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Inhaled Pharmacotherapy for Neonates: A Narrative Review
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What is known about
this topic?

The inhaled route for drug
administration in neonates offers
several advantages over the sys-
temic routes. Inhaled medications
are varied and often used off
label. Also, the literature is scat-
tered and the levels of evidence
little known.

What this study adds on
this topic?

Bronchodilators, epinephrine,
corticosteroids,  anti-inflamma-
tory agents, pulmonary vasodila-
tors, mucolytics, colistin and, more
recently, surfactants, are the most
commonly used inhalation agents
in neonates. Because of the lim-
ited data from studies and the
absence of rigorous tests, all these
drugs are often used off-label in
neonates. They have the advan-
tage of fewer systemic effects,
but they have a low evidence of
efficacy.
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ABSTRACT

The inhaled route for drug administration in neonates offers several advantages over the sys-
temic routes, since it delivers medications directly to the diseased organ, enabling higher doses
locally with less systemic toxicity. Respiratory drugs can be administered in both ventilated and
non-ventilated term and preterm infants. This review was carried out using selected literature,
with a focus on the most used inhaled pharmacological agents in neonatal care, summariz-
ing, with levels of evidence (LoE), their indications, doses, administration schedules, and main
adverse effects. Information is given on several inhaled drugs, namely albuterol, budesonide,
ipratropium bromide, sodium cromoglycate, racemic epinephrine, nitric oxide, treprostinil,
iloprost, epoprostenol, colistin, rhDNase, hypertonic saline, and calfactant. A summary of the
main and most recent published studies on each of these inhaled pharmacological agents is
also presented.
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INTRODUCTION

Respiratory problems are the most common reasons for admission to a neonatal intensive
care unit (NICU).! The neonate has unique respiratory physiological characteristics such as
small airway caliber, few collateral airways, compliant chest wall, poor airway stability, and
low functional residual capacity. The pathologies affecting the newborn’s lung are also dif-
ferent from the many others observed later in life. Respiratory care has to be individualized
and needs fo be adapted to the patient’s characteristics, namely gestational age, the clinical
condition, associated comorbidities, and the overall prognosis.??

There is an increasing trend in the NICUs to use non-invasive ventilation modes; however,
invasive ventilation is still often necessary for treating preterm and term infants with respira-
tory insufficiency.*®* The pharmacological agents administered by the respiratory route, in
aerosol (a suspension of fine solid or liquid particles in gas dispensed from a pressurized
container) or by nebulization (reduction of a medicinal solution to a fine spray) are often
used during and after mechanical ventilation in order to improve pulmonary mechanics and
facilitate ventilation. The administration of drugs directly info the respiratory tree has been
used since the early 1950s, to reach the target organ or when other routes are unavail-
able.® For most pharmacological agent profiles, the results from animal and adult studies
are extrapolated to neonates. In literature, the data from different studies and interven-
tions of respiratory drug delivery in ventilated infants demonstrate a reduced need for sys-
temic glucocorticoids,” improved oxygenation,® and increased fluid resorption.® Moreover,
the results from some studies of inhaled pharmaceutical aerosols in infants, conducted for
different purposes, have demonstrated no measurable benefits.’o"
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Table 1. Levels of evidence (www.escardio.org).

Level of

Evidence (LoE) | Description

A Information collected from several randomized
clinical trials or meta-analysis

B Information collected from a single randomized
clinical trial or extended non-randomized
studies

C Consensus opinion of specialists and/or small
studies, retrospective studies, and
records

Pharmacokinetics and pharmacodynamics exhibit consider-
able interindividual variability among neonates.”? Because
of the limited data and the absence of rigorous tests in neo-
nates, these drugs are often used off-label. The inhaled route
offers several significant advantages over the systemic routes
of drug administration, since it delivers medication directly to
the diseased organ, enabling higher doses locally with less
systemic toxicity, and more rapid onset of action. However,
there is low evidence about the efficacy. The disadvantages
include possible irritant effects on airways, limitation of medi-
cation dose due to airway symptoms, and delivery systems
that can be cumbersome and time consuming, and possibly
very costly.”

