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CONCEPTUAL FRAMEWORK OF THE RESEARCH

Relevance and significance of the topic

Bronchopulmonary dysplasia (BPD) is defined as the ongoing need for oxygen therapy and/or
respiratory support at 28 postnatal days or at 36 weeks postmenstrual age (PMA) in preterm infants with
radiographic findings of lung damage. A simplified definition, based merely on the presence of oxygen
therapy or respiratory support at these time points, is most frequently used. This is often employed in
clinical studies and medical practice due to its ease of application. However, it fails to reflect the severity
of the disease and does not reliably predict long-term pulmonary complications [1, 2, 3, 4, 6, 7, 8, 13].
Furthermore, the 2001 definition does not account for newer methods of respiratory support, such as high-
flow nasal cannula, which can provide positive pressure without the need for supplemental oxygen. As a
result, an NICHD workshop in 2016 proposed revising the BPD criteria to better reflect current respiratory
technologies [10, 12, 13]. Generally, BPD severity is classified by assessing if the infant was born
prematurely (GA <32 weeks), needs oxygen or respiratory support at 36 weeks PMA, and shows
radiographic signs of lung disease [4, 6, 12]. The etiology of BPD is multifactorial and involves prematurity,
lesions caused by prenatal factors (intrauterine growth restriction) and/or postnatal factors (mechanical ventilation,
oxygen toxicity, infection) that lead to inflammation and damage to the extremely vulnerable lungs of premature
infants [5,11]. The lungs of premature infants are inherently vulnerable due to their structural immaturity, a lack of
surfactant, poorly developed antioxidant defences, and an inability to effectively clear secretions from the airways.
Consequently, the incidence of BPD rises as birth weight falls, reaching its peak in infants born before 28 weeks
gestation [16].

Intrauterine growth restriction is an independent risk factor for BPD in preterm infants. It can
heighten the susceptibility to lung damage and impair the proper development of the pulmonary blood
vessels (11,14). In the context of BPD, ventilator-induced lung injury is chiefly driven by volutrauma—the
over-stretching of the airways and airspaces due to excessive air volumes—while barotrauma, caused by
high airway pressures, is less of a contributing factor [14].

Aggressive mechanical ventilation significantly contributes to the development of BPD. As a result,
respiratory management for premature infants has increasingly favored non-invasive methods, such as nasal
continuous positive airway pressure (NCPAP), to avoid intubation. Variations in intubation criteria and
respiratory support strategies across different centres can influence the incidence of BPD. For extremely
low birth weight infants, the risk of BPD rises with increased cumulative oxygen exposure during the first
two weeks of life [13].

The purpose of the study is to evaluate the etiological factors and clinical-paraclinical diagnosis in
premature infants with bronchopulmonary dysplasia, in order to develop prognostic criteria for the
condition. To achieve this purpose, the following objectives have been proposed: 1) Examining the risk
factors and etiology of bronchopulmonary dysplasia in children. 2) Assessing the clinical presentation of
bronchopulmonary dysplasia in children. 3) Investigating pulmonary imaging abnormalities in children
with bronchopulmonary dysplasia. 4) Developing prognostic criteria for the development and severity of
bronchopulmonary dysplasia in preterm infants.

Scientific novelty of the research. This study offers original, locally-sourced data on BPD risk
factors in premature infants. It brings new insights into the evolving bronchopulmonary sequelae of the
disease. The research highlights the clinical relevance of BPD by linking outcomes with prematurity level,
birth weight, and gestational age. Risk factors, clinical features, and imaging findings were analyzed across
different BPD severity levels.

Theoretical significance. Bronchopulmonary dysplasia in children results from a complex
interaction of etiological factors such as prematurity, mechanical ventilation, and oxygen exposure. The
disease follows a distinct clinical and paraclinical course. This profile can be identified early and may guide
therapeutic and preventive strategies.

Practical value. The study’s findings have been applied in the clinical practice of the pulmonology
department at the MPHI Mother and Child Institute. They have also been included in the curriculum of the
Pediatrics Department at the "Nicolae Testemitanu" State University of Medicine and Pharmacy.
Additionally, the results contributed to updating the national clinical protocol PCN-393,
Bronchopulmonary Dysplasia in Children. These efforts highlight the study’s role in improving care and
supporting ongoing medical education.

Keywords: Bronchopulmonary dysplasia, prematurity, risk factors, mechanical ventilation, CPAP,
chest radiography, pulmonary CT.



RESEARCH METHODOLOGY

An analytical observational cohort study was designed to fulfil the study's objectives. Children were
selected from the Pneumology Department of the MPHI Mother and Child Institute, based on their
admission file records.

Inclusion criteria comprised premature infants admitted to the Pneumonology Department of the
Mother and Child Institute whose medical histories suggested BPD. This included a history of premature
birth, neonatal respiratory distress syndrome, and oxygen therapy during the neonatal period.

Exclusion criteria included parental refusal of study participation, children with hereditary diseases,
congenital bronchopulmonary anomalies, foreign bodies in the bronchial tree, and specific infections such
as HIV/AIDS or tuberculosis.

The required number of observation units (children both with and without BPD) was calculated using
the following formula:

1 2(z,+z,FxP@-P)

n= X

a-f) (R, —R)

whereas:

Po — based on references, the rate of children with dysplasia ranges from 15% to 37% (PO = 0.37);

P1 —it is assumed that the value in the research group will be 74% (P1 = 0.74);

P = (PO + P1)/2=0,555;

Za. — the table value for a statistical significance of 95% is Zo = 1.96;

Zg —the table value for a statistical power of 80.0% is Zp = 0.84;

f = the rate of subjects expected to leave the study for reasons other than the investigated effect;

g=1/(1-f), f=10.0% (0.1).

Entering the data into the formula, the following was obtained:

1 2(1.96 + 0.84) x0.555x0.445
n= X =31
(1-0.1) (0.37-0.74)

The study's research group was expanded to include a minimum of 31 children diagnosed with BPD.
Recognizing observed demographic and clinical variations, the decision was made to include 53 children
with BPD and 52 children without BPD to design an appropriate control group.

The research protocol was meticulously planned to use a variety of methods, each carefully selected
and adapted to suit the specific stages of the study. Initially, epidemiological observation techniques were
implemented to gather the necessary informative data. This data collection was completed through both
direct and indirect means. Direct methods (clinical observation, surveys, and parental interviews)
contributed to the appropriate and detailed data collection concerning the children's health. A
comprehensive questionnaire, divided into rubrics covering general information, diagnosis, medical history,
clinical assessment, and imaging results, was developed for the child assessment. This questionnaire proved
fundamental for systematically organizing information and ensuring a rigorous analysis.

The study received a positive approval from the Research Ethics Committee of Nicolae Testemitanu
SUMPh as per the minutes No. 73 from May 31, 2017. This approval confirms that the research adhered to
ethical standards and safeguarded the rights of the patients involved. These measures provided a strong
foundation for the study, ensuring that the collected data were both relevant and aligned with ethical
principles, which ultimately led to significant findings in the assessment of BPD in children.




Analytical observational cohort study
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syndrome during the neonatal period; e Congenital bronchopulmonary malformations
Oxygen therapy used during the neonatal (agenesis, hypoplasia);
period e Foreign body in the bronchial tree;

Specific infections (HIV/AIDS, tuberculosis).
—_— ———
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birth, neonatal respiratory distress syndrome, and various forms of respiratory support
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Prenatal risk factors: anemia during pregnancy, multiple gestation, infections during pregnancy,
low Apgar score, intrauterine growth restriction, etc.
Intranatal risk factors: Cesarean delivery, young gestational age, low birth weight, PPROM.
Postnatal risk factors: acute pulmonary events (ARDS) followed by mechanical ventilation in the
neonatal period, oxygen therapy.
Clinical examination: respiratory rate, chest retractions, Sp O,, respiratory auscultation findings.
Paraclinical examination: chest X-ray, chest CT scan.
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CHAPTER SUMMARY

Chapter 1, "Literature Review," addresses the current state of childhood morbidity, with a
particular focus on respiratory illness, especially among premature infants. Prematurity is a significant risk
factor for respiratory problems, and an analysis of immature lung development reveals the vulnerability of
this population. The chapter highlights the elevated incidence of respiratory conditions in premature infants,
particularly bronchopulmonary dysplasia (BPD), a common ailment contributing to long-term
complications. An examination was undertaken of both endogenous factors—genetic predispositions and
pre-existing conditions—and exogenous factors, such as secondhand smoke exposure and viral infections,
known to worsen respiratory illnesses. This chapter establishes the rationale for the present study,
emphasizing the critical need for a comprehensive understanding of these factors to inform the development
of effective prevention and treatment approaches. Relevant specialized literature has been reviewed to
support the conclusions presented. Overall, this section provides a solid data framework for subsequent
research, drawing attention to the necessity of early interventions and careful monitoring, which are
essential for improving the prognosis and quality of life for premature infants.

Chapter 2, "Materials and Methods,” details the methodology employed in this analytical
observational cohort study, conducted between 2017 and 2021. The study investigated respiratory
morbidity in 105 children, aged 3 months to 3 years, suspected of having BPD. Participants were divided
into two groups: a study group (children with BPD) and a control group (children without BPD). Inclusion
and exclusion criteria were established to ensure the validity and comparability of the groups. Data
collection involved a detailed medical inquiry, including prenatal and postnatal history, clinical evaluation,
and imaging examinations (chest X-rays and computed tomography scans), which provided relevant
information regarding respiratory status.

