ered inhaled � agonist via a nebulizer connected to the
HFNC alone. Oxygen was administered via an RT329
circuit (Fisher & Paykel Healthcare, Auckland, New Zea-
land). The gas inlet valve was connected to the dry side of
a Fisher & Paykel MR290 humidifier chamber with oxy-
gen tubing to the gas inlet adapter which was connected to
an oxygen flow meter via a nipple adapter (Fig. 1). The
humidifier chamber was then connected to the HFNC. The
temperature control was set to the noninvasive mode. We
used a mesh nebulizer (Aerogen Solo, Aerogen, Galway,
Ireland) to deliver aerosolized medicine. The delivery sys-
tem consisted of the Aerogen Solo connected on either the
dry or wet side of the MR290 humidifier chamber. Albu-
terol (3 mL) was then placed into the Aerogen Solo med-
ication chamber. The Aerogen Solo control unit was pow-
ered on, and visual verification of nebulized medication
delivery was performed at 2 points in the RT329 circuit.

To assess clinical effect, we monitored heart rates and
clinical asthma severity assessment scores before, during,
and after each treatment via the jet nebulizer and face
mask and via HFNC and the Aerogen Solo. We found that
scores were unchanged after delivery via HFNC and the
Aerogen Solo (see Table 1), but that heart rates increased
to a greater degree when albuterol was delivered via HFNC
and the Aerogen Solo compared with the jet nebulizer and
face mask (Table 2).

Table 1. Patient Ages, Disease Types, and Clinical Asthma Severity Assessment Scores Before and After Delivery of Aerosolized � Agonist via
Jet Nebulizer Connected to a Face Mask

Case Sex Age (mo) Diseases

Clinical Asthma Severity Assessment Scores

Initial
After Jet Nebulizer/
Face Mask Delivery

After HFNC/
Aerogen Solo Delivery

1 Male 3 Respiratory syncytial virus,
rhinovirus/enterovirus

14 14 12

2 Female 6 Rhinovirus/enterovirus 15 13 12
3 Female 2 Rhinovirus/enterovirus 14 13 13
4 Male 13 Rhinovirus/enterovirus 15 12 10
5 Female 4 Rhinovirus/enterovirus 15 13 11

HFNC � high-flow nasal cannula
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More importantly, we found that patient agitation was
markedly improved when albuterol was delivered via
HFNC and the Aerogen Solo alone. During treatment with
the jet nebulizer connected to a face mask with or without
HFNC, all 5 patients were increasingly agitated due to the
face mask, and as a result, clinical asthma severity assess-
ment scores in all patients increased from moderate to
severe. In addition, during treatment, the parent would
frequently have to hold the patient in an attempt to keep
the face mask on the patient’s face. In contrast, when �
agonist was delivered via HFNC and the Aerogen Solo
alone, patients were calm enough to sleep through their
treatment while being observed closely by respiratory ther-
apists, nurses, and parents. Evidence that �-agonist deliv-

ery was effective was also indirectly provided by heart rate
(see Table 2). We found increases in heart rate with HFNC
and the Aerogen Solo, but no changes in any other car-
diorespiratory parameter, including mean arterial blood
pressure, breathing frequency, and SpO2

. Comfort and anx-
iety levels for both patients and parents were considerably
improved with treatment via HFNC and the Aerogen Solo.
Two patients previously in respiratory distress while using
the jet nebulizer and face mask were able to breastfeed
while receiving bronchodilator therapy via HFNC and the
Aerogen Solo, and 3 others were able to use pacifiers
during treatment via HFNC and the Aerogen Solo. All
patients clearly preferred HFNC/Aerogen Solo delivery to
jet nebulizer/face mask delivery.

Discussion

Although HFNC is increasingly used as a support strat-
egy for infants with respiratory distress, data on its effec-
tiveness are mixed.1 Lee et al7 reported that HFNC is a
useful respiratory support strategy for bronchiolitis. In con-
trast, a 2011 Cochrane review found that HFNC may be
associated with a higher rate of re-intubation than nasal
CPAP in preterm infants,8 and the 2014 update concluded
that no evidence was available to assess safety or effec-
tiveness.9 Although current pediatric guidelines do not rec-
ommend the use of inhaled � agonists for acute bronchi-
olitis,3 inhaled �-agonist treatment in this patient population
may still be relevant, as the differential diagnosis for bron-
chiolitis includes acute asthma.4

Several challenges complicate the delivery of inhaled
drugs in infants with acute respiratory distress from severe
bronchiolitis. Children are mainly nasal breathers,10 and
inhalation through the nostrils is common when using the
a jet nebulizer connected to a face mask.5,10 In adult pa-
tients, the nasal passage filters out 35–50% of the aero-
sol,11 and such filtering may also affect medication deliv-
ery in children. In addition, young children may become
agitated when a face mask is placed over their mouth and
nose.5 Other factors that may affect medication delivery
are the presence of a pacifier in the mouth and increased
anxiety and stress from parents seeing their children in
distress. It is thus reasonable that patients may become
agitated and combative when treated with aggressive aero-
sol therapy via a jet nebulizer and face mask. Moreover,
although oxygen saturation may improve with this com-
bination, it may be the result of powering with 100%
oxygen, and clinical asthma severity assessment scores
themselves may not change. One study indicated that 47%
of children did not tolerate a jet nebulizer connected to a
face mask.10

