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1. Introduction

Preterm birth belongs to chronic disease, and preterm infants are usually suffer-
ing from respiratory diseases after birth. BPD is the most common complication
of preterm infants, which will increase the incidence rate of respiratory diseases
in children and adolescents, severely affecting the health of preterm infants and
adults. The incidence rate of BPD is 32% - 59%, and it often induces chronic
respiratory diseases in infants, including recurrent respiratory tract infections
and bronchial asthma [1] [2] [3]. Up to now, there is no unified consensus on
the definition, pathogenesis, and therapeutics of BPD. The National Institutes of
Health (NIH) proposed the NIH 2001 definition of BPD, which is widely used in
clinical practice, detailed procedures include oxygen inhalation for more than 28

days and then grading [4], without lung imaging support. Lung imaging has
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been incorporated into the NIH 2018 definition, making more accurate in BPD
diagnosis [5] [6]. With the application of prenatal glucocorticoids and protective
respiratory therapeutics, BPD shows novel pathological characteristics (called
“new” BPD), mainly including abnormal development of lung tissue and pul-
monary blood vessels [7]. These lung injuries are related to various factors, such
as inflammation and oxidative stress [8], leading to the reconstruction of lung tis-
sues and pulmonary blood vessels [9]. In addition, illogically assisted ventilation
can also trigger lung inflammation [10]. There are many methods to protect and

treat BPD, such as glucocorticoids and assisted ventilation. their usage

— Prenatal protection

| Antenatal co w
N (ACS) 4
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Figure 1. Various therapeutics for protecting and treating BPD.
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2. Prenatal Protection

2.1. Preterm Birth Protection

BPD is negatively correlated with gestational age. Most BPD occurs in infants
born before 32 weeks of gestation, the lung tissues present tubular (17 - 26 weeks
gestation) or cystic [11]. BPD may still occur even under prenatal glucocortico-
ids and postpartum surfactant administration. Therefore, eliminating and avoid-
ing risk factors of preterm birth in pregnant women is the key to controlling the

occurrence of BPD. Some studies have shown that women wheo _smoke in the

preterm
than 28

t ACS can promote lung maturity and
DS) for preterm infants [14]. ACS ad-

e relevant meta-analysis suggesting that prenatal use of ACS cannot reduce
ncidence. Some studies even show that multiple courses of ACS could in-
crease the incidence of BPD [20] [21]. In summary, the application of ACS can
reduce RDS and mortality, but more research is needed to support the impact on
the incidence of BPD.

3. Postpartum Protection and Treatment
3.1. Postnatal Corticosteroids (PNS)

Inflammation reactions at the lung tissue sites often trigger BPD. Anti-inflam-
matory glucocorticoids are usually applied in the protection and treatment of
BPD through both intravenous and inhaled methods [22]. In 1985, Avery et al.
[23] first examined the efficacy of intravenous infusion of PNS in preterm in-
fants (2 - 6 weeks old). The results indicated that lung compliance was signifi-
cantly improved after dexamethasone treatment. However, intravenous infusion

of PNS induced systemic side effects for infants, such as neurodevelopmental
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disorders, intestinal perforation, and so on. Recent studies revealed that the early
(less than 8 days) intravenous infusion of PNS for infants could decrease BPD
incidence and mortality, but the risk of intestinal perforation, hypertrophic car-
diomyopathy, cerebral palsy, and major neurosensory dysfunction was in-
creased. Compared with the infants with later administration, the infants with
early PNS administration exhibited a higher BPD incidence and a relatively low-
er risks of cerebral palsy, retinopathy (ROP), and hypertension [24] [25]. Based
on these side effects, using intravenous PNS should be cautious, and routinely

intravenous infusion of PNS is not recommended.

necrotizing enterocolitis

ferences at the corrected

strointestinal ad

quences (such as

by ‘oxygen exposure. Thus, it’s important to determine the optimal oxygen satu-
ration. European guidelines recommend that the oxygen saturation should keep
at 90% - 94% [31]. In order to ensure the optimal oxygen saturation, many res-
piratory support will induce lung damage and facilitate BPD occurrence. Thus,
there still exists controversy about the determination of the ventilator mode for

infants with developing or diagnostic BPD.

3.2.1. Pressure Ventilation

Barotrauma refers to lung damage caused by excessively stretching airways and
alveoli when exposed to high positive pressure. Webb and Tierney first discov-
ered that the severity of lung injury was positively correlated with the peak air-
way pressure [32]. However, overly low airway pressure will cause alveolar col-
lapse and trigger lung injury. Appropriate positive airway pressure for main-

taining proper alveoli expansion is essential. Airway pressure is currently ex-
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amined by using esophageal pressure tests, which show inaccurately characteris-
tic. Therefore, it is particularly important to propose a method to obtain accu-
rate airway pressure results [33].

Compared with mechanical ventilation, non-invasive pressure ventilation mode
can reduce the occurrence of BPD. According to some studies, continuous posi-
tive airway pressure (CPAP) would reduce the death or BPD incidence of pre-
term infants at a corrected gestational age of 36 weeks [34]. Some studies dem-
onstrated that nasal intermittent positive pressure ventilation (NIPPV) was as-

sociated with a significantly decreased incidence of BPD [35

3.2.2. Volume Ventilation

Volume injury refers to lung damage caused by pansion
under high tidal volume (VT) conditions. Besi ble to acti-
vate macrophages and neutrophils to ind matiop reactions and
secondary lung damage, which weaken [37] [38] [39].
The key factor on BPD occurrence e end of inhalation.

