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Bronchoobstructive syndrome (BOS) is the most significant 
problem in pediatric pulmonology department in terms of 
diagnosis, treatment and further rehabilitation. BOS is not 
defined as a separate clinical entity, and includes manifesta-
tions of asthma, chronic pneumonia, persistent viral upper 
respiratory tract infection, allergic reactions or intrusive non-
productive cough without explicit etiological causes.

BOS is considered to be a set of clinical signs reflecting 
violation of bronchial patency due to narrowing of the lumen. 
BOS is the leading feature that brings together a group of 
acute, recurrent and chronic diseases having the main com-
plex of symptoms, but it is not an independent nosological 
unit and cannot serve as a diagnosis. However BOS often 
accompanies respiratory diseases, especially in young chil-
dren, the appropriate therapy of this condition remains a 
serious problem in pediatrics.

Causes that contribute to the BOS in children:
• age-related features of the respiratory tract and chest;
• viral and bacterial infection agents (respiratory-syncytial 

virus, parainfluenza, adenovirus, mycoplasma, etc.);
• characteristics of the local immunity;
• mucostasis, ciliary epithelium dysfunction;
• passive smoking;
• environmental pollution;
• premorbid background (prematurity, allergic history, 

rickets, malnutrition, etc.).
Child airways are narrow thus inflammatory changes in the 

airways easily bring to their obstruction; BOS can accompany 
a variety of respiratory diseases:

• bronchial asthma;
• obstructive bronchitis, bronchiolitis;
• aspiration syndrome, foreign bodies of the trachea, bron-

chi, esophagus;
• chronic bronchiolitis with obliteration;
• local pneumosclerosis (chronic pneumonia);
• congenital malformations of lung, cystic fibrosis;
• bronchopulmonary dysplasia;
• tumors of the trachea and bronchi;
• immunodeficiency proceeding with lung disease;
• external compression of the trachea and bronchi;

• congenital heart disease with hypertension, pulmonary 
circulation, vascular anomalies, congenital non-rheumatic 
carditis;

• diseases of the central and peripheral nervous system.
Variety of reasons underlying this symptom is reflected in 

different therapeutic approaches. Along with the use of anti-
viral, antibacterial, and mucolytical agents as well as physio-
therapy methods that improve the evacuation of sputum from 
the bronchial tree bronchodilators are used. Bronchodilators 
are traditionally included in the complex of therapeutic inter-
ventions for the treatment of BOS. Bronchodilators appoint-
ment has purposes:

• obtaining anti-inflammatory and bronchodilating effect;
• accurate diagnosis by the presence or absence of bron-

chospasm with β2-agonists inhaled.
The presence or absence of bronchial obstruction reversibility 

is an important differential diagnostic criterion for the choice of 
appropriate therapeutic tactics for asthma and BOS in children 
with acute and chronic lung disease [2, 6]. In recent years drugs 
with prolonged action attract the attention of pediatricians. 
Reduction of the drug multiplicity tends to be very convenient, 
especially in the treatment of BOS in children.

The aim of this study was to evaluate the efficacy of for-
moterol fumarate (Zafiron) of pharmaceutical company 
ADAMED (Poland) in children with prolonged and relapsing 
inflammatory bronchopulmonary diseases with concomitant 
BOS. The possibility of the use of Zafiron as a bronchodilator 
for the spirography pharmacological test have been studied 
simultaneously.

The problem of differential diagnosis of various bronchoob-
structive conditions in pulmonology is very important, espe-
cially in pediatric patients. The diagnosis of BOS is based on 
data of clinical examination and spirography. According to 
up-to-date principles of changes in the bronchopulmonary 
system interpretation, the most informative parameter is 
forced expiratory volume in 1st second (FEV1). In our study 
spirometry had been conducted on calibrated equipment in 
accordance with the recommendations of the American 
Thoracic Society and European Respiratory Society 
Standards.
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The severity of obstruction is determined with the help of 
spirometry:

• mild – FEV1 > 70 %;
• medium – FEV1 50 to 69 %;
• severe – FEV1 < 50 % predicted.
The main symptoms of BOS are the following: mixed, 

mainly expiratory dyspnea, appearance of wheezing when 
child is excited, running, during physical activity, and in 
severe cases – at rest, dry unproductive cough. In some cases, 
dry painful cough may be the only symptom of bronchial 
obstruction.

Formoterol is a selective β2-agonist. It has a bronchodilat-
ing effect in patients with irreversible and reversible respira-
tory obstruction. Effect of the medication starts quickly 
in 1–3 minutes, and is maintained during 12 hours after the 
inhalation [1, 7, 9]. It is shown that formoterol effectively 
prevents bronchospasm caused by inhaled allergens, physical 
exercises, cold air, histamine or methacholine [6, 7]. Due 
to the fact that the bronchodilationg effect of formoterol lasts 
12 hours after inhalation, maintenance therapy prescribed 
2 times a day, in most cases, provides the necessary control of 
bronchospasm caused by chronic diseases during the day and 
at night [1, 8, 9]. Formoterol is indicated for prevention and 
treatment of bronchospasm in patients with obstructive respi-
ratory diseases such as asthma and chronic bronchitis both 
with and without emphysema, as well as prevention of bron-
chospasm induced by inhaled allergens, cold air or physical 
exercises [1, 9].

