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Background

Therapeutic aerosols have been used for many

years in the management of disorders of the

respiratory tract in both adults and children.

Only recently have they been considered for the

treatment of respiratory disorders of newborn

infants. Several important questions concerning
the use of therapeutic aerosols in infants were
discussed at a workshop attended by 24 paedia-
tricians and aerosol scientists from Europe,

North America, and Australia (Royal Post-

graduate Medical School, London; 7-8

December 1989).

@ Are lung disorders in newborns likely to be
amenable to treatment with aerosols?

@ Can we deliver adequate quantities of
aerosol to the lungs of newborn babies,
either during mechanical ventilation or
during spontaneous breathing?

@ Can we target specific sites in the airways
and lungs?

@ Are there any clinical or physiological data
about acute or long term therapeutic
responses to aerosol treatment in newborns?

Respiratory tract disorders in the newborn

A range of respiratory tract disorders extending
from the upper airway to the pulmonary
vasculature is potentially accessible to treatment
with aerosols. For a few there is clinical
evidence of efficacy. § Agonist bronchodilators
and anticholinergic agents are effective in
mechanically ventilated and freely breathing
young infants.! The management of subglottic
oedema (with nebulised adrenaline), pulmonary
infection (with antiviral or antibacterial agents),
airway inflammation (with anti-inflammatory
agents or antioxidants), surfactant deficiency
(with particulate or aerosol preparations of
surfactant), and raised pulmonary vascular
resistance (by inhaled pulmonary vasodilator
agents), are all potential therapeutic areas.

Aerosol generation

A variety of equipment can be used for genera-
ting aerosols, including metered dose inhalers,
jet nebulisers (used continuously or as dosi-
meters), ultrasonic nebulisers, and dry powder
generators. By using baffles, large particles can
be retained within the device, limiting the
output to respirable particles but reducing the
overall rate of delivery of aerosols.? Spacers can
also be used to deliver smaller particles.? * The

potential for delivering dry powder into the
neonatal respiratory system has not been
explored, but the use of fluidised bed tech-
nology may allow this technique to be applied to
drugs which cannot be dissolved or suspended
in carrier liquids.

Particle size is affected by the viscosity,
density, and surface tension of the solution
being nebulised. Thus the concentration of a
drug in solution influences the output of a jet
nebuliser, often unpredictably. Both the output
and the particle size from jet nebulisers are
influenced by cooling from heat lost through
evaporation (up to 15°C).> ® When nebulising
into a humidified ventilator circuit, a rapid
increase in particle size may occur that can
affect the distribution of aerosol in the lung.” &
Thus the nebuliser that may seem to be ideal in
a laboratory may be inadequate for clinical
purposes. The importance and extent of hygro-
scopic increases in particle size have not been
fully explored. Serious problems were high-
lighted in the delivery of suspended particles
(such as topical steroids) within aerosols. The
main problem is that the suspending fluid can
be delivered without a particle so that it is not
possible to predict the delivery of suspended
particles either from jet nebulisers or from
ultrasonic nebulisers.

Several examples from the enormous range of
jet nebulisers were reviewed.>!' There are
clearly big differences in the mass output and in
the frequency distribution of particle size. The
risk of reducing airway temperature during
nebulisation is unknown; air leak has been
associated with low inspired air temperatures
during neonatal intermittent positive pressure
ventilation (IPPV). Ultrasonic nebulisers,
though they avoid cooling, generally have a
larger droplet size. Higher frequency crystals
might improve this aspect of their function in
the future, rendering the output more suitable
for administration to infants.

In preliminary studies, metered dose in-
halers coupled with spacer devices within
ventilator circuits were at least as effective as jet
nebulisers in adults.!? Such a system would,
however, have to be triggered by the ventilator
to match the output to the inspiratory phase, or
be manually delivered to synchronise with
inspiration. The latter approach has been used
in adults in intensive care units.

