
Al-Mustaqbal Journal of Pharmaceutical and Medical Sciences Al-Mustaqbal Journal of Pharmaceutical and Medical Sciences 

Volume 2 Issue 1 Article 5 

2024 

Update on the Efficacy of Aerosol Therapy Delivered to Update on the Efficacy of Aerosol Therapy Delivered to 

Obstructive Lung Disease Patients Obstructive Lung Disease Patients 

Mohammed A. Amin 
Clinical Pharmacy Department, Faculty of Pharmacy, Beni-Suef University, Beni-Suef, Egypt, 
mohamedali@pharm.bsu.edu.eg 

Hasanain Kamil Hasan 
College of Pharmacy, Al-Mustaqbal University, Babylon 51001, Iraq, hasanain@uomus.edu.iq 

Hebatullah K. Taha 
Department of Chest Diseases, Faculty of Medicine, Beni-Suef University, Beni-Suef, Egypt, 
drhebazain@gmail.com 

Raghda R.S. Hussein 
Clinical Pharmacy Department, Faculty of Pharmacy, Beni-Suef University, Beni-Suef, Egypt, 
smartraro@yahoo.com 

Mohamed E.A. Abdelrahim 
Clinical Pharmacy Department, Faculty of Pharmacy, Beni-Suef University, Beni-Suef, Egypt, 
mohamedemam9@yahoo.com Follow this and additional works at: https://mjpms.uomus.edu.iq/mjpms 

 Part of the Pharmacy and Pharmaceutical Sciences Commons 

ISSN: 2959-8974 – e-ISSN: 3006-5909 

Recommended Citation Recommended Citation 
Amin, Mohammed A.; Hasan, Hasanain Kamil; Taha, Hebatullah K.; Hussein, Raghda R.S.; and Abdelrahim, 
Mohamed E.A. (2024) "Update on the Efficacy of Aerosol Therapy Delivered to Obstructive Lung Disease 
Patients," Al-Mustaqbal Journal of Pharmaceutical and Medical Sciences: Vol. 2 : Iss. 1 , Article 5. 
Available at: https://doi.org/10.62846/3006-5909.1009 

This Review is brought to you for free and open access by Al-Mustaqbal Journal of Pharmaceutical and Medical 
Sciences. It has been accepted for inclusion in Al-Mustaqbal Journal of Pharmaceutical and Medical Sciences by 
an authorized editor of Al-Mustaqbal Journal of Pharmaceutical and Medical Sciences. 

https://mjpms.uomus.edu.iq/mjpms
https://mjpms.uomus.edu.iq/mjpms/vol2
https://mjpms.uomus.edu.iq/mjpms/vol2/iss1
https://mjpms.uomus.edu.iq/mjpms/vol2/iss1/5
https://mjpms.uomus.edu.iq/mjpms?utm_source=mjpms.uomus.edu.iq%2Fmjpms%2Fvol2%2Fiss1%2F5&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/731?utm_source=mjpms.uomus.edu.iq%2Fmjpms%2Fvol2%2Fiss1%2F5&utm_medium=PDF&utm_campaign=PDFCoverPages
https://doi.org/10.62846/3006-5909.1009


AL-MUSTAQBAL JOURNAL OF PHARM. & MED. SCIENCES 2024;2:44–61 Scan the QR to view
the full-text article on
the journal website

REVIEW

Update on the Efficacy of Aerosol Therapy
Delivered to Obstructive Lung Disease Patients

Mohammed A. Amin a, Hasanain Kamil Hasan b, Hebatullah K. Taha c,
Raghda R. S. Hussein a, Mohamed E. A. Abdelrahim a,*

a Clinical Pharmacy Department, Faculty of Pharmacy, Beni-Suef University, Beni-Suef, Egypt
b College of Pharmacy, Al-Mustaqbal University, Babylon 51001, Iraq
c Department of Chest Diseases, Faculty of Medicine, Beni-Suef University, Beni-Suef, Egypt

ABSTRACT

The distribution of many medications to the body via the respiratory tract system is crucial. This route has emerged
as one of the most crucial techniques for the delivery of locally acting medications that can be used to treat a variety
of respiratory conditions, including asthma and chronic obstructive pulmonary disease (COPD). The advantages of this
focused drug delivery to the lungs over systemic administration methods include an improved therapeutic effect, a faster
onset of action, and fewer systemic side effects.

Many formulations as suspension and solutions, such as bronchodilators, corticosteroids, and antibiotics have been
recommended in a wide area as aerosolized medications and therapy for different pulmonary diseases. An aerosol drug
is one that consists of solid or liquid particles of a specified size suspended in a gas. A variety of aerosol delivery devices
are available in the marketplace which can be used for this purpose.

However, the pulmonary architecture poses a significant problem for aerosol drug delivery since it evolved to keep
foreign chemicals from entering the lung periphery. Therefore, the site and degree of deposition in the respiratory tract,
as well as the pharmacology of the utilized inhaled medications, all play a role in how well inhalation treatment works.
As a result, in addition to the devices required for the release of aerosols and the facilitation of their distribution to
the lungs, aerosols must also satisfy a number of parameters for inhaled medicine delivery to be successful. Due to this,
parenteral and oral drug delivery by inhalation are more complicated.

Keywords: Aerogen ultra, Holding chamber, Aeogen solo, Vibrating mesh nebulizer, Total inhalable dose

1. Introduction

Deposition of aerosolized pharmaceuticals is the
movement of the aerosol’s particles toward the air-
way surfaces, which can only have an impact after
passing through the oropharynx and coming into con-
tact with them after being inhaled into the respiratory
system [6].

The lung is divided into two distinct areas, referred
to as the conducting zone and the respiratory zone
respectively, as shown in Fig. 1 [8]. The respiratory
zone, which has 7 generations from the 17th to the

23rd generation of airways, is where gas exchange
between air and blood takes place. The conducting
zone, which has 16 generations of airways, is exclu-
sively engaged in the conduction of inhaled air. In
order to manage the volume of air that enters the
lungs, smooth muscle in the bronchi and bronchioles
of the respiratory tract can contract and relax [7].

Many aerosolized medications that aim to work
systemically, such as chemotherapy and insulin, are
thought to enter the body through the lung. It should
be directed toward alveolar region which provide
optimal systemic absorption. The lung is the exclusive
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Fig. 1. Airway geometry and depiction of 23 generations of airways
separated into conducting and respiratory zones [8].

organ that receives all of the cardiac output. Addition-
ally, there are between 200 million and 600 million
alveoli, resulting in a large surface area with an ep-
ithelium that has a single, extremely thin cellular
layer with a thickness of between 0.2 and 0.7 µm.

Drug bioavailability is increased 10–200 times
more than that of nasal and gastrointestinal absorp-
tion due to a thin diffusion layer (alveolar vascular
permeable barrier) with a sluggish surface clearance
and a comparatively low enzymatic controlled envi-
ronment [9, 10].

To be successful, inhaled medication must reach the
specific lung areas where drug receptors are situated
and deposit a sufficient amount of drug. While β2
receptors are found in the lower respiratory tract as
the medium and small airways with more than 90%
in the alveolar wall, muscarinic and histaminic recep-
tors are mostly found in the large and medium sized
airways [11]. This indicates that anti-muscarinic and
anti-histaminic medications can be administered via
the conducting airways, whereas β2 agonists need
to be administered via the periphery, specifically the
medium and small airways, to have any therapeutic
impact at all. When delivered to patients with mild or
severe asthma, monodisperse β-adrenergic aerosols
(such as salbutamol and ipratropium bromide) of 2.8
µm were found to cause greater airway dilation than
equivalent doses of these aerosols of 1.5 or 5 µm, as
measured by forced expiratory volume in 1 second
(FEV1) and maximum expiratory flow [12].

The varied spatial distributions of deposited parti-
cles may be to blame for the variation in bronchodila-
tor responsiveness between aerosol sizes. The size of
2.8 µm was found to be optimal for aerosol deposition
in the targeted medium and small airways and less

in the alveolar region. The smaller the particle size,
the better the penetration [13]. In addition, it was
found that inhaled anti-inflammatories can be ben-
eficial medications when distributed throughout the
lung in inflammatory conditions like asthma due to
the presence of inflammatory cells, such as lympho-
cytes, macrophages and eosinophils which distribute
throughout the lung [14, 15].

On other hand, when aerosol is targeted toward
systemic absorption like insulin in diabetes mellitus
disease, it should be directed toward alveolar region
that produce optimal systemic absorption. Antibiotic
treatment which can be used in cystic fibrosis (CF)
for example may require prolonged residence of the
drug in the lungs to have the best possible therapeutic
outcome. Therefore, it could be important to use a
formulation like liposomes that is kept in the lungs
for the required amount of time [9].

2. Mechanisms of aerosol deposition in the
respiratory tract

Aerosolized drugs can only perform their effects as
they contact the air surface after passing the orophar-
ynx following inhalation. Transport or deposition of
inhaled particles towards these surfaces depends on
forces acting on inhaled particles and the balance
between these forces [5]. Gravitational, diffusional,
and inertial impaction forces, as well as to a lesser
extent interception, turbulent flows, and electrostatic
precipitation, are the main types of forces or mecha-
nisms that cause particle deposition in the respiratory
tract as shown in Figs. 2 and 3 [16, 17]. Deposition
through sedimentation, or the settling of particles
under the influence of gravity, is the first category of
forces [21]. The particles which are greater than 0.5
µm in diameter are liable to this process. Since sedi-
mentation is a time-dependent process and suggests

Fig. 2. Mechanisms of deposition of aerosol [21].
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Fig. 3. Total deposition of inhaled drug in the human respiratory
tract [20].

that the particles deposit higher by sedimentation
when they reside in an airway duct longer time, this
mechanism appears in the peripheral airways (such
as small conducting airways and alveoli) when both
the air velocity is low and the residence time is high
[18, 19]. The second method that can be utilized for
inhaled medication deposition is known as diffusion,
also known as Brownian motion. This mechanism in-
volves the random movement of particles inside a gas
as a result of collisions with the gas molecules. Diffu-
sion mechanism occurs with very fine particles which
are smaller than 0.1 µm as this process increases with
the decrease in particle diameter. Like sedimentation
mechanism; diffusion is a time-dependent process.
Therefore, deposition by diffusion primarily occurs
in the peripheral airways; however, some very fine
particles may be exhaled more frequently than they
are deposited due to a reduction in the deposition
probability that can be caused by the respiratory par-
ticles’ short residence times in combination with their
erratic movements [20].