The research proceeded through four stages: planning, data acquisition, data analysis, and
interpretation of findings. The study design is presented schematically in Figure 1, highlighting the research
type, participant selection process, and data collection methods.

State-of-the-art statistical techniques were applied to analyse the data, allowing for an accurate and
detailed interpretation of results, showing clinical significance. The chapter concludes with a presentation
of the derived conclusions and practical recommendations, highlighting the importance of early BPD
detection in pediatric patients. This chapter provides a solid methodological framework, demonstrating the
requisite scientific consistency to validate the study's findings and their implications for clinical practice.

Modern statistical techniques were used for data analysis, enabling a thorough and detailed
interpretation of the results, showing clinical relevance. The chapter ends up with conclusions and practical
recommendations, emphasizing the importance of early BPD diagnosis in children. The chapter provides a
solid methodological foundation, displaying the scientific accuracy necessary for validating the results and
their significance to clinical practice.

Chapter 3, entitled " The Study of Clinical and Imaging Parameters in Children with
Bronchopulmonary Dysplasia,' provides a detailed analysis of a cohort of children diagnosed with BPD,
aiming to highlight the condition's unique developmental characteristics. The primary objective is to gain
a deeper understanding of the clinical and imaging features associated with BPD. The study allowed for the
identification of relevant demographic and clinical traits of the patients. Subgrouping the children according
to inclusion criteria facilitated an effective comparison between different patient categories. Modern
statistical analyses were employed to evaluate the relationships between clinical parameters (weight, height,
respiratory parameters) and demographic variables (age, sex).

Beyond the clinical analysis, imaging evaluation included X-rays and computed tomography scans,
which provided significant data on structural changes in the lungs and the extent of BPD-related damage.
These investigations contributed to a deeper understanding of the disease's severity.

In conclusion, the chapter emphasizes the major role of clinical and imaging monitoring in the
management of BPD and offers valuable support for the development of customized interventions for
diseased children.

3.1 Prenatal risk factor evaluation in children with bronchopulmonary dysplasia

Multivariate analysis of maternal comorbidities identified the key predictive factors impacting
gestational age at delivery. Existing specialized literature strongly suggests that maternal health conditions
are major contributors to the increased rate of premature births. Premature rupture of membranes (PROM)
is a frequent cause of preterm birth. PROM promotes amniotic fluid contamination, consequently increasing
the risk of intrauterine infection [12,10]. As a recognized cause of preterm labour, PROM can potentially
trigger BPD.
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Figure 2 illustrates maternal and intrauterine factors associated to a high risk of BPD. Notably,
gestational anaemia was identified as a perinatal factor with a negative impact on neonatal outcomes. The
study showed a significantly higher incidence (¥>=16.271; p<0.001) of maternal anaemia among children
who later developed BPD - 64.2%, compared to 24.5% in the control group. This indicates a strong relation
between maternal anaemia and BPD risk. These findings support the hypothesis that anaemia during
pregnancy, often correlated with chronic intrauterine hypoxia, can impair foetal lung development, thereby
increasing susceptibility to BPD after birth.
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Figure 2. Maternal risk factors in children with bronchopulmonary dysplasia

Antenatal haemorrhage is among the causes of anaemia during pregnancy. It was identified in 17.0%
of pregnant women in the group of children who developed BPD, compared to 13.5% in the control group
(%*=0.252; p=0.616). The course of pregnancy is influenced by numerous factors, and the presence of early
pre- eclamp3|a is an important indicator of fetal risk. In this study, signs of early pre-eclampsia were
identified in a majority (83.0%) of pregnant women in the group of children with BPD, compared to
approximately two-thirds of cases in the control group (¥>=3.478; p=0.062) (Figure 2).

Gestational diabetes is one of the most frequent maternal comorbidities and is associated with a
doubling of the risk of neonatal morbidity, compared to newborns from non-diabetic mothers. The condition
is recognized for its contribution to extreme prematurity, respiratory distress syndrome, and congenital
malformations. In the study, gestational diabetes was reported in 11.6% of premature infants with BPD,
compared to 2.5% in the group of premature infants without BPD (¥*>=3.726; p=0.054), suggesting a
noteworthy risk tendency.

Preeclampsia is another common complication associated with pregestational diabetes, occurring 2—
3 times more frequently in pregnant individuals with this condition. In 87% of cases, it correlates with the
duration of diabetes. This condition often leads to premature birth. In the study, preeclampsia-induced
premature birth was reported in 13.5% of cases involving infants with BPD, compared to 4.3% in the control
group. This difference approached statistical significance (¥*=2.935; p=0.087).

The composition of the amniotic fluid can indirectly reflect the foetus’s intrauterine hypoxic
condition. Clear amniotic fluid was reported in 35.8% of BPD cases (40.4% in the control group). The
presence of turbid amniotic fluid was observed in 64.2% of infants with BPD and in 59.6% of the control
group (¥>=0.229; p=0.632) (Figure 2).



Prenatal risk factors can negatively influence a foetus’s
intrauterine development, a finding supported by this study.
60,00% ., 2470% Intrauterine growth restriction was observed in 54.7% of infants

' who developed BPD, compared to only 32.7% in the control
2880%  group (y2=5.846; p=0.023).

80,00% 71,20%

40,00%

20,00% While existing literature presents varying results, clinical
0,00% practice strongly supports Caesarean sections in high-risk
Group 1 Group 2 pregnancies [7], an issue that remains debated. Among

premature infants who developed BPD, vaginal delivery

m vaginal delivery ~ ® C-section delivery occurred in only 45.3% of cases, compared to 71.2% in

) ; . premature infants without BPD. This study revealed a
Figure 3. Type of delivery in children | jgnificantly higher proportion of Caesarean births among
with BPD children with BPD — 54.7%, versus 28.8% in the control group.
The difference between the two groups was statistically
significant (}2=7.216; p<0.007), suggesting an
association between non-physiological delivery and the
risk of developing BPD in premature infants (figure 3).
The research confirmed the presence of
respiratory distress syndrome in most children, who later
developed BPD — this was found in 90.6% of cases, with 42,30%

a very high validity compared to the group of children q (x2=9,258; p=0,002). F 71,70%
without BPD, where the rate was 34.6%, x2 = 35.19, p  0.00% 20,00% % 80,00%
< 0.0001. Group2 EGroup1l

Prenatal  corticosteroid  administration, in ) .
combination with postnatal surfactant therapy, works Figure 4. Dexamethasone treatment in
synergistically to enhance pulmonary compliance. pregnant women from the study groups

Research indicates that antenatal corticosteroid
treatment significantly reduces the morbidity associated with neonatal respiratory distress syndrome (by
34%) and intracranial haemorrhages. A retrospective analysis of the children in the study revealed that
71.7% of those with BPD received prophylactic dexamethasone during pregnancy, compared to 42.3% in
the control group (y2 =9.258; p = 0.002; Figure 4).

3.2 Etiopathogenic factors in the development of bronchopulmonary dysplasia in the

neonatal period
Children with BPD were examined at an average age of 0.74 + 0.44 years (minimum of 0.1 years,
median of 0.7 years, maximum of 2.5 years, and mode of 0.17 years). This contrasts with an average age of
1.22 £+ 0.58 years (minimum 0.17 years, median 1.1 years, maximum 3.0 years, and mode 0.17 years) for
children without BPD (F statistic = 4.8, p > 0.03). The study groups' newborn distribution was analyzed
according to the premature infant's sex (Figure 5).

80,00% Males represented 62.3% of the BPD group, while

£0.00% 62,30% ) females represented 37.7%. In the non-BPD group, the
o 5190% o 1o%  distribution was 51.9% for males and 48.1% for females
40,00% 37,70% (x2 = 1.146; p = 0.284). These figures suggest a
60
20,00% 50

40

0,00% children with BPD " Non-BPD children 30
Group 1 M™Boys MGirls Gron 2 20 e
-

Figure 5. Distribution of children with BPD by Mean
sex gestational age
tendency for males to be more prevalent in the BPD Non-BPD children 29,52 21
group. Existing literature, however, does not offer W BPD children 27,28 16
compelling evidence of sex-specific differences in
premature infants in relation to BPD [11, 12]. Figure 6. Distribution of children with BPD by
The correlation between average gestational gestational age at birth

age and the risk of BPD in premature infants has led



to more in-depth studies to understand the severity of this relationship [9,10]. When gestational age at birth
was assessed in premature infants with BPD, it averaged 27.28 + 2.24 weeks (95% CI [26.67-27.90]),
ranging from 23 to 31 weeks. This contrasted sharply with infants born without BPD, where gestational
age at birth was significantly greater, averaging 29.78 + 2.71 weeks (95% CI [28.76-30.27]) and ranging
from 24 to 35 weeks. A comparative analysis confirmed a statistically significant difference between these
two groups, demonstrating a high level of significance (F=25.21; p<0.0001), as detailed in Figure 6.

Gestational age is a prognostic indicator of viability in premature infants. Of all premature births,
93% occur at a gestational age greater than 28 weeks, and only 6% occur at a gestational age between 22
and 27 weeks. The existing literature suggests that the minimum gestational age for viability is considered
to be 23 weeks. Notably, mortality among these infants is four times higher compared to infants born after
28 weeks of gestation [9], and BPD is a significant complication that interacts with the degree of
prematurity [7, 5, 16].

