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ABSTRACT

The antibacterial therapy in children remains a
complicated and an unsolved problem of medicine.
Despite the fact that antibiotics are largely available,
every year more and more bacteria become resistant to
these drugs. Also, there is only a small number of new
antibacterial agents introduced into practice, especially
for respiratory system infections. This is due to the fact
that systemic antibiotics poorly penetrate into the pul-
monary tissue and do not create high concentrations
at the site of inflammation. With increased doses of
systemic antibacterial agents, their toxic effect on the
body of the patient also increases. Therefore, the us-
age of inhalation route for the intake of these agents
is a modern one and reduces the risk of systemic side
effects. In the literature review conducted by us, the
main advantages of inhalation intake of antibiotics
have been examined, the analysis of the basic prepara-
tions usage has been carried out and the disadvantages
and side effects of the inhalation route of the antibacte-
rial agents intake have been identified. It is also worth
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REsumE

Perspectives d’utilisation des antibiotiques inhalés en
pédiatrie

La thérapie antibactérienne chez les enfants reste un
probleme complexe et non résolu de la médecine.
Malgré le fait que les antibiotiques forment 'un des
groupes de remedes le plus répandu, chaque année de
plus en plus de bactéries deviennent résistantes a ces
médicaments. Un petit nombre de nouveaux antibac-
tériens introduits en pratique reste également un mo-
ment négatif. Ce probléme devient particuliérement
actuel lors de maladies respiratoires. Cela est due
au fait que les antibiotiques systémiques pénétrent
assez mal dans le tissu pulmonaire et ne créent pas
de hautes concentrations au site de I'inflammation.
Avec 'accroissement du nombre de dosages des anti-
bactériens systémiques augmentent aussi leurs effets
toxiques sur l'organisme du patient. Par conséquent,
['utilisation de ces médicaments par voie inhalée est
de perspective et réduit le risque de développement
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noting that the inhaled antibiotics are practically not
used as monotherapy, but only in combination with
antibiotics with systemic action. They cannot be an
alternative or a substitute for systemic drugs. The usage
of this group of drugs makes it possible to improve the
results of treatment of the respiratory diseases in chil-
dren, especially with chronic inflammatory processes.
The inhaled antibiotics can be one more important
step in the fight against antibiotic resistance.

Keywords: antibacterial agents, inhaled antibiotics,
inflammatory respiratory diseases, children, nebulizer
therapy.

INTRODUCTION

The usage of the antibacterial drugs in pediatrics
remains an actual and a complicated problem. The
irrational usage of antibiotics leads to the increased
resistance of pathogens and ineffectiveness of the al-
ready known drugs"?. According to the World Health
Organization (WHO), less than 50% of patients re-
ceive adequate and rational antibacterial therapy"**.
An extremely important issue is the development of
antibiotic resistance in diseases of the respiratory
system"’. The main problem of antibiotic therapy in
these diseases is a poor penetration of intravenous
and oral forms of antibiotics into the lungs. The tra-
ditional intravenous intake of antibiotics with a wide
spectrum of action does not allow achieving their bac-
tericidal concentration in the lungs, which leads to an
increase in the resistance of microorganisms and the
duration of the antibiotic therapy"’.

The perspective direction of the antibiotic thera-
py for respiratory diseases is the usage of inhaled anti-
biotics (IA)"®7. The inhalation route of intake is used
for medicinal products of various groups: antibiotics,
antifungal, antituberculous, immunosuppressors, vac-
cines, interferons, and others and has been known
for a very long time. The inhaled antibiotics have a
long history of usage in the treatment of infections
of the lower respiratory tract'. They have been used
for over 50 years in different age groups of pulmonary
patients®. The usage of these drugs in patients with
cystic fibrosis, chronic carriers of Pseudomonas aerugi-
nosa, has been widespread.
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d’effets secondaires systémiques. Suite a notre revue
de la littérature nous avons examiné les avantages
principaux des antibiotiques par voie inhalée, nous
avons analysé l'utilisation de médicaments essentiels
et nous avons déterminé les inconvénients et les effets
secondaires de la voie inhalée des antibactériens. Il
mérite également a noter que les antibiotiques inhalés
ne sont pratiquement pas utilisés en monothérapie,
mais seulement en association avec des antibiotiques
systémiques. Ils ne peuvent pas étre une alterna-
tive ou un substitut aux médicaments systémiques.
Lutilisation de cette classe de médicaments permet
d’améliorer les résultats du traitement des maladies
respiratoires chez les enfants, tout particuliérement
dans 'inflammation chronique. Les antibiotiques
inhalés peuvent devenir une autre étape importante
dans la lutte contre la résistance aux antibiotiques.

