
Aerosol Administration During Nasal CPAP
in Newborns Can Be Optimized

Aerosols have proven to be an effective form of drug
delivery. Nevertheless, the development of devices as well
as medical agents for aerosolization to treat mechanically
ventilated newborns still presents a substantial challenge.1

Low tidal volumes and functional residual capacity, high
breathing frequency, short aerosol particle residence time,
and small airway diameters cause low aerosol deposition
in the lower airways in infants.2-4 There are few clinical
deposition studies in the neonatal population, because of
the inability to use radio-labeled aerosols.5 However, de-
spite the paucity of clinical data, aerosols have been used
to treat critically ill newborn infants without a clear un-
derstanding of the optimal aerosol delivery system, the
drug deposition pattern in the lung, and the dose/response
relationship for aerosolized medications. A multi-center
questionnaire-based study showed that aerosolized medi-
cations (eg, albuterol) are administered to infants with
ventilator support as part of routine therapy.6 Neverthe-
less, none of the Cochrane Reviews recommend aerosol
therapies to newborns during any type of ventilatory sup-
port.7-9
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There has been a very visible shift in the early (just after
delivery) modes of ventilatory support in newborns with
respiratory failure, toward the use of “gentler” ventilation,
based on recent multi-center clinical studies.10-12 Early in-
tubation and prophylactic surfactant administration were
shown not to be superior to early nasal CPAP in prevent-
ing bronchopulmonary dysplasia (BPD). It is important to
mention that the study by Avery et al, already 3 decades
ago, linked the use of nasal CPAP to lower risk of BPD.13

BPD is the most frequent serious complication of extremely
premature birth.14 The pathogenesis of BPD is multifac-
torial and includes features related to structural and func-
tional immaturity of the lungs, including inadequate anti-
oxidant enzyme levels, deficient surfactant production
(which make the lungs uniquely susceptible to volutrauma),
oxygen toxicity, and lung inflammation, all of which com-
promise alveolarization.15 Several drugs (corticosteroids,
antioxidants, diuretics, bronchodilators, inhaled nitric ox-
ide, and surfactants),16 have been used for the prevention
and treatment of BPD. Some of these agents were used in

the aerosolized forms, and did not show the expected clin-
ical effects, possibly because of suboptimal aerosol deliv-
ery during any type of ventilatory support.

Recent guidelines recommend noninvasive ventilation
in infants even less than 30 weeks gestational age,17 and
do not recommend any aerosolized agents to treat new-
borns on ventilatory support.7-9 There have been attempts,
though, to establish solid grounds for aerosol therapy to
prevent or treat BPD. One example is the multi-center,
phase 3 Neonatal European Study of Inhaled Steroid
(NeuROSIS) of early inhaled budesonide for BPD preven-
tion.18

In light of these facts, the original study by Farney
et al19 in this issue of RESPIRATORY CARE fits perfectly into
a so-called “unmet medical need.” This in vitro study eval-
uated aerosol delivery with a vibrating-mesh nebulizer
(Aeroneb Solo), an infant CPAP generator (CareFusion
Infant Flow SiPAP), and a test lung. They tested 2 loca-
tions of the nebulizer (because no nebulizer position dur-
ing CPAP with Infant Flow has been established as opti-
mal): at the humidifier, and in the inspiratory limb, at
32 cm from the nasal prongs. The aerosol delivery and loss
in the devices and circuit was measured with radio-labeled
technetium and scintigraphy.

They found that placing the nebulizer closer to the pa-
tient significantly improved aerosol delivery. The majority
of the drug loss occurred in the inspiratory limb and neb-
ulizer when the nebulizer was located at the humidifier.
These results are contrary to findings by Ari et al, who
found that placing the Aeroneb nebulizer distally from the
patient (before the humidifier) gave superior drug deliv-
ery. It is important to note that, though the breathing con-
ditions were similar in the 2 studies, the tested bias flows
were different: 2 and 5 L/min with the Galileo versus
8 L/min with the Infant Flow SiPAP. Other studies have
found that bias flow and exhalation-valve function influ-
ence aerosol delivery, so each CPAP or noninvasive ven-
tilation driver may have a different aerosol delivery pro-
file.20,21

The second important finding from Farney et al is that,
regardless of the nebulizer location, there was substantial
aerosol deposition in the generator tubing and in the CPAP
generator, which serves also as a patient interface. This
part of the ventilator tubing plays a role in generating
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pressure as well as improving exhalation (via the Coanda
effect), which decreases the work of breathing.22 This find-
ing by Farney et al directs future improvements in aerosol
delivery toward better designs of patient interfaces and
ventilator connectors. This approach was already taken by
Longest et al, who found better aerosol delivery with so
called “streamlined” technology.23

In conclusion, the in vitro study by Farney et al shows
that in the pediatric/infant population it is better to position
a vibrating-mesh nebulizer proximal to the patient (with
the Infant Flow SiPAP configuration it is 32 cm from the
nasal prongs). Future engineering development should aim
at improving the patient interface to limit turbulent flow
and decrease aerosol deposition in this part of the circuitry.
When optimal circuitry for noninvasive ventilation and
aerosol delivery is developed, future clinical studies should
focus on establishing the optimal aerosol particle size and
inhaled dose. I strongly feel that the study by Farney et al
brings us closer to successful aerosol therapy in newborns
during noninvasive ventilatory support, and may decrease
the risk of BPD.
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