Lista et al. indicated that volume taf@eted jlati ) could relieve RDS and
pulmonary inflammation for i eeping lung compliance and
resistance, and decreasing Ffolume injury [41]. On the basis of one systematic re-

PLV), V significantly lower BPD incidence. Mean-
while, pneumothdxaX e intraventricular hemorrhage (IVH), periventricular
leukomalacia (PVL), afid avere

VA carf trigger breath through diaphragm electrical activity and maintain the
of newborn by delivering the pressure with proportional to the electrical
sigfials [45], and most preterm infants are still keeping the respiratory pressures
and volumes within or below recommended ranges [46]. Compared with tradi-
tional ventilation, NAVA is capable of improving respiratory function [47]. From
a study of 29 preterm infants, the oxygen saturation of 21 preterm infants with
BPD improved significantly and meanwhile PaCO, was decreased from me-
chanical ventilation to NAVA [48]. A recent research enunciated that NAVA
techniques decreased the failure rate of extubation and shortened invasive venti-
lation time, but there was no significant difference in BPD incidence between
NAVA and conventional breath modes [49], which may be attributed to the
small sample size. Overall, whether NAVA can become a ventilation model for
BPD protection and treatment requires more research support.

3.3. Pulmonary Surfactant (PS)

PS synthesis can cause lung development disorders. At 15 weeks of gestation, the
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RNA of pulmonary surfactant protein B (SP-B) and surfactant protein B (SP-C)
could be measured, phospholipids and active SP-B were synthesized at 24 - 25
weeks, and PS increased rapidly at 35 weeks [50]. Therefore, the preterm infants
less than 35 weeks gestational age are susceptible to suffering from BPD. A re-
view from 1998 reported that surfactant therapy with intratracheal administration
could reduce mortality rate and chronic lung diseases formation [51]. Simulta-
neously, early applied surfactants decreased BPD risks by analyzing six rando-
mized controlled trials [52]. From the meta-analysis results, compared with

standard surfactant administration, less invasive surfactant th (LIST) via

ing the need of mechanical ventil
their efficacy in BPD therapy.

3.4. Caffeine

In 1977, Aranda et al. [55\fitst discovergd that caffeine showed sufficient effica-

caffeine treatment (less than 3 days) exhibited low mortality rate or BPD inci-

dence characteristics. In conclusion, caffeine administration at the early stage

can protect and treat BPD effectively for the infants.

3.5. Pulmonary Vasodilators

Generally, BPD infants with abnormal pulmonary vascular development increase
vascular resistance to cause pulmonary hypertension, aggravates BPD to increase
mortality [61]. Pulmonary vasodilators (including inhaled nitric oxide (NO) and
sildenafil) can treat pulmonary hypertension through the NO-cyclic guanosine
monophosphate (NO-cGMP) signal pathway, thereby protect and treat BPD [62].

NO promotes pulmonary vasodilation by increasing cGMP and decreasing
intracellular Ca®" [63]. Animal experiments indicated that inhaled NO could re-

duce lung inflammatory reactions and fibrosis [64]. In addition, the treatment of
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NO inhalation could also improve PaO, in BPD [65]. According to one Coch-
rane review, there was no differences in the total mortality rate or BPD incidence
of preterm infants at 36 weeks between the infants treated with inhaled NO and
infants without NO treatment, fortunately, cerebral hemorrhage or retinopathy
did not appear after NO inhalation [66], NO inhalation could also lessen the
usage of bronchodilators, glucocorticoids, diuretics and oxygen inhalation [67].

Sildenafil can inhibit the degradation of cGMP and bring about pulmonary va-

sodilation. neonatal mice treated with sildenafil tests demonstrated that sildena-

3.6. Antioxidants
3.6.1. Vitamin A, Vitamin C

cells [71]. In 198
BPD showed low

and persistent patent ductus arteriosus [75], the safety of vitamin A still needed
to be evaluated further.

Both Vitamin E and vitamin C can protect and treat BPD by removing reac-
tive oxygen species and preventing lipid peroxidation. Vitamin E and vitamin C
play a positive role in protecting the lungs. It was reported that preterm infants
(less than 33 weeks of gestation) possessed low serum vitamin E levels, which
were associated with the occurrence of BPD [76]. Vyas et al [77] also found that
the content of vitamin C within preterm infants was the lowest in comparison
with other vitamins, but less evidence to demonstrate that vitamin E or vitamin

C supplement can protect and treat BPD effectively.

3.6.2. Other Antioxidants
Trace elements like selenium (Se) and zinc (Zn) are the basis of endogenously

and exogenously antioxidative performances in vivo and enhance lung matura-
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tion [78] [79]. Se plays an important role in modulating immune response, re-
dox, and inflammatory reactions, which can be used to produce selenoenzymes”
to participate in various metabolisms [80]. Generally, preterm infants exhibit
high risks of BPD incidence due to intestinal malabsorption and immature sele-
nium metabolism. Mostafa-Gharehbaghi et a/ [81] found that Se concentration
in the BPD group was lower than that in the non-BPD group (38.5 £ 14.1: 45.4 £
18.7 ug/L, p = 0.02). However, Peirovifar e al. [82] found that no significant dif-
ferences in Se contents emerged between newborns and BPD newborns. Zn is

mainly involved in basic metabolisms and the upgrowth of th in, respiration

antioxidative capability.