Mots-clés: antibactériens, antibiotiques inhalés, ma-
ladies inflammatoires des poumons chez les enfants,
thérapie par nébulisation.

Delivery of antibiotics through inhalations has
significant benefits in the treatment of lower respira-
tory tract infections, compared with systemic (oral or
intravenous) therapy. Among the main undoubted
advantages of using IA are:

e Direct delivery of the antibiotic to the infection
site. Usage of modern nebulizers allows to deliver
50-70% of the IA dose actually into the center of
infection"?;

e Achieving high concentrations of antibiotic in the
sputum, which is significantly higher than after
intravenous intake, that is especially important in
the treatment of infections caused by polyresistant
strains and preventing the appearance of resist
anceb101;

e Reducing the risk of systemic toxic effect of anti-
biotics, due to the minimal systemic absorption of
drugs®12,

e Dossibility of usage in patients of any age®

Aerosol intake of high concentrations of antibiot

ics (in particular, aminoglycosides) allows overcom-

ing the antagonistic effect of the purulent sputum
on the biological activity of the drug®;

e Reduced number of hospitalizations;

e Positive effect on the quality of the patients’ life;

e Possibility of therapy at home!>",

Using modern nebulizers, the drug can be in-
haled when the patient breathes in a relaxed state. So,
no specific inhalation maneuver is required®.

The effectiveness of the inhalation drug is also
determined by many factors that influence the dis-
tribution of the drug in the respiratory tract (type of
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nebulizer and compressor, size of the particles of the
drug, rate of the aerosol delivery, age of the patient,
severity of the underlying disease)'.

[t is important to note that the inhaled antibiot-
ics are not used as a monotherapy without systemic
drugs, because their degree of absorption into the
blood is low (2-4%) and not sufficient for systemic
effect and treatment of concomitant infections and
secondary lesions®.

Indications for the inhaled antibiotics usage for
treating respiratory tract infections in children have
not been defined until today. Further studies are
needed to determine the significance of these drugs
in infancy patients.

The largest domestic and foreign experience of
using IA is accumulated in the treatment of acute
and chronic infection in patients with cystic fibrosis,
with exacerbation of bronchiectasis and severe pneu-
monias. In particular, the aerosolized antibiotics re-
duce the frequency of exacerbations, reduce the den-
sity of sputum in the respiratory tract, improve the
function of the lungs, improve the quality of life in
patients with cystic fibrosis”®. Therefore, these dosage
forms are considered to be standard for a long-term
treatment of lung deficiency with cystic fibrosis and
are recommended by the American Thoracic Society
(ATS) in the Clinical Pulmonary Guidelines>',

According to a large German study conducted
by S. Ehrmann et al.'’; 99% of physicians from re-
suscitation departments use an inhalation method of
drugs intake, among them 43% use nebulizers (55%
jet, 44% ultrasound, 14% nebulizers with a vibrating
plate). 80% of the respondents use inhaled colistin,
and 30% conduct inhaled antibiotic therapy at least
once every 2 months"!7,

Unfortunately, today, a small amount of antibi-
otics can be used by inhaling, and solutions for par-
enteral use have high osmolarity, acidity and contain
preservatives, in particular phenols, that irritate the
respiratory tract (cough, wheezing, chest pain)¥. At
present, special inhalation forms for the patients
treatment exist only for colistin, tobramycin and az-
treonam'®'®, Also, in recent years, the inhaled fluo-
roquinolones, amikacin, cephalosporins, phosphomy-
cin, vancomycin and others began to be used in some
countries. Perspective is the usage of the inhaled an-
tibiotics combinations: phosphomycin/tobramycin,
colistin/tobramycin®.

Colistin

The antibiotic colistin (colistimethate sodium)
belongs to the group of polymyxins. It was first de-
tected in the middle of the 20" century, as a product
of the bacteria Bacillus colistinus fermentation®. Due
to their cationic nature, polymyxin antibiotics are

capable of damaging cell membranes of bacteria'*.