Particles with velocities above 30–50 L/min and a
diameter larger than 5–10 µm can be deposited in
the throat via inertial impaction at bends and airway
bifurcations where the air velocity is high and the
airflow turbulent, as shown in Fig. 3 for the upper
airways, which include the first 10 generations of
the lung. As the probability of impaction occurrence
increases with the particle density, particle velocity
and the square of the particle diameter [5, 19].

On the other hand, interception mechanism can be
referred to the mechanism that based on the shape
and the size of particles and it was found that the
elongated particles as the fibers for example, can be
deposited by interception, unlike the spherical ones
[22].

Aerosol particle deposition in the major airways
and upper respiratory tract is impacted by turbulent
flow or mixing. It can be described as an irregular

mixing or fluctuations that the fluid experiences in
a turbulent zone that causes the fluid’s speed and
consequently the particle trajectories to continuously
fluctuate in magnitude and direction until they even-
tually deposit on the walls of the airways. While
inertial impaction deposition is dependent on mean
flow, turbulent mixing deposition of particles can
come from flow fluctuations [17].

Electrostatic participation is exerted when the
charged particles have charges near to airway surface,
this mechanism can be stimulated [17].

3. Aerosol deposition in healthy lungs

By counting the number of inspired and exhaled
particles in each breath using photometer techniques,
for instance, one can assess the amount of particles
deposited in the human lung. Therefore, it is possible
to examine the impact of breathing patterns and par-
ticle size on the deposition of particles in a systematic
way [17]. It was shown that raising the tidal vol-
ume while maintaining a constant flow rate enhanced
residence time and the penetration of the aerosol in
the lung. All observations demonstrated that when
particles are larger than 0.5 m in diameter, deposition
increases with particle size due to increased grav-
itational and inertial transport, whereas deposition
increases with particle size for particles smaller than
0.5 m in diameter due to increased diffusive transport
[23].

As a result, as the depth of inhalation and residence
time increase, more particles are deposited, reflecting
increased deposition by gravitational sedimentation
for large particles and by Brownian diffusion for small
particles. This is explained by the fact that both of
these mechanisms are time-dependent and most ef-
fective in the lung periphery because the air velocities
are low and the dimensions are small [24, 25].

4. Aerosol deposition in diseased lungs

Usually, lung diseases are accompanied with mucus
clogging, changes in lung compliance, and airway
constriction. These elements impact the distribution
of inhaled medicines and their pattern of deposition.
Due to the decreased airway cross-section in the dis-
eased lung, deposition of inhaled particles is higher
in obstructive lung disease patients, particularly in
asthma and COPD, than in healthy people. Higher
velocities in the constricted and narrower airways,
such as turbulent flow and inertial impaction, are the
mechanisms that cause the enhanced deposition in
patients with lung diseases [26].
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Additionally, compared to a healthy lung, the dis-
eased lung exhibits more diverse deposition patterns
of inhaled particles. Due to the increased deposition
during expiration in airways with flow limitation,
airway blockage reduces the ability of the inhaled
aerosol to penetrate and hence deposit in the central
regions of the lungs, leading to poorly ventilated sub-
tended lung regions [27].

5. Factors affecting the aerosolized
medications delivery to the lungs

The effectiveness of medication delivery to ensure
the maximum amount of drug reaches the lung is
affected by a number of variables. The patient’s age,
the patient-device interface, the patient’s physical
and cognitive ability, the patient’s inhalation pattern,
the clinical condition of the patient’s lungs, and the
patient’s lung clearance mechanisms are some exam-
ples of these factors. They may also include the type
and design of the aerosol delivery devices being used
(such as a nebulizer), as well as the physicochemical
properties of the inhaled drugs (such as the particles
size) or the aerodynamic characteristics of The impact
of the medications’ physicochemical characteristics
on inhalation [28, 29].

5.1. The effect of the physicochemical properties of
the inhaled drugs on inhalation: Aerodynamic
characters

The particle size, density, and shape of the medicine
that is inhaled are some of its physical characteristics
that influence deposition. These are influenced by the
aerosol drug’s formulation, which refers to the sub-
stance’s chemical and physical makeup, the solvent
used, and the effectiveness of the aerosol generator
[23].

As the aerodynamic diameter refers to the diameter
of a sphere with a unit density and having the same
terminal settling velocity in still air as the particle in
question, it is one of the most crucial properties that
should be established during aerosol medication de-
livery. For this purpose, many cascade impactors such
the Andersen Cascade Impactor, Next Generation Cas-
cade Impactor, and Multi-Stage Liquid Impinger can
be employed. The fundamental principle underlying
these sizing methods is the inertial impaction of par-
ticles travelling through an air stream [30].

The mass median aerodynamic diameter (MMAD),
which is used to indicate particle size and can be
defined as the aerodynamic diameter below which
50% of the emitted mass is confined, is one of many
metrics that can be used to express aerodynamic char-

acteristics. MMAD is a measure or indicator of central
tendency as a result; however it does not provide in-
formation regarding the dose’s conversion to aerosol
[31].

In most cases, inhalation can be safely performed
with particles having an aerodynamic diameter be-
tween 1 and 5 µm. Aerosol particles with size more
than 5 µm MMAD are unable to enter the lung and can
pass through the mouth, nose, pharynx and larynx via
the impaction mechanism and if the particles had a
diameter less than 5 µm. These particles are known
as respirable or in the fine particle fraction (FPF),
and it was discovered that they had been deposited
in the lower respiratory tract as the bronchioles and
alveolar region. While if the particle size was less
than 2 µm MMAD, they can traverse through the
artificial airway like the endotracheal tube and can
be concentrated in the alveoli through gravitational
sedimentation mechanism. However, as they are de-
posited in the extrathoracic area, such as the mouth
and throat, if the particles were larger than 12 m,
they had been considered unsuitable for pulmonary
delivery. Because the particles were less dense and
smaller, they were more likely to infiltrate the distal
lung regions [5, 19].

5.2. The effect of the patient himself

Each individual is different from the other in
aerosol drug deposition. This variation can be at-
tributed to the random differences in the airway
geometry which has an effect on sedimentation and
the impaction probabilities [17].

5.3. The effect of the physical and cognitive ability of
the patient on inhalation

The patient’s physical capacity determines his or
her capacity to use a certain device, which may be
influenced by things like inspiratory volumes and
flows, hand-breath synchronization, or the capacity
to utilize a mouthpiece. The patient’s capacity to
comprehend how and when to utilize the inhalation
device and medications is determined by their cogni-
tive ability [32].

5.4. The effect of interface

5.4.1. Mouthpiece and facemask
The response of bronchodilator medication appears

similar with either mouthpiece or facemask interface
Figs. 4 and 5, [36] but sometimes the selection of
patient interface can be based on patient preference
[33]. Although, the face mask produces more mouth
leak control, the mouthpiece has many advantages
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Fig. 4. Mouth piece.

Fig. 5. Aerosol face mask [36].

as they may not require headgear and has very little
dead space unlike the aerosol mask which increases
the dead space [34, 35].

5.5. The effect of the age of the patient on inhalation

Different age groups can use any aerosol generators
but a special recommendation should be taken in the
consideration to young children because they may un-
able to complete the difficult steps which are required
for aerosol drug delivery. The patients who are more
than 3 years can use the mouthpiece but the less; it
is hard to use it. Patients should be aware of how
to properly seal their lips over the mouthpiece and
provide enough flow for their used inhaler, regardless
of their age [37, 38].

6. Inhalation pattern

It was approved that the changes in the inhala-
tion pattern of the patient have an effect on the
relationship between the site of particles deposition
and particle size. The site of deposition within the
respiratory system is determined by how the aerosol
is inhaled (the patient’s breathing pattern). The in-
halation speed (inhaled flow rate) also is considered
an important factor. Slow, steady breathing allows
more particles to enter the peripheral region of the
lung (such as tiny conducting airways and alveoli),
but rapid intake increases the deposition potential
in the oropharynx and large conducting airways by
impaction. However, the breathing pattern has no
effect on the site of deposition of particles if they
are smaller than 1 µm [18]. More ever, more aerosol
particles are capable of penetrating into the bronchial
tree when the inhaled volume (tidal volume) in-
creased. After completion of inhalation, a period of
breath holding allows the particles entered the lung
periphery to deposit on the airways under gravity
[39].

6.1. Lung conditions

Airway narrowing, lung compliance changes
and/or mucus plugging usually accompany lung
diseases. These changes identified in lung diseases
can significantly affect the inhaled drug distribution
and hence their deposition pattern [17].

Patients suffering from obstructive lung diseases
show higher aerosol deposition than healthy sub-
jects. Of note, in comparison with healthy volunteers,
the bronchial deposition is elevated over alveolar
deposition in both asthmatic and chronic bronchitis
patients. This might be caused by the patients’ lungs’
reduced airway cross-section.

Consequently, after bronchoconstriction, the cen-
tral to peripheral ratio of aerosol deposition in the
lungs noticeably increases [19, 40]. Additionally,
when using bronchodilators, an increase in FEV1 re-
sults in an increase in the depth of aerosol penetration
into the lung [41].

