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INTRODUCTION
Currently, preterm birth is a serious prob-

lem that contributes to a signifi cant increase in 
morbidity and mortality all around the world. 

Complications that arise from preterm birth are 
the main causes of neonatal mortality [1].

Bronchopulmonary dysplasia (BPD) is the most 
common chronic respiratory pathology in pre-
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Summary. One of the most common respiratory pathologies in infants born prematurely is bronchopulmonary 
dysplasia (BPD). Pulmonary hypertension is considered a formidable and diffi  cult to diagnose complication of BPD. 
Maintaining the proper level of oxygen saturation is an integral part of nursing such patients. Cardiorespiratory 
monitoring (CRM) is performed to record respiratory pauses and episodes of desaturation during sleep. The article 
discusses a clinical case of cardiorespiratory monitoring to control additional oxygen therapy in a premature 
infant suff ering from bronchopulmonary dysplasia and BPD-associated pulmonary hypertension.
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Резюме. Одной из наиболее часто встречающихся патологий респираторного тракта у детей, родивших-
ся недоношенными, является бронхолегочная дисплазия (БЛД). Грозным и трудно диагностируемым ос-
ложнением БЛД считается легочная гипертензия.  Поддержание должного уровня сатурации кислорода 
является неотъемлемой частью выхаживания таких пациентов. Для регистрации дыхательных пауз и эпи-
зодов десатурации во время сна проводят кардиореспираторное мониторирование (КРМ).  В статье рас-
сматривается клинический случай применения кардиореспираторного мониторирования для контроля 
дополнительной кислородотерапии у недоношенного ребенка, страдающего бронхолегочной дисплазией 
и БЛД-ассоциированной легочной гипертензией. 
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mature infants, and in 45% of cases it occurs in 
children with small gestational age and extreme-
ly low birth weight who have suff ered respirato-
ry distress syndrome and perinatal infections [2]. 
Exposure to invasive measures that damage lung 
tissue for a long time leads to long-term persis-
tence of changes in lung structures, including 
alternating areas of hyper-expansion and atelec-
tasis, fi brosis of the alveolar septum of va rying 
severity, fi brosis of the bronchial submucosa, 
muscle hyperplasia and the development of pul-
monary hypertension [3].

However, lung parenchyma damage is not 
the only cause of the formation of bronchopul-
monary dysplasia. At present, there is a growing 
understanding of the contribution of growth im-
pairment and remodeling of pulmonary vessels 
to the development of this pathology. Vascular 
changes can lead to elevated pulmonary vascu-
lar resistance and pulmonary pressure, which in 
turn promotes the development of compensa-
tory right ventricular hypertrophy and the ap-
pearance of clinical signs of pulmonary hyper-
tension (PH).

Immaturity of respiratory control, artifi cial lung 
ventilation (ALV) using an endotracheal tube, 
leading to the development of infl ammation and, 
as a result, narrowing of the upper airways, predis-
position to obstruction and small airway luminal 
diameter, characteristic of preterm infants, as well 
as lung volume reduction and hypoventilation can 
lead to low ventilation-perfusion and intrapul-
monary adaptability, causing a rapid decrease in 
oxygen saturation, and contribute to the occur-
rence of episodes of intermittent hypoxemia and 
frequent fl uctuations in oxygenation [4, 5]. Most 
are corrected by increasing the fraction of inspired 
oxygen (FiO2), resulting in some degree of hyper-
oxaemia. This makes it diffi  cult to maintain SpO2 
within the target range (≥92% for preterm infants 
with BPD and 94–95% or more [6] for premature 
infants with BPD-associated pulmonary hyperten-
sion), and newborns may spend signifi cant peri-
ods of time with SpO2 below or above target va-
lues, which requires constant monitoring for the 
purpose of timely correction. To improve growth, 
reduce the severity of symptoms of pulmonary hy-
pertension and the risk of sudden death associat-
ed with hypoxemia, constant maintenance of an 
adequate level of oxygen saturation is required in 
preterm infants with BPD and BPD-associated pul-
monary hypertension [4, 7].

Polysomnography (PSG) and cardiorespiratory 
monitoring (CRM) are used as objective methods 
for recording respiratory pauses and short-term 

desaturation episodes. The use of PSG in new-
borns and children during the fi rst three years of 
life is diffi  cult. The use of CRM is acceptable for this 
category of patients. Infants with BPD may have 
normal oxygen saturation and respiratory rate 
during outpatient clinic visits while awake, but 
they are prone to episodes of desaturation during 
sleep, along with disordered breathing during the 
night [8, 9]. 

