z

Available online at http://www.journalcra.com

INTERNATIONAL JOURNAL
OF CURRENT RESEARCH
International Journal of Current Research
Vol. 11, Issue, 07, pp.5514-5521, July, 2019

ISSN: 0975-833X

DOI: https://doi.org/10.24941/ijcr.35915.07.2019

REVIEW ARTICLE
PHARMACOTHERAPY OF BRONCHOPULMONARY DYSPLASIA: MODERNITY AND PERSPECTIVE
*Dr. Maria Vasilievna Kushnareva, Dr. Galina Mihailovna Dementyeva and Dr. Elena Solomonovna Keshishyan
Yu. E. Veltishchev Research Clinical Institute of Pediatrics, N.I. Pirogov Russian National Research Medical University, Moscow, Russian

ARTICLE INFO
Article History:
Received 17th April, 2019
Received in revised form
20th May, 2019
Accepted 24th June, 2019
Published online 31st July, 2019
Key Words:
Bronchopulmonary Dysplasia,
Pharmacotherapy, Clinical Action,
Side Effect, Infants.

ABSTRACT
Bronchopulmonary dysplasia (BPD) is a common chronic lung disease in premature babies,
especially those with very low body mass. Being a multifactorial disease, BPD requires complex
pathogenetic, syndromnal, and symptomatic pharmacotherapy. In addition to oxygen therapy, it
should include anti-inflammatory
anti inflammatory and antibacterial treatment, sparing prescription of
glucocorticosteroids. It is also advisable to use antioxidants, proteinase iinhibitors, drugs for the relief
of apnea, diuretics. When prescribing pharmacotherapy, it is necessary to take into account the
severity of the disease, the development of complications, the tolerance of drugs, the therapeutic
response of the infant’s body to treatment. However, the effect of treatment can vary from very good
to extremely weak.
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INTRODUCTION
Bronchopulmonary dysplasia (BPD) is a common chronic lung
disease in premature babies, especially those with very low
body mass. According to the literature’ source, the incidence
of BPD among premature infants varies within widely limits:
from 28 till 50% [13, 41, 58, 73, 76]. Treatment of BPD is a
big problem and, unfortunately, is not always effective: up to
15% of children with this disease die within the first year of
life [14, 82]. The disease occurs as a result of the damage of
immature lung tissue under the influence
influen
of high
concentrations of O2, which is supplied under the high pressure
during artificial lung ventilation (ALV) for respiratory distress
syndrome (RDS). A significant contribution to the
development of BPD is made by antenatal and postnatal
infection, mainly ventilator-associated
associated pneumonia (VAP).
These factors lead to impaired alveolarization and
vascularization in the respiratory tract of the infant [8, 9, 50].
Being a multifactorial disease, BPD requires complex
pathogenetic, syndromal, symptomatic, antibacterial
ntibacterial and antianti
inflammatory pharmacotherapy [9, 26]. However, the effect of
treatment can vary from very good to extremely weak [3, 12,
44]. In addition, the use of drugs can cause undesirable side
effects that leads to disputes about the appropriateness
appropriat
of their
assignment to infants [3, 14].
Aim: To prove the need of complex pharmacotherapy of BPD
in premature infants and to share their own experience in the
treatment of this disease.

Prevention of BPD: Prophylaxis of BPD is, first of all,
prevention and treatment in preterm newborns with severe
form of RDS, requiring the use of hardware ALV. Currently,
clinics use several approaches to prevent the development of
BPD. In obstetric practice, the prescribed glucocorticosteroids
(GCS) for pregnant
ant women is used earlier than a day before
the birth. However, this method was not widely used because
of the high probability of side effects on the woman’s body
and fetus [22]. One of the first methods of BPD preventing in
newborns was the use of glucoc
glucocorticosteroids [23]. Although
this method has proved to be effective for the prevention of
BPD in premature infants and it is widely used in neonatology
[10, 23, 36, 51], however, the attitude to it in pediatricians is
ambiguous [10, 32, 63]. Early postnat
postnatal prophylactic use of
hydrocortisone and dexamethasone in neonates remains
concern due to possible long
long-term adverse effects, in
particular, the development of late sepsis, ulcerative necrotic
enterocolitis, delay in the development of the nervous system
[31, 32, 51, 74]. The study of Qin et al. (2017) is revealed that
the administration of dexamethasone to extremely premature
neonates (gestational age from 23 to 28 weeks) was associated
with an increased risk of hospitalization in respiratory hospitals
andd deterioration of the neurological condition in the first year
of life [56]. Dexamethasone is associated with altered neuronal
maturation in deeply premature newborns, which may explain
the adverse neurodevelopmental effects of postpartum GCS.