7. Lung clearance mechanisms

After being deposited in the lungs, inhaled par-
ticles are either removed by mucociliary clearance,
taken in by the bloodstream, or broken down by drug
metabolism as shown in Fig. 6 [45]. Through mucocil-
iary clearance, particles that have been accumulated
in the conducting airways are eliminated. The upward
migration of mucus produced by the metachronous
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Fig. 6. Lung clearance mechanisms [45].

beating of cilia traps insoluble particles in the mucus
gel layer and transports them through the pharynx
and ultimately to the gastrointestinal tract [42]. In
addition to the clearing provided by the mucociliary
system, absorptive processes in the conducting air-
ways are also capable of removing soluble particles.
In respiratory disorders like asthma, cystic fibrosis,
and immotile cilia syndrome all contribute to a re-
duction of mucociliary clearance [43, 44].

Alveolar macrophages have the ability to remove
drugs that have accumulated in the alveolar region
or to absorb them into the bloodstream. The lung
contains all of the liver’s metabolizing enzymes, al-
beit to a reduced level (CYP450 enzymes are 5–20
times less abundant in the lung than in the liver and
can be found throughout the conducting airways and
alveoli). However, macrophages and inflammatory
cells create proteases that hydrolyze proteins and
peptides, and the lung appears to be a poor site for
sulphation.

7.1. The effect of aerosol devices on drug deposition

There are three main types of aerosol devices
which are used in drug delivery to different patients
with respiratory disorders: (1) Metered dose inhalers
(MDIs) (2) Nebulizers and (3) Dry powder inhalers
(DPIs) [46].

In addition, soft mist inhaler is a new development
of inhalation devices.

People need to use these aerosol medicine deliv-
ery systems properly. Aerosol drug delivery devices
with effective drug delivery and new features have
emerged in recent years as a result of technical ad-
vances in areas like materials of manufacture, breath
actuation, dose tracking, portability, patient inter-
face, combination therapies, and systemic delivery
[47].

7.2. Choosing the appropriate inhaler device

Important correlations to establish when prescrib-
ing an inhaled drug product include how the patient
will interact with the inhaler device. Proper inhaler
preparation and use are essential for achieving the
desired therapeutic effect in the lungs [48].

For all devices, there is a large percentage of pa-
tients have been observed to use their devices in
an incorrect manner leading to suboptimal therapy.
These proportions may increase if patients use mul-
tiple and different types of devices. Therefore, it is
necessary to, if at all possible, minimize the patient’s
exposure to a variety of devices [5, 48].

The choice of aerosol device is a very important
aspect depended on the requirements of patients and
the intent of the physician. They should be aware
of the various characteristics of the used inhalers
products that suit the ventilatory differences and the
disease states. As the conditions of specific disease
with certain inhalation patterns stimulate the perfor-
mance of the inhaler device and at the same time
may induce adjustments in the inhaled drug delivery
device to increase the aerosol deposition in airways.
Furthermore, training and regular checks of the pa-
tient’s technique are required in this regard [47].

8. Aerosol drug delivery system (ADDS)

8.1. A-Nebulizers

Nebulizers are the devices which responsible for
converting liquids to aerosols in a size easy to be
inhaled into the lower respiratory tract. Nebulization
is a one of the most important methods which can
be used in delivering of the aerosols medications to
the respiratory tract for treating different respiratory
disorders including asthma, COPD and cystic fibro-
sis for many years [49]. Fortunately, nebulizers are
beneficial for elderly, paediatric, ventilated and non-
conscious patients or those who face a problem in
using either pMDIs or DPIs as they do not need coordi-
nation between inhalation and actuation. Nebulizers
are capable of delivering drugs in higher doses when
compared with other aerosol generators but this will
be translated into longer administration times [5, 50].

8.2. Factors affecting the efficiency of nebulizers:
Nebulization time

Nebulization time refers to the time which is re-
quired to deliver a dose of medication. It can be
adjusted by the volume of drug to be delivered and
the flow of the driving gases into the nebulizer [51].
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9. Dead volume (VD)

Dead volume or residual volume can be defined as
the volume of the drug remained inside the nebulizer
and can’t be inhaled. If the fill volume was increased,
the amount of medication trapped in the nebulizer
(dead volume) was decreased and the amount deliv-
ered to the patient was increased [52]. However, the
nebulizer output has been increased with a greater fill
volume; this may lead to an increase in nebulization
time. For jet nebulizers for example, DV was higher,
and considering both factors (DV and nebulization
time), an initial nebulizer fill volume of 3 to 6 mL
was typically used [53].

9.1. Humidifiers

It was found that humidifying the inhaled gases has
an important role to resist the mucosal dryness which
may lead to a decrease in the benefits of bronchodila-
tor medication. However, during humidification, the
lost amount of nebulized drug may be increased as
the amount of inhaled drug delivered to the lung of
the patient was decreased [54, 55].

These effects can be overcome by increasing the
inhaled dose of the drug and bypassing the humid-
ifier during nebulization of very expensive drugs in
a short time not exceed 10 minutes to prevent mu-
cosal dryness. So, the accurate humidification of the
inhaled gas would increase the patient comfort and
increase the effect of bronchodilator therapy in pa-
tients [56, 57].

9.2. Gas density

The gas density has an observed effect on the per-
formance of the nebulizer. If the density of gases used
were lower than of air, it would increase the percent
of medication delivered to patients [53].

9.3. Disadvantages of nebulizers

Their main limitations includes mainly bulkiness,
costs, time consuming and the requirement of an elec-
trical source [58].

10. Types of nebulizers

Nebulizers are divided into three types:

(1) Jet nebulizers (JNs)
(2) Ultrasonic nebulizers (UNs)
(3) Vibrating mesh nebulizers (VMNs).

Fig. 7. Jet nebulizer [59].

10.1. Jet nebulizers (JNs)

The JN as shown in Fig. 7 [59] is the one that
operated through a 2 to 10 L/min of compressed gas
source which may be a compressor or hospital pres-
surized gas to convert the liquid into aerosols [38].

JNs are the traditional nebulizers used in most
of Egyptian hospitals for the treatment of respira-
tory diseases [9]. JN operates according to Ven-
turi‘s principle stating that when the fluid passes
through narrow sectional area, its pressure decreases.
Aerosolization of liquid occurs in JN when a fast-
moving air stream passes through a narrow capillary
tube, lowering the pressure at the top of the tube. Af-
ter that high velocity air stream carrying the droplets
would hit baffles which are placed in different po-
sitions and numbers based on the exact design of
the nebulizer. Large droplets that impacted on these
baffles have two fates either to be broken into smaller
droplets that can leave the nebulizer or to be retained
in the device in order to be re-nebulized till their size
enables them to leave the nebulizer [60, 61].

The JN have an advantage in the price as they
are inexpensive nebulizers, especially if they are
compared with VMN or Ultrasonic nebulizers. Conse-
quently, they have been commonly used as an aerosol
drug delivery system in different cases of respiratory
tract disorders [28, 62].

There are four types of JN: JN attached with
reservoir, breath-actuated one, breathe enhanced
nebulizer and JN with collection bag. Since the JN
with reservoir tube produces an aerosol continuously
during the breathing cycle, it is the most popular
choice [50].

10.2. Disadvantages of JN

The Contamination is the most important problem
can be resulted during the administration of JNs due
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to the position of them as its reservoir is in a depen-
dent position to and in direct connect with the used
holding chamber device leading to accumulation of
pathogens and fluids in condensate which drain into
the reservoir causing contamination to the medica-
tion which is delivered to the patient [63].

Other problem can be associated with the use of JN
is the need for a compressor in order to generate the
aerosol which may be a source of inconvenience due
to the noise generated by it and the drop that occur
in the temperature of the liquid due to evaporation
[39].

In addition, an actual amount of drugs which placed
in JN remains in the reservoir and cannot be reached
to patients due to the large residual volumes of JN
beside the long times for preparation and cleaning
(Johnson et al. 2008). It was reported by Lewis that
66% of solution was retained in the apparatus tubing,
20% exhaled, 12% was retained in the lungs and 2%
deposited in the mouth [64].

10.3. Ultrasonic nebulizers (UNs)

The UNs as shown in Fig. 8 usually operated
through acoustic waves which are high frequency
pulses that produced from a vibrating piezoelectric
element (produce oscillatory mechanical movement
from electric signals) to the drug solution [68]. These
waves create crests which break the liquid into rela-
tively small droplets. Obviously; ultrasonic nebulizers
require an electric supply for charging so they are
considered non portable devices [46]. The amount of
drug produced is proportional to the amplitude of the
crystal’s vibrations, whereas the size of the droplets
produced is inversely related to the frequency of the
vibrations. The high aerosolization flow in a short
time is considered an important advantage to it [65].

Fig. 8. Ultrasonic nebulizer [68].

There are two categories of nebulizers that use ul-
trasonic technology: large volume and small volume.
While small volume nebulizers are used to adminis-
ter inhaled drugs, large volume nebulizers are often
utilized to administer hypertonic saline for producing
sputum [66]. If comparing UNs to JNs, UNs are more
efficient than JNs due to higher nebulization rate at
shorter time [67]. However, aerosol particle size was
larger than that of JNs [55].

10.4. Disadvantages of UNs

The UNs are not recommended to be used due to
their expensiveness and bulkiness; in addition, they
produce more heat than any other aerosol generators
leading to instability and degradation to materials
which are heat sensitive like thermolabile peptides
or DNA [67]. They also are unsuitable to use for the
suspension or viscous medications as the particles are
smaller than suspension, leading to a decrease in the
output of the drug which may be not observable [69].
They are like to JN in producing the contamination
which drains into the reservoir [70].

10.5. Vibrating mesh nebulizers (VMNs)

The VMNs are small size, portable and less noisy
nebulizers. In addition, they are able to generate con-
stant particles with optimal diameter based on micro
pump technology as they force medications in liquid
form through aperture plate or multiple apertures as
shown in Fig. 9 [74]. They are operated by using the
electricity or battery [71].