CLINICAL CASE
Baby E. was born from the first pregnancy, 

first delivery. The mother is 36 years old (elderly 
primigravida), with a burdened obstetric and gy-
necological anamnesis (chronic endocervicitis). 
Somatic diseases in the mother: hypotension, 
polyposis of the gastrointestinal tract, varicose 
veins of the lower extremities, external hemor-
rhoids in remission, chronic gastroduodenitis in 
remission. Occupational hazards, smoking de-
nies.

The delivery was first, premature, at 25 1/7 
weeks. Features of the course of labor were 
breech presentation of the fetus, premature rup-
ture of membranes (anhydrous interval was 9 
days), anhydramnios, and chorioamnionitis. At 
14 weeks of gestation, the mother's blood was 
found to be Rh-negative without the presence of 
antibodies.

The birth weight of the baby was 700 g, body 
length  — 27 cm, head circumference  — 22 cm, 
chest circumference — 21 cm. Apgar scores 1 and 
5 minutes after birth were 6 and 7 points, respec-
tively. The condition at birth was assessed as se-
vere due to the development of respiratory fail-
ure and extreme morpho-functional immaturity. 
From birth, the girl was on non-invasive ventila-
tion (NIV), later transferred to nasal CPAP (NCPAP) 
mode, and was oxygenated satisfactorily. On the 
23rd day of life (28 2/7 weeks of postconception-
al age, PCA), a worsening condition was noted in 
the form of increased respiratory failure, deterio-
ration of the clinical picture of the gastrointesti-
nal tract (elements of altered blood were noted 
on the orogastric tube), manifestations of convul-
sive syndrome, caused by the implementation of 
a generalized infectious process with damage to 
lungs and gastrointestinal tract against the back-
ground of deep morpho-functional immaturity. 
She was transferred to mechanical ventilation 
with moderate parameters, after 10 days (33rd 
day of life) she was extubated and transferred to 
NIV, after 16 days (49th day of life) she was trans-
ferred to CPAP. From 34 4/7 weeks of PCA (66th 
day of life), the infant was transferred to supple-
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mental oxygen therapy through a loose-fi tting 
face mask. Oxygenation was satisfactory; no signs 
of increased respiratory failure were diagnosed. 
On the 89th day of life (37 4/7 weeks of PCA), she 
was transferred to an oxygen tent (FiO2 parame-
ters were 0.3). She remained oxygen dependent 
throughout the entire observation period in the 
hospital.

At the age of 3 months, due to the appea-
rance of repeated regurgitation, an X-ray contrast 
examination was performed, gastroesophageal 
refl ux disease and hiatal hernia were detected. 
Consulted with a surgeon; surgical treatment is 
not indicated. At 3 months 1 week, the administra-
tion of an anti-regurgitation formula was started.

According to echocardiography performed at 
38 5/7 weeks of PCA, the mean pulmonary artery 
pressure is equal to the systemic arterial pressure, 
there are a moderate right ventricular dilatation 
without signifi cant myocardial hypertrophy and 
an atypical patent ductus arteriosus. In agreement 
with the pediatric cardiologist, therapy with silde-
nafi l was started at a dose of 1.0 mg/kg 4 times 
a day.

According to the results of echocardiogra-
phy (43 5/7 weeks of PCA), no signs of congenital 
heart disease were found, patent ductus arteriosus 
was not registered, moderate right heart dilation 
without signifi cant myocardial hypertrophy main-
tained, the mean pulmonary artery pressure was 
40–41 mmHg.

On Neurosonography (43 5/7 weeks of PCA) 
were diagnosed echo signs of post-hypoxic 
changes against the background of pronounced 
morpho-functional immaturity with asymmet-
ric ventriculodilation, mainly due to the occipi-
tal horn of the large ventricle of the brain. There 
are periventricular leukomalacia (cystic form) and 
grade I intraventricular hemorrhage on the left 
side in anam nesis.

Electroencephalography data (43 6/7 weeks 
of PCA) indicated the presence of moderate dif-
fuse changes in the functional state of neurons in 
the cortex and subcortical structures of the brain; 
There wasn’t epileptiform activity or interhemi-
spheric asymmetry.

Weight gain during observation in the hospital 
was: for the 1st and 2nd months — 785 g, for the 
3rd month — 392 g, for the 4th month — 861 g.

Main diagnosis: Perinatal hypoxic-ischemic 
cere bral injury, periventricular leukomalacia (cys-
tic form), early recovery period, pyramid defi cien-
cy syndrome in the lower extremities. Convulsive 
syndrome in anamnesis. Delayed psychomotor 
development.