Melatonin can conduct antioxidati

than common mice [86] [

er of neonatal

§, the aim of fluid restriction is to reduce pulmonary edema

and the amount of required respiratory support, thereby decreasing

en, and fluid restriction is a common therapeutics. In one randomized con-
trolled trial, no significant differences between BPD infants with fluid restriction
and BPD infants in supplemental oxygen, mechanical ventilation, and length of
hospital stay [90], and there still is no sufficient evidence to support the above
results.

Diuretics can reduce pulmonary edema, improve airway compliance, and re-
duce airway resistance which are usually used in infants with BPD. According to
6 randomized controlled trials of Cochrane review, lung compliance improved
after furosemide treatment for 1 - 2 days, but there was no more evidence to
show the positive effects of diuretics in BPD infants [91]. Meanwhile, thiazides
and spironolactone could improve lung compliance, but the number of patients
included in the study were too small [92]. However, diuretics administration via
oral and intravenous induced many side effects, such as nephrocalcinosis, elec-
trolyte imbalance, osteopenia, and ototoxicity [93] [94], Thus local atomized di-

uretics administration is necessary to avoid systemic side effects. Besides, a sys-
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tematic review summarized that nebulized diuretics with single dose applied in
the BPD infants could temporarily improve respiratory mechanics, but there

were no studies on long-term efficacy and long-term outcomes [95].

3.8. Antibiotic Management

Ureaplasma urealyticum (UU) infection is associated with BPD [96]. Wang ef al.
[97] indicated that the infants infected with UU showed higher BPD incidencce
than that of the uninfected infants, appropriately 1.72 times. In addition, Ballard

the BPD incidence also de
exposure for neg

clinical practice, ¢

infants, abnormal alveolar upgrowth is associated with reduced
]. MSCs are able to promote cell growth and angiogenesis, prevent
oxidation and fibrosis, and inhibit inflammatory reactions [105]. The origin of
MSCs is diverse, including embryonic tissue, umbilical cord blood, and placenta
tissue. Among of these, umbilical cord-derived MSCs showed better effective-
ness [106]. Neonatal rats with MSCs treatment experiments demonstrated that
MSCs could reconstruct the structure and function of lung. No adverse reactions
emerged during follow-up within 6 months, lung structure and exercise toler-
ance improved sustainedly during this process [107]. In recent years, some stu-
dies have evaluated the efficacy of BPD with MSCs treatment in clinical practice,
Chang et al conducted phase I study of MSCs treatment on 9 preterm infants.
MSCs treatment could relieve inflammatory reactions and decrease the severity
of BPD in comparison with the control group. During two years follow-up, none
of the infants treated with MSCs went home to receive oxygen therapy, and no
long-term respiratory complications (including wheezing and asthma) were ob-
served [108] [109]. In order to further investigate the efficacy of MSCs on the
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infants, 66 infants (23 - 28 weeks gestation) were randomly assigned to receive
intratracheal MSCs or saline treatment. Results showed that the infants treated
with MSCs possessed lower levels of endotracheal inflammatory markers and
lower incidence of severe BPD in the infants at 23 - 24 weeks gestation, but the
rates of mortality or severe/moderate BPD incidence exhibited similar trends
between the two groups [110]. MSCs can improve lung function of the infants.
However, these studies do not provide enough evidence to ensure that MSCs
treatment can reduce BPD incidence, further research is ongoing in many coun-

tries, such as Spain, South Korea, and China.

4.2. Superoxide Dismutase (SOD)

SOD belongs to an antioxidative enzyme. Anim

before corrected age [11
BPD infants.

ced lung injury and fibrosis [114], the combination therapeutic of EPO and
is still applied in the clinical study.

4.4. Insulin-Like Growth Factor 1 (IGF-1)

IGF-1 is a growth factor involved in vascular development [117]. The woman at
late pregnancy possesses high IGF-1 levels, which promote the growth and de-
velopment of the infants. Compared with full-term infants, preterm infants have
lower IGF-1 levels due to loss of IGF-1 from the mother and postpartum malnu-
trition. Some studies demonstrated that IGF-1 in the serum kept at low levels in
BPD infants, indicating that IGF-1 could be a potential therapeutic target for
BPD by improving vascular development [118].

4.5, Gut Microbiota

Gut microbiota may influence BPD through the gut-lung axis [119]. Gut micro-

biota disorder can induce inflammatory reactions and lung damage [120]. Pre-
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term infants have less microbiota diversity than full-term infants [121]. BPD in-
fants showed lung flora imbalance characteristic [122]. In addition, Klebsiella and
Salmonella were significantly reduced in the BPD infants, and the number and
type of gut microbiota also decreased after 28 days of birth [123] [124]. Mean-
while, some studies directly or indirectly proved that the BPD infants showed
gut microbiota disorder behavior. The risk of death or suffering from BPD was
significantly increased for infants at very low birth weight with antibiotic ad-
ministration after two weeks of birth [125]. The relationship between gut micro-

biota and BPD still exists in the primary exploration stage e studies are

proceeding to prove the viability and safety of gut micrg
treating BPD.

5. Prospectives

multi-center studies are

versial factors. Currently,

prevent long-term complications and decrease side effects. In

ore powerful evidence is necessary to measure the efficacy of vasodi-

avoid or reduce the adverse effects caused by high-risk factors for newborns, espe-
cially for preterm infants. Besides, well clinical protection in a “point-to-point”
manner should be provided, which will significantly reduce BPD incidence and
enhance prognosis improvement. Simultaneously, with the increasing of infants
with BPD, favorable ventilation modes will establish the optimal respiratory sup-
port mode for these BPD infants. Above all, the prevention and treatment of BPD
require more diversified responses and clinical research support to find the op-
timal strategy to prevent and treat BPD due to BPD coincidence caused by mul-

tiple factors.