VMNs are either “passively vibrating” or “actively
vibrating” nebulizers. To disperse medication into the
air, passively vibrating nebulizers employ a piezo-
electric crystal coupled to a transducer horn. Aerosol
particle size and flow rate are determined by the exit
diameter of the aperture hole, but actively vibrating
nebulizers use a micro-pump (perforated plate with
about 1,000 tapered funnel- shaped holes) containing
vibrating element that vibrates in response to electric
current and generates aerosol [72, 73].

Fig. 9. Micro-pump technology of active VMNs [74].
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Fig. 10. SOLO nebulizer [74].

Fig. 11. Pro nebulizer [78].

There is no contamination can be occur unlike the
JN due to their superior position to the holding cham-
ber used during the administration and the separation
of the reservoir from the used device by the mesh
membrane. In addition, during the administration of
VMN, the temperature don’t change unlike ultrasonic
nebulizers, consequently, there is no risk of denatu-
ration of the aerosolized drug [75].

Mesh nebulizers offer many advantages including
consistent and improved efficiency of aerosol gen-
eration, increased output efficiency, short treatment
times, minimal residual volume and the capability to
nebulize low drug volumes [65, 76].

The most common apparatuses of VMN can be com-
mercialized for patients are Aeroneb® Solo and the
Aeroneb® Pro (Aerogen Inc., CA, and USA) as shown
in Figs. 10 and 11 [78]. The Aeroneb Solo: it is a single
patient use.The Aeroneb Pro: It can be operated by
the Aeroneb® controller which generates continuous
aerosolization, in addition, it can be sterilized and
reused [50, 77].

10.6. Disadvantages of VMNs

The VMNs have many advantages than other types
if they are compared with JNs or UNs, but their high

Fig. 12. Soft mist inhaler [81].

cost is a large drawback as being 20-fold higher than
JNs [70].

In addition, the membrane of VMN may become
obstructed during the administration of viscous or
very concentrated solutions. Also, cleaning of mesh
nebulizers can be difficult [73].

11. The Soft Mist Inhaler (SMI) respimat®

It is a development of inhalation devices, it is sim-
ilar to VMN, as it disperses the solution of the active
ingredient into fine droplets as shown in Fig. 12 [81].
It is a handheld, portable device powered by a me-
chanical spring, unlike regular nebulizers [48, 79].

The instantaneous aerosol generation resembles a
pMDI, hence correct actuation-inhalation is needed.
However, it takes 1.5 s to make the complete aerosol
(compared to 0.21–0.36 s for pMDI) and emits it
as a slow-moving mist, permitting substantial lung
deposition [80].

12. Pressurized metered dose inhalers:
(pMDIs)

pMDI as shown in Fig. 13 consists of a canister with
a nozzle, a metering valve, and an actuator [84]. The
canister contains drugs, propellants, and excipients
which releases an accurate amount of the medica-
tion and propellant with each actuation. All of these
factors contribute to the creation of the spray and
ultimately determine how much of the aerosol is in-
haled. Additionally, spacers or holding chambers may
be connected to the actuator mouthpiece [72, 82].

Shaking the canister, activating the device at the
beginning of inhalation, an inspiratory flow rate (IFR)
of 60 l.min−1, and a 10-second breath hold at the
end of inspiration are all recommended for inhaling
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Fig. 13. Standard components of pMDI [84].

pMDI aerosols for maximum particle deposition on
the periphery of the lung [83].

It can be used as in Fig. 14, as the mouthpiece of
the actuator usually is open to the atmosphere [86].
The adapter or spacer is positioned between the pMDI
and the mouth to spread out the aerosol medicament,
reducing its velocity and allowing the propellant to
evaporate. Consequently, there is a decrease in the
particle size and an increase in drug delivery to the
airways [85]. For reproducibly delivered dose, the
patient should prime and shake the pMDI canister
every use [47].

Newer pMDIs provide an aerosol in a lower flow
velocity due to the use of hydrofluoroalkane (HFA)
propellant instead of the previously used chloroflu-
orocarbon (CFC). Hence, the patients who may
experience a coordination problem to inhale the drug,
can benefit from the decreased delivered velocity
[87].

The efficiency of pMDI in aerosol drug delivery
depended on design, shape and size of the spacer
or adapters which attached to MDI, in addition, its

Fig. 14. The steps of pMDI use [86].

position as the pMDI should be in a proximal position
to the airway of the patient [88].

Spacers are classified as extension or add on de-
vices that can improve pMDIs efficacy especially in
patient with a coordination difficulty by retaining the
aerosol dose for a definite period of time [47, 89]
therefore, by the use of a spacer with pMDIs, a fine
aerosol will be emitted with smaller particle size and
slower movement resulting in reduced oropharyngeal
aerosol deposition and hence systemic drug absorp-
tion, better lung penetration and improved patient
response [90].

Drug deposits may accumulate on holding chamber
and plastic spacer walls due primarily to electro-
static charge. Holding chambers made from non-
electrostatic materials are more effective in keeping
aerosols in suspension for extended periods of time.
A delay of 2 to 5 seconds during inhalation is possible
without significant drug loss to the walls of metal
or non-conducting spacers. By washing the spacer in
mild detergent and then rinsing it in water to avoid
breathing in dried detergent particles, the electro-
static charge in plastic spacers can be significantly
reduced [91].

12.1. Disadvantages of MDI

The major limitations of the conventional (press
and breathe) pMDIs has always been the need for
co-ordination between aerosol generation and patient
inhalation, high oro-pharyngeal deposition [82]. An-
other practical problem facing patients using pMDIs is
the inability to determine the number of the remained
doses in the device as the propellant can release
aerosol containing little or eventually no drug after
the labelled actuation number, a phenomenon known
as tail-off [92].

The restricted number of pharmaceuticals that can
be administered by pMDIs, the Cold Freon effect
(early breath cut off due to a cold sensation caused
by CFC in the pharynx), and the difficulty of admin-
istering drug combinations [87].
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Fig. 15. Different forms of Dry powder inhaler [97].

13. Dry-powder inhalers (DPIs)

The DPIs are another type of devices used for the
delivery of inhaled dugs. They are classified on the
basis of many variables, including the number of
doses carried by the device, the contribution of the
patient to convert the powder into an aerosol or the
mechanism of dispersion of the powder. Therefore,

there are many forms as single dose inhalers (eg;
Rotahaler), and Multi-dose inhalers (eg; Diskhaler)
[39, 93].

Generally, they produce consistent and efficient
dose,very portable and quick and be easy to use in
a correct manner. These advantages make the patient
more compliance and increase the treatment efficacy
[94]. As shown in Figs. 15 and 16 [97, 98], it is an

Fig. 16. The steps of dry powder inhaler use [98].
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example of diskhaler that consists of DPI device with
or without a cartridge, and a medication containing
an active ingredient for respiratory tract delivery
[95].

The DPIs are usually used for patients more than
5 years old and who have adequate inspiratory flow,
sufficient lung volume and are able to use the device
in appropriate method [96].

13.1. Disadvantages of dry powder inhaler

DPIs are the devices that have been depended on
the energy released during the inspiration of the pa-
tients to draw a dose of medication into his lung
[99], therefore this disadvantage is considered a great
limitation in the treatment of patients having low
inspiratory flow rates, especially patients with severe
COPD.

Another limitation is seen with the Rotahalers, for
example, that require individual loading of single
doses into the inhaler directly before use This does
not permit direct dose counting and is uncomfortable
for patients. In addition, the inhalation should be
repeated till emptying the capsule, which may result
in an increase in the variability of dose [100].

14. Connections (add on devices)

14.1. Aerogen ultra adapter

It is a novel holding chamber can be used with
different aerosol drug delivery devices such as Solo

nebulizer. This gadget does more than just creating
“space” between the mouth and the medicine. It also
traps the medication, allowing for a moment to take a
slow, deep breathing. This permits complete inhala-
tion of the medication (Lung 2018). Its structure as
shown in Fig. 17 [101] includes an adapter chamber
which is 170 mm by 46 mm, with an internal volume
of 125 mL. When there is no oxygen being provided,
the oxygen nipple will be covered by a one-way flap
valve that is located on the chamber inlet. This will
prevent any leaking occurrence. It can be used with
mouthpiece or facemask. The mouthpiece has a one-
way expiratory flap valve. The Aerogen Ultra is a
single patient use device [101].

The valved system of the device’s innovative de-
sign regulates the airflow within the aerosol chamber.
When the user takes a breath in, air is sucked through
the inlet valve located at the bottom of the device,
which then starts a flow of air or oxygen through
the apparatus. This removes the aerosol from the
aerosol chamber and administers the medication to
the patient using the mouthpiece. The mouthpiece’s
exhalation valve opens and the inlet valve closes as
the patient exhales. This enables the patient to exhale
through the mouthpiece port while the Aerogen Solo
refills the aerosol chamber [101].

A more than 30% inhaled dosage is available for
successful aerosol therapy due to its holding cham-
ber. At various stages of patient care, it can be
utilized to administer suspensions, solutions, pro-
teins, and peptides. It is not only available with
spontaneously breathing patients using mouthpieces

Fig. 17. Schematic diagram indicating the structure of Aerogen Ultra adapter [101].
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and masks throughout the acute care system, but
it may also be employed during both invasive and
non-invasive ventilation. It makes it possible for pedi-
atric (those aged 29 days or older) and adult patients
to get supplementary oxygen by continuous or inter-
mittent nebulization. (Aerogen 2017; Tri-anim 2018).

14.2. Instructions for aerogen ultra use: (Aerogen
2017)

1. Insert the nebulizer firmly into its position on
holding chamber Aerogen Ultra.

2. Put the mouthpiece to Aerogen Ultra.
3. If additional oxygen is needed, connect the oxy-

gen tubing to the Aerogen Ultra’s oxygen nipple.
Flow rate of oxygen is set at 6 L/M.

