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Abstract. Recently, nebulized therapy has become in-
creasingly popular in practical medicine due to the ef-
fectiveness, accessibility and appearance of a wide range 
of nebulized dosage forms.

Today the basis of nebulized therapy is modern technol-
ogy, which is successfully applied worldwide and increases 
the effectiveness of treatment and in some aspects has be-
come indispensable in various fields of medicine, especially 
in emergency care, as well as in pulmonology and phthis-
iology, pediatrics and geriatrics.

The article describes the types of nebulizers, the principle 
of their work, the main drawbacks and advantages in de-
tail. The main indications and contraindications to nebu-
lized therapy are listed. Practical recommendations about 
techniques and rules for providing nebulized therapy and 
typical errors as well as a list of basic medications recom-
mended for use in nebulizers are given.

Key words: nebulizer, nebula (nebulizing solution), neb-
ulized therapy, pulmonology.

Inhalation therapy is one of the oldest methods of treat-
ment. Aerosols were widely used in the form of vapors 
of various substances and medicinal plants, as well as smoke 
from the combustion of solids for the treatment of many 
diseases but mainly respiratory organs in medicine.

Aerosols are dispersed systems consisting of a gas that 
contains solid or liquid particles. There are natural aero-
sols in nature such as the air of seaside resorts, phytoncides 
and terpenes, they are emitted by plants, etc.

The nebulizer (from the Latin nebulo –  fog, cloud) 
is a device for generating an aerosol which containing fine 
particles. Today, the basis of nebulizer therapy is modern 
technology, which is successfully applied worldwide and 
increases the effectiveness of the treatment of many dis-
eases [3, 14, 15].

Nebulizers can be stationary, which is used in hospitals, 
and individual for the treatment of individual patients. 
In connection with accessibility and convenience, more 

and more patients in our country apply individual nebu-
lizers [2, 6, 13].

Only those devices may be called nebulizers that meet the 
requirements of the European standard of nebulizer ther-
apy EN13544–1 [1, 18], namely:

• 50% or more of the aerosol particles should have a size 
less than 5 microns;

• The residual volume of the medicinal substance after 
inhalation is not more than 1.0 ml;

• Time of inhalation –  no more than 15 minutes at a vol-
ume of solution 5,0 ml;

• Recommended flow –  no more than 10 l / min, pres-
sure –  2–7 bar;

• Productivity –  not less than 0,2 ml / min.
Choosing the type of nebulizer and the correct technique 

of its application has a great influence on the effectiveness 
of therapy.

The main types of nebulizers:
• Compressor (jet, pneumatic);
• Ultrasound;
• Mesh (MESH, membrane).
Jet nebulizers obtained more widespread clinical applica-

tion today, the nebulizer system in which is a device con-
sisting of a reservoir for a medicinal product –  a nebulizer 
chamber, a mouthpiece or a mask, a nasal cannula, thin 
silicone tubes and a source of a «working» gas –  a com-
pressor (a device that produces a stream of air).

The principle of operation of a compressor nebulizer is based 
on the Bernoulli effect (Fig. 1). The energy of the compressed 
gas (air or oxygen) is used, which comes under high pressure 
from a built in compressor through a narrow hole –  a dif-
fuser in a nebulizer chamber. At the exit from this opening the 
pressure drops and the gas velocity increases significantly, that 
leads to entering of fluid from the nebulizer chamber in this 
area through the narrow channels. The liquid at the meet-
ing with the air stream is divided into small particles of the 
size from 15 to 500 microns (forming a «primary» aerosol). 
Subsequently, these particles are in contact with the deflector, © D.V. Dobryanskyi, G.L. Gymeniuk, P.F. Dudka, R.I. Ilnytskyi,  
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resulting in the formation of a «secondary» aerosol –  ultra–
fine particles of a size preferably of 0.5 to 10 microns, which 
are inhaled, and a large proportion of particles of the primary 
aerosol is deposited on the inner walls of the nebulizer cham-
ber and again takes part in the process of formation of an aero-
sol [8, 18].