The severityy of neurological disorders grew with an increase in
the dose of dexamethasone, but not postpartal age. [83]. Ji et
al. based on a meta-analysis
analysis of 16 randomized controlled trials
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found that early postpartum use of GCS for the prevention of
BPD in preterm infants reduced the incidence of BPD at an
adjusted gestational age of 36 weeks but there was an
increased risk of hypertension and intestinal perforation [32].
Hitzert et al. (2014) for the prevention of BPD in premature
infants with a risk of developing this disease, low doses of
dexamethasone (the initial dose of 0.25 mg / kg / day) were
administered. Neurologic functioning improved among
surviving infants (15 out of 17), Moreover, most of them had
normal neurology at the age of 12-36 months [30]. In
prophylaxis with sol-cortef, there was no development of
severe SDR, which required mechanical ventilatory equipment
[23]. A study on the use of antenatal GCS with the observation
of a large number of newborns with gestational age at birth
less than 32 weeks showed a decrease in mortality and the
development of major serious diseases in infants (SDR, BPD,
sepsis, necrotizing enterocolitis, VAP) [20]. In connection with
the possible undesirable consequences of the prophylactic use
of systemic GCS at the risk of BPD developing in premature
newborns, the expediency of using inhaled steroid
medications, preferably dexamethasone [35, 51, 63]. It was
shown in Bassler D et al (2015) study that the administration
of inhaled budesonide in the first day of life in extremely
premature infants the frequency of BPD formation is reduced
in comparison with infants receiving a placebo [10]. According
to Onland et al. (2017), at present, topical administration of
inhaled GCS, which are prescribed at the age of 7 days and
older, cannot be recommended as a safe alternative to systemic
GCS to protect BPD. To apply the requirements, additional
research is needed [47].
However, according to Shah (2017), based on methanalysis,
early administration of inhaled GCS does not have advantages
over systemic GCS [68]. The use of surfactant preparations in
SDR allows for ventilation under less severe regimens, and
reduces the frequency of interstitial emphysema. Using the
drugs Exosurf neonatal and Kurosurf in premature newborns
during the first day of life allowed to reduce the concentration
of oxygen in the inhaled mixture, the magnitude of peak
pressure, reduce the frequency of barotrauma, reduce the
duration of mechanical ventilation (by 30%), increase the
survival rate of newborns with SDR by half in comparison
with infants who did not receive surfactant-substituting drugs
[22, 23, 28]. The most effective is the use of surfactant
preparations in newborn infants before the implementation of
RDS clinical symptoms [28, 53]. However, there is the
evidence of a positive clinical effect of surfactant use in infants
who were on medical ventilator for 7 and more days. Thus, the
"later" administration of surfactant improved breathing
mechanics, reduced inflammatory changes in the respiratory
tract, reduced the frequency and severity of barotrauma [61].
Based on a meta-analysis Rutkowska et al. (2018) consider
that the use of CPAP and the early introduction of surfactant
are the key preventive measures [60]. Currently, the search for
effective measures to prevent BPD continues. Sakurai R et al
(2018) conducted a study of the combined use of a PPAR-γagonist pioglitazone with a synthetic pulmonary surfactant (a
surfactant protein B peptide mimic, B-YL) via a nebulizer on a
one-day- old Sprague-Dawley rat pups with induced BPD
(animals were exposed to either 21 or 95% O2). The drugs
accelerated the maturation of the lungs and prevented lung
damage caused by neonatal hyperoxia [62]. To prevent the
development of BPD in preterm infants with a birth weight less
than 1500 g and SDR, the effective use of mucolytic ambroxol
in the first 5 days of life [64]. He positive pharmacological

effect of the drug, apparently, is caused to the induction of the
synthesis of surfactant by the alveolocytes of the second type
[85].