4. Add the prescribed medication (1 ml salbuta-
mol) to nebulizer and connect cable to it.

5. Turn on Aerogen Ultra and detect if there are
any visible aerosols.

6. Introduce Aerogen Ultra to volunteer and ob-
serve aerosol flow to in

15. Oxygen therapy

Maintenance the adequate oxygenation and im-
provement in alveolar ventilation are the most
important targets of any respiratory support can be
used during different respiratory disorders, therefore,
supplemental oxygen is the commonest drug pre-
scribed used for hypoxemic respiratory failure [102].

The inhaled concentration is affected by many vari-
ables both from the patient as well as the device itself
such as the flow rate of administered oxygen, the
characteristics of the devices used in drug delivery
and the breathing pattern of the patient. There is a
variety of devices by which oxygen can be admin-
istered at different concentrations. The amount of
oxygen (FIO2) that was delivered was dependent on
a number of variables, including the harmony be-
tween the patient’s inspiratory and expiratory flow
rates, the presence of a reservoir during entrainment,
the presence of an expiratory pause, which causes a
pharyngeal reservoir of oxygen to build up, and the
method used to deliver the oxygen, such as a face
mask, mouthpiece, or nasal cannula. The inspiratory
flow rate of the patient is based on the respiratory
rate and tidal volume [103].

There are different classifications to oxygen deliv-
ering systems as low, intermediate and high flow
devices. Depending on the oxygen flow rate, the peak
inspiratory flow of the patient, and the parameters
of the device, the fraction of inspired oxygen (FIO2)
delivered by low flow devices like nasal cannulas,

non-rebreathing masks, and bag valve masks might
vary. The entrainment ports in a mask allow ambient
air to be mixed in with the pressurized oxygen that
is being delivered via the mask at a steady flow rate.
While high flow devices provide a fixed FIO2 which
means FIO2 will be known at all times [102, 104].

Low-flow supplemental oxygen has been character-
ized that it is free of serious side effects, but local
irritation in the nose and eyes usually observed. Some
retention of carbon dioxide may be reported in some
patients used higher oxygen flow. And can be avoided
by adjustment of the flow rate of supplemental oxy-
gen to maintain the PaO2 between 60 and 65 mm Hg
[102] (Nishimura 2016).

15.1. Salbutamol

Salbutamol drug (albuterol) is usually manufac-
tured and distributed in the market as the sulfate salt
salbutamol sulfate like farcoline or ventolin [105].

It belongs to the short acting bronchodilator which
is usually used for relieving the bronchospasm in res-
piratory system diseases as asthma, COPD and cystic
fibrosis [106].

15.2. Mechanism of action

It works on beta 2 receptors in the lung, lead-
ing to stimulation adenylate cyclase enzyme causing
an increase in the production of cyclic adenosine
monophosphate which results in the relaxation of the
smooth muscle, so, producing bronchodilation [107].

15.3. Medical uses

Due to its relaxation effect on the muscles in small
airways walls; In diseases like asthma and COPD, it
is used to treat bronchospasm [108]. It can be used
to treat hyperkalemia because of its ability in stim-
ulation the flow of the potassium into the cells so,
decrease potassium level in the blood [109].

15.4. Route of administration

Salbutamol is available in many dosage forms for
inhalation include; conventional pMDIs which is the
most commonly used, dry powder inhalation capsules
or discs delivered by DPIs, respirable solutions for
nebulization through different types of nebulizers,
oral formulations (syrup and tablet), IV formulations
for slow injection of continuous infusion, subcuta-
neous and intramuscular injections. Salbutamol is
utilized in aerosol inhalers as the base or sulfate, and
in other preparations as the sulfate [110].
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15.5. Pharmacokinetics

The onset of action of inhalation forms of salbuta-
mol occurs 1–5 min and is slightly delayed with oral
preparations [111]. The duration of action of salbu-
tamol lasts 2–6 hr. after using inhalation forms and
4–8 h after oral administration. Salbutamol’s plasma
half-life has been estimated to be 4 to 6 hours after
inhalation and 6 hours after oral dosing [112]. Inhal-
ing salbutamol causes 10 to 20% of the dose to reach
the lower airways, where it is rapidly absorbed. The
percentage of a drug that is systemically bioavailable
is the amount that is either not lost throughout the
delivery process or is swallowed and absorbed in the
stomach [113].

Salbutamol systemic bioavailability is only 50%
due to extensive pre-systemic metabolism. The liver
and potentially the intestinal wall undergo first-pass
metabolism of salbutamol, with the inactive sulfate
conjugate produced via sulfate conjugation of the
phenolic hydroxyl group representing as the major
metabolite [114].

It is excreted, mainly in the urine, as unchanged
salbutamol and the inactive phenolic sulfate, in addi-
tion, a little amount is excreted in the feces [115].

16. Methods for identifying pulmonary
salbutamol deposition post inhalation

More than 20% of the inhaled dose reaches the
lungs after inhalation but the major part is swallowed.
The proportion of the dose which is delivered to
the lung is cleared by two ways, by the mucociliary
clearance or by absorption into the systemic circula-
tion through the airway wall. The latter is the dose
fraction which is responsible for the clinical effects
The basic methods for identifying pulmonary drug
deposition are pharmacokinetic (PK) and gamma-
scintigraphy techniques [19, 113].

16.1. Pharmacokinetic method

Pharmacokinetic method or it is called “indirect
method” because it depends on the measurements of
the urine or serum. This method cannot differentiate
between the drug distributions into different zones
of the lung but it provides an indicative measure
of the quantity of the inhaled dose which produces
the desired action in the lung by estimating the data
about total lung dose from urinary recovery and/or
plasma concentrations [116]. Hence, it has an ad-
vantage in comparing the equivalence of different
inhaled products or estimating the differences be-
tween inhalation techniques via comparing urinary

drug excretion or the data of the area under the curve
[113]. It was found that urinary salbutamol concen-
trations are much higher than plasma concentrations;
therefore, urinary salbutamol samples can be used
in the bioavailability determinations after inhalation
[116].

16.2. Gamma-scintigraphy techniques

These techniques have advantage over pharmacoki-
netic indirect methods as they have the ability in the
quantification of total lung deposition as well as dif-
ferentiate between drug depositions in various zones
of the lung. There are two and three-dimensional
gamma scintigraphy techniques. Two-dimensional
gamma-scintigraphy was firstly used as it gives an im-
age for inhaled drugs delivery, then it was developed
to tridimensional imaging technologies as positron
emission tomography (PET) and single photon emis-
sion computed tomography (SPECT) which they have
been used for giving a more accurate image on drug
deposition in the airways [19].

16.3. Side effects

Common side effects which are produced after ad-
ministration of salbutamol include: headache, muscle
cramps, anxiety, tremor, palpitation and dry mouth.
Rare side effects include arrhythmia, tachycardia, dis-
turbances of sleep and myocardial ischemia [117].

High doses of salbutamol may lead to Hypokalemia
and hyperglycemia therefore; potassium level should
be monitored with renal failure patients and those
receiving diuretics which have an effect on potassium
level.

16.4. Drug interaction

Salbutamol may interact with many drugs as
aminophylline, certain diuretics (e.g., furosemide and
hydrochlorothiazide), digoxin, tricyclic antidepres-
sants (e.g., amitriptyline and desipramine), other
bronchodilators (e.g., terbutaline and salmeterol),
dopamine, beta-receptor blocking drugs because
these medications counteract salbutamol’s bron-
chodilator action, and others [118].

Additionally, those who have diabetes mellitus,
hypertension, hyperthyroidism, cardiac arrhythmia,
convulsive disorders, or hyperthyroidism should use
it with caution.

16.5. In pregnancy and lactation

It is a pregnancy category C drug. During preg-
nancy, it used only in necessary [119]. There is no
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any adverse effects have been documented in breast
feeding babies during their mothers receiving salbu-
tamol although it may excreted in human milk [120].

17. Conclusions

Aerosol has been in the field of healthcare for long
period and it is upgrading contentiously. So caution
should be taken for the selection of such treatment.
Also, update of the information about aerosol de-
vice, solutions, and medication should be done to be
sure that the best medication is prescribed to lung
obstruction patients. Such patients require to have
a very efficient treatment with the least side effect.
The present review article describes the most updated
information about such treatment. We recommend a
contentious update of such information to help the
healthcare provider to receive the most updated in-
formation about inhalation devices and aerosol in a
very simple way or the guidelines of obstructive lung
disease incorporate such information in their yearly
report.
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15. R. Djukanović, S. J. Wilson, M. Kraft, et al., “Effects of treat-
ment with anti-immunoglobulin E antibody omalizumab on
airway inflammation in allergic asthma,” Am. J. Respir. Crit.
Care Med., vol. 170, no. 6, pp. 583–893, 2004. doi:10.1164/
rccm.200312-1651OC.

16. I. M. El-Sherbiny, D. G. Villanueva, D. Herrera, and H. D.
C. Smyth, “Overcoming lung clearance mechanisms for con-
trolled release drug delivery,” Control Pulm. drug Deliv., pp.
101–126, 2011.

17. C. Darquenne, “Aerosol deposition in health and disease,” J.
Aerosol Med. Pulm. Drug Deliv., vol. 25, no. 3, pp. 140–147,
2012. doi:10.1089/jamp.2011.0916.

18. S. P. Newman, “Aerosol deposition considerations in in-
halation therapy,” Chest, vol. 88, no. 2, pp. 152S–160S,
1985.

19. T. C. Carvalho, J. I. Peters, and R. O. Williams III, “Influence
of particle size on regional lung deposition–what evidence is
there?” Int. J. Pharm., vol. 406, no. 1–2, pp. 1–10, 2011.

20. J. Heyder, “Deposition of inhaled particles in the human
respiratory tract and consequences for regional targeting in
respiratory drug delivery,” Proc. Am. Thorac. Soc., vol. 1, no.
4, pp. 315–320, 2004.

21. “Pulmonary-defense-mechanisms. Mechanisms of deposition
of aerosol,” https://www.pulmonary-defense-mechanisms.
Published 2018.