The mouthpiece helps to send a high dose of the drug 
to the lower respiratory tract (LRT), because inhalations 
through the mouth are much more effective than inhala-
tions through the nose in the treatment of diseases LRT. 
A significant amount of the drug is lost with daily appli-
cation of the drug through the mask and the risk of local 
undesirable reactions increases. For example, ipratropium 

bromide can cause eye irritation when it is inhaled through 
a mask [8].

It is also possible to use the facial mask and to provide na-
sal inhalation using the nasal cannula. The mask is mainly 
used in children under 5 years old and in patients who can-
not use a mouthpiece.

Dry powder inhalers may be used in children over 6 years 
old, but only if the child is well trained in inhalation tech-
nique and may correctly perform the respiratory maneuver.

Inhale and exhale need to be done through the nose 
(nasal inhalation) in diseases of the nose, the nasophar-
ynx it is recommended to use special nasal nozzles (na-
sal cannula).

Fig. 1. Scheme of aerosol production.
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The main types of compressor (jet) nebulizers:
1) Convective nebulizers produce an aerosol at a con-

stant rate both in the inhalation and exhalation phase; the 
drug gets into the respiratory tract only during inhalation, 
and during exhalation it enters the environment. The main 
disadvantage of this type of nebulizers is that the genera-
tion of aerosols proceeds into the inhalation and exhala-
tion phase, so big part of the drug gets into the atmosphere, 
which increases the cost of treatment.

2) A nebulizer, which works in steady state and manages 
manually. The patient is able to stop aerosol discharges 
in the exhalation phase, thereby reducing its release into 
the atmosphere. Manual breath–operated devices do not 
apply to children, elderly and severely ill.

3) Breath actuated nebulizers are constantly producing 
aerosol. However, the release of aerosol increases during 
inspiration and weakens during exhalation; this is achieved 
due to the presence of an additional special valve in the 
aerosol formation area (in some models due to the special 
design a so–called «virtual» valve is created). These mod-
els significantly reduce the loss of aerosol during exhala-
tion and increase the entrance of drug in the lungs when 
it is inhaled.

4) Synchronized with breathing (dosimetric nebuliz-
ers) generate an aerosol only in the inhalation phase due 
to a special valve which is operated by an electronic sensor. 
Thus, practically 100% of the use of the active substance 
is achieved. The disadvantage of this device is the dura-
tion of one inhalation and a significant cost of the device.

The main advantages of the compressor (jet) nebulizers 
are inhalation of practically all liquids that have a small 
residual volume (the amount of solution remaining at the 
bottom of the chamber at the end of inhalation and can-
not be converted into aerosol), easily undergoing purifica-
tion and sterilization [8, 18]

The main disadvantages of most of the compressor nebu-
lizers are considerable size and high noise during work [8]. 
Although today the Ukrainian market also presents bud-
get, compact and portable models of compressor nebuliz-
ers that can be recharged in the car and convenient to take 
it in a trip [2].

There is a large choice of budget models among the com-
pressor nebulizers, but it must be borne in mind that the 
increment of the technical characteristics of the device sig-
nificantly increases its value and accessibility in the pop-
ulation.

Ultrasonic nebulizer
In ultrasonic nebulizers the aerosol is created by ultra-

sonic vibrations generated by the piezoelectric element 
(Fig. 2).

The main advantages of ultrasonic nebulizers are com-
pact and almost silent in operation.

The main disadvantages are limited clinical use because 
they cannot create a viscous liquid aerosol and have a larger 
amount of residual fluid. Under the influence of ultra-
sound, including through the heating of the drug, some 
substances that have large molecules (eg antibiotics, corti-
coids) are destroyed [5, 8, 18].

Ultrasonic nebulizers cannot be processed with thermal 
methods of disinfection.

MESH nebulizers
The principle of the work is that ultrasound does not 

shred the drug, but pushes it through a very small mesh 
(Fig. 3), the so–called MESH–technology (MESH –  the 
number of holes made in one inch length –  2.5 cm).

The use of MESH technology is essential in the forma-
tion of a monodisperse aerosol with certain particle sizes 
that are not destroyed by ultrasound.

The main advantages are compact size, silent work. One 
of the additional advantages of this type of nebulizers is that 
it operates effectively in almost any position relative to the ho-
rizon and has a very small (≈ 0.1 ml) residual volume [5, 9].