Acknowledgements

The authors acknowledge the financial support by the Sichuan Medical Associa-
tion (Q23085, S21100).

DOI: 10.4236/health.2024.165033

480 Health


https://doi.org/10.4236/health.2024.165033

P.F. Xiaetal.

Conflicts of Interest

The authors declare no competing financial interest.

References

[1] Poindexter, B.B., Feng, R., Schmidt, B., et a/ (2015) Comparisons and Limitations
of Current Definitions of Bronchopulmonary Dysplasia for the Prematurity and
Respiratory Outcomes Program. Annals of the American Thoracic Society, 12,
1822-1830. https://doi.org/10.1513/AnnalsATS.201504-2180C

[2] Perrone, S., Tataranno, M.L. and Buonocore, G. (2012) OxidatiwesStress and Bron-

https://doi.org/10.4103/2249-4847.101683

[3] Eichenwald, E.C. and Stark, A.R. (2008) Manage
Birth Weight. The New England Journal of Medi

(4]

(5]

[6] Kim, F., Bateman, D. ., et al. (2021) Revisiting the Definition of

ture Infants at a Single Center Quaternary

] illef’A.W., Esteban, A., Fernandez-Segoviano, P., et a/. (2013) Comparison of the
Berlin Definition for Acute Respiratory Distress Syndrome with Autopsy. American
ournal of Respiratory and Critical Care Medicine, 187, 761-767.
https://doi.org/10.1164/rccm.201211-19810C

[10] Kalikkot Thekkeveedu, R., El-Saie, A., Prakash, V., et al. (2022) Ventilation-Induced
Lung Injury (VILI) in Neonates: Evidence-Based Concepts and Lung-Protective
Strategies. Journal of Clinical Medicine, 11, Article 557.
https://doi.org/10.3390/jcm11030557

[11] Coalson, J.J. (2003) Pathology of New Bronchopulmonary Dysplasia. Seminars in
Fetal and Neonatal Medicine, 8, 73-81.
https://doi.org/10.1016/S1084-2756(02)00193-8

[12] Ferrero, D.M., Larson, J., Jacobsson, B., et al. (2016) Cross-Country Individual Par-
ticipant Analysis of 4.1 Million Singleton Births in 5 Countries with Very High
Human Development Index Confirms Known Associations But Provides No Bi-
ologic Explanation for 2/3 of All Preterm Births. PLOS ONE, 11, e0162506.
https://doi.org/10.1371/journal.pone.0162506

[13] Goldenberg, R.L., Culhane, J.F., Iams, ].D., et al (2008) Epidemiology and Causes of
Preterm Birth. Lancet, 371, 75-84. https://doi.org/10.1016/S0140-6736(08)60074-4

DOI: 10.4236/health.2024.165033 481 Health


https://doi.org/10.4236/health.2024.165033
https://doi.org/10.1513/AnnalsATS.201504-218OC
https://doi.org/10.4103/2249-4847.101683
https://doi.org/10.1056/NEJMra0707601
https://doi.org/10.1164/ajrccm.163.7.2011060
https://doi.org/10.1016/j.jpeds.2018.01.043
https://doi.org/10.1038/s41372-021-00980-4
https://doi.org/10.1016/S0046-8177(98)90280-5
https://doi.org/10.1016/j.prrv.2016.08.013
https://doi.org/10.1164/rccm.201211-1981OC
https://doi.org/10.3390/jcm11030557
https://doi.org/10.1016/S1084-2756(02)00193-8
https://doi.org/10.1371/journal.pone.0162506
https://doi.org/10.1016/S0140-6736(08)60074-4

P.F. Xiaetal.

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(25]

(26]

(27]

(28]

Liggins, G.C. and Howie, R.N. (1972) A Controlled Trial of Antepartum Glucocor-
ticoid Treatment for Prevention of the Respiratory Distress Syndrome in Premature
Infants. Pediatrics, 50, 515-525. https://doi.org/10.1542/peds.50.4.515

Venkatesh, V.C. and Katzberg, H.D. (1997) Glucocorticoid Regulation of Epithelial
Sodium Channel Genes in Human Fetal Lung. American Journal of Physiology-Lung
Cellular and Molecular Physiolog, 273, 1.227-1233.
https://doi.org/10.1152/ajplung.1997.273.1.1.227

Ballard, P.L. (2000) Scientifific Rationale for the Use of Antenatal Glucocorticoids
to Promote Fetal Development. NeoReviews, 1, e83-e90.
https://doi.org/10.1542/neo.1-5-e83

Millage, A.R., Latuga, M.S. AND Aschner, J.L. (2017) Efftfg
ticoids on Vascular Health and Disease. Pediatric Resez
https://doi.org/10.1038/pr.2016.188

Haviv, H.R,, Said, J. AND Mol, B.W. (2019) T

McGoldrick, E., Stewa
Accelerating Fetal Lun
Database of Systematic

Travers, C.P.\Catl ., McDonald, S.A., et al (2018) Mortality and Pulmonary
Outcomes of :