22. H. D. C. Smyth, “The influence of formulation variables on
the performance of alternative propellant-driven metered
dose inhalers,” Adv. Drug Deliv. Rev., vol. 55, no. 7, pp.
807–828, 2003.

23. J. Heyder, J. Gebhart, G. Rudolf, C. F. Schiller, and W.
Stahlhofen, “Deposition of particles in the human respiratory
tract in the size range 0.005–15 µm,” J. Aerosol Sci., vol. 17,
no. 5, pp. 811–825, 1986.

24. J. Heyder, L. Armbruster, J. Gebhart, E. Grein, and W.
Stahlhofen, “Total deposition of aerosol particles in the hu-
man respiratory tract for nose and mouth breathing,” J.
Aerosol Sci., vol. 6, no. 5, pp. 311–328, 1975.

25. N. Foord, A. Black, and M. Walsh, “Regional deposition of
2.5–7.5 µm diameter inhaled particles in healthy male non-
smokers,” J. Aerosol Sci., vol. 9, no. 4, pp. 343–357, 1978.

26. K. F. Chung, K. Jeyasingh, and P. D. Snashall, “Influence of
airway calibre on the intrapulmonary dose and distribution
of inhaled aerosol in normal and asthmatic subjects,” Eur.
Respir. J., vol. 1, no. 10, pp. 890–895, 1988.

27. G. C. Smaldone and M. S. Messina, “Flow limitation, cough,
and patterns of aerosol deposition in humans,” J. Appl. Phys-
iol., vol. 59, no. 2, pp. 515–520, 1985.

https://doi.org/10.1615/CritRevTherDrugCarrierSyst.2014010527
https://doi.org/10.1615/CritRevTherDrugCarrierSyst.2014010527
https://doi.org/10.1007/s00134-013-2872-5
https://doi.org/10.1007/s00134-013-2872-5
https://doi.org/10.1089/jamp.2007.0656
https://doi.org/10.1136/thx.51.10.977
https://doi.org/10.1164/rccm.200312-1651OC
https://doi.org/10.1164/rccm.200312-1651OC
https://doi.org/10.1089/jamp.2011.0916
https://www.pulmonary-defense-mechanisms


AL-MUSTAQBAL JOURNAL OF PHARM. & MED. SCIENCES 2024;2:44–61 59

28. R. Dhand, “Aerosol delivery during mechanical ventilation:
from basic techniques to new devices,” J. Aerosol Med. Pulm.
Drug Deliv., vol. 21, no. 1, pp. 45–60, 2008.

29. A.-L. Sidler-Moix, U. Dolci, M. Berger-Gryllaki, A. Pannatier,
J. Cotting, and E. R. Di Paolo, “Albuterol delivery in an
in vitro pediatric ventilator lung model: comparison of jet,
ultrasonic, and mesh nebulizers,” Pediatr. Crit. Care Med.,
vol. 14, no. 2, pp. e98–e102, 2013.

30. M. O. Turner, A. Gafni, D. Swan, and J. M. FitzGerald, “A
review and economic evaluation of bronchodilator delivery
methods in hospitalized patients,” Arch. Intern. Med., vol.
156, no. 18, pp. 2113–2118, 1996.

31. C. Jaafar-Maalej, V. Andrieu, A. Elaissari, and H. Fessi, “As-
sessment methods of inhaled aerosols: technical aspects and
applications,” Expert Opin. Drug Deliv., vol. 6, no. 9, pp.
941–959, 2009.

32. L. Fromer, E. Goodwin, and J. Walsh, “Customizing inhaled
therapy to meet the needs of COPD patients,” Postgrad. Med.,
vol. 122, no. 2, pp. 83–93, 2010.

33. S. Sangwan, B. K. Gurses, and G. C. Smaldone, “Facemasks
and facial deposition of aerosols,” Pediatr. Pulmonol., vol. 37,
no. 5, pp. 447–452, 2004.

34. C. Girault, A. Briel, J. Benichou, et al., “Interface strategy
during noninvasive positive pressure ventilation for hyper-
capnic acute respiratory failure,” Crit. Care Med., vol. 37, no.
1, pp. 124–131, 2009.

35. D. R. Hess, “Noninvasive ventilation for acute respiratory
failure discussion,” Respir. Care, vol. 58, no. 6, pp. 950–972,
2013.

36. Dolema. No Title. http://www.dolema.com/wp-content/
uploads/2017/08/Aerogen-Ultra-Produktfaktablad-
Engelsk.pdf. Published 2018.

37. J. A. Pongracic, “Asthma delivery devices: age-appropriate
use,” Pediatr. Ann., vol. 32, no. 1, pp. 50–54, 2003.

38. A. Ari and R. D. Restrepo, “Aerosol delivery device selection
for spontaneously breathing patients: 2012,” Respir. Care,
vol. 57, no. 4, pp. 613–626, 2012.

39. M. Ibrahim, R. Verma, and L. Garcia-Contreras, “Inhalation
drug delivery devices: technology update,”Med. Devices Evid.
Res., pp. 131–139, 2015.

40. A. R. Clark and A. M. Hollingworth, “The relationship
between powder inhaler resistance and peak inspiratory
conditions in healthy volunteers—implications for in vitro
testing,” J. Aerosol Med., vol. 6, no. 2, pp. 99–110, 1993.

41. H. S. Harb, A. A. Elberry, H. Rabea, M. Fathy, and M. E.
A. Abdelrahim, “Is Combihaler usable for aerosol delivery
in single limb non-invasive mechanical ventilation?” J. Drug
Deliv. Sci. Technol., vol. 40, pp. 28–34, 2017.

42. G. C. Smaldone, R. J. Perry, W. D. Bennett, M. S. Messina,
J. Zwang, and J. Ilowite, “Interpretation of “24 hour lung
retention” in studies of mucociliary clearance,” J. Aerosol
Med., vol. 1, no. 1, pp. 11–20, 1988.

43. E. Houtmeyers, R. Gosselink, G. Gayan-Ramirez, and M. De-
cramer, “Regulation of mucociliary clearance in health and
disease,” Eur. Respir. J., vol. 13, no. 5, pp. 1177–1188, 1999.

44. S. Edsbäcker and R. Brattsand, “Budesonide fatty-acid ester-
ification: a novel mechanism prolonging binding to airway
tissue. Review of available data,” Ann. Allergy, Asthma Im-
munol., vol. 88, no. 6, pp. 609–616, 2002.

45. M. Sakagami, “In vivo, in vitro and ex vivo models to assess
pulmonary absorption and disposition of inhaled therapeu-
tics for systemic delivery,” Adv. Drug Deliv. Rev., vol. 58, no.
9–10, pp. 1030–1060, 2006.

46. W. F. Tonnis, A. J. Lexmond, H. W. Frijlink, A. H. de
Boer, and W. L. J. Hinrichs, “Devices and formulations for

pulmonary vaccination,” Expert Opin. Drug Deliv., vol. 10,
no. 10, pp. 1383–1397, 2013. doi:10.1517/17425247.2013.
810622.

47. M. B. Dolovich and R. Dhand, “Aerosol drug delivery: devel-
opments in device design and clinical use,” Lancet, vol. 377,
no. 9770, pp. 1032–1045, 2011.

48. F. Lavorini, “The challenge of delivering therapeutic aerosols
to asthma patients,” Int. Sch. Res. Not, 2013, 2013.

49. T. C. Carvalho and J. T. McConville, “The function and per-
formance of aqueous aerosol devices for inhalation therapy,”
J. Pharm. Pharmacol., vol. 68, no. 5, pp. 556–578, 2016.

50. D. Faarc, “Nebulizers: principles and performance,” Respir.
Care, vol. 45, no. 6, p. 609, 2000.

51. K. Qazi, S. A. Altamimi, H. Tamim, and K. Serrano, “Im-
pact of an emergency nurse–initiated asthma management
protocol on door-to-first-salbutamol-nebulization-time in a
pediatric emergency department,” J. Emerg. Nurs., vol. 36,
no. 5, pp. 428–433, 2010.

52. A. Chavez, A. McCracken, and A. Berlinski, “Effect of face
mask dead volume, respiratory rate, and tidal volume on
inhaled albuterol delivery,” Pediatr. Pulmonol., vol. 45, no.
3, pp. 224–229, 2010.

53. D. Hess, D. Fisher, P. Williams, S. Pooler, and R. M. Kac-
marek, “Medication nebulizer performance: effects of diluent
volume, nebulizer flow, and nebulizer brand,” Chest, vol.
110, no. 2, pp. 498–505, 1996.

54. P. Fontanari, H. Burnet, M. C. Zattara-Hartmann, and Y.
Jammes, “Changes in airway resistance induced by nasal in-
halation of cold dry, dry, or moist air in normal individuals,”
J. Appl. Physiol., vol. 81, no. 4, pp. 1739–1743, 1996.

55. D. D. Miller, M. M. Amin, L. B. Palmer, A. R. Shah, and
G. C. Smaldone, “Aerosol delivery and modern mechanical
ventilation: in vitro/in vivo evaluation,” Am. J. Respir. Crit.
Care Med., vol. 168, no. 10, pp. 1205–1209, 2003.

56. E. Mouloudi, C. Maliotakis, E. Kondili, A. Kafetzakis, and D.
Georgopoulos, “Duration of salbutamol-induced bronchodi-
lation delivered by metered-dose inhaler in mechanically
ventilated COPD patients,” Monaldi Arch. Chest Dis. Arch.
Monaldi per le Mal del Torace, vol. 56, no. 3, pp. 189–194,
2001.

57. A. W. Thille, J.-F. Bertholon, M.-H. Becquemin, et al.,
“Aerosol delivery and humidification with the Boussignac
continuous positive airway pressure device,” Respir. Care,
vol. 56, no. 10, pp. 1526–1532, 2011.

58. J. H. Wildhaber, N. D. Dore, J. M. Wilson, S. G. Devadason,
and P. N. LeSouëf, “Inhalation therapy in asthma: nebulizer
or pressurized metered-dose inhaler with holding chamber?
In vivo comparison of lung deposition in children,” J. Pedi-
atr., vol. 135, no. 1, pp. 28–33, 1999.