The main disadvantage is the high cost of the device.

Advantages of nebulizer therapy:
• In the case of oral administration of the drug during 

passage through the intestinal tract and the liver it under-
goes active metabolism and the drug is already in the al-
tered form, a lower concentration and begins to act later 
in its place of action.

• Inhalation rote of delivery of drugs makes it possible 
to create a high concentration directly at the site of the 
lesion and allows to minimize systemic effects (including 
minimizing of systemic side effects), which is especially im-
portant for the treatment of respiratory diseases that have 
a long or chronic course (cystic fibrosis, chronic bronchitis, 

Fig. 3. Scheme of work of MESH nebulizer.

Fig. 2. Device of US-nebulizer
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bronchial asthma (BA), chronic obstructive pulmonary dis-
ease (COPD)).

• The therapeutic concentration of medicines in the 
blood after inhalation lasts longer than when it is admin-
istered intramuscularly.

• A painless way of administering of drugs.
• Provides rapid action of the drug.
• Provides the ability to apply multiple drugs at the same 

time.
• Allows to reduce the systemic dose of drugs (cortico-

steroids, antibiotics) or do not apply them at all (for ex-
ample, for treatment of exacerbation of asthma or COPD).

• Ability to use at all stages of medical care 
(at home, «emergency» help, clinic, hospital, emergency 
department).

• Possibility of humidifying the airways simultaneously 
with the delivery of the drug.

• Possibility of inhalation and simultaneous supply of ox-
ygen.

• Significant reduction of expenses for provision of emer-
gency medical care.

• Reduces the risk of hospitalization and reduces the 
number of visits to a doctor.

Advantages of nebulizer therapy compared with other 
delivery devices:

• Large lung bioavailability. To achieve maximum phar-
maceutical activity of the active substance by influencing 
on the large area of   the surface of the respiratory tract and 
the possibility of getting into weakly ventilated lung de-
partments.

• When there is a need to inhale large doses of the drug 
(exacerbation of asthma or COPD when pulmonary bio-
availability is significantly reduced due to narrowing of the 
bronchi, mucosal edema and sputum).

• Simple inhalation technique and ease of use –  no need 
to coordinate breathing with aerosol delivery.

• Possibility of long exposure to drugs.
• Opportunity to achieve optimal dispersion of the aero-

sol.
• Does not contain propellants that irritate the respira-

tory tract.
• Insignificant precipitation of the drug in the mouth and 

the pharynx.
• Possibility to use it when the condition of the pa-

tients or their capacity restricts or prevents the pre-
scription of other routes of the administration of drugs 
(in the postoperative period, in unconscious patients, 
patients who are on artificial ventilation of lungs, in se-
vere conditions (asthmatic status), in the elderly, chil-
dren).

Absolute indications for nebulizer therapy:
1. The drug is only available in a form for nebulizer and 

cannot be delivered to the respiratory tract with other in-
halers.

2. The need for delivery of the drug in the alveoli (for 
example, pentamidine in pneumocystis   pneumonia in pa-
tients with AIDS, drugs of surfactant).

3. Significant severity of illness of the patient (inspira-
tory flow less than 30 liters per minute; decrease in in-
spiratory vital capacity less than 10.5 ml / kg (for exam-
ple, < 735 ml in a patient, 70 kg), inability to hold breath 
for more than 4 seconds) and / or his inability use other 
inhalers [5, 8].

Relatival indications for nebulizer therapy:
1) Insufficient effectiveness of basic therapy and the need 

for the applying of high doses of drugs that have broncho-
dilator effect.

2) Planned therapy of moderate or severe BA, moder-
ate or severe COPD when it is difficult to achieve control 
of the disease with basic therapy in standard doses.

3) Inability to coordinate the inspiration and puffs on the 
cartridge of the metered dose inhaler.

4) As the first choice in the treatment of moderate and 
severe exacerbation of asthma, severe protracted attack and 
asthmatic status.

5) As the first choice in the complex therapy of exacer-
bation of COPD (moderate and severe).

6) The value of FEV1 is less than 35% of the relevant 
values   in patients with severe chronic bronchoconstriction.