This review was carried out in order to summarize the char-
acteristics and usual indications of the main pharmacological
therapies used by the respiratory route in neonates admitted to
NICUs. The levels of evidence (LoE) suggested by the European
Society of Cardiology (www.escardio.org) were used (Table 1).

BRONCHODILATORS

Historically, beta-2 agonists were considered of little efficacy
in children below 2 years of age, because of the lack of beta-2
receptors on the bronchial mucosa. Beta-2 agonists were stud-
ied in the early 1980s for the prevention or early treatment of
bronchopulmonary dysplasia (BPD) in preterm infants, and
although a Cochrane review (2001)" demonstrated no signif-
icant effect on the outcome, several beta-2 agonists are still
widely used in NICUs with different administration schedules.®

Today, it is known that muscle tissue is present in airways as
early as 23 weeks gestation, at all levels of the conducting air-
ways. The infants at 25-week gestation have a quantity of air-
way muscle relative to airway circumference, similar fo that of
term infants. The severity of BPD is nowadays defined by the
arrest in pulmonary growth, the so-called new BPD. Preterm
infants with BPD present some degree of airway muscle hyper-
trophy, and bronchospasm in very low birth weight infants is
possible since the first days of life.’s-2?

Preterm infants often require oxygen supplementation, and are
therefore exposed to oxidative stress. Following oxygen expo-
sure, preterm infants frequently develop chronic lung disease
and have a significantly increased risk of bronchospasm.?

Compared to adults, preterm and term neonates possess a rel-
atively higher number of goblet cells that express mucus, and
fewer ciliated airway cells to assist in the clearance of airway
secretions.?

ALBUTEROL (SALBUTAMOL)

Albuterol is the most commonly used bronchodilator in NICUs.
It is a beta-2 adrenergic short-acting agonist that relaxes
bronchial smooth muscle, with little effect on heart rate (minor
beta-1 stimulation). It stimulates the production of intracellular
cyclic AMP, enhancing the binding of intracellular calcium to the
cell membrane and endoplasmic retficulum, resulting in bron-
chodilation, improved compliance, and reduced resistance of
the airways. It also enhances mucociliary clearance and drives
potassium intracellularly. It is used to relieve or prevent bron-
chospasm, and to treat hyperkalemia (LoE A). It can be admin-
istered by nebulization, by a metered dose inhaler (MDI) with
a spacer device, enhancing its selectivity. The intravenous and
oral routes are rarely used in neonates. The metabolism is in
the liver. The main adverse effects are tachycardia, arrhyth-
mia, tremor, hypokalemia, and irritability. Albuterol adminis-
tration should not be considered when the heart rate is over
180/minute. Tolerance may develop as soon as 1 week after
starting the therapy, especially when administered orally.?-*

Albuterol has been used to prevent and treat bronchospasm in
preterm infants developing BPD. A 2016 Cochrane collaboration
systematic review concluded that there are insufficient data
for a reliable assessment of the use of albuterol for prevention
of BPD (LoE A).*? Bronchodilators including albuterol are fre-
quently administered to infants with established or developing
BPD, with increasing use during the first hospital month, and
in infants with positive pressure exposure (invasive and non-
invasive mechanical ventilation). There is a marked variation in
frequency and treatment duration among institutions.-3