Colistin is a bactericidal antibiotic and active against
Gram-negative bacteria, including P. aeruginosa®.
Colistin is included into the clinical practice for the
treatment of carbapenem resistant gram-negative bac-
teria. The inhaled colistin (50-75 mg, 2-3 times a day)
is used for the long-term treatment of the cystic fi-
brosis infectious complications, both in hospital and
in outpatients. In addition, colistin is used for the
treatment of ventilated and associated pneumonias
and severe infectious diseases of lungs caused by the
Gram-negative flora, especially the Pseudomonas aer
uginosa'.

There are no specific requirements for inhala-
tion devices of colistimethate sodium, so the drug
can be intaken with ultrasonic or jet nebulizers or
devices with a pulse flap (mesh devices)™.

In 2011 a randomized, double-blind, phase III
study on safety of a new form of colistimethate so-
dium in the form of powder that was used through
the inhaler (Colobreathe, Forest Laboratories, UK)
was completed and, after the drug registration by the
European Medicines Agency in 2012, it began to be
applied in Europe'*".

Colistin is the most complicated antibiotic for in-
halation intake, because it is a pro-drug (colistimeth-
ate), which should be hydrolyzed for its activation.
The latter process is too slow and is accompanied by
a release of formaldehyde and bisulfites. Colistin is a
mixture of cyclic cationic peptides, which can damage
not only microbial cells, but also respiratory tract and
pulmonary cells'.

Patients generally tolerate colistimethate so-
dium good. The most important side effect is bron-
chospasm?®®. Wheezing with a temporary decrease
of forced expiratory volume (FEV)) was registered
in 17.7% of patients '>*'. Especially often, bronchial
spasm is noted in patients with a bronchial asthma or
hyperactivity of the respiratory tract!. This side effect
can be relieved by intake of shortacting agonists of
beta-2 adrenergic receptors before treatment®.

Colistin is not approved for usage in the United
States, because of a patient’s death after inhalation
of the drug, by development of acute respiratory dis-
tress syndrome in a patient with a cystic fibrosis'.
After mixing colistin with sterile water, it turns into
a biologically active form with the formation of active
components of colistin A (polymyxin E1) and colistin
B (polymyxin E2). In this case, the polymyxin E1 is
toxic to the lung tissue. Mixing of colistin in an aque-
ous solution and storing it for more than 24 hours
lead to an increase in the concentration of polymyxin
El and an elevated toxicity potential®. Despite this,
colistin is used in centers of cystic fibrosis in the
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United States for the treatment of chronic infection
of P. aeruginosa®.

Aminoglycoside antibiotics

Aminoglycosides are among the most effective
and safe antibiotics for inhalation intake'. These an-
tibacterial drugs have several characteristics, which
make them attractive options for the delivery of aero-
sol. First, their antibacterial effectiveness depends
on the concentration, that is, the high concentration
of the drug, which is achieved in the lungs after in-
halation, can lead to a pronounced bactericidal ac-
tion and, consequently, improve clinical efficacy’.
Secondly, they have a dose-dependent systemic tox-
icity, that is, the highest doses that can be used for
intravenous intake result in low permeability into
the lungs®??. Finally, aminoglycosides often maintain
activity against the Gram-negative microorganisms,
which are common pathogens for severe chronic in-
fections of the respiratory tract’. For these reasons,
the main part of the literature concerning the deliv-
ery of antimicrobial substance with an inhalation
method is concentrated on aminoglycosides™?***,

Tobramycin

The aminoglycoside tobramycin is an antibac-
terial drug that inhibits the synthesis of protein, ir-
reversibly binding to subunits of 30S bacterial ribo-
some?’,

Tobramycin, intended for intravenous intake,
before the appearance of the inhalation form, was
diluted with a physiological solution and used in in-
halations through a nebulizer?®. A specific formula
of tobramycin for inhalation was developed in the
1980s". In studies published in the early 90’s, the
effectiveness of this drug in chronic lung pathology,
in particular for the elimination of P. aeruginosa in
patients with cystic fibrosis, was established®.

This antibacterial agent is effective against most
Gram-negative microorganisms, but usually it does
not exhibit significant effects against the strains
of Burkholderia cepacia complex and S. maltophilia,
although it affects the strains of Enterococcus and
Staphylococcus?. The bactericidal activity against most
aerobic Gram-negative microorganisms, including
against P. aeruginosa, depends on the concentration
of the drug.