® in Respirator-Dependent Infants with Bronchopulmonary Dysplasia. Pe-
diatrics, 75, 106-111. https://doi.org/10.1542/peds.75.1.106

oyle, L.W., Cheong, J.L., Ehrenkranz, R.A., et al. (2017) Early (< 8 Days) Systemic
Postnatal Corticosteroids for Prevention of Bronchopulmonary Dysplasia in Pre-
term Infants. Cochrane Database of Systematic Reviews, 10, CD001146.
https://doi.org/10.1002/14651858.CD001145.pub4

Doyle, L.W., Cheong, J.L., Ehrenkranz, R.A., et al. (2017) Late (>7 Days) Systemic
Postnatal Corticosteroids for Prevention of Bronchopulmonary Dysplasia in Pre-
term Infants. Cochrane Database of Systematic Reviews, 10, CD001145.
https://doi.org/10.1002/14651858.CD001145.pub4

Yuksel, B. and Greenough, A. (1992) Randomised Trial of Inhaled Steroids in Pre-
term Infants with Respiratory Symptoms at Follow Up. Thorax, 47, 910-913.
https://doi.org/10.1136/thx.47.11.910

Bassler, D., Plavka, R., Shinwell, E.S., et al. (2015) Early Inhaled Budesonide for the
Prevention of Bronchopulmonary Dysplasia. The New England Journal of Medi-
cine, 373, 1497-1506. https://doi.org/10.1056/NEJMoal501917

Nelin, L.D. and Logan, J.W. (2017) The Use of Inhaled Corticosteroids in Chroni-
cally Ventilated Preterm Infants. Seminars in Fetal and Neonatal Medicine, 22,

DOI: 10.4236/health.2024.165033

482 Health


https://doi.org/10.4236/health.2024.165033
https://doi.org/10.1542/peds.50.4.515
https://doi.org/10.1152/ajplung.1997.273.1.L227
https://doi.org/10.1542/neo.1-5-e83
https://doi.org/10.1038/pr.2016.188
https://doi.org/10.1016/j.siny.2018.10.001
https://doi.org/10.1002/14651858.CD004454.pub3
https://doi.org/10.1002/14651858.CD004454.pub4
https://doi.org/10.1016/j.ajog.2017.11.554
https://doi.org/10.1159/000515950
https://doi.org/10.1542/peds.75.1.106
https://doi.org/10.1002/14651858.CD001145.pub4
https://doi.org/10.1002/14651858.CD001145.pub4
https://doi.org/10.1136/thx.47.11.910
https://doi.org/10.1056/NEJMoa1501917

P.F. Xiaetal.

296-301. https://doi.org/10.1016/.siny.2017.07.005

[29] Shah, S.S., Ohlsson, A., Halliday, H.L., et a/ (2017) Inhaled versus Systemic Corti-
costeroids for the Treatment of Bronchopulmonary Dysplasia in Ventilated Very
Low Birth Weight Preterm Infants. Cochrane Database of Systematic Reviews, 10,
CD002057. https://doi.org/10.1002/14651858.CD002057.pub4

[30] Hunt, K.A,, Dassios, T., Ali, K. and Greenough, A. (2018) Prediction of Broncho-
pulmonary Dysplasia Development. ADC Fetal & Neonatal Edition, 103, F598-F599.
https://doi.org/10.1136/archdischild-2018-315343

[31] Sweet, D.G., Carnielli, V., Greisen, G., et al (2019) European Consensus Guidelines
on the Management of Respiratory Distress Syndrome—2019
115, 432-450. https://doi.org/10.1159/000499361

[32] Webb, H.H. and Tierney, D.F. (1974) Experimental B
termittent Positive Pressure Ventilation with Hi

556-565.

[33] Slutsky, A.S. and Ranieri, V.M. (2013 i duced Lghg Injury. The New

(34]

(35]

(36]

ings, J.J., Scheerer, R.G., et al (1990) Lung Overexpansion In-
Microvascular Protein Permeability in Young Lambs. Journal of

V.M., Parai, K., Hilgendorff, A., et al. (2010) Prolonged Mechanical Venti-
ith Air Induces Apoptosis and Causes Failure of Alveolar Septation and
Anpgiogenesis in Lungs of Newborn Mice. American Journal of Physiology-Lung
Cellular and Molecular Physiology, 298, 1L23-L35.
https://doi.org/10.1152/ajplung.00251.2009

[39] Wada, K, Jobe, A.H. and Ikegami, M. (1997) Tidal Volume Effects on Surfactant
Treatment Responses with the Initiation of Ventilation in Preterm Lambs. Journal
of Applied Physiology, 83, 1054-1061. https://doi.org/10.1152/jappl.1997.83.4.1054

[40] Lista, G., Colnaghi, M., Castoldi, F., et al (2004) Impact of Targeted-Volume Ven-
tilation on Lung Inflammatory Response in Preterm Infants with Respiratory Dis-
tress Syndrome (RDS). Pedjatric Pulmonology, 37, 510-514.
https://doi.org/10.1002/ppul.10458

[41] TJain, D. and Bancalari, E. (2019) New Developments in Respiratory Support for
Preterm Infants. American Journal of Perinatology;, 36, S13-S17.
https://doi.org/10.1055/5-0039-1691817

[42] Peng, W., Zhu, H., Shi, H. and Liu, E.M. (2014) Volume-Targeted Ventilation Is
More Suitable than Pressure-Limited Ventilation for Preterm Infants: A Systematic
Review and Meta-Analysis. ADC Fetal & Neonatal Edition, 99, F158-F165.
https://doi.org/10.1136/archdischild-2013-304613