7) Receiving the extended clinical effect and increase 
of FEV1 by 12% in a week during the trial course of neb-
ulizer therapy in inpatient or outpatient regime.

8) The need for moisturizing ща airway simultaneously 
with the inhalation of the drug.

9) The appearance of signs of respiratory irritation with 
the use of usual inhalers (MDI and DPI).

10) Advantage for patients (many patients during exac-
erbation want to use therapy and techniques different from 
those they use at home).

11) Practical convenience (a simple method that does not 
require the control of a doctor) [5, 8, 18].

Contraindications for providing nebulizer therapy are:
• Pulmonary hemorrhage and hemoptysis;
• Traumatic and spontaneous pneumothorax;
• Arrhythmia and severe heart failure;
• Individual intolerance to solutions for inhalation.

Practical guidelines for use of nebulizer therapy
1) Solvent (diluent). If you want to add solvent unless 

otherwise specified only isotonic (0.9%) solution of sodium 
chloride should be used just before inhalation.

2) The volume of filling. The residual volume in the 
chamber is from 0.5 to 1.0 ml in almost all nebulizers. 
An increased amount of filling when diluent is added to the 
can reduce the amount of unused medication.

It is necessary to fill the nebulizer chamber by the drug 
substance specified by the manufacturer in the instructions 
for the use of the nebulizer or in the calculation for neb-
ulizer therapy:

• Minimum volume –  2 ml.
• Maximum –  6 ml.
To measure the amount of drug which is required, it is de-

sirable to use drugs for nebulizer (including saline) or ster-
ile syringes and needles.
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The volume of filling affects the output of an aerosol, 
for example, with a residual volume of 1 ml and a vol-
ume of 2 ml can be converted into aerosol no more than 
50% of the medicine (because 1 ml of the solution remains 
in the chamber), and with the same residual volume and 
volume of filling to 4 ml 75% of the drug can be delivered 
to the respiratory tract.

However, it should be borne in mind that with a re-
sidual volume of 0.5 ml increase in filling volume from 
2.5 to 4 ml leads to an increase in the yield of the drug only 
by 12%, and the duration of inhalation increases by 70%. 
The higher the initial volume of the solution, the greater 
the proportion of the drug can be inhaled. However, at the 
same time, the time of nebulizer therapy also increases, 
which can significantly reduce the compliance.

3) The size of the particles of the drug.
It is known that the main factor determining the depo-

sition of particles in the respiratory tract is the size of the 
aerosol particles. The smaller the size of the particles in the 
aerosol, the longer they remain in the stream and the deeper 
penetrate the respiratory tract (Fig. 4).

Particles with a diameter in 8–10 microns deposit in the 
oral cavity and nose, from 5 to 8 microns –  in the upper 
respiratory tract and trachea, from 3 to 5 microns –  in the 
lower respiratory tract, from 1 to 3 microns –  in bronchi-
oles, from 0.5 to 2 μm –  in the alveoli. Particles with a di-
ameter less than 0.5 microns do not precipitate at all.

For the effective delivery of drugs to the respiratory or-
gans the size of particles in the aerosol should be about 
5 microns or less, the so-called «respirable particles».

The homogeneity of the delivered dose and the amount 
of fine particles in the range of flow velocity are the main 
indicators that characterize the work of the nebulizer. One 
of the main parameters of a nebulizer is the value of the 
median aerodynamic diameter of the mass –  MMA (de-
termined by the fact that half the mass of aerosol is con-
tained in particles of greater diameter, and half –  in par-
ticles of smaller diameter) [5, 8].

«Respiratory fraction» is the amount of respirable par-
ticles in aerosol expressed in a percentage. The amount 
of fine particles (fine particle mass) characterizes by the 
amount of medicinal substance in the solution for inha-
lation which is usually enter the lower respiratory tract 

and provide effective therapy for bronchopulmonary dis-
eases [8, 18].

As a rule, it is more than 50% of the total aerosol power 
of the device. Other factors that influence on the effective-
ness of nebulizer therapy and the choice of a nebulizer in-
clude: the stability of the aerosol, the flow rate at the outlet 
of the aerosol from the nebulized chamber and the reliabil-
ity of its work.

