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The issue of delivery and effectiveness of nongaseous med-
ications via the airway into the lungs of babies is an area

of significant clinical interest. The advantages are quite obvi-
ous: if a medication can be efficiently delivered to reach the
distal areas of the lung and have an effective response to amelio-
rate or prevent lung disease, with minimal systemic adverse
effects, it would be ideal (1). While effective medications have
been developed for aerosol delivery targeted for a variety of
pulmonary disorders (steroids for asthma, gentamicin for cystic
fibrosis), a majority of them have only proven efficacious in
adults or older children. Understanding the unique circum-
stances of the neonate deserves independent in vitro modeling
and in vivo assessments and not mathematical extrapolation of
data derived from adults and/or older children (2).
The efficacy of an aerosolized medication is dependent upon

the targeted delivery of an adequate dose to the sites in the lung
for maximum effectiveness. Factors influencing this include
aerosol particle size, the neonate’s respiratory status, the un-
derlying pulmonary disease, the aerosol delivery system and its
method of use (2). With in vitro studies using jet nebulizers,
improvements have been made that have translated to in-
creased aerosol delivery in vivo. These include decreased
particle size, low inspiratory flow, high tidal volumes, nonhu-
midified ventilator circuits, and administration times of up to
40 min (3). While these improve aerosol delivery, the use of
high tidal volumes and cold and dry gases is of significant
clinical concern in such circumstances. It is hoped that there
will be further advancements in nebulizer therapy (4). While
increasing aerosol efficiency is able to deliver 15–22% of a
medication in adults (2,5,6), in low birth weight infants, it is
consistently �2% (2,7). A suggested improvement for jet
nebulizer efficiency has been attempted in an in vitro study
applicable to ventilated neonates, but requires comprehensive
evaluation before attempting clinical implementation (8). Cur-
rently, the majority of neonatal intensive care units prefer to
use a metered dose inhaler to deliver albuterol aerosol (9) given
its superiority over a nebulizer (10–13).
Besides the issue of method of delivery, a major hindrance

has been in the evaluation of how much of a medication
actually reaches specific areas of the lungs in a neonate. The
study by Sood et al. (14) is an attempt to correct this defi-
ciency. While use of aerosolized Gadopentetate dimeglumine

has been well described to evaluate pulmonary drug delivery in
animal models and human adults using magnetic resonance
imaging (MRI) (see references in Sood et al.) (9–18), this is
the first study to do so in a neonatal ventilated in vivo animal
model. After jet nebulization, the investigators noted a signif-
icant increase in signal intensity in the lungs within 10 min. So,
while they were able to show that deposition of the aerosol
occurred in various parts of the lungs within 10 min, actual
quantification was not accomplished. It is important to keep in
mind the other issues/limitations expressed by the investigators
in the article about aerosol particle size, oxygen use (has
paramagnetic properties and acts a “contrast” agent during
MRI), manual ventilation, length of tubing and location of the
nebulizer in the circuit and the fact that these animals were
heavily sedated. In addition, these were “healthy” term neo-
nates and the gas delivered was neither heated nor humidified.
Physiologically, there is a strong rationale to deliver inspira-
tory gases that is at or close to core body temperature and is
well humidified to endotracheally intubated and mechanically
ventilated infants (15). Further research will be needed to
assess the usefulness of the technique described by Sood et al.
in developmentally appropriate models with lung injury (16), a
clinically more relevant system. Notwithstanding, this study
proves the feasibility of doing an in vivo evaluation of aerosol
delivery during endotracheally intubated mechanical ventila-
tion in a neonate.
Use of a novel endotracheal tube design that has lower

resistance and dead space volume compared with a conven-
tional endotracheal tube may be useful in facilitating earlier
extubation (17). However, given the resurgence of noninvasive
ventilation techniques, as exemplified by nasal continuous
positive pressure (18) and synchronized nasal intermittent pos-
itive pressure ventilation (19–22), in the management of the
premature neonate with respiratory distress, aerosolized deliv-
ery of effective medications without the need for an endotra-
cheal tube would be a major advance.
The development of a premature upper airway modeling

system as reported by Minocchieri et al. (23) is an important
step in that direction. The investigators used MRI imaging to
create a 3-D replica of the upper airway of a 32-wk gestational
age premature neonate. This was validated using computed
tomography scan images on the airway model. A cast was
made and used for in vitro testing for aerosol delivery via a
facemask. The investigators used aerosolized budenoside to
test the usefulness of the model and found (expectedly) that
lung dose delivered decreased with increasing flow rates. This
system should prove useful in the testing of a variety of medica-

Received April 24, 2008; accepted April 26, 2008.
Correspondence: Vineet Bhandari, M.D., D.M., Yale University School of Medicine,

Division of Perinatal Medicine, Department of Pediatrics, 333 Cedar Street, LCI 401B,
New Haven, CT 06520; e-mail: vineet.bhandari@yale.edu

0031-3998/08/6402-0123
PEDIATRIC RESEARCH

Vol. 64, No. 2, 2008

Copyright © 2008 International Pediatric Research Foundation, Inc.
Printed in U.S.A.