The mean birth weight in the group of preterm
infants who developed BPD was very low— non-8pDchildren |
1006.46+239.51 g (95%CI [940.47-1072.51]), with a

minimum value of 457 g and a maximum of 1650 g; the BPD children

median was 1006.49 g. In comparison, the mean birth 0 500 1000 1500
weight in the group of preterm infants without BPD was

1424+401.42 g (95%CI [1312.74-1536.26]), with values BPD children | non-BPD children
ranging from 640 g to 2100 g; the median was 1424.50 g. ®weight at birth 1006,49 1424,5

Statistical analysis based on birth weight revealed a
significant difference between the two groups (F=42.173;
p<0.0001), showing considerably lower birth weights
among preterm infants who later developed BPD (Figure

Figure 7. Mean birth weight of children
with BPD

The distribution of children with BPD in relation to birth weight revealed that a considerable ratio

were preterm infants weighing under 1000 g (45.3%) and between 1000-1449 g (50.9%). Only one child
173 19 19 in the group had a birth weight between 1500-1999

’ ’ ’ g, and one between 2000-2500 g. Among the group

of preterm infants who did not develop BPD, there
was a significant predominance of those with a birth
weight over 1500 g (82.7%), while only 17.3% were
born weighing less than 1000 g. The results of this
comparative study provide strong evidence for the
significant influence of birth weight in preterm
infants who developed BPD — y2 = 28.59; p < 0.0001

’ 50,9

(Figure 8).
* BPD children grade 1 BPD children grade 2 Comparing the study's findings with existing
BPD children grade 3 BPD children grade 4 literature suggests a strong correlation: lower birth

= Non-BPD childrengrade 1 = Non-BPD childrengrade 2 weight and gestational age increase the likelihood of

= Non-BPD children grade 3 = Non-BPD childrengrade 4 developing BPD. Notably, all newborns in the study
weighing less than 1000 grams at birth developed
BPD.

Figure 8. Birth weight of children with BPD
by severity grading
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children with BPD

Waist circumference analysis at birth in the
premature infant study group yielded a mean of
35.75£3.02 cm, ranging from 29 cm to 42 cm. This was
significantly smaller (F=23.86; p<0.0001) compared to
the control group, where the mean waist circumference
was 39.4244.53 cm, ranging from 30 cm to 49 cm
(Figure 9). Within the premature infant study group, an
examination of head circumference at birth in infants
with and without BPD revealed notable differences
between the two subgroups. Infants with BPD had a
mean head circumference of 26.41+2.66 cm (range: 21-
35 cm). The control group showed a significantly larger
mean head circumference (F=10.703; p<0.001) of
28.15+2.78 cm, ranging from 23 cm to 38 cm. The chest
circumference at birth for infants in the study group was
23.49 £ 1.90 cm (minimum — 19 cm, maximum — 28 cm).
In contrast, the chest circumference at birth for infants in
the control group was significantly larger (F=15.388,
p<0.0001), measuring 25.28 + 2.72 cm (minimum — 18
cm, maximum — 36 cm (Figure 9).

The Apgar score, particularly valuable in

premature births, holds pathogenic significance for the newborn. The Apgar score subjectively reflects the
infant's condition in the first minutes after birth and is relevant for implementing resuscitation methods and
stabilizing the infant's condition. Low scores (<3 points at 1 minute of life) indicate severe intrauterine

foetal distress. A low Apgar score at 5 minutes after
birth suggests a poor short-term prognosis. In this
study, an Apgar score of 2 at 1 minute after birth
was observed in 3.8% of infants with BPD, and a
score of 3 in 5.7%, indicating severe asphyxia.
These scores were not found in premature infants
in the control group. An Apgar score of 4 was given
to 7.5% of infants with BPD, compared to 1.9% in
the group without BPD; a score of 5 in 39.6% of
the study group, versus 13.5% in the control group;
and a score of 6 in 39.6% of the study group and
46.2% of the control group. A score of 7 was
observed in 3.8% of infants with BPD and 34.6%
in the group without BPD. An Apgar score of 8 was
given only to infants without BPD (3.8%).

To assess the infants' condition after birth,
the 5-minute Apgar score was analysed. The study
group showed a score of 3 in 3.8% of cases, while
the control group showed a score of 4 in 3.8% of

Apgar score at 1
min.x2=28,79; p<0,0001

Children with BPD(n=53)
~Children without BPD(n=52)

Figure 10. Apgar score at birth in preterm newborns

cases. Among infants with BPD, 7.5% had a score of 5, compared to 1.9% in those without BPD. A score
of 6 was recorded for 39.6% of the study group and 25.0% of the control group. A score of 7 was achieved
by 41.5% of the study group and 57.7% of the control group. A score of 8 was found in 3.8% of infants
with BPD and 15.4% of those without BPD. These data are presented in Figure 10. The difference in Apgar
scores between the two groups at 1 minute and 5 minutes was statistically significant (}2=28.79, p<0.0001
at 1 minute; ¥2=12.50, p=0.028 at 5 minutes). This strongly suggests that severe neonatal asphyxia plays a
significant role in the subsequent development of the pathogenic mechanisms underlying BPD.
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premature infants

m BPD children = Non-BPD children

Figure 12: Retinopathy assessment in
children with bronchopulmonary dysplasia

Surfactant therapy was initially developed to treat RDS arising from surfactant deficiency, the
condition's defining characteristic. The study found that surfactant was administered to 69.8% of infants in
the BPD group, a significantly higher percentage than the 30.8% in the group without BPD (¥2=16.005;

p<0.0001) (Figure 11).

The development of retinopathy of prematurity (ROP) [17,18] is complex and influenced by several
factors, including retinal immaturity and arterial blood oxygen levels in the retina. The study showed that
ROP occurred in 58.5% of premature infants with BPD, a considerably larger proportion than the 26.9%
was observed in infants without BPD (32=10.680; p<0.001) (Figure 12).

3.3 Assessment of respiratory support techniques

in the neonatal period

positive airway pressure (NCPAP) in 79.2% of cases, during nCPAP ‘

compared to 76.9% in those without BPD (32=0.083;

p=0.77).

.. . . ini 02 trati
The minimum O concentration during nCPAP S 3135 S

during nCPAP

for children with BPD averaged 31.38+1.79%, ranging
from 20% to 31%. In comparison, the control group's
average minimum O2 concentration was 21.76+2.35%,
ranging from 20% to 30% (F=0.699; p= 0.406). This
difference was not statistically significant (Figure 13).

The maximum O> concentration during nCPAP
in the BPD group averaged 38.00+4.90%, ranging
from 30% to 45%. This compared to an average

H BPD children B Non-BPD children

Figure 13. Maximum and minimum Ozamount

maximum of 30.68+3.72% in children without BPD,

100%
90%
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10%

0%

VAP 0, level
duration in VAP
(days) (%)
B Non-BPD children 8,11 40,08
W BPD children 25,31 42,37

Figure 14. VAP duration and oxygen levels in
the neonatal period

in NCPAP during the neonatal period.

ranging from 21% to 45% (F=2.346; p=0.130), as shown
(Figure 13). This research analyzed positive airway
pressure respiratory support, assessing both oxygen
concentration and duration (in days). Infants diagnosed
with BPD required significantly more prolonged
ventilator-assisted pneumonia (VAP) support (90.6%)
than those without BPD (51.9%), a statistically
significant difference (¥*=19.206; df=1; p<0.0001).

Oxygen therapy duration in the BPD group
averaged 25.31+29.15 days (range: 1 to 130 days). The
control group's duration was significantly shorter,
averaging 8.11+7.25 days (range: 1 to 31 days), a
significant difference (F=9.034; p=0.004) (Figure 14).
Oxygen concentration during VAP averaged
42.37+£12.92% in the BPD group, compared to
40.08+18.50% in the non-BPD group (F=0.323;
p=0.572) (Figure 14).
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Table 1. Neonatal HFOV in infants with
bronchopulmonary dysplasia

HFOV BPD children Non-Bpd children
(n=53) (n=52)
n % n %
Yes 44 81,5 3 59
No 10 18,5 48 94,1

x2=60,626; p<0,0001

High-frequency oscillatory ventilation (HFOV) is
another respiratory support method, used in 81.5% of
premature infants who developed BPD in contrast to
the 5.9% of infants without BPD ho didn't require
HFOV support. Statistical analysis confirms a
significant  difference  between these groups
(%2=60.626; p<0.0001), as detailed in Table 1.

3.4 Assessing the respiratory symptoms in infants with bronchopulmonary dysplasia

Studies have shown that clinical characteristics influence the risk of developing morphostructural
lung changes in infants with BPD [13]. These results emphasize the need for accurate monitoring and
prompt intervention to manage respiratory issues in premature infants. This approach aims to avoid
bronchopulmonary complications and enhance long-term outcomes.