An important parameter for inhalation therapy is a dosing 
interval –  a recommended interval between doses of drugs 
that is indicated in information for patients and healthcare 
professionals (instructions for medical use).

4) Deposition of aerosol. The aerosol deposition occurs 
under the influence of two physiological phenomena: in-
ertial hit and gravity.

Inertial hit absorbs aerosols with large particle size 
in the narrowing areas and bifurcations of the respira-
tory tract due to high flow velocity. Bronchial obstruc-
tion due to bronchospasm, swelling or hypersecretion 
of sputum leads to the deposition of aerosols by an in-
ertial blow, even if the proportion of aerosol is small. 
Therefore, in patients with obstructive pulmonary dis-
ease special methods of delivery of aerosol in the lower 
respiratory tract are needed.

With the aid of gravity, aerosol deposits in the distal respi-
ratory tract, where the flow rate of the air is low and the flow 
is predominantly laminar. Therefore, a slow, deep breath in-
creases the amount of aerosol that stays distal, and breath stop 
at the end of the inspiration enhances this effect.

5) Flow rate.
The flow rate should be 6–10 liters per minute. It can 

be stable or change if there is a regulator of air supply on the 
nebulizers. Increasing of the flow leads to a linear reduc-
tion in the size of aerosol particles, as well as to increase 
the yield of aerosol and may shorten the inhalation time.

6) Delivery time of drugs.
The delivery time of the drug should not exceed 10 min-

utes, otherwise the compliance of the therapy will be re-
duced.

7) The body position of the patient.
The patient should feel comfortable and sit straight. 

Clothes should not clench the neck.

Technique of nebulizer therapy
The procedure of inhalation is carried out in 1–1.5 hours 

after meals, physical activity. Smoking is prohibited before 
and after inhalations. Expectorants are not recommended 
before inhalation.

Solutions for inhalation should be prepared in accor-
dance with the rules of antiseptic.

In order to prevent contamination of solutions, it is nec-
essary to wash hands thoroughly.

Pour a drug for inhalation in a nebulizer chamber. 
It is advisable to use a drug that is manufactured in a spe-
cial dosage form –  nebula, which is primarily associated 
with convenience for the patient, and also reduces the risk 
of using non-sterile drugs that are used in large volumet-
ric bottles and require special storage conditions for a short 
period of time.Fig. 4. Distribution of particles in the respiratory tract by the size.
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Connect a compressor and nebulizer chamber by the 
tubes and a nebulizer chamber with a mouthpiece.

The required dose of the drug is, if necessary, diluted 
with a sterile physiological solution by adding it to the 
reservoir with a nebula or sterile needles and syringes 
into the nebulizer chamber to a final volume of about 
4 ml (the content should preferably be from 2 to 5 ml). 
Do not use normal non-sterile water for these purposes 
because a hypotonic solution can cause bronchospasm 
in patients.

The solution should be comfortable (room) tempera-
ture. The temperature of the solution during inhalation 
with a jet nebulizer can be reduced by 10 °C or more 
which can increase the viscosity of the solution and re-
duce the yield of the aerosol. Some models of nebulizers 
use a heating system to increase the temperature of the 
solution to body temperature to optimize the conditions 
of nebulizer therapy.

Recommend the patient to sit straight and relax. 
Patient need to pinch the mouthpiece with his teeth 
and tightly hold his lips during nebulizer therapy.

When using a mask, make sure that it is properly worn, 
tightly attached to the face, comfortable, and helps 
the patient breathe constantly through the mouth (not 
through the nose) when it is possible.

It is important that the nebulizer chamber of the com-
pressor nebulizer always remains in an upright position.

Proper inhalation is required depending on the type 
of nebulizer according to the manufacturer’s instruc-
tions. Increase in power in those models where it is pro-
vided increases the proportion of fine dispersed aerosol.

It is desirable to breathe deeply and slowly during 
the inhalation (it is necessary to breathe through the 
mouth if patient uses mask), possibly keeping breath for 
1–2 seconds before every exhale, but it is not possible 
in severely ill patients who are encouraged to have nor-
mal, calm breathing. Slow breath with respiratory de-
lay in the end allows aerosol particles reach the dis-
tal parts of the respiratory tract. The faster the patient 
breathes, the greater part of the aerosol stays in the oral 
cavity and upper respiratory tract. It is desirable to ex-
hale through the nose.