During the intravenous intake of tobramycin,
its penetration into the lungs is small and consti-
tutes 32%, the concentration in the sputum is less
than 10% of the minimum inhibitory concentration
(MIC), and the risk of toxic effects is quite high ..

Since the bactericidal effect can be reliable only
in concentrations containing 25-fold minimal in-
hibitory concentration, for achieving a concentration
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that inhibits P. aeruginosa in the respiratory tract,
high doses of the drug are required that can only be
achieved with inhalation intake'.

Nowadays, inhalational tobramycin (IT) is one
of the most common antibacterial drugs used to elim-
inate blue-purulent infection in patients with cystic
fibrosis. This is due to many factors. In particular,
it is known that the penetration through the wall
of the bacterial cell is an energy-dependent process
and it worsens in anaerobic conditions, therefore
the low partial pressure of oxygen in purulent cork
in cystic fibrosis (CF) can limit the effectiveness of
aminoglycosides'. In a solution of tobramycin for in-
halations, the drug particles are charged positively,
and it is believed that with CF tobramycin is bound
in the respiratory tracts to negatively charged DNA
strands and membranes of P. aeruginosa'®. The choice
of tobramycin for inhaled therapy is due to its high
anti-pseudomonadal activity, which exceeds such ac-
tivity for gentamycin, with a low level of initial resist
ance of P. aeruginosa in patients with CF, a long-term
aftereffect (suppression of a bacterial growth in vivo
up to 10-12 hours after single usage), a chemical sta-
bility in different conditions, a lower toxicity than
other aminoglycosides have, and acceptable flavoring
properties'®,

When the inhalational tobramycin is used,
the drug mainly stays in the respiratory tract, and it
doesn’t penetrate through the respiratory epithelium.
The bioavailability of tobramycin depends on the in-
halation technique and on the state of the respira-
tory tract'. The tobramycin is excreted mainly with
sputum, a small part - with a glomerular filtration"?.

Against the background of an increase in
frequency of the inhalational tobramycin in pa-
tients with CF in the last decade, there has been
a progressive increase in the minimum inhibitory
concentration (MIC) of this antibiotic for P. aerugi-
nosa. The widespread CF causative agents, such as
Stenotrophomonas maltophilia and Burkholderia cepacia,
become resistant to tobramycin'®!5,

The use of the inhalational tobramycin in pa-
tients with CF is justified from the point of view of
the evidence-based medicine (level of evidence A) and
is recommended by national and international guide-
lines for treatment of pulmonary infection caused
by P. aeruginosa'. Currently, indications for inhaled
intake of tobramycin in patients with bronchiectasis
and nosocomial pneumonia are being expanded?®.
High efficiency and safety of theinhalational tobramy-
cin usage in children - chronic carriers of a tracheos-
tomy tube are shown?’.

Currently, in the world 3 drugs of tobramycin
especially designed for inhalations are widely used:
tobramycin - a solution for inhalations «Bramitob,
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{Tobi» and tobramycin in the form of powder - <Tobi
Podhaler». All these drugs are intended for a basic
therapy in adults and children with CF and a con-
firmed infection with P. aeruginosa>%.

Preparations of tobramycin solutions for inha-
lations do not differ one from another in composi-
tion, way of inhalation and destination scheme!*.
However, the existing differences in the properties of
these solutions (concentration, osmolarity) determine
their differences in the rate of inhalation (the time of
inhalation of ,Bramitob® is 30% less) and the toler-
ability of the therapy (in a multicenter, randomized,
controlled trial, the number of patients who left be-
cause of the cause of undesirable effects from the side
of the respiratory system (cough, bronchospasm), was
less using ,, Bramitob“ in comparison with the drug
s Tobi“)4,

The tobramycin in the form of powder (dry
powder) for inhalations has been developed and reg-
istered in recent years. The particles containing the
active substance (Pulmonary Spheres) are packed into
capsules and are sprayed with a portable powder in-
haler TT326 (Novartis Pharmaceuticals)**. Each cap-
sule with the tobramycin contains 28 mg of active
substance®®. Time required to inhale a single dose of
the drug is 6 minutes, which is 14 minutes less than
for , Tobi“ inhalation®.