Based on studies showing that beta-agonists can accelerate
the rate of alveolar fluid clearance, albuterol has been used for
the treatment of transient tachypnea of the newborn (TTN). A
2016 Cochrane collaboration systematic review including 3 tri-
als could find a reduction in the duration of oxygen therapy,
but not in the need for continuous positive airway pressure or
invasive mechanical ventilation, in the groups receiving nebu-
lized albuterol versus placebo. The quality of the evidence was
very low due to the paucity of trials, small sample sizes, and
poor methodological quality, and the authors concluded that
the evidence was not sufficient to support albuterol in the man-
agement of TTN (LoE A).* A study by Keles to investigate the
efficacy of an inhaled beta-adrenergic agonist in TTN showed
that clinical respiratory assessment, respiratory rate, oxygen
saturation values, the need for supplemental oxygen therapy,
blood gas pH, PO,, and the duration of hospitalization were
significantly improved in infants treated with albuterol and
humidified oxygen, compared with infants administered the
humidified oxygen only (LoE B).*® A similar study by Babaei H
concluded that the administration of the salbutamol can signifi-
cantly improve respiratory distress 4 hours after administration
and reduce the duration of hospital stay, tachypnea, and the
time of enteral feeding (LoE B).¥” Malakian et al. (2018) studied
the effect of albuterol on TTN and found a significant improve-
ment in disease symptoms and a shorter hospital stay without
adverse effects (LoE B).3®

Albuterol has been used in acute viral bronchiolitis. A
2020 meta-analysis of 13 studies, including infants from 0 to



Turk Arch Pediatr 2022; 57(1): 5-17

Rocha.

12 months, was not able to evidence any benefit and does not
support its use in acute bronchiolitis (LoE A).*

The use of albuterol administered before surfactant in order to
improve oxygenation in preterm infants with respiratory dis-
tress syndrome (RDS) was assessed in a study by Celik et al. In
this study, no significant effect of the inhaled albuterol treat-
ment on the surfactant therapy in preterm infants with RDS was
detected (LoE B).*°

Intratracheal albuterol in addition to surfactant was shown
to have a positive effect in reducing Intubation-SURfactant-
Extubation (INSURE) failure in preterm infants with RDS
(LoE B).#

As mentioned above, albuterol is one of the therapeutic pos-
sibilities for the treatment of hyperkalemia. A glucose-insulin
infusion is considered a major therapeutic approach for the
treatment of hyperkalemia, but affects the stability of blood
sugar level. In a recent study by Saw et al., nebulized salbuta-
mol was shown to be as efficient as glucose-insulin perfusion
in the treatment of hyperkalemia, with fewer plasma glucose
level fluctuations ( LoE B).*

The doses of albuterol commonly used are reported in Table 2.
In ventilated patients, if an MDI is used, the holding chamber
can be placed either in the inspiratory limb of the circuit or
between the “Y” and the endotracheal tube. If a vibrating mesh
nebulizer (e.g., Aerogen®) is used, it should be placed within
the inspiratory limb. The vibrating mesh nebulizer results in
superior lung deposition of the drug, most likely from smaller
residual volume and low operational gas flows (Table 3).43

Table 4 summarizes the most recent literature on inhaled phar-
macotherapy for neonates.

IPRATROPIUM BROMIDE

It is a quaternary ammonium derivative of atropine, a potent
inhibitor of the bronchoconstrictor acetylcholine. Acetylcholine
also increases the production of airway mucin. Ipratropium
bromide is an anticholinergic bronchodilator used in some
NICUs as an adjunctive therapy for acute bronchospasm. When
administered by inhalation, it is poorly absorbed into the circu-
lation and acts as a selective bronchodilator. The combination
of ipratropium with a beta-agonist produces more broncho-
dilation than either drug individually, and has been used in
infants with BPD.** However, there is no evidence of long-term
benefits of the use of ipratropium bromide in BPD patients
(LoE A).#4-46

Ipratropium is not useful in the treatment of acute bronchiolitis
(LoE B).#

The author’s position regarding bronchodilators in neonates is
that they are not indicated in the stable patient without epi-
sodes of wheezing. They are indicated in acute episodes of
bronchospasm, if the patient shows a good response to their
use. The most commonly used bronchodilator is albuterol.
Albuterol can also be used as an adjunctive therapy for treat-
ing severe hyperkalemia. Ipratropium can be used in acute
respiratory episodes with bronchospasm, as adjuvant therapy.