Oxygenotherapy: Treatment, as well as prevention of BPD, is
based on limiting the toxic effect of oxygen on the respiratory
organs, preventing barotrauma, preventing and treating
infectious and inflammatory complications of the
bronchopulmonary system, and they also include symptomatic
and pathogenetic treatment, sufficient provision of energy
needs in infants [22, 26, 52]. ALV is one of the main factors
contributing to the development of BPD. However, the
maintenance of optimal gaseous exchange in infants with RDS,
as well as VAP, against the background of which BPD
develops, is usually not possible without use of ALV for a long
time [26, 35, 74, 76]. While conducting mechanical
ventilation, it is necessary to strive to reduce the oxygen
concentration in the inspired air and a decrease in pressure
during inhalation as much as possible. It is important to
prevent the development of hypoxemia, since low PaO2 values
cause a spasm of pulmonary vessels and the development of
pulmonary hypertension. In arterial blood analysis acceptable
rates are the following: pH > 7.25-7.4; PaCO2 45-55 mm Hg.;
PaO2 55-70 mm Hg. Minimum PIP is used under control of
tidal volume (4-6 ml / kg). If possible, reduce the “tough”
ventilation modes as quickly as possible and transfer infants
from the ventilator ALV [2, 14, 21, 26, 86]. Oxygen is the
main element of therapy in the stage of formed BPD. It is
necessary to maintain SaO2 in the range of 88 to 92%, and in
the stage of an emerging or formed BPD SaO2 should be at
least 90% (90-95%), when conducting artificial oxygenation in
the acute phase of respiratory disorders [14, 26, 50]. Currently,
an early NCPAP is used in the delivery room in newborns with
with extremely low body mass (ELBW) and very low body
mass (VLBW) if they have regular spontaneous respiration and
heart rate (CR) above 100 beats / min. [14, 22, 23, 26, 50].
When conducting mechanical ventilation in the neonatal
period, it is also necessary to ensure optimal temperature
conditions (t○ of skin is 36.8○С). The vibration and percussion
massage of the chest and the airways clearance should be
performed (removal of sputum from the endotracheal tube as it
accumulates) to improve bronchial drainage function. It is
necessary to maintain a hemoglobin level of at least 140 g / l
and hematocrit is above 40% to ensure sufficient oxygen
transport function of the blood. According to indications it is
possible to carry out red blood cell transfusions [14, 22, 23, 50].
Nutrition: It is necessary to provide adequate energy kalorazh
equal to 120-150 kcal / kg / day due to increased metabolic
needs for respiratory failure in newborns. Parenteral nutrition
has to be used in extremely premature babies for a long time
with the introduction of amino acids at the rate of 2-3 g of
protein per kg of body weight per day and fat emulsions
starting from 0.5 g / kg of fat to 3.0 g / kg / day. Weight gain in
infants at 10-30 g / day (up to 1% of body weight) indicates
sufficient caloric intake. The adapted preparations of amino
acids (for example, aminogen infantes or others) are used in
combination with a lipid emulsion (for example, lipovenosis,
intralipid); vitamin preparations for carrying out parenteral
nutrition [22, 23, 26, 43, 45, 46]. Enteral nutrition is used
adapted infant formula - breast milk substitutes in accordance
with the age of the infant, as well as breast milk. To enhance
the nutritional value of breast milk, it can be enriched with
breast milk fortifier [11, 15]. Mixtures based on highly
hydrated whey protein and containing medium-chain
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triglycerides and polyunsaturated fatty acids are also used. [11,
15, 32, 83, 52].
Pharmacotherapy
а). Antibiotic therapy: BPD is a serious complication of
mechanical ventilation in 10-65% of premature babies [22].
Microorganisms - pathogens cause inflammation, damage and
destruction of the tissues of the respiratory system [14, 23, 43,
50, 80]. In this regard, conducting timely and adequate
antibiotic therapy, taking into account etiological factors,
reduces the frequency of BPD and the formation of a severe
form of this complication. [12, 22, 23, 26, 35, 36, 57]. The
causative agents of VAP in premature newborns are most often
aerobic and elective gram-negative microorganisms
(Enterobacteriaceae,
Pseudomonas
aerugimosa,
Stenotrophomonas maltophilia), and their associations with
mycoplasmas
(Mycomlasma
hominis,
Ureaplasma
urealiticum). Broad-spectrum antibiotics are recommended
(III-IV
generation
cephalosporins,
carbapenems,
aminoglycosides) and macrolides (erythromycin) [14, 22, 36,
87]. The causative agents of VAP can also be gram-positive
bacteria, such as Staphylococcus aureus, Enterococcus spp.,
Streptococcus group B. Most often vancomycin or linezolid
are used for treatment in these cases [39, 40]. A number of
researchers also point at the significance of Ureaplasma
urealiticum in the formation of BPD. The effectiveness of
azithromycin, claritomycin and, to a lesser extent,
erythromycin in the prevention and complex treatment of this
disease has been shown [19, 27, 72, 89].