DOI: 10.4236/health.2024.165033

483 Health


https://doi.org/10.4236/health.2024.165033
https://doi.org/10.1016/j.siny.2017.07.005
https://doi.org/10.1002/14651858.CD002057.pub4
https://doi.org/10.1136/archdischild-2018-315343
https://doi.org/10.1159/000499361
https://doi.org/10.1056/NEJMra1208707
https://doi.org/10.1136/bmj.f5980
https://doi.org/10.1542/peds.2008-1302
https://doi.org/10.3238/arztebl.2019.0177
https://doi.org/10.1152/jappl.1990.69.2.577
https://doi.org/10.1152/ajplung.00251.2009
https://doi.org/10.1152/jappl.1997.83.4.1054
https://doi.org/10.1002/ppul.10458
https://doi.org/10.1055/s-0039-1691817
https://doi.org/10.1136/archdischild-2013-304613

P.F. Xiaetal.

(43]

[44]

(45]

(46]

(47]

(48]

(49]

(53]

(54]

(55]

(56]

(57]

Klingenberg, C., Wheeler, K.I., McCallion, N., et al (2017) Volume-Targeted Ver-
sus Pressure-Limited Ventilation in Neonates. Cochrane Database of Systematic
Reviews, 10, CD003666. https://doi.org/10.1002/14651858.CD003666.pub4

Cannavo, L., Rulli, I., Falsaperla, R., et al (2020) Ventilation, Oxidative Stress and
Risk of Brain Injury in Preterm Newborn. [talian Journal of Pediatrics, 46, Article
No. 100. https://doi.org/10.1186/s13052-020-00852-1

Navalesi, P. and Longhini, F. (2015) Neurally Adjusted Ventilatory Assist. Current
Opinion in Critical Care, 21, 58-64.
https://doi.org/10.1097/MCC.0000000000000167

Protain, A.P., Firestone, K.S., McNinch, N.L. and Stein, H.M

2021) Evaluating

https://doi.org/10.1007/s00431-020-03728-y

Rosterman, J.L., Pallotto, E.K., Truog, W.E,,
Adjusted Ventilatory Assist Mode on Respi

\/
.L., Shen, Y., et al. (2015) Zhufutang Practical Pediatrics: Neonatal

th Edition, People’s Health Publishing House, Beijing.

Bahaddle, F.L. and Soll, R. (2012) Early Versus Delayed Selective Surfactant Treat-
ment for Neonatal Respiratory Distress Syndrome. Cochrane Database of Systemat-
¢ Reviews, 11, CD001456. https://doi.org/10.1002/14651858.CD001456.pub2

Rigo, V., Lefebvre, C. and Broux, I. (2016) Surfactant Instillation in Spontaneously
Breathing Preterm Infants: A Systematic Review and Meta-Analysis. European Journal
of Pediatrics, 175, 1933-1942. https://doi.org/10.1007/s00431-016-2789-4

Cummings, J.J., Gerday, E., Minton, S., et al. (2020) Aerosolized Calfactant for New-
borns with Respiratory Distress: A Randomized Trial. Pediatrics, 146, €20193967.
https://doi.org/10.1542/peds.2019-3967

Aranda, J.V., Gorman, W., Bergsteinsson, H., et al. (1977) Effiffifficacy of Caftffeine
in Treatment of Apnea in the Low-Birth-Weight Infant. The Journal of Pediatrics,
90, 467-472. https://doi.org/10.1016/50022-3476(77)80718-X

Abu-Shaweesh, J.M. and Martin, R.J. (2017) Caffffeine Use in the Neonatal Inten-
sive Care Unit. Seminars in Fetal and Neonatal Medicine, 22, 342-347.
https://doi.org/10.1016/j.siny.2017.07.011

Davis, J.M., Bhutani, V.K.,, Stefano, J.L., et al. (1989) Changes in Pulmonary Me-
chanics Following Caffffeine Administration in Infants with Bronchopulmonary
Dysplasia. Pediatric Pulmonology; 6, 49-52.

DOI: 10.4236/health.2024.165033

484 Health


https://doi.org/10.4236/health.2024.165033
https://doi.org/10.1002/14651858.CD003666.pub4
https://doi.org/10.1186/s13052-020-00852-1
https://doi.org/10.1097/MCC.0000000000000167
https://doi.org/10.1007/s00431-020-03728-y
https://doi.org/10.1038/jp.2017.154
https://doi.org/10.1097/PCC.0000000000000981
https://doi.org/10.1055/s-0041-1739458
https://doi.org/10.1002/14651858.CD001149
https://doi.org/10.1002/14651858.CD001456.pub2
https://doi.org/10.1007/s00431-016-2789-4
https://doi.org/10.1542/peds.2019-3967
https://doi.org/10.1016/S0022-3476(77)80718-X
https://doi.org/10.1016/j.siny.2017.07.011

P.F. Xiaetal.

https://doi.org/10.1002/ppul.1950060112

[58] Schmidt, B., Roberts, R.S., Davis, P., et al (2006) Caffeine Therapy for Apnea of
Prematurity. The New England Journal of Medicine, 354, 2112-2121.
https://doi.org/10.1056/NEJMo0a054065

[59] Davis, P.G., Schmidt, B., Roberts, R.S., et al (2010) Caffeine for Apnea of Prematur-
ity Trial: Benefits May Vary in Subgroups. The Journal of Pediatrics, 156, 382-387.
https://doi.org/10.1016/j.jpeds.2009.09.069

[60] Lodha, A., Seshia, M., McMillan, D.D., et al. (2015) Association of Early Caffeine
Administration and Neonatal Outcomes in Very Preterm Neonates. JAMA Pedia-
trics, 169, 33-38. https://doi.org/10.1001/jamapediatrics.2014.