SODIUM CROMOGLYCATE

Sodium cromoglycate is an anti-inflammatory agent. It is
a mast cell stabilizer that prevents mast cell activation and
degranulation, and also inhibits neutrophil chemotaxis and the
free radical-induced neutrophil nicotinamide adenine dinucle-
otide phosphate (NADPH) oxidase.*®

Sodium cromoglycate is not indicated for the relief of acute
bronchospasm, since it is an anti-inflammatory agent used for
long-term therapy, and is not as effective as beta-2 agonists. It
has been used as an adjunct therapy with diuretics, broncho-
dilators, and corticosteroids to prevent or in establishing BPD.*°

Inhaled cromoglycate was first studied in neonates during the
1990s, and conflicting results regarding its efficacy in reduc-
ing mortality and BPD rate in preterm neonates emerged.® A
2017 Cochrane collaboration systematic review concluded that
there is currently no evidence from 2 randomized trials that
sodium cromoglycate, versus placebo or no intervention, has a
role in the prevention of BPD, and cannot be recommended for
the prevention of BPD in preterm infants (LoE A).*°

The author’s position is that sodium cromoglycate is not useful
in preventing BPD in preterm infants.

EPINEPHRINE

Racemic Epinephrine (combination of levorotatory and dextro-
rotatory forms of epinephrine, the latter being 1/12 to 1/18 as
potent as the former) stimulates both alpha and beta-adren-
ergic receptors on vascular smooth muscle, producing vaso-
constriction and reducing edema. This mechanism of action
is useful in reducing post-extubation upper airway edema
and stridor after prolonged invasive ventilation, or trauma
after multiple intubations. The side effects include tachycar-
dia, arrhythmias, hypertension, peripheral vasoconstriction,
hyperglycemia, hyperkalemia, metabolic acidosis, and leuko-
cytosis. Unfortunately, there is no evidence either supporting or
refuting the use of nebulized racemic epinephrine in neonates
(LoE C).5

L-epinephrine has been tried to relieve symptoms of TTN. There
is, at present, insufficient evidence to determine the efficacy
and safety of epinephrine in the management of TTN (LoE C).5?

The author’s position regarding the use of nebulized racemic
epinephrine in neonates with post-extubation upper airway
edema and stridor is that it can be used as a therapy in asso-
ciation with intravenous dexamethasone.

CORTICOSTEROIDS

Corticosteroids are powerful down-regulators of inflammation
and have been widely used post-natally to prevent and treat
BPD. The concern for adverse outcomes with the use of sys-
temic postnatal corticosteroids in BPD, including gastrointes-
tinal perforation in the short term, and cerebral palsy in the
long term, likely led to the widespread use of alternative routes
of administration. The potential benefits of direct administra-
tion to the lungs include the sufficiency of lower medication
doses compared with systemic administration, fewer systemic
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Inhaled Pharmacotherapy
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Table 3. Different aerosol generators.*®

Type

Characteristics

MDI

An aerosol cloud containing the predefined dose of the active drug (“puff”) is released after pressing the propellant
device. Can be administered in ventilated patients if connected through a spacer in the inspiratory limb or between

the “Y” and the endotracheal tube. Can be administered by mask and spacer chamber in non-intubated patients.
The efficacy expressed as inhaled dose percentage is mid.

Jet nebulizer

The liquid medication is turned into a thin vapor after a compressor provides an air jet flow that passes a capillary
tube, transforming the liquid formulation into a jet stream. Suitable for most common medications.

Must be placed in the inspiratory limb of the ventilator.

The efficacy expressed as inhaled dose percentage is low.

Ultrasonic

Ultrasonic high-frequency vibrations created by a piezoelectric crystal pass through the medication reservoir and
create the aerosol. It is not suitable for some common medications.

Must be placed in the inspiratory limb of the ventilator.

The efficacy expressed as inhaled dose percentage is mid.

Vibrating mesh
aerosol.

The vibratory membrane passes the medication through the microscopic holes of the membrane, creating the

Can be placed in the inspiratory limb or between the “Y” and the endotracheal tube.
The efficacy expressed as inhaled dose percentage is high.