b). Intravenous immunoglobulins (IVIG): Being on
mechanical ventilator, IVIG showed good effectiveness in the
complex treatment of premature infants with SDR,
complicated and uncomplicated pneumonia. Previously, the
use of IVIG from 2 days of life in infants on “hard” regimes of
mechanical ventilation has reduced infectious complications
and formation BPD by 2.5 times, the duration of respiratory
support is 2 times lower (from 13.6 to 6.8 days), the duration
of mechanical ventilation in “hard” regimes is 1.7 times less
(from 6.3 to 3.7 days), mortality is 1.9 times decreased (from
22.8 to 12.5%). Sepsis did not develop in the treatment of
IVIG in any infant, while in infants who did not receive
immunotherapy, sepsis was diagnosed in 11.4%. VAP was not
the cause of death in infants who received IVIG (deaths
occurred as a result of progression of obstructive
hydrocephalus, which developed against the background of
massive intraventricular hemorrhages). The purpose of IVIG in
the acute period of PN (on the 5–9th day of the disease) also
showed a positive effect: the incidence rate in BPD reduced
(from 45.6 to 27.6%), the outcome in sepsis decreased by 1.9
times (from 11.4 up to 6.4%), and mortality is 2 times
diminished (22.8 to 10.6%) in comparison with infants who
did not receive IVIG [77]. The good clinical effect of IVIG is
associated not only with its direct antimicrobial activity, but
also with its immunomodulatory effects like opsonin. So, there
was an increase in the phagocytosis of blood neutrophils in
infants after a course of IVIG, normalization of neutrophil
enzyme
activity
(acid
and
alkaline
phosphatase,
myeloperoxidase, NADP-oxidase) and an increase in lysozyme
levels in tracheobronchial aspirates [78].
c).
Anti-inflammatory
medication.
An
important
pathogenetic role belongs to inflammationi the development of
BPD. n recent years, the possibility of using indomethacin for

the prevention and treatment of BPD has been discussed.
However, the effectiveness of this drug in babies with BPD has
not yet been clearly proven and additional studies are required
[12, 36, 43, 57, 80].
d) Mucolytics. Effective use of mucolytic drugs
(acetylcysteine, ambroxol) is enterally or by inhalation. You
can use a 20% solution of acetylcysteine for inhalation at a
dose of 0.5 ml per inhalation 2-3 times a day [23].
e) GCS infusions. GCS is prescribed to infants with emerging
(or formed) BPD in order to reduce pulmonary inflammation,
edema, and reduce the level of proteolytic enzymes. Various
courses of corticosteroid therapy are applied in practice.
Dexamethasone is currently preferred [10, 14, 22, 26, 74, 47].
Our studies have shown a pronounced anti-inflammatory effect
of dexamethasone. The introduction of this hormone in a dose
of 0.5 mg / kg body weight intravenously in premature infants
with bronchopulmonary dysplasia was accompanied after an
hour by a decrease in the increased activity of blood elastase
and the total proteolytic activity of the tracheobronchial
aspirates 1.4-6 times in comparison with baseline. Taking into
account the detected dynamics of neutrophil elastase activity,
alpha-1 proteinase inhibitor (alpha-1 PI) in the blood and
inhibitory activity of the tracheobronchial aspirates, we
administered dexamethasone in premature infants with SDR
who are on ALV 2 times a day with 12 hours’ interval at a
dose of 0.5-1 mg / kg / day the first 3-4 days with a decrease of
0.1-0.2 mg / kg / day every week for 4 weeks. When
bronchopulmonary dysplasia is developed, it is effective to
administer hormonal preparations of glucocorticosteroids
(dexamethasone) from the second week of life intravenously 2
times a day (2 days) at a dose of 0.5 mg / kg then 0.3 mg / kg
(2 days) and 0.1 mg / kg (2 days). In severe BPD, the course is
repeated [25]. An alternate scheme of dexamethasone 0.075
mg / kg per dose every 12 hours for 3 days is also
recommended. Then 0.05 mg / kg per dose every 12 hours for
3 days. Further 0.025 mg / kg per dose every 12 hours for 2
days and 0.01 mg / kg per dose every 12 hours for 1-2 days
intravenously slowly [14]. Contraindications to the use of
dexamethasone is the development of sepsis in infants with
bronchopulmonary dysplasia and the presence of hemorrhagic
syndrome [14].