123



tions potentially useful for pulmonary delivery. In preterm new-
borns, these include surfactant (24), perfluorocarbon (25), ste-
roids (26), diuretics (27), nitrite (28), prostacyclin (29),
prostaglandin E1 (30), and antibiotics, targeting a variety of
disorders such as respiratory distress syndrome, bronchopulmo-
nary dysplasia, pulmonary hypertension and pneumonia.
Delivering surfactant in an infant with respiratory distress

syndrome cannot be overemphasized as surfactant is not only
essential for alveolar expansion, but also has a role in the
maintenance of the patency of distal small airways. Exoge-
nous surfactant (delivered as an aerosol or as an instilled
suspension) has the ability to reduce airway collapse in sur-
factant-deficient lungs (31). Needless to say, avoidance of the
need for endotracheal tubes by having an optimized delivery
of an effective aerosolized surfactant preparation (24,32,33)
would be first on my wish list!

REFERENCES

1. Southgate WM 1995 Aerosolized pharmacotherapy in the neonate. Neonatal Netw
14:29–36

2. Cole CH 2000 Special problems in aerosol delivery: neonatal and pediatric consid-
erations. Respir Care 45:646–651

3. Fink JB 2006 High impact aerosol technology offers higher efficiency, but is not
ready for prime time. Respir Care 51:1228–1229

4. Barry PW 2002 The future of nebulization. Respir Care 47:1459–1469; discussion
1469–1470

5. O’Riordan TG, Palmer LB, Smaldone GC 1994 Aerosol deposition in mechanically
ventilated patients. Optimizing nebulizer delivery. Am J Respir Crit Care Med
149:214–219

6. Palmer LB, Smaldone GC, Simon SR, O’Riordan TG, Cuccia A 1998 Aerosolized
antibiotics in mechanically ventilated patients: delivery and response. Crit Care Med
26:31–39

7. Fink JB 2004 Aerosol delivery to ventilated infant and pediatric patients. Respir
Care 49:653–665

8. Quong MC, Thebaud B, Finlay WH 2006 A method for increasing jet nebulizer
delivery efficiency for aerosol drug delivery in ventilated newborns: an in vitro
study. Respir Care 51:1244–1250

9. Ballard J, Lugo RA, Salyer JW 2002 A survey of albuterol administration practices
in intubated patients in the neonatal intensive care unit. Respir Care 47:31–38

10. Fok TF, Lam K, Ng PC, Leung TF, So HK, Cheung KL, Wong W 1998 Delivery of
salbutamol to nonventilated preterm infants by metered-dose inhaler, jet nebulizer,
and ultrasonic nebulizer. Eur Respir J 12:159–164

11. Sivakumar D, Bosque E, Goldman SL 1999 Bronchodilator delivered by metered
dose inhaler and spacer improves respiratory system compliance more than nebu-
lizer-delivered bronchodilator in ventilated premature infants. Pediatr Pulmonol
27:208–212

12. Lugo RA, Ballard J 2004 Albuterol delivery from a metered-dose inhaler with spacer
is reduced following short-duration manual ventilation in a neonatal ventilator-lung
model. Respir Care 49:1029–1034

13. Khalaf MN, Hurley JF, Bhandari V 2001 A prospective controlled trial of albuterol
aerosol delivered via metered dose inhaler-spacer device (MDI) versus jet nebulizer
in ventilated preterm neonates. Am J Perinatol 18:169–174

14. Sood BG, Shen Y, Latif Z, Chen X, Sharp J, Neelavalli J, Joshi A, Slovis TL, Haacke
EM 2008 Aerosol delivery in ventilated newborn pigs: an MRI evaluation. Pediatr
Res 64:159–164

15. Schulze A 2002 Respiratory gas conditioning in infants with an artificial airway.
Semin Neonatol 7:369–377

16. Dubus JC, Montharu J, Vecellio L, De Monte M, De Muret A, Goucher A, Cantagrel
S, Le Pape A, Mezzi K, Majoral C, Le Guellec S, Diot P 2007 Lung deposition of
HFA beclomethasone dipropionate in an animal model of bronchopulmonary dys-
plasia. Pediatr Res 61:21–25