Materials, Methods and Results
The study involved 30 children with BOS aged 6 to 17 years. 

Lingering pneumonia was diagnosed in 22 children having 
frequent dry unproductive cough with no response to antitus-
sives, antispasmodics, and desensitizing agents. Twelve of 
these patients manifested wheezing with expiratory dyspnea. 
In 8 patients cough variant of asthma (hidden bronchospasm) 
was supposed at the admission. Patients with reliably diag-
nosed asthma in which Zafiron has proven efficacy, especially 
in combination with inhaled corticosteroids, were not includ-
ed. All patients underwent external respiratory function 
(ERF) assessment according to the standard method with 
following Zafiron inhalation in dose of 12 μg (dry powder 
in capsules for inhalation use via aerolayzer). Second spirog-
raphy was carried out in ten minutes after inhalation for the 
definition of bronchial reaction to antispasmodic agents and 
the diagnosis of latent bronchospasm.

Table 1 
Changes of ERF parameters in children  

with BOS 10 minutes after 12 μg Zafiron inhalation

Group Number of 
patients

Change, %

1 3 68 ± 3

2 12 72 ± 4

3 14 78 ± 2

4 1 82 ± 4

After Zafiron inhalation 2–3 % increase in FEV1 was 
observed in 6 patients, 7–11 % in 18 patients, and 12–16 % in 
6 children (Table 1).

On the second stage Zafiron was differently prescribed in 
children with lingering pneumonia complicated with BOS 
and in children with asthma of mild to moderate severity.

Treatment ranged from 14 days to 2 months. Zafiron was 
administered at a dose of 12–24 μg 2 times a day. Control 
assessment of respiratory function and clinical data recording 
were performed at baseline, in 7 and 14 days, 1 and 2 months 
after initiation of treatment. All children with lingering bron-
chopneumonia had received standard antibiotic and muco-
lytic therapy, physiotherapy procedures without any positive 
clinical response to oral bronchodilators. Inhalation of 
Zafiron resulted in regression of symptoms in almost all 
patients on the 2nd and 3rd day after treatment onset. Intensity 
of compulsive cough attacks and expiratory dyspnea decreased. 
Changes of ERF parameters after 7 days of Zafiron inhalation 
are presented in Table 2.

Table 2
Changes of ERF parameters in children  

with BOS after 7 days course of 12 μg Zafiron inhalation 

Group Number of 
patients

Change, %

1 3 74 ± 2

2 12 81 ± 5

3 14 88 ± 4

4 1 96 ± 4

After 1 month of treatment clinical recovery and spiro-
graphic parameters normalization was observed in children 
with protracted bronchopneumonia. Only 6 children had 
FER parameters under 80 % with decrease of instantaneous 
expiratory flow values at medium and small bronchi. These 
patients continued Zafiron therapy in combination with the 
appropriate dose of inhaled glucocorticoid. Clinical and 
instrumental monitoring showed that the chosen treatment 
strategy was correct. Essentially all patients demonstrated 
normalization of general condition and ERF parameters, 
attacks of bronchial obstruction with expiratory component 
were not observed. No adverse events reported in the litera-
ture were indicated.

Further control and the gradual discontinuation of medica-
tions were performed in accordance with the GINA protocols.

Discussion
According to numerous published data and those obtained 

in pulmonology clinic of IPOG NAMS of Ukraine, BOS 
often complicates the course of inflammatory diseases of the 
respiratory system in children and adolescents. Etiology of 
BOS varies: diverse pathogenic microorganisms, viral and 
microbial associations, fungi of Candida, etc. Inflammatory 
changes of bronchial wall and hypersecretion possibly influ-
ence the symptoms of BOS, as well as the allergic inflamma-
tion. In some cases, BOS is considered as bronchial asthma, 
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having typical symptoms, but in most cases BOS does not 
manifest so vivid clinical symptoms of that disease. Over the 
past 3 years the frequency of respiratory diseases complicated 
with BOS grew up 5 to 7-fold in children.

Given the similar pathogenetic pattern of asthma and BOS, 
the therapy of these diseases includes β2-agonists, theophyl-
lines, and, less frequently, drugs of other groups. Given the 
high medication burden in the pediatric patient, β2-agonists 
with prolonged action are increasingly being used for the 
treatment of asthma in recent years. Therefore, the use of 
formoterol in children with chronic inflammatory respiratory 
diseases and related BOS is attractive in terms of both its 
bronchodilator and anti-inflammatory effect.