Analysis of respiratory rate indicators during clinical examination of premature infants with BPD

revealed a mean of 64.5+8.80 breaths per minute, with a minimum of 51, a median of 65, and a maximum
of 81 breaths per minute. This is in contrast to the respiratory rate observed in premature infants without

Table 2. Respiratory rate in children with bronchopulmonary dysplasia (breaths per minute)

Study group M Std Dev. | Minimum | Median Maximum p
BPD children (n=53) 64,5 8,80 65 81 p<0,001
Non-BPD children (n=52) 42,2 6,21 41 47

BPD, which is significantly lower (F=55.63; p<0.001), averaging 42.24+6.21 breaths per minute
(minimum of 37, median of 41, maximum of 47 breaths per minute (Table 2). Therefore, an increased
respiratory rate characterizes the severity of pulmonary involvement in bronchopulmonary dysplasia in
premature infants and the onset of respiratory failure signs during diagnostic confirmation.

80
70
60
50
40
30
20
10

0

3-6

BPD children

W Respiratory rate | 63,47

Figure 15. Respiratory rate by age in children with BPD

6-12

46,79

12-36 3-6
months months months months months months
Non-BPD children

44,87 38,27

51,3

6-12

Respiratory rate, when assessed in relation

to age in children with BPD, was found to

be 63.47+9.30 b/min. in the 3-6 month age

group, 46.79+7.69 b/min. in the 6-12
" month age group, and 44.87+9.3 b/min. in
the 12-36 month age group. In children
without BPD, respiratory rates were
51.30+8.79  b/min.  (3-6  months),
38.27+£7.48 b/min. (6-12 months), and
33.72+6.09 b/min. (12-36 months)
(F=11.506; p<0.0001) (Figure 15). Pulse
oximetry is considered an informative
indicator when assessing the effectiveness
of respiration. Consequently,

12-36

33,72
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statistical analyses of oxygen saturation values,
as determined by pulse oximetry, have been
performed on children with BPD [14, 15]. To
objectify respiratory insufficiency, oxygen
saturation (SaO2) was assessed in children with
BPD, revealing significantly reduced average
values. In the BPD group, SaO- reductions were
more pronounced at 93.02+1.45% [CI 92.62—
93.42%], compared to the control group's
97.4+0.83 [CI 97.17-95.37%], demonstrating a
significant
difference between the study groups (F=26.305;
p<0.0001) (Table 3).

In premature infants with BPD, SaO;

F=6,82; p<0,0001

M BPD children 3-6
months
BPD children 6-12
months
BPD children 12-36
months
Non-BPD chidren 3-6
months

B Non-BPD chidren 6-12
months

Table 3. SaO; levels by pulse oximetry in children with

DBP (%)
Lotul de|N Medi | DS | 95% Ii Mini | Maxi
studiu a mum | mum
BPD 53 93,0 [1,4 | 92,62-
children 2 5 93,42 0 6
Non-BPD |52 |974 (0,8 |97,17-
children 0 3 97,63 5 9
Total 105 | 94,8 | 2,8 | 94,25-

1 3 95,37 0 9
F=26,305; p<0,0001

Figure 16. SaO: levels in children with BPD by
gestational age.

timely intervention with supplemental oxygen.

levels were assessed in relation to gestational age.
Results showed that children with BPD had SaO- levels
0f93.00+1.13%, ranging from 90-94%, at 3-6 months of
age. From 6-12 months, levels were 93.0+1.49%, with a
range of 90% to 95%. Between 12-36 months, SaO;
levels increased slightly to 94.0+1.76%, ranging from
90-96%. By contrast, the group of children without BPD
displayed  significantly  higher ~ SaO.  values:
97.80+1.44% (peak of 98%) in the 3-6-month age
group; 96.25+5.1,35% (peak of 97%) in the 6-12-month
age group; and 97.98+1.35% (peak of 98%) in the 12-36
month age group. Statistical comparison revealed a
highly significant difference in SaO- levels between the
two groups (F=6.82; p<0.0001), indicating
compromised oxygenation in all age groups among
children with BPD (Figure 16). These findings
emphasize the need for careful oxygen saturation
monitoring in premature infants, particularly those with
BPD, to enable prompt detection of hypoxemia and

The study assessed clinical respiratory and stethoacoustic signs in children. Infants with BPD

showed retractions in 83.0% of cases, a . . .

significantly higher rate than the 44.2% Table 4. Characteristics of_resplratory clinical signs in children

observed in premature infants without _ with BPD (%)

BPD (32=17.10; p<0.0001). An analysis | Clinical | BPD Non-BPD | x2; P

of the retractions revealed that intercostal | Signs children | children

retractions were present in 94.3% of (n=53) (n=52)

children with BPD, compared to 42.3% of | Subcostal | 96,2 7,7 x2=82,48¢l=1;p<0,0001

premature  infants  without BPD. | retractions

Similarly, subcostal retractions were seen | Intercostal | 94,3 42,3 x2=32,97;¢l=1;p<0,0001

in 96.2% of children with BPD, | retractions

contrasting sharply with the 7.7% | Coarse 49,1 48,1 x2=0,010; gl=1; p=0,920

observed in the group without BPD | rales

(2=82.48; df=1; p<0.0001). Weezing | 71,7 115 ¥2=39,021;gl=1;p<0,0001
On auscultation, there were | rales

detected coarse rales occurring at a | Mixed 28,3 13,5 12=3,49; gl=1; p=0,062

comparable frequency in both the |rales

children with BPD (49.1%) and those

without BPD (50.9%) (y2=0.010; df=1; p=0.920). However, wheezes were much more frequently identified
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during auscultation in children with BPD (71.7%) than in premature infants without BPD (28.3%), a
statistically significant difference suggesting it as a characteristic sign of BPD (¥*>=39.021; df=1; p<0.0001).
Furthermore, mixed rales were recorded in 28.3% of children with BPD, while they occurred half as often
(13.5%) in the group without BPD, as detailed in Table 4.

Therefore, the clinical examination results suggest that tachypnea, SaO., and both subcostal and
intercostal retractions are important indicators for evaluating respiratory failure in children with BPD and
potentially other respiratory conditions [13].

50,00% 9
45,30% X2=32,637; p<0,001

3.5 Severity grades in children with .,
bronchopulmonary dysplasia 30,20%

Children with BPD were grouped by severity as  30,00% 24,50%
follows: 45.3% had mild BPD, 24.5% moderate, and I I

30.2% severe. As a result, the study group predominantly ~ 2%:9%%
included children with mild BPD (¥2=32.637; p<0.001)
(Figure 17). The correlation between mean gestational
age and BPD severity was also assessed (Table 5). This = ¢ 00%

evaluation revealed a mean gestational age of 28.17 + mild BPD  moderate BPD  severe BPD
2.20 weeks (min. of 23 weeks, max.31 of weeks) for
children with mild BPD. Premature infants with moderate | Figure 17. BPD severity in preterm infants.
BPD had a mean gestational age at birth of 27.15 + 2.20
weeks (min. of 23 weeks, max. of 30 weeks). Those with severe BPD had the lowest average gestational
age — 26.06 + 1.94 weeks (min. of 24 weeks, max. of 30 weeks). A comparative analysis with a control
group of children without BPD showed a statistically significant difference between the groups (F=9.88;
p<0.0001); the control group's gestational age was 29.52 + 2.71 weeks (min. of 24 weeks, max. of 35
weeks).

10,00%

Table 5. Interactions between gestational age at birth and BPD severity grades
Mild BPD Moderate Severe BPD Control
(n=24) BPD (n=16)
(n=13)
M SD | 95% | M SD 95% | M SD | 95% CI | M SD 95% Cl P
Cl Cl
28,17 | 2,20 | 27,24- | 27,15 | 2,03 592- | 26,06 | 1,94 | 25,02- 29,52 | 2,71 28,76- p<0,0001
29,10 28,38 27.10 30,62

The relationship between birth weight and the severity of BPD was also analysed. The correlation
between anthropometric parameters and the degree of BPD revealed that among children with a birth weight
of 2000-2500 g, mild BPD was diagnosed in 4.2% of cases, while no cases of moderate or severe BPD
were recorded. In children weighing 1500-1900 g, only the severe form of BPD was observed (6.3%).
Among preterm infants with a birth weight of 1000-1499 g, mild BPD was confirmed in 58.3% of cases,
moderate in 69.2%, and severe in 25%. In preterm infants with very low birth weight (999 g or less), mild
BPD was diagnosed in 37.5% of cases, moderate in 30.8%, and severe in 68.8%. A statistically significant
difference was found between anthropometric parameters and the degrees of BPD severity (y* = 37.25; df
=4; p <0.0001), as shown in Table 6.

Table 6. Interactions between birth weight and BPD severity levels

Study BPD children with the following severity levels: | Non-BPD X?, gl=1, P
groups, children
weight mild moderate severe P

N % N % N % N %
2000-2500 g 1 4,2 0 0 0 0,0 4 7,7
1500-1999 g 0 0,0 0 0,0 1 6,3 21 40,4
1000-1499g |14 [583 9 69,2 4 ]250 18 | 346 12=37.25;
<999 g 9 1375 4 1308 11 | 6838 9 1173 0<0,0001
Total 24 100,0 13 100,0 16 100,0 52 100,0
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The analysed groups were characterised by the parameter values shown in Table 7, according to the
BPD severity levels. Birth waist parameteres in the group with mild BPD was 36.12 +3.39 cm, showing a
significant difference compared to the control group (F=8.4; p<0.0001); in the moderate BPD group it was
36.30+2.71 cm, and in the severe group — 34.75 +2.56 cm.