f) Inhibitors of proteinases. An imbalance of the leukocyte
elastase system and its inhibitors makes a definite contribution
to the development of BPD. Proteolysis activity with SDR and
VAP increases, which accompanies infectious inflammation
and leads to destruction of lung tissue. High activity of elastase
disrupts alveolar development at high concentrations of O2
(85%) and plays an important role in violation of elastogenesis
[15, 37]. The use of hypoxic mixtures of oxygen causes
oxidation of the alpha-1 proteinase inhibitor, reduces its
activity and increases the activity of leukocyte elastase - a proinflammatory factor that causes both the beginning of the
inflammatory process and its maintenance [15]. During
complication of the respiratory distress syndrome severe
pneumonia, anti-protease drugs (proteinase inhibitor) such as
gordox (aprotinin) at a dose of 10 thousand kallikrein
inactivating units (RIU)is recommended to use in the complex
treatment intravenously drip for at least 10 days. According to
our data, the use of gordox was accompanied by a significant
increase in the activity of proteinase inhibitors in the
tracheobronchial aspirates, the indices of which were zero
before the treatment [22]. Correction of the system of elastase -
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proteinase inhibitors is also carried out by contrycal
(aprotinin). Optimal prevention and treatment of BPD is the
appointment of contrycal to infants from the high risk group
(SDR of type I and VAP) at a dose of 1000 antitrypsin units
(ATrU) / kg per day intravenously in 10% glucose solution at a
rate of not more than 5 ml / hour for 5 - 6 days. The dose of
contrycal gradually reduced within three days until the
complete abolition of the drug. After that a short course of
dexamethasone at a dose of 0.5 mg / kg twice a day (1 day),
then 0.3 mg / kg (1 day) and 0.1 mg / kg (1 day) from the
beginning of the second week of life [88]. The use of contrycal
followed by a three-day course of dexamethasone reduced the
severity of VAP, the duration of VAP was for 8 days, the
duration of antibacterial therapy was for 7 days, the hospital
stay was for 19 days, as well as the number of complications
such as sepsis and BPD [88]. Follow-up observation of 30
infants with BPD of varying severity was performed at the age
of 3, 6 and 12 months of life. The diagnosis of BPD was
withdrawn at the age of one year of life in 12 infants (40%, the
percentage of small numbers is given for comparison). The
severity of BPD by the same year remained the same as at the
time of discharge from the clinic (1.5-2.5 months) in 18 infants
(60%). The most favorable outcome was observed in infants
who received contrycal and a short course of dexamethasone
[88]. It is also possible to use contrycal and a long course of
the GCS. Namely, (I option) dexamethasone is prescribed
intravenously from 12 to 14 days of life for 13-14 days
according to the following scheme: 0.5 mg/kg 3 days, 0.3
mg/kg 3 days, 0.2 mg/kg 3 days, 0.1 mg/kg 4-5 days. The
second variant of long-term hormone therapy consists of two
stages. At the first stage, dexamethasone is administered
intravenously for an average of 9 days from the second week
of life, and at the second stage, due to obstructive syndrome –
inhalation GCS (as a suspension of budesonide - Pulmicort) at
a dose of 0.125 mg 2-3 times a day for a week [88]. In the
future, it is possible to use recombinant human elafin (elastase
inhibitor), which can be considered as a therapeutic agent to
prevent human lung damage caused by O2. In the experiment,
elafin was administered by intratracheal instillation to newborn
mice. These animals were exposed to 85% O2. Elafin inhibited
elastase and the TGF-β1 signal cascade. The drug softened the
structural disintegration that developed in hyperoxia-affected
lungs. Elafin prevented the degradation of elastin, the influx of
neutrophils into the respiratory tract and cell apoptosis [29].