The results of our study confirm that Zafiron is an effective 
bronchodilator that can be used for the treatment of BOS in 
children with bronchopulmonary diseases. Formoterol should 
be considered in patients with bronchial asthma and those 
with chronic inflammatory respiratory diseases complicated 
with secondary BOS. Application of Zafiron is one of the key 
links in the complex therapy of BOS helping to control the 
disease, restoring bronchial patency in patients with reversible 
airflow obstruction or improving it in patients with partially 
reversible obstruction.
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ЗАСТОСУВАННЯ ЗАФІРОНУ В КОМПЛЕКСНІЙ ТЕРАПІЇ 
БРОНХООБСТРУКТИВНОГО СИНДРОМУ  

В ДИТЯЧІЙ ПУЛЬМОНОЛОГІЧНІЙ ПРАКТИЦІ

С. Г. Бартєнєв
Резюме.  Враховуючи  складність  патогнетичних  механізмів  роз-

витку бронхообструктивного синдрому (БОС), питання оптимальної 
його  терапії,  зокрема  в  дитячому  віці,  залишається  актуальним. 
Постійно  проводиться  пошук  шляхів  оптимізації  лікування  БОС, 

і все частіше привертає до себе увагу клініцистів група селективних 
β2-адреноміметиків пролонговної дії завдяки їх вираженому бронхо-
дилатуючому ефекту. Метою проведеного дослідження було вивчи-
ти ефективність та безпечність β2-адреноміметика зафірону (фор-
мотеролу фумарату) у дітей з БОС. 

В дослідженні взяли участь 30 пацієнтів (у віці від 6 до 17 років) з 
клінічною  картиною  БОС.  Зафірон  диференційовано  призначався 
дітям  з  діагностованою  бронхіальною  астму  легкого  та  середнього 
ступеня та пацієнтам із затяжною пневмонією (22 пацієнта із 30), 
ускладненою  БОС.  Останні  отримували  стандартну  анти-
бактеріальну  та  муколітичну  терапію  і  не  мали  терапевтичної 
відповіді  на  прийом  пероральних  бронхолітиків.  Ефективність  курсу 
лікування зафіроном у дозі 12–24 мкг 2 рази на добу оцінювали за змен-
шенням клінічних проявів та поліпшенням функції зовнішнього дихання 
(ФЗД)  через  7,  14  днів,  1  та  2  місяці  від  початку  терапії.  Через  1 
місяць  у  24  із  30  дітей  спостерігалося  клінічне  одужання  
і  нормалізація  показників  ФЗД.  Під  час  проведення  дослідження 
не було зареєстровано небажаних явищ, пов’язаних із застосуванням 
препарату. 

Отримані дані свідчать, що призначення зафірону показане хво-
рим  на  хронічні  та  затяжні  бронхолегеневі  захворювання,  перебіг 
яких ускладнюється вторинним БОС.

Ключові слова:  бронхообструктивний  синдром,  селективні 
β2-адреноміметики, зафірон.
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ZAFIRON IN THE TREATMENT  
OF BRONCHIAL OBSTRUCTION SYNDROME  

IN PEDIATRIC PULMONOLOGY PRACTICE

S. G. Bartenev
Abstract. Given  the  complexity  development  mechanisms  of  bron-

chial obstruction syndrome (BOS),  its optimal  treatment, especially  in 
children,  is  still an  important  issue. New ways of optimization of BOS 
treatment  are  need.  Selective  long  acting  β2-agonists  are  in  the  focus 
because of their bronchodilating properties.  The aim of the study was to 
examine the efficacy and safety of β2-agonist zafiron (formoterol fuma-
rate) in children with BOS.

Thirty pediatric patients (aged 6 to 17 years) with BOS clinical signs 
and symptoms participated in the study. Zafiron was differentially admin-
istered to children diagnosed with mild to moderate bronchial asthma and 
patients with BOS complicated lingering pneumonia (n = 22). The second 
group  received  standard  antibiotic  and  mucolytic  treatment  though  had 
no  therapeutic  response  to  receiving oral bronchodilators  . Zafiron effi-
cacy at a dose of 12–24 mg 2 times a day was assessed by a decrease in 
clinical  symptoms  and  improvement  of  respiratory  function  after  7  ,  14 
days,  1  and  2  months  of  treatment.  After  1  month  24  of  30  children 
showed  clinical  recovery  and  normalization  of  the  respiratory  function. 
During the study no drug-associated adverse events were observed.

Data obtained in this study suggest  that zafiron is safe and effective 
bronchodilator  and  should  be  considered  in  patients  with  chronic  and 
lingering  bronchopulmonary  diseases,  the  course  of  which  is  exacer-
bated with secondary BOS.

Key words:  broncho-obstructive  syndrome,  selective  β2-agonists, 
zafiron.
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