The patient should not talk because the effectiveness 
of taken drug in the respiratory tract decreases.

Deep breathing can cause dizziness so it is advisable 
to take short breaks in therapy as needed.

Exit of the drug at the end of inhalation is concen-
trated. Therefore, early termination of inhalation (for 
example, at the moment of «spattering» (the moment 
when the process of formation of an aerosol becomes 
intermittent) can significantly reduce the delivery dose 
of the drug. Therefore, it is necessary to continue the 
inhalation until the fluid remains in the nebulizer cham-
ber (about 5–10 minutes) it is advisable to shake a little 
with a nebulizer chamber for more complete use of the 
drug before the end of inhalation.

It is necessary to wash your face and thoroughly rinse 
your mouth and throat with boiling water of room tem-
perature after inhaling corticosteroids and antibiotics.

Safety recommendations
Each patient should have an individual nebulizer cham-

ber and a mouthpiece/mask that is associated with the risk 
of microbial contamination by pathogenic microorgan-
isms that are not destroyed by normal disinfectant solu-
tions in case of use of other nebulizer chambers, mouth-
pieces and masks. It is recommended to use disposable kits 
for inhalation therapy to inpatient care.

Patients who receive long-term nebulizer therapy should 
replace the nebulizer chamber and the mouthpiece / mask 
every 3 months.

The liquid should not enter to the compressor in all mod-
els of nebulizers and it is prohibited to cover the compres-
sor during work.

It is necessary to rinse thoroughly all the parts of the 
nebulizer with clean warm tap water after inhalation (you 
can immerse the parts for 5 minutes in water), dry (fre-
quent washing of the nebulizer is necessary to prevent the 
crystallization of preparations and bacterial contamination 
of the device). If a single nebulizer is used by several peo-
ple, after each use it is necessary to carry out the recom-
mended cleaning instructions and disinfect the nebulizer 
with the utmost care.

Always pay attention to the rules of cleaning and stor-
age specified in the manufacturer’s instructions. To prevent 
damage to the aerosol generator do not use a microwave 
oven or dishwasher when cleaning the nebulizer chamber. 
Mechanical brushing may also adversely affect the work-
ing capacity of the device.

Terms of service of the nebulizer chamber vary from 
manufacturer to manufacturer (from 3 months to 3 years).

As a rule, it is recommended to store the nebulizer 
in a disassembled form for better preservation of the con-
nection nodes.

It is necessary to check regularly the components of the 
nebulizer and replace it in the event of a defect.

Check the air filter and replace it timely.
Check the working capacity of the compressor.

The use of nebulizer therapy is possible for the treatment 
of acute and chronic respiratory diseases such as:

• diseases of the upper respiratory tract: acute respira-
tory infections, rhinitis, pharyngitis, tonsillitis, tracheitis, 
laryngitis;

• diseases of the lower respiratory tract: acute and chronic 
bronchitis; bronchial asthma; chronic obstructive pulmo-
nary disease; cystic fibrosis; pneumonia, especially caused 
by atypical pathogens; allergic pulmonitis; viral bronchitis 
in children; respiratory distress syndrome; bronchiectasis; 
tuberculosis of the lungs and bronchi.

The use of nebulizer therapy is possible for the treatment 
other diseases and procedures (manipulations):

• Other diseases in which inhalation therapy is used 
in the complex intensive therapy.

• Postoperative respiratory failure in patients with artifi-
cial ventilation of the lungs.

• For conducting anesthesia with bronchoscopy;
• To receive induced sputum for sputum analysis.
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The main groups of drugs used in clinical practice are 
bronchodilators, mucolytics, antibiotics, antiseptics, anti-
fungal and antiviral agents, enzymes, hormones, antihista-
mines, biostimulants and immunomodulators.

Basic drugs: 
Antibacterial and antiseptic agents.

Antibacterial agents (amikacin, tobramycin), including 
anti-tuberculosis (isoniazid), antifungal drugs with wide 
spectrum of action (amphotericin B), and antiseptics (de-
casan) [7, 16, 17, 19] can be used for nebulizer therapy 
in clinical practice.