MDI, metered dose inhaler.

adverse effects, and a more rapid onset of action at the tar-
get organs. Corticosteroids can either be suspended in propel-
lants and inhaled in metered doses, nebulized, or mixed with
exogeneous surfactant and injected into the trachea. Inhaled
or intratracheal corticosteroids are believed to attenuate the
inflammatory process associated with the development and
the subsequent course of BPD.*®

Although concerns about the adverse long-term effects of
these agents, such as neurodevelopmental impairment, led to
recommendations against their systemic use, systemic steroids
are not absolutely contraindicated.®

The first reported studies of inhaled steroids in neonates are
from the 1990s.

BUDESONIDE

It is a potent glucocorticoid that has been used by inhalation
to prevent BPD. The NEuroSIS trial of early inhaled budesonide
led to conflicting results. Although budesonide reduced the
rate of BPD, a follow-up study showed an increased risk of
mortality compared with placebo.*%¢ Budesonide is now used
in some NICUs to reduce inflammation in advanced chronic
lung disease.””

A 2017 Cochrane collaboration systematic review, including
studies with budesonide and other inhaled corticosteroids,
found no evidence that early inhaled steroids confer important
advantages over systemic steroids in the management of ven-
tilator-dependent preterm infants (LoE A).®

More recently, corticosteroids have been tested in association
with pulmonary surfactant. A meta-analysis of Zhong et al. con-
cluded that the early administration of budesonide associated
with pulmonary surfactant is an effective and a safe option for
preterm infants with RDS in preventing BPD and reducing mor-
tality, decreasing additional surfactant use (LoE A).

The appropriate dose of corticosteroid combined with pulmo-
nary surfactant, an administration route via inhalation versus

instillation, and the long-term safety need to be assessed in
large trials.®

Onland et al. determined that the administration of inhaled
corticosteroids (budesonide, beclomethasone, fluticasone,
dexamethasone, and flunisolide) starting after the first week
of life and until 36 weeks postmenstrual age, in 8 trials ran-
domizing 232 preterm infants at high risk of developing BPD,
was effective and safe in reducing the incidence of death and
BPD as separate or combined outcomes. However, based on
the results, inhalation corticosteroids initiated at >7 days of life
for preterm infants at high risk of developing BPD could not be
recommended (LoE A). The authors propose more and larger
randomized, placebo-controlled trials to establish the efficacy
and safety of inhalation corticosteroids.5°

The author’s position is that although there is no clear evi-
dence, budesonide can be used to reduce inflammation and
to prevent episodes of recurrent wheezing in developing BPD.

PULMONARY VASODILATORS

Off-label use of aerosolized prostacyclins and an aerosolized
prostaglandin in neonates with arterial pulmonary hyperten-
sion (PH) has been reported; however, evidence from large
randomized clinical trials is lacking. The amount of a given
dose of aerosolized drug that is actually delivered to the lungs
is often unknown, and the actual amount of drug deposited in
the lungs can be affected by several factors, including patient
size, nebulizer used, and placement of the nebulizer within
the breathing circuit. Inhaled nitric oxide (iNO) is the only
pulmonary vasodilator approved by the US Food and Drug
Administration for the treatment of persistent PH of the new-
born (PPHN).®

NITRIC OXIDE (NO)

NO was discovered in 1772 by Joseph Priestly, and the vas-
cular smooth muscle relaxant properties of NO were discov-
ered in 1979. In 1992, the importance of the NO discovery was
recognized, with the Nobel Prize in Physiology and Medicine
awarded to Furchgott, Ignarro, and Murad.®?
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Inhaled Pharmacotherapy
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Inhaled nitric oxide (iNO) produces vasodilation limited to the
pulmonary circulation, acting on muscle receptors of the air-
way blood vessels. The technique of its administration is very
expensive at present,®® but allows avoiding the systemic hypo-
tension of the systemic route. Its effect is via the increase of the
intracellular cyclic-guanosine-monophosphate (cGMP). iNO is
rapidly inactivated by hemoglobin, producing methemoglobin,
and its half-life is less than 5 seconds. It has been used in near-
term or term (>34 weeks of gestational age) babies, starting
at 20 ppm (parts per million) with hypoxemic arterial PH (LoE
A).** Over the last years, it has been more and more frequently
used as an off-label rescue therapy in hypoxemic preterm
infants.®* A Cochrane collaboration meta-analysis published in
2017 concluded that iINO does not appear to be effective as
rescue therapy for the very ill preterm infant. Early routine use
of iINO in preterm infants with respiratory disease does not pre-
vent serious brain injury or improve survival without BPD. The
later use of iINO to prevent BPD could be effective (LoE A).%¢