59. Omnisurge. No Title. http://staging.omnisurge.co.za/tag/
jet-nebulizers/. Published 2018.

60. A. B. Watts, J. T. McConville, and R. O. Williams III, “Cur-
rent therapies and technological advances in aqueous aerosol
drug delivery,” Drug Dev. Ind. Pharm., vol. 34, no. 9, pp.
913–922, 2008.

61. A. R. Martin and W. H Finlay, “Nebulizers for drug delivery
to the lungs,” Expert Opin. Drug Deliv., vol. 12, no. 6, pp.
889–900, 2015.

62. A. Ari and J. B. Fink, “Aerosol drug delivery during mechan-
ical ventilation: devices, selection, delivery technique, and
evaluation of clinical response to therapy,” Clin. Pulm. Med.,
vol. 22, no. 2, pp. 79–86, 2015.

63. J. M. Hughes and T. Saez, “Effects of nebulizer mode and po-
sition in a mechanical ventilator circuit on dose efficiency,”
Respir. Care, vol. 32, no. 12, pp. 1131–1135, 1987.

http://www.dolema.com/wp-content/uploads/2017/08/Aerogen-Ultra-Produktfaktablad-Engelsk.pdf
http://www.dolema.com/wp-content/uploads/2017/08/Aerogen-Ultra-Produktfaktablad-Engelsk.pdf
http://www.dolema.com/wp-content/uploads/2017/08/Aerogen-Ultra-Produktfaktablad-Engelsk.pdf
https://doi.org/10.1517/17425247.2013.810622
https://doi.org/10.1517/17425247.2013.810622
http://staging.omnisurge.co.za/tag/jet-nebulizers/
http://staging.omnisurge.co.za/tag/jet-nebulizers/


60 AL-MUSTAQBAL JOURNAL OF PHARM. & MED. SCIENCES 2024;2:44–61

64. R. A. Lewis and J. S. Fleming, “Fractional deposition from
a jet nebulizer: how it differs from a metered dose inhaler,”
Br. J. Dis. Chest, vol. 79, pp. 361–367, 1985.

65. A. Ari, d. A. AD, and J. Fink, “Performance comparisons of
jet and mesh nebulizers with mouthpiece, aerosol mask, and
valved mask in simulated spontaneously breathing adults,”
Chest, vol. 145, no. 3, p. 548A, 2014. doi:10.1378/chest.
1814806.

66. J. L. Rau, “Design principles of liquid nebulization devices
currently in use,” Respir. Care, vol. 47, no. 11, pp. 1257–
1275, 2002.

67. A. Arzhavitina and H. Steckel, “Surface active drugs signif-
icantly alter the drug output rate from medical nebulizers,”
Int. J. Pharm., vol. 384, no. 1–2, pp. 128–136, 2010.

68. Narang. Narang 2018. https://www.narang.com/
diagnostic-equipments-products/nebulizers/index.php.
Published 2018.

69. A. Ari and J. B. Fink, “Guidelines for aerosol devices in in-
fants, children and adults: which to choose, why and how to
achieve effective aerosol therapy,” Expert. Rev. Respir. Med.,
vol. 5, no. 4, pp. 561–572, 2011.

70. C.-E. Luyt, N. Brechot, A. Combes, J.-L. Trouillet, and J.
Chastre, “Delivering antibiotics to the lungs of patients with
ventilator-associated pneumonia: an update,” Expert Rev.
Anti Infect. Ther., vol. 11, no. 5, pp. 511–521, 2013.

71. J. C. Waldrep and R. Dhand, “Advanced nebulizer designs
employing vibrating mesh/aperture plate technologies for
aerosol generation,” Curr. Drug Deliv., vol. 5, no. 2, pp. 114–
119, 2008.

72. S. P. Newman, “Principles of metered-dose inhaler design,”
Respir. Care, vol. 50, no. 9, pp. 1177–1190, 2005.

73. T. Ghazanfari, A. M. A. Elhissi, Z. Ding, and K. M. G. Tay-
lor, “The influence of fluid physicochemical properties on
vibrating-mesh nebulization,” Int. J. Pharm., vol. 339, no.
1–2, pp. 103–111, 2007.

74. System Instruction Manual.
75. S. Skaria and G. C. Smaldone, “Omron NE U22: comparison

between vibrating mesh and jet nebulizer,” J. Aerosol Med.
Pulm. Drug Deliv., vol. 23, no. 3, pp. 173–180, 2010.

76. L. Pitance, L. Vecellio, T. Leal, G. Reychler, H. Reychler, and
G. Liistro, “Delivery efficacy of a vibrating mesh nebulizer
and a jet nebulizer under different configurations,” J. Aerosol
Med. Pulm. Drug Deliv., vol. 23, no. 6, pp. 389–396, 2010.

77. J. L. Rau, A. Ari, and R. D. Restrepo, “Performance compari-
son of nebulizer designs: constant-output, breath-enhanced,
and dosimetric,” Respir. Care, vol. 49, no. 2, pp. 174–179,
2004.

78. Medwow. pro nebulizer. http://www.medwow.com/
med/nebulizer/aerogen/aeroneb-pro/60134.model-spec.
Published 2018.

79. R. Dalby, M. Spallek, and T. Voshaar, “A review of the de-
velopment of Respimat®Soft MistTM Inhaler,” Int. J. Pharm.,
vol. 283, no. 1–2, pp. 1–9, 2004.

80. D. Hochrainer, H. Hölz, C. Kreher, L. Scaffidi, M. Spallek, and
H. Wachtel, “Comparison of the aerosol velocity and spray
duration of Respimat®Soft MistTM inhaler and pressurized
metered dose inhalers,” J. Aerosol Med., vol. 18, no. 3, pp.
273–282, 2005.

81. Drugdevelopment-technology. Soft mist inhaler.
https://www.drugdevelopment-technology.com/projects/
striverdi-respimat-for-the-maintenance-treatment-of-
copd/attachment/striverdi-respimat-for-the-maintenance-
treatment-of-copd1/. Published 2018.

82. C. Terzano, “Pressurized metered dose inhalers and add-on
devices,” Pulm. Pharmacol. Ther., vol. 14, no. 5, pp. 351–366,
2001.

83. S. P. Newman, F. Moren, D. Pavia, O. Corrado, and S. W.
Clarke, “The effects of changes in metered volume and pro-
pellant vapour pressure on the deposition of pressurized
inhalation aerosols,” Int. J. Pharm., vol. 11, no. 4, pp. 337–
344, 1982.

84. A. Ari, O. T. Atalay, R. Harwood, M. M. Sheard, E. A. Al-
jamhan, and J. B. Fink, “Influence of nebulizer type, position,
and bias flow on aerosol drug delivery in simulated pedi-
atric and adult lung models during mechanical ventilation,”
Respir. Care, vol. 55, no. 7, pp. 845–851, 2010.

85. C. F. Robertson, M. A. Norden, D. A. Fitzgerald, et al., “Treat-
ment of acute asthma: salbutamol via jet nebuliser vs spacer
and metered dose inhaler,” J. Paediatr. Child Health, vol. 34,
no. 2, pp. 142–146, 1998.

86. Uscorporatewellness. The steps of pMDI use. https:
//www.uscorporatewellness.com/article/how-to-use-your-
metered-dose-inhaler-the-right-way/. Published 2018.

87. R. Dhand, M. Dolovich, B. Chipps, T. R. Myers, R. Restrepo,
and J. Rosen Farrar, “The role of nebulized therapy in
the management of COPD: evidence and recommendations,”
COPD J. Chronic Obstr. Pulm. Dis., vol. 9, no. 1, pp. 58–72,
2012.

88. R. Dhand, “Inhalation therapy in invasive and noninvasive
mechanical ventilation,” Curr. Opin. Crit. Care, vol. 13, no.
1, pp. 27–38, 2007.

89. S. P. Newman, A. W. Weisz, N. Talaee, and S. Clarke,
“Improvement of drug delivery with a breath actuated pres-
surised aerosol for patients with poor inhaler technique,”
Thorax, vol. 46, no. 10, pp. 712–716, 1991.

90. J. P. Mitchell and M. W. Nagel, “Valved holding cham-
bers (VHCs) for use with pressurised metered-dose inhalers
(pMDIs): a review of causes of inconsistent medication deliv-
ery,” Prim. Care Respir. J., vol. 16, no. 4, pp. 207–214, 2007.

91. J. Anhøj, H. Bisgaard, and B. J. Lipworth, “Effect of elec-
trostatic charge in plastic spacers on the lung delivery of
HFA-salbutamol in children,” Br. J. Clin. Pharmacol., vol. 47,
no. 3, pp. 333–336, 1999.

92. D. R. Hess, “Aerosol delivery devices in the treatment of
asthma,” Respir. Care, vol. 53, no. 6, pp. 699–725, 2008.

93. S. Ibn Yakubu, Investigations to identify the influence of
the inhalation manoeuvre on the ex-vivo dose emission and
the in-vitro aerodynamic dose emission characteristics of
dry powder inhalers: Studies to identify the influence of
inhalation flow, inhalation volume and the number of inhala-
tions per dose on the ex-vivo dose emission and the in-vitro
aerodynamic dose emission characteristics of dry powder
inhalers. 2011.

94. A. C. Grant, R. Walker, M. Hamilton, and K. Garrill, “The
ELLIPTA®dry powder inhaler: design, functionality, in vitro
dosing performance and critical task compliance by patients
and caregivers,” J. Aerosol Med. Pulm. Drug Deliv., vol. 28,
no. 6, pp. 474–485, 2015.

95. C. C. Smutney, P. S. Kinsey, C. R. Sahi, et al., Dry powder
inhaler and system for drug delivery. May 2016.

96. L. Borgström, “On the use of dry powder inhalers in situa-
tions perceived as constrained,” J. Aerosol Med., vol. 14, no.
3, pp. 281–287, 2001.