g. Diuretics. Diuretics occupy the seventh place among
prescribed drugs in the neonatal intensive care unit. The use of
diuretics is necessary to optimize renal function and improve
respiratory status. Their purpose is accompanied by accelerated
resorption of pulmonary fluid, improved urine output and
prevents fluid retention in the body [33]. In order to reduce
interstitial edema and pulmonary vascular resistance, diuretic
drugs are prescribed, such as furosemide at a dose of 0.5-1 mg
/ kg / day intravenously or enterally 1-2 times a week,
veroshpiron is in the dosage 1.5-2 mg / kg / day enterally for 11.5 weeks. [23]. It is also recommended to use higher doses of
diuretics (enteral dose of furosemide can be increased up to 2 /
mg / kg / day) (dose of veroshpiron can be increased by 2
times: 2-4 mg / kg / day.) [14]. The liquid load should be also
limited to 140 ml / kg / day. It is necessary to monitor the
water-electrolyte state and ultrasound of the kidneys during the
entire period of diuretic treatment.
h). Relief of bronchial obstruction syndrome (BOS). The
use of caffeine is most effective for the relief of broncho-

obstructive syndrome. Caffeine stimulates the respiratory
center, it reduces the need for ventilatory equipment and
mechanical ventilation and lung damage, it also reduces the
frequency of BPD and the duration of oxygen dependence, and
it accelerates extubation [65]. The mechanism of action of
caffeine to prevent apnea occurs, apparently, due to the Central
inhibition of adenosine receptors [1]. It is recommended to
prescribe caffeine - benzoate at the rate of 20 mg / kg (loading
dose) and 5 mg / kg (maintenance dose) [23]. However, it is
preferable to use caffeine citrate [66, 71]. Its efficiency,
portability, wide therapeutic index have made it a preferred
medication among methylxanthines. Its therapeutic use in
premature apnea, mechanical ventilation and BPD has turned
caffeine citrate into a "silver bullet" in neonatology [71].
According to some authors, the use of caffeine citrate is
effective and safe in terms of intellectual, motor and behavioral
development [66]. There are recommendations to prescribe
caffeine to all newborns weighing less than 1250 g who are on
a ventilator from the first day of life. Caffeine is canceled
when an infant reaches 33-34 weeks of age and in the absence
of apnea. However, treatment with caffeine may be
accompanied by side effects: tachycardia, tachypnea, tremor,
excitation, convulsions, vomiting seldom [14]. In addition to
caffeine, methylxanthines (euphyillin, theophylline) can be
used, which, along with the bronchodilating effect, stimulate
the respiratory center, being soft diuretics, improve the
contractility of skeletal muscles and diaphragm. When
prescribing theophylline, it is necessary to take into account
the fact that prematurity and BPD are factors that reduce the
clearance of this drug, and aminophylline may cause excessive
tachycardia [14, 24, 66].
i) Pulmonary hypertension with BPD. Both early screening
diagnosis of pulmonary hypertension in infants and proper
treatment of infants are relevant [84]. Management of infants
and young children with pulmonary hypertension is a new area
of Pediatrics. Combination therapy with a multidisciplinary
approach (intensive treatment of lung diseases, prevention of
hypoxemic episodes, optimal nutrition, treatment with
pulmonary vasodilators, treatment of cardiovascular
abnormalities) can improve outcomes for these babies [38].
The formation of pulmonary hypertension is due to the
abnormal development of blood vessels and remodeling of the
blood vessels of the lungs. This leads to a decrease in the
cross-sectional area of pulmonary vasculature. According to
some authors, the optimal treatment approach includes O2
saturation (with oxygen) from 91 to 95%, inhalation of nitric
oxide, sometimes in combination with sildenafil, prostacyclin
or endothelin-receptor antagonists [4, 43, 59, 81]. Thus,
inhalation NO was used in 51 premature infants with early
pulmonary arterial hypertension in the first two weeks of life.
Most children responded well to treatment. Mortality has
decreased with the use of NO lo 8% vs 13.3% in controls
without treatment [67].
j) Treatment of hypertension in infants with BPD.