Table 7. Anthropometric parameters in children with different BPD levels

Para Mild BPD 95% | Moderate | 95% | Severe 95% | Control P
meter | (n=21) Cl BPD Cl BPD Cl (n=52)
S (n=11) (n=10)

M SD M SD M SD M SD

Waist | 36,12 33 34,69 | 363 |27 | 3466 | 347 |25 |3338 | 394 |45 | F=8,44;

at birth 9 - 0 1 - 5 6 - 2 3 p<0,000
37,55 37,95 36,11 1

Head 26,75 20 [ 2569 [ 26.1 |18 [2502 |26,1 |34 |24,29 |28,1 |27 | F=374;

circum 5 - 5 6 - 5 4 - 5 8 p =0,014

ferenc 27,80 27,28 27,95

e

Chest | 21,67 23 120,62 [ 220 |29 (2198 |23,7 |22 |24,29 |252 |27 | F=542;
circum 0 - 9 1 -238 |5 6
ferenc 22,72

e

27,95

Infants with mild BPD exhibited a mean head circumference of 26.75 £ 2.05 cm, compared to 26.15
+ 1.86 cm in those with moderate BPD, and 26.15 £+ 3.44 cm in those with severe BPD. Thoracic
circumference was also analyzed based on BPD severity, viz, in infants with mild BPD, it measured 21.67
+ 2.30 cm, a significant difference compared to the control group (F = 5.42; p <0.0001). Circumference in
infants with moderate BPD was 22.09 + 2.91 c¢m, and in infants with severe BPD, 23.75 +2.26 cm.

Assessment of respiratory manifestations based on BPD severity revealed intercostal retractions in
100% of infants with mild BPD, compared to 73.1% in the control group without BPD, 100% in moderate
BPD, and 100% in severe BPD. Subcostal retractions, indicative of respiratory insufficiency, were observed
in all premature infants with varying degrees of BPD severity, versus 32.7% in the control group (2 =
53.51; p<0.0001).

Depending on severity, coarse rales were present in 41.7% of children with mild BPD, compared to
65.5% in the control group, 53.8% in moderate BPD, and 56.3% in severe BPD, with no statistically
significant difference (}*=3.202; df=3; p=0.361). Wheezing was detected on auscultation in 66.7% of
preterm infants with mild BPD, compared to 28.8% in those without BPD, 30.8% in moderate BPD, and
68.8% in severe BPD (y*=18.104; df=3; p<0.0001). However, mixed rales were identified in 29.2% of
infants with mild BPD, 13.5% in the control group, 7.7% in moderate BPD, and 43.8% in severe BPD,
without statistically significant differences between groups (¥*=9.14; df=3; p=0.027). Data are presented in
Table 8.

Table 8. Respiratory manifestations in children with different BPD severity levels.

Respiratory Children with the following BPD severity | Non-BPD X2, GI-3,P
characteristics | levels: children
mild moderate severe P
N % N % N % N % ¥2=53,51;
Intercostal 16 100 |17 100 |20 100 38 73,1 p<0,0001
retractions
Subcostal 21 100 |16 100 15 100 17 32,7
retractions
Coarse rales 10 417 |7 538 |9 56,3 33 65,5 %2=3,202;
p=0,361
Weezing rales 16 66,7 | 4 30,8 |11 68,8 15 28,8 12=18,104;
p<0,0001
Mixed rales 7 292 |1 7,7 7 43,8 7 13,5 x2=9,14;
p=0,027
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The assessment of respiratory distress
syndrome in preterm infants with BPD
showed an incidence of 79.2% in mild cases,
and 100% in both moderate and severe cases,
compared to 34.6% in the control group. The
association between BPD severity and
neonatal factors, particularly RDS, was
statistically significant (> = 37.63, p <
0.0001), as shown in Figure 18.

Another identified neonatal risk factor is
neonatal sepsis in preterm infants, which has
been previously reported. The present study
revealed a 100% incidence of neonatal sepsis

120,00%

X2=71,590; p<0,0001 100%

100,00%

80,00%

60,00%
39%

§80% 1,90% I
, (]
[

Mild BPD Moderate BPD

40,00%
20,00%

0,00%
Severe BPD

HGroup 1 Group 2

120,00%
100,00%

100% 100%
79,20%

I 34,60% I I

80,00%
60,00%
40,00%
20,00%
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Group 2

Mild BPD Moderate Severe BPD

2=37,63;
BPD X T

Figure 18. Respiratory distress syndrome assessment in

premature infants by BPD severity.

Figure 19. Sepsis assessment in preterm infants by

BPD severity

in infants who developed severe BPD, a 38.5%
incidence in those with moderate BPD, and a single
case (8.3%) among those with mild BPD. In the
control group, only one isolated case of neonatal
sepsis was observed. Statistical analysis showed a
significant difference in the incidence of neonatal
sepsis according to the severity of BPD (y* = 71.590;
df = 3; p < 0.0001), with the highest prevalence
occurring in severe cases (100%), followed by
moderate (38.5%) and mild forms (8.3%). The
difference between groups was statistically significant
(x*=71.590; df = 3; p <0.0001) (Figure 19).

The BPD severity level based on neonatal risk
factors. To assess BPD severity, the study analyzed
the duration of oxygen therapy via positive pressure
support. In the BPD group, mild BPD was found in
7.48% (2-14 days), moderate in 10.45% (4—20 days),

and severe in 30.10% (4-64 days). In the control group, 9.50% had oxygen therapy for 2-45 days. The
difference was statistically significant (F=11.52; p<0.0001). Maximum O: concentration during nCPAP
varied with severity: mild BPD averaged 30.24% (30-35%), moderate 34.0% (30-45%), and severe 33.50%
(30-40%). The control group averaged 30.68% (21-45%). This difference was not statistically significant
(F=3.981; p=0.011). Minimum O: levels during n"CPAP were similar across groups: 21.67% (mild), 22.09%
(moderate), 21.60% (severe), and 21.38% (control), with no significant difference (F=0.351; p=0.789).

Table 9. nCPAP assessment, days, max/min Oz concentration with BPD severity levels.

nCPAP Mild BPD | 95% Moderate 95% Severe BPD | 95% Control 95%
parameters | (n=21) Cl BPD (n=11) | CI (n=10) Cl (n=52) Cl
M SD M SD M SD M SD
nCPAP, days | 7,48 3,66 | 5,81- 10,4 |48 |7,17- | 30,1 | 24,7 12,36- | 9,50 | 8,67 | 6,73-
9,15 5 8 13,74 | O 9 47,84 12,27

F=11,50 ; p<0,0001

nCPAP, 30,24 | 1,09 | 29,74- | 34,0 5,7 30,14- | 33,5 4,74 30,11- | 30,6 3,71 | 29,49

maximum O2 30,73 | O 4 37,86 | 0 36,89 | 8 -

amount 31,86
F=3,981; p=0,011

nCPAP 21,67 | 2,30 | 20,62- | 22,0 | 2,9 | 20,13- | 21,6 1,89 20,24- | 21,3 1,79 | 20,80

manimum 22,72 |9 1 24,05 | 0 22,96 | 8 -

0O2amount 21,95
F=0,351; p=0,789
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The length of respiratory support via VAP in neonates with mild BPD was 7.26 days. It doubled to
15.46 days in those with moderate BPD, whereas infants with severe BPD required a considerably longer

period of VAP, averaging 54.75 days. In contrast,

the duration of oxygen therapy via VAP in the control

group of infants without BPD was 8.11 days (F=31.27; p<0.0001). Regarding VAP parameters, the required
oxygen concentration in premature infants with mild BPD was 31.16%, rising to 39.08% in those with
moderate BPD, and reaching maximal concentrations of 51.50% in premature infants with severe BPD,
indicating significant differences between the severity levels. The oxygen concentration in the control group
was 42.37% (F=5.21; p>0.003), the summary results being presented in Table 10.

Table 10. Correlations between VAP duration, O2 concentration, and BPD severity level.

VAP Mild BPD | 95% Moderate | 95% Severe 95% Control 95%
paramete (n=19) Ci BPD IC BPD Cl (n=52) Cl
rs (n=13) (n=16)
M DD M SD M | SD M | SD
VAP, 7,26 |512 |4,78- | 1546 | 11,57 | 8,47- | 54, | 33,21 | 37,05- | 8,11 | 7,25 5
days 9,75 22,4 |75 72,45
6
F=31,277; p<0,0001
VAP 31,1 | 15,62 | 23,63 | 39,08 | 13,68 | 30,8 |51, | 19,71 | 41,00- | 42,3 | 12,92 | 37,26
(o)) 6 - 1- 50 62,00 7 -
amount 38,69 47,3 47,48
5
F=5,21; p>0,003

High-Frequency Oscillatory Ventilation (HFOV)

represents another modern approach to oxygen
therapy for neonates, especially premature
infants. It was employed in treating 92.9% of
infants diagnosed with mild BPD. Use of HFOV
decreased with the severity of BPD in 80% of
moderate cases and 62.5% of severe cases. The
therapy was also sometimes applied to infants
without BPD (5.9% of cases), a statistically
significant  difference among the groups
(x2=64.432; p<0.0001) as detailed in Table 10.