The output of therapeutic aerosols has not
been adequately standardised. The size dis-
tribution can be measured by several different
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methods. Light scattering devices measure the
mass median diameter of droplets, and particle
impactors measure the mass median aero-
dynamic diameter, of dry particles. Claims
made for particular devices apply only to the
conditions under which the testing was carried
out. The important information concerned the
mass and size distribution of particles tested
under conditions that mimicked the therapeutic
delivery of a particular agent as closely as
possible. The size of particles at the time that
they enter the respiratory tracts of infants
should be reported. The appropriate size distri-
bution in a therapeutic aerosol for a newborn
infant is not known.

Delivery into mechanical ventilator circuits
Pressure limited, time cycled ventilators are
universally used for neonatal ventilation. Unless
fresh gas flow can be totally delivered through
the nebuliser, constant flow during expiration
imposes severe limits on the inspired concen-
tration of therapeutic aerosols. The devices
beloved of anaesthetists, which deliver preset
tidal volumes, have a ready made ‘holding
chamber’ in the inspiratory limb of the circuit
that would facilitate aerosol delivery. The
workshop did not consider the major problems
imposed by new devices for artificial ventilation
of newborns: high frequency oscillation, jet
ventilators, and ‘demand’ devices. The precise
configuration of the neonatal ventilator circuit,
the type of endotracheal tube, and the fresh gas
flow rate will all influence the characteristics of
aerosols delivered into it.

In vitro studies using filters to assess the dose
could be inaccurate. Some jet nebulisers deliver
large particles. that ‘rain out’ in the tubing and
have the potential to contaminate the filter.
This would lead to an overestimate of dose
delivered. Conversely, fine particles (which
only represent a small proportion of dose) may
behave like a gas, and would be exhaled. If
these were trapped by the filter then again the
dose estimates from filter studies might be too
high. Filters have been used to estimate the
delivered dose.®

Adult rabbits (either alive or freshly killed)
have been used to assess the quantity and
distribution of aerosol delivered to the lungs
from neonatal ventilator circuits.!>'® The
limitations of this model are that the lungs are
usually normal and that the pattern of airway
branching differs from that of human airways.
The model has shown that droplets of less than
35 pm mass médium diameter and latex
particles of less than 2 um have an essentially
peripheral distribution within the rabbit lung.
Aerosol is more effective than an equivalent
dose of a drug delivered directly into the
endotracheal tube and both the tidal volume
and the inspiratory:expiratory ratio (which
affects the residence time within the lung)
influence the dose of aerosol deposited in the
lung.'® For a constant flow circuit as little
as 1-2% of the generated aerosol may be
deposited within the lung of a rabbit.!* ¢ By
bolus or timed aerosol delivery into the circuit,
the effective dose may be enhanced significantly.
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For instance, up to 10% of the generated
aerosol can be delivered using intermittent
treatment by dosimeter, timed to coincide with
inspiration (K Nikander, personal communi-
cation).® A newly devised mechanical ventilator,
which has a low, continuous, fresh gas flow rate
and therefore allows a higher concentration to
build up in the circuit also increased delivery
twofold to threefold—even with continuous
nebulisation—compared with a traditional
constant flow infant ventilator (J Grigg,
personal observations).!”

Dosimetric techniques to increase the pro-
portion of drugs delivered to the baby have
enormous potential for error unless the circuit is
precisely characterised. The start up time of jet
nebulisers needs to be taken into account. The
precise location of the nebuliser in the circuit,
the timing of the jet, and the gas flow rate, are
critical. The potential exists for the infant to
receive none of the drug if the timing is not
accurate. By using a metered dose inhaler as a
dosimeter within a circuit, a fourfold increase in
the dose delivered is theoretically possible (M
Dolovich, personal communication). A small
holding chamber increases the delivery three-
fold compared with releasing the metered dose
inhaler directly into the endotracheal tube
through an elbow device.!?