Violations of the regulation of systemic pressure have been
established in infants with BPD. Arterial hypertension was
identified as a complication of BPD, which confirms its
importance as a comorbid disease. The role of endothelial
dysfunction in increasing systemic pressure has been
established. It has been shown in special studies that 38% of
arterial hypertension manifested at the age of 5 months. The
average duration of therapy was 7 months. In patients who did
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not receive therapy, hypertension resolved independently
during the first 2 years of life [48].
k). Inhalation therapy for bronchial obstruction syndrome
(BOS). Inhalation therapy of BOS in infants can be carried out
in the acute period of pneumonia after removal from the
ventilator in the conditions of supplemental oxygen therapy in
the form of a subsidy of 30-60% oxygen (tent or mask) in the
couveuse or beds. Beta-adrenergic alupent or terbutaline can
be used for inhalation [14, 23, 26]. Currently, most authors
prefer alberterol (salbutamol), specific beta-adrenomimetic in
the form of inhalations of 0.5% solution of 0.02-0.05 ml or
enterally at 0.15 mg / kg every 8 hours [6, 14, 88]. The drug
salbutamol-ventolin in the form of nebula and pulmicort
(budesonide) in the form of suspensions for inhalation
(0.5
mg/ml) is also used for infants. These drugs are sequentially
administered in one session. The course of inhalation ranges
from 3 to 12 days. An inhalation session is usually carried out
once a day. Two inhalations of drugs are allowed per day.
Pulmicort and salbutamol can be used effectively and
independently [7, 22]. The use of beta-adrenomimetics can be
complicated by an adverse reaction in the form of excessive
tachycardia [14, 22]. Berodual (beta-agonist and mcholinomimetic) showed good effect during the treatment of
BOS in infants with BPD [14]. Currently, it is also proposed to
replace the system GCS in the first week of life with the
appointment of inhalation GCS, which are introduced together
with the surfactant [24]. Early use of surfactant in the nasal
nCPAP system reduces the need for mechanical ventilation,
miminizes the use of surfactant, but slightly reduces the
incidence of BPD [17]. Along with this positive effect, there is
a low level of pneumothorax in infants [21]. Also indicate a
good effect of the combined use of pulmonary surfactant with
budesonide for the prevention of BPD in infants with very low
body weight and gestational age at birth less than 32 weeks
[49]. The use of minimal invasive surfactant therapy using
nCPAP in the first week of life is a gentle, safe and effective
treatment in premature infants. The method involves the
introduction of surfactant by intrapharyngeal instillation,
spraying, laryngeal mask and thin catheter. However, further
research is needed to apply this method. However, further
research is needed to apply this method, to determine the
indications, the choice of infants for treatment, determine the
optimal dose, duration of treatment, the need for sedation [21,
70].
l). Antioxidants. Complex pharmacotherapy of BPD includes
also the use of antioxidants: vitamins A and C [9, 12, 14, 22,
23, 75]. Good efficacy of quercetin is shown in the experiment
on newborn mice with induced BPD [46]. The use of mexidol
is promising for the treatment of neonatal pathology, including
BPD. The positive clinical and antioxidant effect of Mexidol
has been shown earlier in newborns with hypoxic-ischemic
damage of the Central nervous system [5, 42].
Cell therapy: In recent years, many studies have been actively
conducted to research the possible use of stem cells [55, 74], as
well as extracts of stem cell exosomes for the treatment of
BPD [16]. Good results have been obtained in various
biological models of BPD (mice, rats, etc.), which opens up
encouraging opportunities for the application of these
approaches to the treatment of this disease [54]. Aerosol
stimulating vascular growth and alveolization was effective in
an experimental study [18].

The first reports on the effectiveness of stem cell use in the
clinic also appeared [34, 67, 68, 69]. However, there are still
many research steps to study the effectiveness and safety of
this type of treatment. In this regard, already known
pharmacotherapy BPD will find its application for a long time
[12, 34].
Conclusion
Given the multifactor and variability of the clinical course of
BPD and its complications in infants, the treatment of the
disease should be complex. In addition to oxygen therapy, it
should include anti-inflammatory and antibacterial treatment,
sparing prescription of GCS. It is also advisable to use
antioxidants, proteinase inhibitors, drugs for the relief of
apnea, diuretics. When prescribing pharmacotherapy, it is
necessary to take into account the severity of the disease, the
development of complications, the tolerance of drugs, the
therapeutic response of the infant’s body to treatment.
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