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Abstract

The paper presents basic data on various types of nebulizers and indications for nebulization. We discuss the most
commonly assessed parameters of the aerosol cloud and factors influencing the efficacy of nebulization, emphasizing
the relationship between the characteristics of the inhaled aerosol agents (budesonide, salbutamol) and both the site
of their deposition in the respiratory tract and their clinical effect.

Streszczenie
W pracy przedstawiono podstawowe dane dotyczace réznego rodzaju nebulizatoréw oraz wskazan do nebulizacji.

Przypomniano najczesciej oceniane parametry chmury aerozolowej i oméwiono czynniki wptywajgce na efektywnosé
nebulizacji. Podkreslono zwigzek miedzy charakterystyka chmury aerozolowej inhalowanych lekéw (budezonid, sal-

butamol) a miejscem ich depozycji w drogach oddechowych i efektem klinicznym.
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Introduction

The aim of this study was to demonstrate the rationale be-
hind and the possibility of influencing the physical proper-
ties of an aerosol cloud of selected nebulized agents to
improve their targeted deposition in the airways, and the-
reby optimise clinical outcomes and safety. To this end, we
reviewed the literature available in the PubMed database
and studies done by nebulizer manufacturers on the back-
ground of our own research. The research comprised two
parts: theoretical and practical.

Nebulization is a type of inhalation therapy using a devi-
ce (nebulizer) that generates an aerosol by mechanically
dispersing (atomising) a liquid drug (solution or suspen-
sion) [1, 2]. There are several classes of nebulisers, diffe-

Corresponding author:

Andrzej Emeryk

Department of Paediatric Pulmonology and
Rheumatology, Medical University of Lublin
e-mail: emerykandrzej@gmail.com

ring in their mechanism of liquid dispersion, with pneu-
matic nebulisers (PNs) and ultrasonic nebulisers (classic
and ultrasonic mesh nebulizers [MNs]) representing the
two main classes (fig. 1).

Nebulization is recommended for the treatment of laryn-
gitis/tracheitis, asthma, obstructive bronchitis in children,
bronchitis (both recurrent and chronic), chronic obstruc-
tive pulmonary disease, cystic fibrosis, bronchiectasis, pri-
mary ciliary dyskinesia, bronchiolitis, neonatal respiratory
distress syndrome, bronchopulmonary dysplasia, pulmo-
nary hypertension, pneumonia in immunocompromised
patients, as well as in the prevention of ventilator-asso-
ciated pneumonia [3, 4]. Glucocorticoids s (GCs) (budeso-
nide, fluticasone propionate), short-acting beta,-agonists
(salbutamol, fenoterol), short-acting muscarinic receptor
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Figure 1. Types of nebulisers [1, 3]

agonist (ipratropium bromide), antibiotics (colistin, to-
bramycin, aztreonam, amphotericin B), saline solutions,
mucoactive agents (e.g. ambroxol), dornase alfa, iloprost,
surfactants, and opioids are the most commonly used ne-
bulized agents in Poland. There is also a relatively large
group of nebulized drugs not available in our country, such
as epinephrine, terbutaline, formoterol, levofloxacin, pen-
tamidine, insulin, and some antibiotics [5].

The properties of the drug itself (dose, formulation) and
the inhaler, the characteristics of the patient (age, type
of pathology), and the inhalation technique are the main
factors determining the clinical efficacy and safety of
inhalation therapy, including nebulization [6]. In clinical
practice, the choice of drug and nebuliser should prima-
rily depend on the type of pathology and the involved
airway region, as this is where the inhaled substance will
be delivered and deposited [7-9].