Existing evidence suggests that inhaled medication de-
livery using a face mask is poor. Amirav et al12 used
gamma scintigraphy to assess the pulmonary distribution

Fig. 1. Apparatus for delivering nebulized drug using high-flow
nasal cannula and the Aerogen Solo. The nebulizer is located on
the wet (right) side of the MR850 humidifier, and the gas inlet with
a pressure safety valve is located on the dry (left) side.
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of technetium-99m albuterol aerosol in 12 infants with
acute bronchiolitis. They found that only 1.5% reached the
lung, 7.8% was deposited in the upper respiratory and
gastrointestinal tracts, and 10–12% remained on the sub-
ject’s face. The authors concluded that poor aerosol depo-
sition was common when face mask techniques were used.
Ditcham et al13 administered radiolabeled salbutamol via a
spacer or nebulizer and face mask to 8 infants and found
that overall mask deposition was 0.8–5.2% and fell to
0.6–0.4% when children were agitated or screaming. Clay
et al14 found that changing drug concentration had little
effect on aerosol size or drug mass median diameter dur-
ing treatment, but that aerosol particle size remained at
� 1.3 �m when the optimal breathing dose range was
� 5 �m regardless of drug concentration. Taken together,
these data suggest that improved methods for delivering
inhaled medications are needed.

Although we did not use an objective agitation scale, we
(and nurses caring for these patients) clearly found de-
creased agitation and heart rate evident of adequate in-
haled �-agonist delivery when aerosolized albuterol was
delivered by HFNC and the Aerogen Solo. Our patients
were less agitated, and their heart rates increased to a
greater degree with HFNC and the Aerogen Solo than
with the jet nebulizer and face mask. Although this effect
may have been due to agitation resulting from the jet
nebulizer/face mask combination itself, we have not found
our other patients to be agitated, so we believe that this
possibility is unlikely. Our observations support a strategy
of delivering inhaled albuterol via HFNC and the Aerogen
Solo rather than a jet nebulizer connected to a face mask.

Existing in vitro simulation data support using a nasal
cannula for aerosol delivery.15 Our approach is noteworthy
not only because of the nasal cannula delivery route but
also because of the nebulization method we used. Unlike
a jet nebulizer, which uses the gas source to function and
limits the flows that can be used, a vibrating mesh nebu-
lizer does not require a gas source to function and allows
a wider range of gas flows. Moreover, a vibrating mesh

nebulizer generates smaller particle sizes than a jet nebu-
lizer,16 which may facilitate medication delivery.

The use of HFNC and the Aerogen Solo to deliver aero-
solized medications has been investigated in lung models.
These studies have had mixed results, in part because 2
different HFNC systems were used. In one study, the in-
vestigators used the Vapotherm HFNC system (Stevens-
ville, MD) rather than the Fisher & Paykel system used in
our case series and found that 80% of the aerosolized
medication was trapped in the nasal cannula apparatus.17

They suggested that cannula size and gas flows influenced
aerosol delivery. Another potential reason is that the neb-
ulizer in the Vapotherm system is located after the humid-
ifier in the delivery circuit, which can result in high hu-
midity rainout of nebulized medication. In another in vitro
study using the Aerogen system, the nebulizer apparatus
was placed just before the humidification chamber.16 That
authors demonstrated that the Aerogen nebulizer functioned
better when located before rather than after the humidifi-
cation chamber, but that delivery of aerosolized medica-
tion was poor at gas flows of � 3 L/min. Another in vitro
study demonstrated that 18–26% of the medication dose
was delivered using a pediatric nasal cannula, and the
authors concluded that aerosolized medications can be ef-
fectively delivered via HFNC.18

In conclusion, although many in vitro studies exist, few
clinical reports of aerosolized bronchodilator administra-
tion via HFNC and the Aerogen Solo exist. We report 5
cases of infants with bronchiolitis who were given �-ag-
onist bronchodilators via HFNC and the Aerogen Solo.
Although clinical asthma severity assessment scores did
not appreciably change with HFNC/Aerogen Solo therapy,
and recent guideline changes now recommend against �
agonists in bronchiolitis patients, we believe that the com-
bination of HFNC and the Aerogen Solo was clinically
better tolerated in our patients, possibly preventing them
from escalating to more invasive respiratory support. We
hypothesize that the heart rate increase we observed with
the HFNC/Aerogen Solo delivery option represented clin-

Table 2. Effect of Aerosolized �-Agonist Delivered via a Jet Nebulizer and Face Mask and via HFNC and the Aerogen Solo on Heart Rate

Case Age (mo)

Jet Nebulizer/Face Mask Delivery
(beats/min)

HFNC/Aerogen Solo Delivery
(beats/min)

Before After Before After

1 3 121 125 123 178
2 6 133 140 130 188
3 2 129 136 132 194
4 13 141 149 143 190
5 4 138 142 140 186
Mean � SD 132.4 � 7.8 138.4 � 8.8 133.6 � 8.0 187.2 � 5.9

HFNC � high-flow nasal cannula
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ically relevant medication delivery and absorption and ver-
ified aerosolized medication output by disconnecting the
RT329 circuit from the nasal cannula to observe aerosol-
ized mist exiting the oral cavity on exhalation. More pro-
spective clinical studies are needed to further define how
this population of patients may benefit from HFNC/Aero-
gen Solo use.
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