97. T. R. Myers, “The science guiding selection of an aerosol de-
livery device,” Respir. Care, vol. 58, no. 11, pp. 1963–1973,
2013.

98. Drugs. The steps of dry powder inhaler use. https://www.
drugs.com/cg/how-to-use-a-dry-powder-inhaler.html. Pub-
lished 2018.

99. D. Prime, P. J. Atkins, A. Slater, and B. Sumby, “Review of
dry powder inhalers,” Adv. Drug Deliv. Rev., vol. 26, no. 1,
pp. 51–58, 1997.

https://doi.org/10.1378/chest.1814806
https://doi.org/10.1378/chest.1814806
https://www.narang.com/diagnostic-equipments-products/nebulizers/index.php
https://www.narang.com/diagnostic-equipments-products/nebulizers/index.php
http://www.medwow.com/med/nebulizer/aerogen/aeroneb-pro/60134.model-spec
http://www.medwow.com/med/nebulizer/aerogen/aeroneb-pro/60134.model-spec
https://www.drugdevelopment-technology.com/projects/striverdi-respimat-for-the-maintenance-treatment-of-copd/attachment/striverdi-respimat-for-the-maintenance-treatment-of-copd1/
https://www.drugdevelopment-technology.com/projects/striverdi-respimat-for-the-maintenance-treatment-of-copd/attachment/striverdi-respimat-for-the-maintenance-treatment-of-copd1/
https://www.drugdevelopment-technology.com/projects/striverdi-respimat-for-the-maintenance-treatment-of-copd/attachment/striverdi-respimat-for-the-maintenance-treatment-of-copd1/
https://www.drugdevelopment-technology.com/projects/striverdi-respimat-for-the-maintenance-treatment-of-copd/attachment/striverdi-respimat-for-the-maintenance-treatment-of-copd1/
https://www.uscorporatewellness.com/article/how-to-use-your-metered-dose-inhaler-the-right-way/
https://www.uscorporatewellness.com/article/how-to-use-your-metered-dose-inhaler-the-right-way/
https://www.uscorporatewellness.com/article/how-to-use-your-metered-dose-inhaler-the-right-way/
https://www.drugs.com/cg/how-to-use-a-dry-powder-inhaler.html
https://www.drugs.com/cg/how-to-use-a-dry-powder-inhaler.html


AL-MUSTAQBAL JOURNAL OF PHARM. & MED. SCIENCES 2024;2:44–61 61

100. J. C. Virchow, G. K. Crompton, R. Dal Negro, et al., “Im-
portance of inhaler devices in the management of airway
disease,” Respir. Med., vol. 102, no. 1, pp. 10–19, 2008.

101. A. Ari, A. D. de Andrade, M. Sheard, B. AlHamad, and J.
B. Fink, “Performance comparisons of jet and mesh nebu-
lizers using different interfaces in simulated spontaneously
breathing adults and children,” J. Aerosol Med. Pulm. Drug
Deliv., vol. 28, no. 4, pp. 281–289, 2015.

102. M. Nishimura, “High-flow nasal cannula oxygen therapy in
adults: physiological benefits, indication, clinical benefits,
and adverse effects,” Respir. Care, vol. 61, no. 4, pp. 529–541,
2016.

103. T. A. J. Wagstaff and N. Soni, “Performance of six types of
oxygen delivery devices at varying respiratory rates,” Anaes-
thesia, vol. 62, no. 5, pp. 492–503, 2007.

104. R. B. Murray, Does Increasing Flow to a High Flow Nasal
Cannula Affect Mean Airway Pressure in an In Vitro Model?
2009.

105. M. I. Saleh, Y. M. Koh, S. C. Tan, and A. L. Aishah, “Clean-up,
detection and determination of salbutamol in human urine
and serum,” Analyst, vol. 125, no. 9, pp. 1569–1572, 2000.

106. D. P. Tashkin, “A review of nebulized drug delivery in
COPD,” Int. J. Chron. Obstruct. Pulmon Dis., pp. 2585–2596,
2016.

107. C. A. Brulotte and E. S. Lang, “Acute exacerbations of
chronic obstructive pulmonary disease in the emergency de-
partment,” Emerg. Med. Clin., vol. 30, no. 2, pp. 223–247,
2012.

108. C. I. Whale, Safety aspect of β2-agonists in chronic obstruc-
tive pulmonary diesease. 2009.

109. K. Masilamani and J. van der Voort, “The management of
acute hyperkalaemia in neonates and children,” Arch. Dis.
Child, vol. 97, no. 4, pp. 376–380, 2012.

110. K. Matsuda, M. Makhay, K. Johnson, and Y. Iwaki, “Eval-
uation of bedoradrine sulfate (MN-221), a novel, highly
selective beta2-adrenergic receptor agonist for the treatment
of asthma via intravenous infusion,” J. Asthma, vol. 49, no.
10, pp. 1071–1078, 2012.

111. J. Gordon and R. J. Panos, “Inhaled albuterol/salbutamol
and ipratropium bromide and their combination in the treat-
ment of chronic obstructive pulmonary disease,” Expert Opin.
Drug Metab. Toxicol., vol. 6, no. 3, pp. 381–392, 2010.

112. M. Cazzola, E. Grella, M. G. Matera, G. Mazzarella, and
S. A. Marsico, “Onset of action following Formoterol Tur-
buhaler®and salbutamol pMDI in reversible chronic airway
obstruction,” Pulm. Pharmacol. Ther., vol. 15, no. 2, pp. 97–
102, 2002.

113. H. Chrystyn, “Methods to identify drug deposition in the
lungs following inhalation,” Br. J. Clin. Pharmacol., vol. 51,
no. 4, p. 289, 2001.

114. D. J. Morgan, J. D. Paull, B. H. Richmond, E. Wilson-Evered,
and S. P. Ziccone, “Pharmacokinetics of intravenous and oral
salbutamol and its sulphate conjugate,” Br. J. Clin. Pharma-
col., vol. 22, no. 5, pp. 587–593, 1986.

115. M. E. Wieder, S. W. Paine, P. R. Hincks, C. M. Pearce, J.
Scarth, and L. Hillyer, “Detection and pharmacokinetics of
salbutamol in thoroughbred racehorses following inhaled
administration,” J. Vet. Pharmacol. Ther., vol. 38, no. 1, pp.
41–47, 2015.

116. M. Hindle and H. Chrystyn, “Determination of the relative
bioavailability of salbutamol to the lung following inhalation
[see comments],” Br. J. Clin. Pharmacol., vol. 34, no. 4, pp.
311–315, 1992.

117. G. G. Briggs, R. K. Freeman, and S. J. Yaffe, Drugs in Preg-
nancy and Lactation: A Reference Guide to Fetal and Neonatal
Risk. Lippincott Williams & Wilkins, 2012.

118. S. S. Egger, J. Drewe, and R. G. Schlienger, “Potential drug–
drug interactions in the medication of medical patients at
hospital discharge,” Eur. J. Clin. Pharmacol., vol. 58, pp. 773–
778, 2003.

119. S. W. Wen, T. Yang, D. Krewski, et al., “Patterns of pregnancy
exposure to prescription FDA C, D and X drugs in a Cana-
dian population,” J. Perinatol., vol. 28, no. 5, pp. 324–329,
2008.

120. R. J. Kizior and B. B. Hodgson, Saunders Nursing Drug Hand-
book 2015-E-Book. Elsevier Health Sciences, 2014.


	Update on the Efficacy of Aerosol Therapy Delivered to Obstructive Lung Disease Patients
	Recommended Citation

	Update on the Efficacy of Aerosol Therapy Delivered to Obstructive Lung Disease Patients
	1 Introduction
	2 Mechanisms of aerosol deposition in the respiratory tract
	3 Aerosol deposition in healthy lungs
	4 Aerosol deposition in diseased lungs
	5 Factors affecting the aerosolized medications delivery to the lungs
	5.1 The effect of the physicochemical properties of the inhaled drugs on inhalation: Aerodynamic characters
	5.2 The effect of the patient himself
	5.3 The effect of the physical and cognitive ability of the patient on inhalation
	5.4 The effect of interface
	5.4.1 Mouthpiece and facemask

	5.5 The effect of the age of the patient on inhalation

	6 Inhalation pattern
	6.1 Lung conditions

	7 Lung clearance mechanisms
	7.1 The effect of aerosol devices on drug deposition
	7.2 Choosing the appropriate inhaler device

	8 Aerosol drug delivery system (ADDS)
	8.1 A-Nebulizers
	8.2 Factors affecting the efficiency of nebulizers: Nebulization time

	9 Dead volume (VD)
	9.1 Humidifiers
	9.2 Gas density
	9.3 Disadvantages of nebulizers

	10 Types of nebulizers
	10.1 Jet nebulizers (JNs)
	10.2 Disadvantages of JN
	10.3 Ultrasonic nebulizers (UNs)
	10.4 Disadvantages of UNs
	10.5 Vibrating mesh nebulizers (VMNs)
	10.6 Disadvantages of VMNs

	11 The Soft Mist Inhaler (SMI) respimat®
	12 Pressurized metered dose inhalers: (pMDIs)
	12.1 Disadvantages of MDI

	13 Dry-powder inhalers (DPIs)
	13.1 Disadvantages of dry powder inhaler

	14 Connections (add on devices)
	14.1 Aerogen ultra adapter
	14.2 Instructions for aerogen ultra use: (Aerogen 2017)

	15 Oxygen therapy
	15.1 Salbutamol
	15.2 Mechanism of action
	15.3 Medical uses
	15.4 Route of administration
	15.5 Pharmacokinetics

	16 Methods for identifying pulmonary salbutamol deposition post inhalation
	16.1 Pharmacokinetic method
	16.2 Gamma-scintigraphy techniques
	16.3 Side effects
	16.4 Drug interaction
	16.5 In pregnancy and lactation

	17 Conclusions

	References