Unlike to parenteral, inhalational forms of to-
bramycin do not have nephrotoxicity or ototoxicity?®.
This is due to the fact that the inhalational form
provides a low concentration of tobramycin in blood
plasma after inhalation (<1 mg/L), which is much
lower than the concentration that causes systemic
toxic effect (> 10-12 mg/L)?.

The inhaled tobramycin is mainly well tolerated.
The most common side effects are cough (41-88%),
voice change (12-16%), and ear tension (3%)">*!. The
symptoms, as a rule, are transient and stop when the
medicinal product is discontinued. However, the
complaint of ear tension may be one of the initial
symptoms of severe ototoxicity'.

The studies show that children between the age
of 6 months and 6 years tolerate inhalations withto-
bramycin solution well without any side effects. The
time of the procedure increases according to the age
of the patient. Some children (in the age group from
6 months to 3 years), due to the duration of the pro-
cedure up to 2530 minutes, need breaks during the
inhalation for 3-5 minutes*.

Amikacin

Amikacin is a semi-synthetic antibiotic from the
group of aminoglycosides, which has a wide range
of antibacterial effect. It is the most active against
gram-negative microorganisms, including strains

resistant to gentamycin. For the aerosol therapy the
amikacin is used twice a day - 100 mg (2 ml), diluted
in 2-3 ml of a physiological solution®.

The inhaled intake of amikacin is a perspec-
tive addition to the standard therapy for pulmonary
non-tuberculous mycobacterial (NTM) infections.
The use of the aerosolized amikacin with a standard
oral antibiotic therapy for pulmonary NTM infection
can improve the effectiveness of treatment without
increasing the risk of systemic toxicity*.

It has been established that in comparison with
the systematic use of amikacin, the aerosolized form
of the drug has a lower amount of toxic side effects*.
So, according to data of K.N. Olivier et al (2013), only
two patients (10%) stopped treatment due to hear-
ing loss, and one of them could renew treatment at
a lower dose without additional ototoxicity**. The
dysphonia was a relatively frequent symptom, but it
could have been reduced by adjusting the dose prac-
tically in all patients. Side effects of the therapy also
included sore throat (transient) and oral candidiasis??.

Very perspective is usage of the inhalation form
of liposomal amikacin. Thus, in an open long-term
research, which studied the usage of the , Arikace®
drug during cystic fibrosis at a dose of 560 mg per
day by repeated courses of 28 days with intervals of
56 days, its apparent clinical effect was proved in
the form of the improved pulmonary function and
decreased bacterial insemination, which were stored
even in the non-inhalation period'".

Aztreonam

Aztreonam is a synthetic antibiotic of the
monobactam range (monocyclic B-lactam) that is ac-
tive against the Gram-positive aerobic microorgan-
isms, with activity against P. aeruginosa and other
Gram-negative pathogens, and resistant to most
B-lactamases'*".

Aztreonam lysine is a new medical form that was
certified in 2010 for aerosol treatment of infection
caused by P. aeruginosa in patients with CF'. In par-
ticular, the drug ,AZLI“ includes substances that are
safe for inhalations, while Aztreonam arginine, which
is used for intravenous intake, with a prolonged inha-
lational therapy, can cause inflammation in the res-
piratory tract in patients with CF®. Aztreonam lysine
is intaken through the eFlow electronic nebulizer,
providing deposition in the peripheral regions of the
lungs after 2 minutes of inhalation®®. Clinically sig-
nificant synergy of the inhaled aztreonam with ami-
noglycosides against P. aeruginosa has been proved'.

In a double-blind placebo-controlled research,
patients with CF over 12 years of age, in a stable
state, independently took ,AZLI“ once a day with
an increased dose from 75 to 150 and 225 mg, or

June 2018 / 263



Perspectives of the inhaled antibiotics usage in pediatrics —- BOYARCHUK et al

placebo. The preservation of the anti-syngene activity
of the antibiotic when intaken via a nebulizer and
the absence of its activity inhibition with sputum was
found™. The conducted analysis of the usage of aztre-
onam lysine in 195 patients showed that a prolonged
usage of this drug is safe and effective’”. This research
demonstrated improved lung function and quality of
life without increasing resistance to aztreonam®.