PROSTACYCLINS (PGI2)

Studies on the role of prostaglandins in anaphylaxis and
respiratory diseases started in the 1960s. In 1976, Vane and
fellow researchers Salvador Moncada, Ryszard Gryglewski,
and Stuart Bunting published the first paper on prostacyclin
in Nature.”” Its use in neonatal medicine started in the 1990s.
These molecules are derived from arachidonic acid via the
action of prostacyclin synthase, and are potent vasodilators.
Epoprostenol, iloprost, and treprostinil have been used by
inhalation in neonates with PH.*®

EPOPROSTENOL

The intravenous formulation can be aerosolized and used off-
label. Epoprostenol has a very short half-life (3-5 minutes),
and therefore it requires continuous nebulization, rendering
it impracticable for long term use. For short-term in-hospital
applications, it has advantages over the intravenous route. It
can be used for the treatment of an acute crisis of PH, in con-
genital heart diseases, and in selected perioperative cardiac
procedures. The ideal dosing remains unclear, but in 1 study,
there was a significant improvement in the oxygenation index
at 30 ng/kg/min, and a trend toward significance at doses of
20, 40, and 50 ng/kg/min (LoE B).t&

ILOPROST

It is a prostacyclin analog pharmacologically similar to epo-
prostenol, with a longer half-life (20-30 minutes), lower vis-
cosity, greater stability, and more physiologic pH, turning it a
better choice for nebulization. The longer half-life of iloprost
has been associated with an increased risk of arterial hypo-
tension from systemic spillover, leading to the recommenda-
tion of intermittent delivery. The administration of iloprost by
a vibrating mesh nebulizer (Aerogen®) placed proximal to the
Y-piece (inspiratory limb) delivers greater doses than when
the nebulizer is placed more distally, near the humidifier.
Drug delivery with proximal administration is 3 times greater
in high-frequency oscillatory ventilation. The in vitro evidence
supports intermittent delivery of iloprost via a proximal vibrat-
ing mesh nebulizer during neonatal ventilation. In the acute
care setting, doses range from a 0.5 pg/kg/dose to 2 mcg/

kg/dose every 30 minutes to 2 hours (6-9 inhalations per day).
lloprost in combination with other pulmonary vasodilators,
such as iNO, may be an effective alternative to extracorporeal
membrane oxygenation (ECMO) during pulmonary hyperten-
sive crisis (LoE B).87°

TREPROSTINIL

Trepostrinil is a prostacyclin analog to iloprost, with a longer
elimination half-life of 4 hours, and a more favorable admin-
istration schedule (4 times a day). It also has a lower risk of a
rebound PH after abrupt discontinuation. Treprostinil is admin-
istered via the Opti-Neb®, a hand-held ultrasonic nebulizer
(6 ug/dose). It is possible to deliver aerosolized treprostinil at
controlled doses via a mechanical ventilator, respecting heat
and humidity of the system, that may affect the aerosol delivery
(LoE B).c852

The author’s position regarding the treatment of term and
near-term (>34 weeks) neonates with hypoxic respiratory
failure associated with clinical or echocardiographic evi-
dence of persistent PH of the newborn is that iNO is the first-
line inhaled therapy. lloprost in combination with iNO may be
an effective alternative to ECMO, and should also be tried in
iNO non-responders. The treatment of PH must obey a spe-
cific protocol.