[61] Papoftff, P., Cerasaro, C., Caresta, E., et al. (2012) Currgfl!
Infants with Severe Bronchopulmonary Dysplasia. 7
Neonatal Medicine, 25, 15-20. https://doi.org/10.3

[62] Berkelhamer, S.K., Mestan, K.K. and Steinhor,

[63] Berger, S. and Konduri, G.G. (20
Twenty-Fifirst Century. Pediatri
https://doi.org/10.1016/j.pcl.

[64] Ter Horst, S.A.]., Walth ., et al. (2007) Inhaled Nitric Oxide

and Molecular Physiolo,
https://doi.oe

[65] Banks, B.A., Sk hiropoulos, H., et al (1999) Changes in Oxygenation with
Inhale

ér, N. and Pennaforte, T. (2017) Inhaled Nitric Oxide for Res-
Preterm Infants. Cochrane Database of Systematic Reviews, 1,
ps://doi.org/10.1002/14651858.CD000509.pub5

[67] Hibbsy ., Walsh, M.C., Martin, R.J., et al (2008) One-Year Respiratory Out-
comes/of Preterm Infants Enrolled in the Nitric Oxide (to Prevent) Chronic Lung
Disease Trial. The Journal of Pediatrics, 153, 525-529.

ttps://doi.org/10.1016/j.jpeds.2008.04.033

[68] De Visser, Y.P., Walther, F.J., Laghmani, E.H., et a/ (2009) Sildenafifil Attenuates
Pulmonary Inflammation and Fifibrin Deposition, Mortality and Right Ventricular
Hypertrophy in Neonatal Hyperoxic Lung Injury. Respiratory Research, 10, Article
No. 30. https://doi.org/10.1186/1465-9921-10-30

[69] Van Der Graaf, M., Rojer, L.A., Helbing, W.A., et al (2019) Sildenafifil for Bron-
chopulmonary Dysplasia and Pulmonary Hypertension: A Meta-Analysis. Pulmo-
nary Circulation, 9, 1-8. https://doi.org/10.1177/2045894019837875

[70] Ali, Z., Schmidt, P., Dodd, J. and Jeppesen, D.L. (2013) Bronchopulmonary Dyspla-
sia: A Review. Archives of Gynecology and Obstetrics, 288, 325-333.
https://doi.org/10.1007/s00404-013-2753-8

[71] Araki, S., Kato, S., Namba, F., et al. (2018) Vitamin A to Prevent Bronchopulmo-
nary Dysplasia in Extremely Low Birth Weight Infants: A Systematic Review and
Meta-Analysis. PLOS ONE, 13, e0207730.
https://doi.org/10.1371/journal.pone.0207730

[72] Shenai, J.P., Chytil, F. and Stahlman, M.T. (1985) Vitamin A Status of Neonates

DOI: 10.4236/health.2024.165033 485 Health


https://doi.org/10.4236/health.2024.165033
https://doi.org/10.1002/ppul.1950060112
https://doi.org/10.1056/NEJMoa054065
https://doi.org/10.1016/j.jpeds.2009.09.069
https://doi.org/10.1001/jamapediatrics.2014.2223
https://doi.org/10.3109/14767058.2012.712352
https://doi.org/10.1053/j.semperi.2013.01.009
https://doi.org/10.1016/j.pcl.2006.08.001
https://doi.org/10.1152/ajplung.00381.2006
https://doi.org/10.1542/peds.103.3.610
https://doi.org/10.1002/14651858.CD000509.pub5
https://doi.org/10.1016/j.jpeds.2008.04.033
https://doi.org/10.1186/1465-9921-10-30
https://doi.org/10.1177/2045894019837875
https://doi.org/10.1007/s00404-013-2753-8
https://doi.org/10.1371/journal.pone.0207730

P.F. Xiaetal.

(73]

(74]

(75]

(76]

(771

(82]

(83]

(84]

(85]

with Bronchopulmonary Dysplasia. Pediatric Research, 19, 185-188.
https://doi.org/10.1203/00006450-198502000-00007

Tyson, J.E., Wright, L.L. and Stahlman, M.T. (1999) Vitamin A Supplementation for
Extremelylow-Birth-Weight Infants. National Institute of Child Health and Human
Development Neonatal Research Network. The New England Journal of Medicine,
340, 1962-1968.

Rysavy, M.A,, Li, L., Tyson, J.E., et al. (2021) Eunice Kennedy Shriver National In-
stitute of Child Health and Human Development Neonatal Research Network.
Should Vitamin A Injections to Prevent Bronchopulmonary Dysplasia or Death Be
Reserved for High-Risk Infants? Reanalysis of the National Instjtute of Child Health

& Neonatal Medicine, 32, 2608-2615.
https://doi.org/10.1080/14767058.201

Vyas, J.R., Currie, A,
Airways Lining Fluid f; Infants Who Develop Chronic Lung Disease of Prema-

i, 160, 177-184.

or Bedting a Dead Horse? Free Radical Biology and Medicine,
Bs://doi.org/10.1016/j.freeradbiomed.2019.01.038

https://doi.org/10.1038/s41372-017-0033-3

ostafa-Gharehbaghi, M., Mostafa-Gharabaghi, P., Ghanbari, F., et al (2012) De-
termination of Selenium in Serum Samples of Preterm Newborn Infants with Bron-

chopulmonary Dysplasia Using a Validated Hydride Generation System. Biological
Trace Element Research, 147, 1-7. https://doi.org/10.1007/s12011-011-9270-z