Human studies of dose delivery by aerosol are
few. Radioaerosols might be valid in limited
circumstances (for instance in the study of
antibiotic distribution in children with cystic
fibrosis) but the only non-radioactive marker
that has been assessed is sodium cromoglycate,
about half of which is excreted unchanged in the
urine in adults. Its pharmacokinetics have not
been studied in infants, but two studies of
delivery of sodium cromoglycate by jet nebuliser
to mechanically ventilated preterm babies with
respiratory distress suggested that 0-:06-0-1% of
a nominal fill of a jet nebuliser could be
retrieved from the urine after 10 minutes’
nebulisation (W Kelly, D Cameron, personal
communications). We know of no studies of the
distribution of aerosols in the lungs of new-
borns.

Delivery of aerosol to spontaneously
breathing newborns

The factors that affect the dose and distribution
of aerosol delivered by facemask to spon-
taneously breathing newborn infants have not
been examined in vivo. In vitro measurements
suggest that a number of factors may influence
the dose of aerosol available for inhalation and
these include particle size, the use and charac-
teristics of a spacer (or holding chamber), the
distance of the jet of aerosol from the face, the
cooling effect of repeated discharges from
metered dose inhalers, and the association
between tidal volume and the size of holding
chambers. The effect of inspiratory flow rate
during tidal breathing on the dose and concen-
tration inhaled from jet nebulisers was reported
independently by two groups (P Le Souef,
M Everard, personal communications). Because
their tidal flow rates are greater than the flow
rate from the nebuliser, air entrainment by
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older children and adults dilutes the concen-
tration of aerosol. This means that the dose
delivered is the same for children of more than
about 80 cm in length. Conversely, for infants
who are too small to entrain air (<80 cm length,
for a jet flow of 6 I/min) the total dose inhaled
will diminish, but the inspired concentration of
aerosol will be the same as the nebuliser output,
and therefore greater than for entraining
subjects.'® In vivo measurements suggest that
drug delivery by jet nebuliser to freely breath-
ing young infants is negligible.!® These obser-
vations have implications for both the delivery
and distribution of therapeutic aerosols and for
testing of bronchial responsiveness in infants.

Side effects of inhaled drugs

Litde is known about the effects of inhaled
drugs on the newborn lung, either in the short
or long term. Bronchoconstriction has been
reported in wheezy infants receiving hypo-
osmolar solutions as well as solutions with low
pH. Metered dose inhalers contain chloro-
fluorocarbons and surfactants, which have
adverse effects in animals and in some adult
volunteers and which are ecologically sensitive.
Preservatives may cause damage to cilia,
sometimes permanently. Concern was expressed
about the possible effects of high concentrations
of corticosteroids on the growing lung, but no
information was available. Finally, with the
evidence that low ventilator circuit temperature
may be associated with pneumothorax in
newborn babies, the cooling effect of jet nebu-
lisers must be considered to be a potential risk.

Clinical studies

Short term double blind clinical trials of inhaled
sodium cromoglycate solution and inhaled
topical steroids (budesonide suspension) are
under way in three centres, but no results are
available yet. In addition single dose clinical
studies of inhaled steroids administered by jet
nebuliser to mechanically ventilated infants,
infants ventilated by tracheostomy, and spon-
taneously breathing babies have been reported.
Bearing in mind that the output of particulate
suspensions varies among different types of jet
nebuliser, it is not certain whether observations
made from uncontrolled studies can be evalu-
ated.?°

General conclusions
(1) The group felt that it was important to
measure both the droplet size presented to the
respiratory tract (bearing in mind the effects of
humidification) and the dose that reaches the
lung by an appropriate technique yet to be
devised. This would depend on radioaerosols,
or adequate kinetic studies of drugs such as
sodium cromoglycate.

(2) The distribution of drug within the lungs
should be studied either in animal models,
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which have inevitable anatomical limitations
and pathological differences, or by using radio-
aerosols, which raises ethical problems.

(3) It is important to make appropriate in
vitro measurements using the precise aerosol
generating device, drug (in its correct concen-
tration), and ventilator circuit, to estimate the
dose delivered before undergoing any clinical
trials using aerosols in the newborn. The ideal
delivery system (jet nebuliser, dosimeter, or
ultrasonic nebuliser) has not been determined.

(4) The technical problems of delivering
suspended particles by aerosol need urgent
solution in view of clinical demand for topical
steroid treatment by aerosol in newborns.
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