17. Parravicini E, Baccarelli A, Wung JT, Kolobow T, Lorenz JM 2007 A comparison
of a new, ultrathin-walled two-stage twin endotracheal tube and a conventional
endotracheal tube in very premature infants with respiratory distress syndrome: a
pilot study. Am J Perinatol 24:117–122

18. Morley CJ, Davis PG, Doyle LW, Brion LP, Hascoet JM, Carlin JB; COIN Trial
Investigators 2008 Nasal CPAP or intubation at birth for very preterm infants.
N Engl J Med 358:700–708

19. Khalaf MN, Brodsky N, Hurley J, Bhandari V 2001 A prospective randomized,
controlled trial comparing synchronized nasal intermittent positive pressure venti-
lation versus nasal continuous positive airway pressure as modes of extubation.
Pediatrics 108:13–17

20. Santin R, Brodsky N, Bhandari V 2004 A prospective observational pilot study of
synchronized nasal intermittent positive pressure ventilation (SNIPPV) as a primary
mode of ventilation in infants � or � 28 weeks with respiratory distress syndrome
(RDS). J Perinatol 24:487–493

21. Kulkarni A, Ehrenkranz RA, Bhandari V 2006 Effect of introduction of synchronized
nasal intermittent positive-pressure ventilation in a neonatal intensive care unit on
bronchopulmonary dysplasia and growth in preterm infants. Am J Perinatol 23:233–240

22. Bhandari V, Gavino RG, Nedrelow JH, Pallela P, Salvador A, Ehrenkranz RA,
Brodsky NL 2007 A randomized controlled trial of synchronized nasal intermittent
positive pressure ventilation in RDS. J Perinatol 27:697–703

23. Minocchieri S, Burren JM, Bachmann MA, Stern G, Wildhaber J, Buob S, Schindel
R, Kraemer R, Frey UP, Nelle M 2008 Development of the premature infant nose
throat–model (PrINT-Model)-an upper airway replica of a premature neonate for the
study of aerosol delivery. Pediatr Res 64:141–146

24. Berggren E, Liljedahl M, Winbladh B, Andreasson B, Curstedt T, Robertson B,
Schollin J 2000 Pilot study of nebulized surfactant therapy for neonatal respiratory
distress syndrome. Acta Paediatr 89:460–464

25. von der Hardt K, Schoof E, Kandler MA, Dotsch J, Rascher W 2002 Aerosolized
perfluorocarbon suppresses early pulmonary inflammatory response in a surfactant-
depleted piglet model. Pediatr Res 51:177–182

26. Shah V, Ohlsson A, Halliday HL, Dunn MS 2007 Early administration of inhaled
corticosteroids for preventing chronic lung disease in ventilated very low birth
weight preterm neonates. Cochrane Database Syst Rev:CD001969

27. Brion LP, Primhak RA, Yong W 2006 Aerosolized diuretics for preterm infants with
(or developing) chronic lung disease. Cochrane Database Syst Rev 3:CD001694

28. Hunter CJ, Dejam A, Blood AB, Shields H, Kim-Shapiro DB, Machado RF,
Tarekegn S, Mulla N, Hopper AO, Schechter AN, Power GG, Gladwin MT 2004
Inhaled nebulized nitrite is a hypoxia-sensitive NO-dependent selective pulmonary
vasodilator. Nat Med 10:1122–1127

29. Olmsted K, Oluola O, Parthiban A, Raghuveer T 2007 Can inhaled prostacyclin
stimulate surfactant in ELBW infants? J Perinatol 27:724–726

30. Sood BG, Delaney-Black V, Aranda JV, Shankaran S 2004 Aerosolized PGE1: a
selective pulmonary vasodilator in neonatal hypoxemic respiratory failure results of
a Phase I/II open label clinical trial. Pediatr Res 56:579–585

31. Ellyett KM, Cragg PA, Broadbent RS 2006 Effect of surfactant deficiency and
surfactant replacement on airway patency in the piglet lung. Respir Physiol Neuro-
biol 150:173–181

32. Mazela J, Merritt TA, Finer NN 2007 Aerosolized surfactants. Curr Opin Pediatr
19:155–162

33. Donn SM, Sinha SK 2008 Aerosolized lucinactant: a potential alternative to intra-
tracheal surfactant replacement therapy. Expert Opin Pharmacother 9:475–478

124 COMMENTARY


	Making Babies Breathe Better—Hopeful Signals?: Commentary on articles by Minocchieri et al. on page 141, and Sood et al. on page 159
	References