Bronchodilators are used for nebulizer therapy and rep-
resented by β2-adrenergic agents (salbutamol, phenoterol, 
terbutaline), cholinolytics (ipratropium bromide) and com-
bination of drugs [4, 6, 12, 20].

Mucolytics and mocoregulators are drugs for sputum di-
lution and improvement of expectoration (acetylcysteine, 
ambroxol), mucolytic (dornaza alpha). Physiological solu-
tion (0.9% solution of sodium chloride) and hypertonic so-
lutions of sodium chloride, including the addition of hyal-
uronic acid which are presented in the Ukrainian market 
under the name of Lorde Hyal increase the mucosal com-
ponent of sputum (provide direct mucolytic action), and 
moisturize the mucous membrane of respiratory tract and 
promote reparative mucosal processes [3, 21]. A soda-buf-
fer (a solution of sodium bicarbonate 4.2%) has the simi-
lar mechanism of action.

Anti-inflammatory drugs. Corticoids (budesonide, flutica-
sone, beclamethasone, flunisolide) and non-steroidal anti-
inflammatory drugs (sodium cromoglycate) are widely used 
in nebulizer therapy.

The following drugs are used for both prophylactic pur-
poses and for the treatment of acute respiratory diseases, 
recurrent and chronic bronchopulmonary diseases:

Pentamidine for pneumocystis   pneumonia in patients 
with AIDS.

Inhaled ribavirin which is prescribed for viral bronchiolitis.
Preparations of surfactant.
Proteolytic enzymes.
Adrenaline for acute stenotic laryngitis.
Iloprost for the treatment of pulmonary hypertension.
Inhalation nebulizer therapy is also used in palliative 

medicine to reduce refractory cough (lidocaine) and in-
curable shortness of breath (morphine, fentanyl).

Popular immunomodulators (eg. interferon), as well 
as proteolytic inhibitors ACA (aminocaproic acid) are used 
for the treatment of acute respiratory infections, especially 

in ENT practice. But it should be noted that the size of the 
particles for inhalation should be greater than 6 microns 
and inhalation of the drug should be through the nose with 
using mask or nasal cannula.

It is desirable to adhere a certain sequence with simul-
taneous prescription of several drugs. The bronchodilator 
is used first, after 10–15 minutes –  expectorant, anti-in-
flammatory or antimicrobial drug is applied later.

At the same time, it is necessary to use medical devices 
with caution due to possible chemical and biological in-
compatibility. It is acceptable to mix bronchodilators and 
mucolytics in one inhalation.

What cannot be inhaled through a nebulizer?
• oil solutions are strictly prohibited because they in-

crease the risk of developing «oil pneumonitis». For in-
halation of such solutions, steam inhalers that are not in-
tended to deliver drugs to the distal airways should be used;

• systemic hormones (dexamethasone, hydrocortisone, 
prednisolone) –  inhalation is technically possible, but the 
action will not become local and will remain systemic;

• suspensions (they include decoctions of herbs) –  the 
particles of the suspension are larger than the aerosol parti-
cles in the nebulizer, in addition, the plants themselves can 
cause an attack of broncho-obstruction, especially in pa-
tients with increased respiratory reactivity.

• common misconception is the inhalation of a solution 
of theophylline that does not have a topical effect, so such 
inhalations will be ineffective.

• mineral water due to the impossibility to maintain their 
sterility, as well as the presence of foreign impurities in the 
solution (carbon dioxide, heavy metal salts, etc.).

Conclusions
1) Nebulizer therapy is a modern way for delivering drugs 

to the respiratory tract, the effectiveness and safety of which 
is scientifically substantiated, including patients with severe 
somatic pathology, the elderly and children.

2) In some cases, the use of nebulizers is the only way 
to ensure that the medicinal product enters directly to the 
respiratory system.

3) Successful inhalation therapy depends not only on the 
choice of the drug, but also on the choice of method of de-
livery of drugs to the respiratory tract and the correct tech-
nique of inhalation.

4) For nebulizer therapy, it is better to use drugs that 
are produced for nebulizer. They are manufactured sterile, 
ready for use and easy to use, does not present a risk of in-
fection to the patient in contrast to large multi-dose vials.
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