3.6 Assessing radiographic changes in
children with bronchopulmonary dysplasia

BRONCHO-OBSTRUCTIVE — 52,8%
SYNDROME 28,8%

I 2 3% .
PNEUMONIC FOCI 73,1%

? 41,5%
’ (]

MICROCYSTIC
FORMATIONS

F 47,2%
,97

PULMONARY
HYPERTRANSPARENCY

? 50,9%
,270

I 62,3%
5,8%

OPAQUE FIBROTIC
SECTORS

EMPHYSEMATOUS ZONES

SUBSEGMENTAL
ATELECTASIS

ﬁ 47,2%
’ (]

. 49,1%
DISCOID ATELECTASIS 13,5%

B Group 1 Group 2

Figure 20. Chest radiographic changes in children with
bronchopulmonary dysplasia.

Table 11. Use of HFOV oxygen therapy in
children with BPD based on severity level

HFOV BPD Non-BPD X2, gl=1,p
children children
(n=53) (n=52)
Da | % Da %
MildBPD | 26 | 92,9 3 59 v2=64,43
2,
Moderate | 8 80 p<0,001
BPD
Severe 10 | 625
BPD

Chest X-rays have been a standard tool in clinical
practice for detecting BPD, leading to the development
of radiographic scoring systems to assess its clinical
severity [19, 20, 21]. However, chest radiography
suffers from inherent limitations due to structural
interference and overlapping images, which has fueled
ongoing debate regarding its reliability in diagnosing
BPD [21, 23]. Consequently, radiographic techniques
may not offer sufficient detail to accurately represent
abnormalities within the lung parenchyma, nor reliably
predict the clinical severity of BPD [19, 20].

In accordance with the research design, chest X-
rays were performed on all participating children to
confirm their diagnoses. Analysis of the radiographic
findings showed that discoid atelectasis was
significantly more prevalent in children with BPD at
49.1%, compared to the 13.5% observed in those
without BPD (y2=15.431; p<0.0001). Similarly,
subsegmental atelectasis was visualized in 47.2% of
the BPD group, double the rate of 25.0% in the non-
BPD group (¥2=5.586; p=0.018).
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Areas of emphysema, characterized by imaging signs of localized bronchial obstruction, were found
in 62.3% of premature infants with BPD, but only occasionally in children without BPD (5.8%). These
differences between the groups were statistically significant (y2=37.182; p<0.0001).

Areas of fibrotic opacity were observed in 50.9% of children with BPD, a significantly higher rate
than the 11.5% seen in children without BPD (32=18.91; p<0.0001).

Pulmonary hyperlucency was detected in 47.2% of children with BPD, while isolated cases occurred
in only 1.9% of the control group. Microcystic formations were also more common in children with BPD,
observed in 41.5% compared to just 5.8% in the control group (¥2=18.482; p<0.0001).

Hospitalizations resulted in radiological changes indicative of pneumonic foci in 52.8% of children
with BPD. This was lower than the 73.1% observed in children without BPD who developed pneumonia
(x2=4.609; p=0.032). Similarly, broncho-obstructive syndrome was more prevalent in children with BPD
(58.5%) than in those without (28.8%) (¥2=9.370; p=0.002). Frequency and differences between these
groups are further detailed in Figure 20.

Analysis of pulmonary radiological investigations revealed statistically significant differences in all
types of bronchopulmonary substrate alterations, except for pneumonic foci. While these foci were more
frequently detected in children without BPD, bronchopneumonia was present as a distinct condition in this

group.

3.7 Assessing pulmonary computed tomography changes in children with bronchopulmonary
dysplasia

Computed tomography provides more objective and definitive evidence of structural lung lesions,
useful for guiding future interventions and establishing baseline lung imaging [22, 23].

Specifically, evaluating changes on pulmonary CT scans of the children in the study group revealed
the following statistically significant differences: ground-glass opacities were present in 75.5% of preterm
infants with BPD, compared to only 9.6% of children without BPD (y2=46.484; p<0.0001). Similarly,
linear reticular opacities were found in 67.9% of children with BPD, compared to 11.5% of children without
BPD (y2=34.771; p<0.0001). These differences were highly significant.

Infiltrative atelectatic areas on CT imaging
are a potential diagnostic criterion for BPD,
observed in 79.2% of the study group, but only
half as frequently in the control group (32.7%)
(x2=23.108; p<0.0001). Mosaic attenuation
patterns were reported in 71.7% of children with

DISTORTIONS w 56,6%
ﬁ 49,1%
,970

| 29
11,5% 64,2%

0,
T 58,5%

CONSOLIDATIONS

FIBOSIS

BULLAE

BPD, a statistically significant difference from
the 32.7% observed in the control group
(x2=16.010;  p<0.0001).  Pleuropulmonary
adhesions were frequently indicated by the
pulmonary CT protocol, seen in 69.8% of
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premature infants with BPD and 44.2% of those
without, a difference of slight statistical
significance (¥2=7.013; p=0.008). Hyperinflation
was visualized in 37.7% of the study group and
34.6% of the control group (y2=0.111; p=0.739).

MOSAIC ATTENUATION
INFILTRATES/ATELECTASIS 32 0%

0,
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LINEAR/RETICULAR OPACITIES

Bronchial tree involvement, manifested as GROUND-GLASS OPACITIES 9/600— 75,5%
peribronchial thickening on imaging, was found
in over two-thirds of children with BPD (67.9%), mGroupl ®Group2

compared to 42.3% of children without BPD
(x2=6.966; p=0.008). Pulmonary emphysema
was detected in 62.3% of children with BPD and
17.3% of premature infants who did not develop
BPD (¥2=22.104; p<0.0001).

Air bubbles are a significant CT imaging criterion for BPD. The bullae, a pathophysiological
consequence of lung injury from assisted ventilation and oxygen therapy in premature infants, were
frequently found in children with BPD, occurring in 58.5% of cases. This was sharply in contrast with the
control group, where they were rarely seen, appearing in only 13.5% of cases (32=23.046; p<0.0001).

The underlying causes of BPD seem to trigger processes that led to pulmonary fibrosis. Fibrosis
was observed in two-thirds of the children with BPD — 64.2% of cases—a rate significantly higher than
the 11.5% seen in the control group (¥2=30.809; p<0.0001).
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Figure 21. CT Scan Findings in Children with BPD




Consolidation areas were also more prevalent in the BPD study group, identified in 49.1% of cases,
compared to just 26.9% in the control group (¥2=5.453; p=0.020). Moreover, signs of distorted
bronchopulmonary structures were frequently reported in the CT scans of children with BPD, present in
56.6% of cases, while being almost absent in the control group, seen in only 3.8% of cases, thus,
representing a highly statistically significant difference (y2=34.480; p<0.0001) (Figure 21).

Table 12. Modeling risk and etiology for BPD 3.8. Prognostic factors in the

delivery

potential development of BPD in premature
— infants
Exp. (B) | 95%Cl : :
Criteria B P xp- (B) Evaluating prognostic factors for BPD
Cesarean | 596 | 0,006 |389,36 |5679-266 | development allows ~for the early

identification of high-risk patient groups and

5-Minute 2,22 | 0,55 9,242 0,953-
Apgar score 89,622

the implementation of preventative measures
to potentially minimize the severity of the

(g)

condition. To investigate the complex

Birth weight | -0,01 | 0,004 | 0,990 | 0,983-0.997 | jnterplay of these risk factors, multiple

logistic regression modelling was employed.

VAP (days)

Duration on | 0,13 | 0,025 | 1,145 1,017-1,290 | Regression coefficients are presented in

Table 12 (R?=0.855). The data indicates that

Sp0, -0,47 | 0,003 | 0,625 0,457-0,855 | each day spent on mechanical ventilation is

associated with a higher probability of

rate

Respiratory | 0,38 | 0,47 1,47 1,005-2,157 developing BPD (OR=1.06), while a higher

SpO- value is associated with a reduced risk

BPD.

of developing early clinical characteristics of

Logistic regression was employed to evaluate the impact of various risk factors on the severity of BPD that
developed. The study population was divided into two groups viz: the first included infants from group 2

and those from group 1 with mild BPD, while the
second included infants from group 1 exhibiting
moderate to severe BPD. The regression
coefficients are displayed in Table 13
(R?=0.679).

Unlike model 2, birth weight emerged as
a key factor in predicting the likelihood of BPD
development. Lower birth weight significantly
correlated with an increased risk of BPD, as
shown in Table 13. The logistic regression
analysis, examining factors involved in
pulmonary injury mechanisms in premature
infants with BPD, yielded significant results.
The findings include a detailed analysis of the
collected data. This complex analysis enabled
the development of a diagnostic algorithm for
children with bronchopulmonary dysplasia,
facilitating the diagnostic process and

Table 13. Modeling BPD severity in the neonatal

period

Variable B P Exp. (B) | 95% ClI
Gestational -0,192 | 0,237 | 0,825 0,600-
age 1,135
Duration on | 0,095 | 0,026 | 1,099 1,011-
nCPAP (days) 1,195
Duration on | 0,158 | 0,000 | 1.172 1,073-
VAP (days) 1,280
Sp02 -0,102 | 0,011 | 0,903 0,835-

0,977

optimizing patient management, as presented in Figure 22.
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Figure 22. Diagnostic algorithm for children with BPD
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GENERAL CONCLUSIONS

1. Bronchopulmonary dysplasia in preterm infants is significantly associated with specific perinatal
risk factors. These include a mean gestational age of less than 27.28 + 2.24 weeks, a mean birth weight
below 1006.46 £+ 239.51 grams, and low Apgar scores at 1 minute (p <0.0001) and 5 minutes (p = 0.028).