In a 18-month research, the confirmation of safe-
ty and efficacy of the drug in pediatric patients has
been confirmed?”. As a rule, the inhaled aztreonam
is well tolerated". The most commonly reported side
reactions include cough (32-35%), headache (6-11%),
bronchospasm (6-10%), nasal congestion (7-10%) and
rhinorrhea (7%)">%. There are reports about patients
with the development of bronchospasm because of
the usage of this drug, so, it is necessary to take into
account the results of the usage of a controlled trial
dose under the supervision of a doctor, especially in
patients with severe pulmonary disease®.

Fluoroquinolones

Fluoroquinolones are important antibacterial
agents in the treatment of respiratory diseases, tak-
ing into account their high efficiency to a relatively
wide range of microorganisms, a special mechanism
of action and a good permeability into the pulmonary
tissue®. The usage of this group of drugs in pediatric
is limited due to possible side effects, in particular
arthro- and chondrotoxicity’®?¢. These drugs are per-
mitted to be used for the eradication of P. aeruginosa
in children with cystic fibrosis. That’s why, in case
of cystic fibrosis and other severe chronic processes
in the lungs caused by Pseudomonas aeruginosa, the
usage of the inhaled forms of fluoroquinolones in
children is very promising, taking into account the
lower number of side effects and the possibility of us-
ing higher concentrations of the drug at the center of
the lesion!>¢,

Ciprofloxacin

Ciprofloxacin is fluoroquinolone, which inhibits
the synthesis of bacterial DNA, blocking DNA-gyrase
and topoisomerase 1V, which are required for DNA
replication®®, The drug is widely used in oral form in
patients with CF and other diseases.

Ciprofloxacin is used for inhalations in the form
of dry powder® and a liposomal form®#°, Taking into
account its adequate tolerability and a minimal sys-
temic action, this drug is used to treat patients with
chronic inflammatory diseases of the lungs caused by
P. aeruginosa®’.

The liposomal form of the inhaled ciprofloxa-
cin has potential benefits, including controlled and
long-term effect release of the drug at the site of
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action, protection against drug degradation, systemic
exposure and cellular uptake!>*!.

The intake of cyprofloxacin in the form of an
aerosol (early known as BAY Q3939), with small par-
ticles or enclosed in liposomes to the guinea pigs in-
fected with Legionella pneumophilia, or mice infected
with Francisella tularensis, prevented the death of ani-
mals, that indicates the delivery of aerosol into the
lower respiratory tract'*. After the successful comple-
tions of Phase [ and II of the studies on safety and
efficacy of the inhaled liposomal ciprofloxacin, the
possibility of the drug intake once a day was con-
firmed'*'. The most common side effects reported
while using the inhaled ciprofloxacin in powder form
are bitter taste in the mouth (14-94%), bronchospasm
(50-67%), headache (17-33%) and cough (3-17%)">*%4,

Levofloxacin

The inhaled levofloxacin has been recently in-
troduced and is currently approved to be used in
Europe in patients with CF and chronic P. aeruginosa
infection". The medical form of levofloxacin for aero-
sol intake was registered under the name ,Aeroquin®
and specially prepared for intake via a nebulizer
eFlow". Duration of inhalation of the drug does not
exceed 4-6 minutes!’. The main way of eliminating
the drug from the lungs is systemic absorption'.

The conducted researches that compared differ-
ent doses of the inhaled levofloxacin (120, 240 mg a
day, 240 mg twice a day) with placebo in 151 patients
demonstrated a dose-dependent improvement in lung
function and a significant reduction exacerbations
frequency within 28 days". The most commonly re-
ported side effects during the levofloxacin usage in-
clude cough, taste disturbance, general weakness**,

Fosfomicin

Fosfomicinis a bactericidal, antibacterial agent
of a wide spectrum of activity that is capable of in-
hibiting the initial stage of the peptidoglycan forma-
tion of the cell wall of bacteria. The drug also has
anti-adhesive properties that prevent bacteria sticking
to the epithelium (in particular, the urogenital tract).

The inhaled fosfomicin has an antimicrobial ac-
tivity against both gram-negative and gram-positive
microorganisms. The remedy is recommended to be
combined with other antibiotics to avoid the rapid
development of resistance to it'%*. A combination of
fosfomicin and tobramycin in a ratio of 4: 1 was es-
pecially developed by Gilead Sciences (USA) for usa-
gevia the eFlow nebulizer to control P. aeruginosa'*".
However, there is a high chance for some patients to
experience side effects such as local reactions, irrita-
tion of the respiratory tract mucous membrane, voice
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obstruction, bronchial obstruction, bronchial hyper-
responsiveness'*.