Aerosol cloud characteristics and assessment methods

The aerosol cloud leaving any inhaler (including a nebuli-
ser) may be described by several parameters that provide
important information about the characteristics (quality)
of the therapeutic aerosol. The most commonly used pa-
rameters include [2, 3, 9]

B mass median aerodynamic diameter (MMAD) - aero-
dynamic diameter of a particle (um) or a nebulized
droplet (when liquid is sprayed), corresponding to the
median mass distribution. This parameter provides
data on the average particle/droplet size in a given
aerosol, or more precisely, in the inhaled portion of
aerosol. The smaller the MMAD, the smaller the par-
ticles/droplets, and therefore the greater the likeli-
hood that the drug will deposit in the lower airways;
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W fine particle fraction (FPF) - the proportion of fine
particles/droplets, i.e. with an aerodynamic diam-
eter <5 pm. The higher the FPF value, the higher
the amount of drug that reaches the lower airways,
and the higher the fine particle dose (FPD);

B geometric standard deviation (GSD) - a measure
(a dimensionless value) of the particle/droplet size
distribution in a given aerosol with a lognormal dis-
tribution (typical for nebulized aerosols). Mono-
disperse aerosols, i.e. composed of particles of simi-
lar size (GSD <1.2), and polydisperse aerosols, which
contain particles of different sizes (GSD >1.2) have
been distinguished.

These parameters are conventionally assessed using an
Andersen cascade impactor or a Next Generation impac-
tor [10]. For nebulized aerosols, it is convenient and rea-
sonable to use optical methods, including laser diffrac-
tion [11]. The method involves determining, among other
things, Dv50 (um), also known as volume median diameter
(VMD), i.e.the mediandistributionrelative to the volume of
droplets in the total aerosol leaving the nebulizer [12, 13].
Other percentile values of aerosol droplet size distribu-
tion are also often determined, such as Dv10 (with 10%
of droplets smaller than this value) and Dv90 (with 90% of
droplets smaller than this value), as well as Span = Dv50/
(Dv90-Dv10), which is a measure of the polydispersity of
droplets in the cloud, yet more universal than GSD as it is
also used for non-lognormal distributions [12]. It is worth
highlighting a certain difference between MMAD and
Dv50 (VMD). MMAD is estimated for aerosol that can en-
ter the airways, as it is determined for aerosol deposited in
the cascade impactor. Thus, it does not include the largest
aerosol particles. In comparison, Dv50 informs about the
total nebulized cloud (i.e. all-size droplets) [12]. There-
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fore, Dv50 equals MMAD only if all nebulized droplets are
smaller than approx. 10 um [14, 15].

Airway aerosol deposition and clinical outcomes

The properties of aerosol cloud, FPF, MMAD and GSD in
particular, are the most important factors determining
the site, extent and mechanisms of drug deposition in the
airways [16] (tab. 1).

Inhalation technique used by the patient is another im-
portant aspect [18]. If nebulized aerosol shows mono-
disperse characteristics (GSD <1.2), its site of deposition
inagiven airway region is more predictable, and the ther-
apy becomes more targeted [19, 20]. Given the deposi-
tion mechanisms of aerosol particles in the airways, there
is arange of particle sizes that will not be properly depos-
ited in any part of the airways, but will be expelled in ex-
halation instead. Therefore, 0.3-0.7 ym particles/drop-
lets may be considered therapeutically useless; however,
these account for a negligible proportion of total nebu-
lized aerosol [16].

In vitro and in vivo studies indicate a close correlation be-
tween the size of particles produced by different inhalers
and the extent and site of pulmonary deposition of differ-
ent drugs. Large particles (>5 um) tend to deposit main-
ly in the upper and large airways, limiting the amount of
aerosol that can be delivered to the peripheral lungs. Fine
particles (2-5 um) mainly deposit in the central and small
airways, whereas ultrafine particles (<2 pym) tend to de-
posit in the alveolar region [18, 21-25].