2. The severity of lung damage in premature infants with BPD is significantly influenced by several
postnatal factors. These include mechanical ventilation, which was used in 90.6% of cases (p < 0.0001), as
well as prolonged oxygen therapy, lasting an average of 25.3 = 29.2 days (p > 0.004), and exposure to
elevated oxygen concentrations, averaging 40.1 + 18.5% (p = 0.57). The negative effects of oxygen therapy
were also observed via CPAP in 79.2% of children with BPD (p = 0.77), with mean oxygen concentrations
of 32 +4.1% (p = 0.130).

3. Clinical signs of BPD in children include rapid breathing (p < 0.001), subcostal retractions at
rest (p < 0.0001), intercostal retractions (p < 0.0001), wheezing (p < 0.0001), and peripheral oxygen
saturation levels below 90%. These clinical features correlate with the severity of the disease (p < 0.0001)
and serve as important indicators for assessing acute respiratory failure in children with BPD.

4. Radiological findings in children with BPD included discoid atelectasis (49.1%, p < 0.0001),
subsegmental atelectasis (47.2%, p = 0.018), areas of emphysema (62.3%, p < 0.0001), opaque fibrotic
areas (50.9%, p < 0.0001), and microcystic formations (41.5%, p < 0.0001). These findings are
characteristic of BPD and reflect its severity.

5. Pulmonary computed tomography confirmed BPD through several characteristic findings:
ground-glass opacities (75.5% of cases, p < 0.0001), reticular linear opacities (67.9%, p < 0.0001),
infiltrative atelectatic areas (79.2%, p < 0.0001), mosaic attenuation (71.7%, p < 0.0001), pleuropulmonary
adhesions (69.8%, p = 0.008), emphysema (62.3%, p < 0.0001), bullae (58.5%, p < 0.0001), fibrosis
(64.2%, p < 0.0001), and distortion (56.6%, p < 0.0001). The presence of these features on CT provided a
definitive diagnosis of the disease.

6. This study identified several neonatal factors with significant prognostic value for the
development of BPD. Extremely low birth weight, gestational age, and Apgar scores below 4 in the first
minute of life showed the strongest predictive associations.

RECOMMENDATIONS

1. Gestational age, birth weight, and other anthropometric measurements, along with the Apgar
score, are important indicators of BPD risk. These factors can be used in healthcare settings to identify
infants who may be at risk for bronchopulmonary dysplasia. Evaluating these risk factors aids in the early
detection of infants at risk of developing BPD and allows for the timely initiation of appropriate
preventative or therapeutic interventions.

2. Clinical signs indicative of lung involvement, such as rapid breathing, intercostal and thoracic
retractions, and reduced arterial blood oxygen saturation (hypoxemia), suggest significant pulmonary
impairment and are suggestive of BPD.

3. Chest X-rays can reveal characteristic lung changes associated with bronchopulmonary
dysplasia, including pulmonary opacities, hyperexpansion, or a characteristic "ground-glass" appearance.
Chest X-rays are recommended for evaluating premature infants who have been exposed to oxygen therapy
during the neonatal period, especially at the primary healthcare level.

4. At a specialized or tertiary care level, pulmonary computed tomography scanning is
recommended. CT provides definitive imaging criteria for bronchopulmonary dysplasia through findings
like ground-glass opacities, reticular linear opacities, areas of atelectasis and infiltration, mosaic
attenuation, pleuropulmonary adhesions, emphysema, air cysts, fibrosis, and distortion of the lung's
architecture.
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ANNOTATION
Cotoman Aliona, “Bronchopulmonary Dysplasia in Children — Etiological Factors and Clinical-
Paraclinical Diagnosis”, PhD thesis in medical sciences, Chisinau, 2025.

Structure of the thesis: The thesis is presented on 145 pages (including 112 pages of
main text) and comprises the following sections: introduction, 3 chapters, synthesis of
obtained results, general conclusions, practical recommendations, bibliography with
[number] titles, and 7 annexes. The illustrative material includes 37 tables and 26 figures.

Keywords: bronchopulmonary dysplasia, preterm infants, risk factors, chest X-ray,
pulmonary CT.

Aim of the research: To evaluate the etiological factors and clinical-paraclinical
diagnosis of bronchopulmonary dysplasia (BPD) in preterm infants to develop prognostic
criteria for the disease.

Research objectives: 1) To study the risk and causal factors involved in
bronchopulmonary dysplasia in children; 2) To evaluate the clinical manifestations of
children with bronchoulmonary dysplasia; 3) To investigate pulmonary imaging changes in
children with bronchopulmonary dysplasia; 4) To develop prognostic criteria for the
evolution and severity of bronchopulmonary dysplasia in preterm infants.

Scientific novelty and originality: The scientific novelty focuses on identifying
determinants and predictive factors in children with bronchopulmonary dysplasia,
highlighting specific clinical forms. An analytical observational cohort study was conducted
through a multifactorial etiological approach to BPD in children with a history of
prematurity. The research provided original national data regarding risk factors for BPD in
preterm infants hospitalized at the IMSP Institute of Mother and Child, as well as data
related to bronchopulmonary sequelae in BPD. New insights were gained regarding the role
of pathogens in BPD, enabling a deeper correlation with the degree of prematurity, birth
weight, gestational age, and oxygen therapy level. Risk factors, clinical features, and
imaging characteristics were analyzed according to the severity of BPD in children.

Theoretical significance: The theoretical significance of the research lies in the in-
depth exploration of the etiopathogenic mechanisms involved in the development of BPD
in preterm infants, using a comprehensive and integrative approach to the determining
factors. The study enriched the existing theoretical framework by identifying and classifying
risk and predictive factors based on disease severity and highlighting the relationship
between perinatal, infectious factors and the need for respiratory support. The findings
significantly contributed to the understanding of the relationship between prematurity,
postnatal insults (infections, oxygen therapy, mechanical ventilation), and the development
of bronchopulmonary sequelae, offering a conceptual framework that can support the
development of predictive models and follow-up guidelines for children at high risk of BPD.

Practical value: Programs were developed with clear criteria for early diagnosis and
prognosis of the evolution of bronchopulmonary dysplasia in children. For practitioners, a
well-structured laboratory diagnostic algorithm was proposed to enable the earliest possible
detection of this nosological entity. The application of this algorithm facilitates the
assessment of BPD’s impact on pediatric respiratory morbidity, contributing to faster and
more effective clinical interventions.

Implementation of results. The study’s findings were applied in clinical practice at
the Pneumonology Clinic, IMSP Institute of Mother and Child. They were also integrated
into the Pediatrics Department's teaching at the “Nicolae Testemitanu” State University of
Medicine and Pharmacy and supported the update of National Clinical Protocol PCN-393
on Bronchopulmonary Dysplasia in Children. These actions underline the research’s
practical impact on patient care and medical education.
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ADNOTARE

Cotoman Aliona, ,,Displazia bronhopulmonara la copii - factorii etiologici si
diagnosticul clinico-paraclinic”, teza de doctor in stiinte medicale, Chisindu, 2025

Structura tezei: Teza este expusa pe 145 pagini de text (112 pagini text de baza) si include:
introducere, 3 capitole, sinteza rezultatelor obtinute, concluzii generale, recomandari practice, indice
bibliografic cu de titluri si 7 anexe. Materialul ilustrativ contine 37 de tabele si 26 figuri.

Cuvinte-cheie: displazie bronhopulmonara, prematuri, factori de risc, radiografia cutiei toracice, CT
pulmonara.

Scopul lucrarii. Evaluarea factorilor etiologici si diagnosticul clinico-paraclinic la copiii prematuri
cu displazie bronhopulmonara pentru elaborarea criteriilor de prognostic al maladiei

Obiective cercetarii: 1) Studierea factorilor de risc si cauzali in displazia bronhopulmonara la copii;
2) Evaluarea manifestarilor clinice la copiii cu displazie bronhopulmonard; 3) Cercetarea modificarilor
imagistice pulmonare la copiii cu displazie bronhopulmonara; 4) Elaborarea criteriilor de prognostic pentru
realizarea displaziei bronhopulmonare si severitatii bolii la copiii ndscuti prematur.

Noutatea si originalitatea stiintifici. a constat in axarea cercetarii stiintifice pe stabilirea
determinantelor si a factorilor predictivi la copii cu displazie bronhopulmonara, cu evidentierea unor
particularitati ale formelor clinice. A fost realizat un studiu observational analitic de cohortd printr-0
abordare etiologica multifactoriald a displaziei bronhopulmonare la copiii cu istoric de nastere prematura.
Cercetarea a furnizat date autohtone privind factorii de risc in displazia bronhopulmonare la copiii
prematuri internati la IMSP Institutul Mamei si Copilului, precum si date referitoare la sechelele
bronhopulmonare in displazia bronhopulmonard. Cercetarea a oferit date noi despre semnificatia
patogenilor in displazia bronhopulmonara, ne-a permis sa obtinem rezultate provond corelarea acestora cu
gradul de prematuritate, greutatea, varsta de gestatie si nivelul de O2. Au fost studiati factorii de risc,
particularitatile clinice si imagistice 1n functie de severitatea DBP la copii.