In recent years, cephalosporins, in particular
ceftazidime, are more often used for inhalations®.
The drug is used most for the treatment of ventila-
tory-associated pneumonia and cystic fibrosis (in the
presence of infection with Burkholderia cepacia). An in-
jectable solution of ceftazidime is used, diluted with a
physiological solution and injected into the respiratory
tract using a jet spray*®. Nevertheless, the usage of the
inhaled beta-lactam antibiotics is not entirely appro-
priate, since their antibacterial activity depends on the
time of action that requires frequent inhalations.For
example, for effective inhalation therapy with ceftazi-
dime, inhalations are required every 3 hours (8 times

a day), which is difficult to implement in practice'.

General side effects and disadvantages of the
inhaled antibiotics usage.

According to Quon B.S. et al (2014), known or
potential adverse effects of the inhaled antibiotics are
divided into three main categories: local, systemic,
and emergence of antibioticresistant organisms*,

Local effects include transient bronchial obstruc-
tion due to high osmolality and the presence of con-
servants in some solutions''. Modified taste, dyspho-
nia and throat irritation are also common side effects
associated with the inhaled antibiotics. To avoid the
development of these side effects, only special inhala-
tional forms should be used and pre-inhalation of the
bronchodilator should be made. The osmolality of the
solution for inhalations should be 150-1200 mOsm/kg,
sodium content 77-154 mEq/L, neutral pH, the con-
tent of chlorides should be at least 30 mEq for better
penetration of the antibiotic into the cells and in order
to avoid the development of cough and bronchospasm'.

Modern knowledge about the systemic effects
of the inhaled antibiotics remains limited, especially
for forms of antibiotics specifically designed for us-
age in the respiratory tract*®, Usually systemic side
effects are special for different groups of antibiotics
and have been discussed above; however, it is worth
noting some circumstances that increase systemic
toxic effects of drugs. In particular, the systemic ef-
fect increases with abnormality of kidney and liver
function, which reduces the efficiency of the antibi-
otic utilizing that has fallen into the blood stream.
The development of systemic side effects may be as-
sociated with the absorption of antibiotics into the
blood, which is significantly increased in pneumonia
compared with healthy lungs"**,

The most common clinical problem with the use
of the inhaled antibiotics is the emergence of resist-
ant pathogens. This is especially actual for long-term
aeration of P. aeruginosa, Burkholderia cepacia,

Stenotrophomonas maltophilia and Achromobacter xylosox-

idans in patients with cystic fibrosis*.

Also, the disadvantages of the infusion antibi-
otic therapy associated with the drugs intake via the
nebulizer are important:

1) Duration of the procedure. For patients, who use
inhaled antibiotics, nebulizer therapy can take up
to 2 hours a day. This time is required to prepare
a nebulizer, inhale the drug and clean the nebu-
lizer after its usage. For colistin and other drugs,
it is necessary up to 10 minutes to dilute the ap-
propriate dose in water for injections in order to
produce the isotonic solution®*,

2) The usage of nebulizers includes a risk of infection
if the device is not properly cleaned®®.

3) Nebulizers are cumbersome and less portable than
other devices®.

4) Nebulizers require regular maintenance and re-
placement of components®.

In addition, the cost of the inhaled antibacterial
drugs is not less important for patients as compared
to the systemic drugs and the cost of a nebulizer with
its components.

CONCLUSIONS

The usage of the inhaled antibiotics in children is
a promising direction of the respiratory diseases treat
ment, taking into account the ability to use locally high
concentrations of the drug with minimal systemic com-
plications. These drugs have the most proven efficacy
when treating chronic infections with Pseudomonas
aeruginosa and other pathogens in patients with cystic
fibrosis, where their usage is considered the most ap-
propriate today. The inhaled antibiotics are practically
not used as a monotherapy, but only in combination
with systemic antibiotics. They cannot be an alterna-
tive or a substitute for systemic drugs. However, in
severe pulmonary diseases, where the effectiveness of
the traditional antibiotic therapy has bad results, the
inhaled antibiotics are means of choice. That’s why the
development of new inhalational forms of antibacte-
rial drugs, the improvement of already existing dosage
forms and ways of drugs intake into the respiratory
tract is a perspective direction of modern pediatric pul-
monology and medicine in general.
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