Associated diagnosis: Bronchopulmonary dys-
plasia originating in the perinatal period, a “new” 
form, severe course, period of chronic disease, 
type I respiratory failure. Respiratory distress syn-
drome in anamnesis. Pulmonary hypertension. 
Prematurity 25 1/7 weeks. Extremely low birth 
weight. Proliferative retinopathy of prematurity, 
stage III, zone 2. Condition after undergoing la-
ser coagulation of the left retina from 13.06.2017, 
of both eyes from 27.06.2017. Necrotizing ente-
rocolitis in the fetus and newborn, stage 2a in 
anamnesis. Cytomegaloviral disease, unspeci-
fi ed. Generalized cytomegalovirus infection, viral 
carriage in anamnesis. Patent ductus arteriosus, 
me dically closed. Anemia of prematurity, severe, 
of mixed origin. Acute hemorrhagic gastritis in 
anam nesis. Gastroesophageal refl ux disease wi-
thout esophagitis.

At 40 1/7 weeks of PCA, cardiorespirato-
ry monitoring was performed during sleep 
while receiving supplemental oxygen therapy. 
Oxygen support was turned off for 92 minutes 
during monitoring to provide a true picture of 
the abi lity to maintain oxygen saturation wi thin 
the target range. The recording duration was 
258 mi nutes. The median oxygen saturation was 
91,1% (the entire recording was analyzed), the 
minimum was 74,0% (recorded only in the ab-
sence of supplemental oxygen support). A total 
of 90 episodes of desaturation were recorded 
(oxygen desaturation index was 21,1  events/
hour), of which 46 episodes (10,8 events/hour) 
were recorded with a drop in oxygen saturation 
<5%, 30 episodes were recorded with a drop 
in SpO2 by 5–9% (7,0 events/hour), with a drop 
in SpO2 by 10–20%  — 13 episodes (3,0  events/
hour) and with a drop in SpO2 >20%  — 1 epi-
sode (0,2 events/hour). All episodes of desatu-
ration were observed in the absence of supple-
mental oxygen therapy. The number of episodes 
of desaturation <90% was 64 (15,0 events/hour), 
<85% — 37 episodes (8,7 events/hour), <80% — 
12 episodes (2,8 events/hour). Severe brady-
cardia (83 beats per minute) was noted in the 
absence in the supplemental oxygen support. 
Based on the data obtained, it was deci ded to 
continue supplemental oxygen therapy at home.

At 48 3/7 weeks of PCA, repeated cardiorespi-
ratory sleep monitoring was performed at home. 
Before the study, the infant had been without sup-
plemental oxygen support for 7 days. The record-
ing duration was 296 minutes. The median oxy-
gen saturation during the infant’s sleep (93,1 per 
cent) was lower than recommended stan dards. 
Positive dynamics were observed in the form of an 
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increase in median oxygen saturation compared 
to previous monitoring. The minimum value of 
median SpO2 was 84,0%. Episodes of desatura-
tion with independent recovery were dia gnosed 
(oxygen desaturation index was 19,3 events/
hour), with a drop in oxygen saturation <5%  — 
60 episodes (13,9 events/hour), 5–9%  — 23 ep-
isodes (5,3  events/hour), 10–20%  — 0 episodes. 
The number of episodes of decreased sa turation 
<90% — 41 (9,5 events/hour), <85% — 1 episode 
(0,2 events/hour), <80% not registered. At the 
moments of desaturation, bradycardia was noted 
(96  beats per minute). Dynamic monitoring was 
recommended.

CONCLUSION
The formation of BPD in this infant was faci-

litated by factors such as mother’s unfavorable 
obstetric and somatic anamnesis, premature 
birth, the need for intensive oxygen therapy due 
to type I respiratory failure, oxygen dependence 
up to five months of life. Characteristic clinical 
and radiological changes indicated the develop-
ment of BPD. The need for supplemental oxygen 
therapy at 36 weeks of PCA suggests severe BPD. 
Hypoxic–ischemic brain injury, grade I intraven-
tricular hemorrhage, and cystic periventricular 
leukomalacia were diagnosed. Cardiorespiratory 
sleep monitoring allowed us to establish positive 
dynamics in the form of an increase in the le vel 
of median oxygen saturation in the absence of 
oxygen support. However, attention is drawn 
to pronounced desaturation, accompanied by 
bradycardia, which requires dynamic moni -
toring.
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