ADMINISTRATION OF INHALED VASODILATORS

Clinicians who administer inhaled prostacyclin analogs may
not have a clear understanding of its risks, because of the
lack of data from large trials examining safety and efficacy.
The off-label use (unapproved age group, dosage, or route of
administration) of these drugs is legitimate, knowing the limita-
tions and risks, and provided it does not violate ethical guide-
lines or safety regulations. Although some prostaglandins have
been shown to work acutely, their pulmonary vascular selectiv-
ity is dependent upon metabolic clearance before they reach
the systemic circulation, which is dose-related. Minimizing
the systemic effects of absorbed molecules is challenging
because of the variation in particle size, the wide variation in
the delivered dose, and the excipients used. An apparatus to
continuously deliver aerosolized prostacyclin during mechani-
cal ventilation has not been developed. The newer-generation
vibrating-mesh micropump nebulizers and the newer-gen-
eration prostacyclin analog compounds designed for pulmo-
nary administration can reduce concerns about drug delivery,
drug half-life, and pH, and should be considered the actual
standard-of-care.”

ANTIBIOTICS

Systemic antibiotics utilized in the treatment of multidrug-resis-
tant Gram-negative bacteria-related nosocomial infections
and ventilator-associated pneumonia (VAP) are often unsatis-
factory, due to the toxicity and suboptimal pulmonary concen-
trations, making aerosolized antimicrobial agents appealing.

AEROSOLIZED COLISTIN

Colistin proved to be a life-saving drug when used to treat
colistin-susceptible multidrug-resistant Gram-negative bac-
teria-related nosocomial infections and VAP. A few authors
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reported its successful use in neonates, with or without con-
comitant intravenous colistin, in Acinetobacter baumannii and
Pseudomonas aeruginosa-related VAP (LoE C).727*

MUCOLYTICS

Recombinant Human DNase

rhDNase has been shown fo be effective as a mucolytic agent
in treating neonates with persistent atelectasis who did not
respond to other measures (LoE C).”8””

Hypertonic Saline (3% NaCl)

Hypertonic saline nebulization may be useful in making secre-
tions less viscous and promoting their excretion, thereby result-
ing in clinical improvement. Nebulized hypertonic saline has
been used in the treatment of atelectasis (LoE C).”® The role
of hypertonic saline in the treatment of acute bronchiolitis has
been assessed in a systematic review of 24 trials involving 3209
patients, of whom 1706 received hypertonic saline.” Nebulized
hypertonic saline reduced the risk of hospitalization by 20%
compared with 0.9% saline, and hospitalized patients treated
with nebulized hypertonic saline had a significantly shorter
length of stay compared with those receiving 0.9% saline or
standard care (LoE A). However, hypertonic saline has not been
studied in NICU settings.

SURFACTANTS

Calfactant

Exogenous surfactants to treat RDS are approved for tracheal
instillation only. This instillation requires intubation, often fol-
lowed by positive pressure ventilation. In a randomized con-
trolled trial in neonates with early, mild fo moderate respiratory
distress, aerosolized calfactant at a dose of 210 mg phospho-
lipid/kg body weight reduced intubation and additional surfac-
tant instillation by nearly one-half (LoE B).2° This is a promising
therapy to be used in the future.

CONCLUSION

Respiratory problems, such as RDS, BPD, TTN, acute bronchiol-
itis, PH, and others, are important causes of NICU admissions.
Inhaled pharmacotherapy offers several advantages over the
systemic routes. Bronchodilators, epinephrine, corticosteroids,
anti-inflammatory agents, pulmonary vasodilators, mucolytics,
colistin and, more recently, surfactants, are the most commonly
used inhalation agents in neonates. Because of the limited data
from studies and the absence of rigorous tests, all these drugs
are often used off-label in neonates. They have the advantage
of fewer systemic effects, but they have a low evidence of effi-
cacy. We can expect that the future studies on pulmonary vaso-
dilators, in preterm and term neonates, will allow us better and
safer use of these off-label agents.
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