Acute laryngitis in children or adults and acute bronchiol-
itis in children are good examples. In patients with laryn-
gitis, GCs should deposit mainly in the larynx, which will
be highly effective with an aerosol cloud with an average
particle size of 8-10 um and short, forceful inhalations
during nebulization to increase inertial deposition of the
aerosol in this region [26]. In the case of acute bronchiol-
itis, a common infection in children <3 years of age, GCs
or short-acting beta,-agonists with the lowest possible
MMAD (<2.0 um) should be used, with breathing rate as
low as possible [27].
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The relationship between aerosol cloud structure, in-
spiratory flow rate and clinical outcome was best doc-
umented by Usmani et al. for monodisperse salbutamol
[28]. They demonstrated that asthmatic patients showed
greater improvement in forced expiratory volume in
1 second (FEVl) after slow inhalation of 6 um salbutamol
particles vs. rapid inhalation of 3.0 or 1.5 pm particles.

Different nebulisers, different aerosol clouds

Nebulisers produce aerosol clouds with highly variable
parameters. This is due to the type and technical charac-
teristics of the device (PNs vs. MNs) and the type and for-
mulation of the drug (solution/suspension physicochemi-
cal properties) [29, 30]. It was already more than 10 years
ago when Pirozynski et al. showed that 0.9% NaCl solu-
tion produced by the various PNs available at that time in
our country had MMAD ranging from 1.8 to 4.5 um [31].
Hatley et al. demonstrated that the parameters of the
salbutamol aerosol cloud from 9 different nebulisers
could differ by up to twofold, particularly among PNs [29]
(tab. 2).

The same phenomenon was demonstrated by Sosnowski
et al.for budesonide aerosol generated by three different
MNs [32]. The multiple factors determining the efficacy
and safety of nebulization in children and adults are illus-
trated with an example of budesonide in figure 2.

Conclusions

Nebulization is acommonly used form of aerosol therapy
for acute and chronic airway conditions in both children
and adults. This paper presents the rationale behind and
theoretical background for the possible impact on the
physical properties of the aerosol cloud of selected nebu-
lized agents to improve their targeted deposition in the
airways. The clinical effect and safety of a nebulised drug
depend on the type of nebuliser used, the properties and
dose of the drug administered and the way the patientin-
hales the aerosol. Achieving an optimal clinical effect of
nebulization therapy is only possible if all the above-men-
tioned considerations are properly taken into account.

Table 1. Particle size of medical aerosols and site of their deposition in the airways [17, 18]

Fraction | MMAD [um] | Primary deposition site
Therapeutic aerosol <10 larynx, trachea, bronchi, bronchioles
Fine particles <5 bronchi, bronchioles, alveoli
Ultrafine particles <1,5 bronchioles, alveoli

MMAD - Mass Median Aerodynamic Diameter (particle size of medical aerosols)

Table 2. Characteristics of salbutamol aerosol cloud produced by different PNs and MNs [29]

. VMD (um) FPD (% DN)
Type od nebuliser ‘ min-max min-max
Pneumatic nebulisers 3,27-7,35 30,1-73,1
Ultrasonic mesh nebulisers 4,44-5,04 50,3-59,9

the median droplet size distribution

FPD - fine particle dose; DN - nominal dose; VMD (volumetric median diameter volumetric) - diameter corresponding to
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Nebuliser
Type and subtype of nebuliser, fluid
output, flow rate, residual volume in the
nebulization chamber, FPF, MMAD and
GSD of the nebulized drug cloud

Drug
Dose, formulation (suspension
and the presence of adjuvants),
physical properties of
budesonide crystals, drug
concentration, physicochemical
properties (viscosity, ionic
strength, surface tension, etc.)

Patient
Age, body weight and height,
number of breaths per minute,
tidal volume, % inspiratory/
expiratory phase, breathing
route (nasal vs. oronasal vs. oral),
mouthpiece vs. mask inhalation,
type of airway pathology, FEV,
drug retention time on respiratory
epithelium

Figure 2. Factors influencing the clinical efficacy and safety of nebulised budesonide [30, 33-37]. FPF - fine particle/droplet fraction;
MMAD - mass median aerodynamic diameter used for defining particle size distribution; GSD - geometric standard deviation
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