Semnificatia teoretica. a cercetdrii constd in aprofundarea cunostintelor privind mecanismele
etiopatogenice implicate in dezvoltarea displaziei bronhopulmonare (DBP) la copiii prematuri, printr-0
abordare complexa si integrativa a factorilor determinanti. Studiul a contribuit la Tmbogatirea cadrului
teoretic existent, prin identificarea si clasificarea factorilor de risc si a celor predictivi in functie de
severitatea bolii, precum si prin evidentierea relatiei dintre factorii perinatali, infectiosi si necesarul de
suport respirator.

Rezultatele obtinute au adus un aport semnificativ in intelegerea relatiilor dintre prematuritate,
agresiunile postnatale (infectii, oxigenoterapie, ventilatie mecanicd) si dezvoltarea sechelelor
bronhopulmonare, oferind un cadru conceptual care poate sustine dezvoltarea unor modele predictive si
ghiduri de monitorizare a copiilor cu risc crescut de DBP.

Valoarea aplicativa. Au fost elaborate programe cu criterii de diagnostic timpuriu si de prognostic
pentru evolutia displaziei bronhopulmonare la copii. In sprijinul practicienilor din domemu a fost propus
un algoritm bine structurat de diagnostic de laborator al displaziei bronhopulmonare, care permite o
detectare timpurie a acestei entitdti nosologice. Aplicarea acestui algoritm faciliteaza evaluarea impactului
DBP asupra morbiditatii respiratorii pediatrice, contribuind la interventii mai rapide si mai eficiente in
practica clinica.

Implementarea rezultatelor. Rezultatele studiului au fost integrate in activitatea practica a clinicii
de pneumologie din cadrul IMSP Institutl Mamei si Copilului. De asemenea, aceste rezultate au fost
valorificate n procesul didactic al Departamentului de Pediatrie de la USMF ,,Nicolae Testemitanu” si au
contribuit la actualizarea protocolului clinic national (PCN-393) privind ,,Displazia bronhopulmonard la
copil.” Aceste initiative subliniaza aplicabilitatea practicd a cercetarii In imbunadtdtirea Ingrijirii pacientilor
si formarea profesionala continua.
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AHHOTALIUA

Koroman AJiena, « BpoHXo0/1€érounasi AMCIUIa3us y AeTeil — dTHoJIornyeckne GaKkTopbl M KIMHUKO-
MapaKJHHUYECKAs THATHOCTHKAY, TUCCEPTALUSA JOKTOPa MeAUIMHCKUX HAYK, Kumuués, 2025.

Crpykrypa auccepramum: Padora uznoxena Ha 145 ctpanunax (B Tom uucie 112
CTpPaHHI] OCHOBHOTO TEKCTa) M BKJIOYAET: BBEJCHUE, 3 TIJIaBbl, CHHTE3 IMOJIYYEHHBIX
pe3yNnbTaToB, OOIIKME BBIBOJABI, MPAKTUYECKUE PEKOMEHJAIH, Oubnuorpadudeckuii
yKa3areib C [yKa3aTb KOJMYECTBO| MCTOUYHUKOB M 7 TMPUIIOKEHUN. MIumrocTpaTUBHBIN
Martepual BkiItouaet 37 Tabiuuil u 26 pUCYHKOB.

KiroueBble ciioBa: OpoHXOJIETOYHAS AUCIUIA3HS, HETOHOIICHHOCTD, (DaKTOPBI pUCKa,
pentrenorpadus rpyanoi kietku, KT nérkux.

Heap wucciaegoBanus: OleHKa OSTHOJOTMYECKUX  (AKTOPOB M KIMHHUKO-
NapakJIMHUYECKON JUArHOCTUKH y HEJAOHOIICHHBIX JeTel ¢ OPOHXO0JIETOUHOMN qucIIa3uen
JUTSL pa3pabOTKX MPOTHOCTHYECKUX KPUTEPUEB 3a00I€BaHUS.

3agauu ucciaenoBanusi: 1) M3yunTs NpUUMHHBIE U MpeApacoaraiomume GpakTopsl
BJI1 y nereit; 2) Ouenuts kinHuueckue rnposisiaeHus y nerert ¢ BJI/; 3) MccnenoBath
u3MeHeHus: JE€rouHor Buzyanmuzauuu npu bJIJl y nereit; 4) Paspaborats kputepuu
MIPOTHO3a TEYECHUA U CTENEeHU TsKeCTH bJIJ[ y HETOHOIIEHHBIX IETEH.

HayyHnasi HOBM3HA M OpMIMHAJBHOCTH: HoBHU3HA Mcciie0BaHMS 3aKIIIOYACTCA B
aKLIEHT€ Ha BBISBICHUU JIETEPMUHAHT M MPOTHOCTUYECKUX (PAKTOPOB y JETEed C
OpOHXOJIETOYHOW JHUCIUIa3ueil, C BBIJCIIEHUEM OCOOECHHOCTEH KIMHMYECKUX (opm
3a0oneBanus. [IpoBeneHo aHanuTHYECKOE OOCEPBALlMOHHOE KOTOPTHOE MCCIIEIOBAaHUE C
MyJIbTH(PAKTOPHBIM 3THOJOTMYECKUM MOAX0AOM K u3ydeHuto bJIJ[ y neredt ¢ ucropuei
IpEKIEBPEMEHHBIX poJIoB. PaboTa nmpenocTaBuiia OpUruHaIbHbIE OTEUECTBEHHBIE TaHHbIE
o (akropax pucka bJIJ] y HemoHOIIEHHBIX AeTed, rocrnuraau3upoBaHHbx B MIMCM
«MHCTUTYT MaTepu U peOEHKay, a TaKkKe UH(OOPMAIUIO O OPOHXOJErTOYHBIX OCIOXKHEHUAX
npu bBJIJI. bpum mosydeHbl HOBBIE JAaHHBIE O pPOJIA IAaTOreHoB B paszButuu bJIJl u
YCTAQHOBJICHBl 3HA4YMMBbIC KOPPEJSIMUM C YPOBHEM HEJOHOLIEHHOCTH, MACcCOW Tena,
TE€CTAlMOHHBIM BO3pPaCTOM M YPOBHEM KHCIOPOJHOW Tepanuu. M3ydeHsl KIMHUKO-
BU3yalM3aironHbie ocooeHHocT bJIJ] B 3aBUCUMOCTH OT CTeneHu e€ TSHKECTH.

Teopernueckasi 3HaUMMoOCThL: PaboTa yrinyOsisieT 3HaHusI O STUONATOT€HETUYECKUX
MexaHu3Max pa3Butus bJIJ[ y HEIOHOLIEHHBIX AETeW IOCPEACTBOM KOMIUIEKCHOTO M
MHTETPaTUBHOIO aHanu3a omnpeaensioumx (axktopos. HccienoBanue IOMOTHSET
CYIIECTBYIOIIYIO TEOPETUYECKYI0 0a3y 3a cu€r kiaccuduxkanuum (QakTopoB pHUCKa H
IPOrHO3a B 3aBUCUMOCTH OT TSDKECTU 3a00JI€BaHUs, @ TAK)XKE YCTaHOBJICHUS B3aHMMOCBS3H
MEXAy [epUuHATaIbHbIMH, WH(PEKUIMOHHBIMU  (aKTOopaMu U  MOTPEOHOCTBIO B
pecnupaTopHOr MOJJEPKKE.
[TomydyeHHble pe3ynbTaThl CIOCOOCTBYIOT —Jy4IIeMY MOHMMAHUIO CBSI3U  MEXAY
HEJJOHOUIEHHOCThIO, TOCTHATalbHBIMU arpeccussMu (MH(QEKIUH, OKCUTE€HOTEepaIus,
UCKYCCTBEHHAs] BEHTWISALMS JErKUX) M pa3BUTHEM OpOHXOJErOYHBIX OCIIOKHEHUH,
bopMupys KOHLENTYaJbHYI0 OCHOBY JJsi Pa3pabOTKH MPOTHOCTHUECKUX MoJeIed U
IIPOTOKOJIOB MOHUTOPHHIA JETEN ¢ BBICOKUM puckom bJI/I.

IIpakTuyeckass 3HauMMoOcTh: Pa3paboTaHbl UYETKHME KpUTEPUU IJIsi PpaHHEH
TUMarHocTuku u nporuosa bJIJI. BHenpéH cTpykTyprupoBaHHbBIN 1a00paTOPHBINA alTrOPUTM,
MO3BOJISIIOIMKA BbIABIATH DJIJI Ha paHHeW craguu M OLEHUBATh €€ BIMAHUE Ha
pECIUPATOPHYIO NATOJOTHIO Y AETE. DTO ylIydylIaeT KIMHUYECKUE BMEIIATENbCTBA.

Buenpenue pe3yJbTaTOB: JlaHHbIE U CIIOJIb30BaHbI B IIPaKTUKE
nyJieMoHojorudeckoro otaeneHuss UMCM «MuctutyT matepu u peOEHKa» U B 00yUeHUH
Ha Kadenpe nmenuarpuu ['YM®D. PesynbTaTsl yuTeHbI Mpu OOHOBJICHUM HAIIMOHAIHLHOTO
KJIMHUYECKOT0 ITpoTokoa 1mo bJII, moarsepxaas ux NpuKIagHy HEHHOCTD.
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