Peirovifar, A., Gharehbaghi, M.M., Abdulmohammad-Zadeh, H., et al (2013) Se-
rum Selenium Levels of the Very Low Birth Weight Premature Newborn Infants
with Bronchopulmonary Dysplasia. Journal of Trace Elements in Medicine and Bi-
ology, 27, 317-321. https://doi.org/10.1016/.jtemb.2013.03.006

Staub, E., Evers, K. and Askie, L.M. (2021) Enteral Zinc Supplementation for Pre-
vention of Morbidity and Mortality in Preterm Neonates. Cochrane Database of
Systematic Reviews, 12, CD012797.
https://doi.org/10.1002/14651858.CD012797.pub2

Mathur, N.B. and Agarwal, D.K. (2015) Zinc Supplementation in Preterm Neonates
and Neurological Development: A Randomized Controlled Trial. Indian Pediatrics,
52, 951-955. https://doi.org/10.1007/s13312-015-0751-6

Poggi, C. and Dani, C. (2014) Antioxidant Strategies and Respiratory Disease of the

DOI: 10.4236/health.2024.165033

486 Health


https://doi.org/10.4236/health.2024.165033
https://doi.org/10.1203/00006450-198502000-00007
https://doi.org/10.1016/j.jpeds.2021.05.022
https://doi.org/10.1080/14767058.2018.1441282
https://doi.org/10.1055/s-2003-38315
https://doi.org/10.1007/s004310000709
https://doi.org/10.1016/j.freeradbiomed.2019.01.038
https://doi.org/10.3390/nu10070919
https://doi.org/10.1038/s41372-017-0033-3
https://doi.org/10.1007/s12011-011-9270-z
https://doi.org/10.1016/j.jtemb.2013.03.006
https://doi.org/10.1002/14651858.CD012797.pub2
https://doi.org/10.1007/s13312-015-0751-6

P.F. Xiaetal.

(86]

(87]

(88]

(89]

[90]

[91]

[92]

[96]

[97]

(98]

[99]

Preterm Newborn: An Update. Oxidative Medicine and Cellular Longevity, 2014,
Article ID: 721043. https://doi.org/10.1155/2014/721043

Suleymanoglu, S., Cekmez, F., Cetinkaya, M., et al (2014) Protective Effects of Me-
latonin Therapy in Model for Neonatal Hyperoxic Lung Injury. Alternative Thera-
piles in Health and Medicine, 20, 24-29.

Lee, J.Y., Na, Q., Shin, N.E,, et al (2020) Melatonin for Prevention of Fetal Lung
Injury Associated with Intrauterine Inflflammation and for Improvement of Lung
Maturation. Journal of Pineal Research, 69, ¢12687.
https://doi.org/10.1111/jpi.12687

Shawky Elfarargy, M., Adam Alij, D. and Al-Ashmawy, G.M.

Melatonin Sup-

Stewart, A. and Brion,
term Infants with (or
Systematic Reviews, 9,
https://doi.org/10.1002

utine Use of Diuretics in Very-Low Birth-Weight
of Supporting Evidence. Journal of Perinatology, 31, 633-634.

., Lynch, N., Newberry, D., et al. (2017) Impact of Diuretic Therapy in

ment of Bronchopulmonary Dysplasia and Acute Kidney Injury in the
atal Population. Advances in Neonatal Care, 17, 337-346.

https://doi.org/10.1097/ANC.0000000000000427

rion, L.P., Primhak, R.A. and Yong, W. (2006) Aerosolized Diuretics for Preterm
Infants with (or Developing) Chronic Lung Disease. Cochrane Database of Syste-
matic Reviews, 3, CD001694. https://doi.org/10.1002/14651858.CD001694.pub2

Viscardi, R.M. and Kallapur, S.G. (2015) Role of Ureaplasma Respiratory Tract Co-
lonization in Bronchopulmonary Dysplasia Pathogenesis: Current Concepts and
Update. Clinics in Perinatology, 42, 719-738.
https://doi.org/10.1016/j.clp.2015.08.003

Wang, E.E.L, Ohlsson, A. and Kellner, ].D. (1995) Association of Ureaplasma
Urealyticum Colonization with Chronic Lung Disease of Prematurity: Results of a
Metaanalysis. The Journal of Pediatrics, 127, 640-644.
https://doi.org/10.1016/50022-3476(95)70130-3

Ballard, H.O., Anstead, M.I. and Shook, L.A. (2007) Azithromycin in the Extremely
Low Birth Weight Infant for the Prevention of Bronchopulmonary Dysplasia: A Pi-
lot Study. Respiratory Research, 8, Article No. 41.
https://doi.org/10.1186/1465-9921-8-41

Nair, V., Loganathan, P. and Soraisham, A.S. (2014) Azithromycin and Other Ma-

DOI: 10.4236/health.2024.165033

487 Health


https://doi.org/10.4236/health.2024.165033
https://doi.org/10.1155/2014/721043
https://doi.org/10.1111/jpi.12687
https://doi.org/10.3906/sag-1512-78
https://doi.org/10.1002/14651858.CD005389.pub2
https://doi.org/10.1002/14651858.CD001453.pub2
https://doi.org/10.1038/jp.2011.44
https://doi.org/10.2165/11596620-000000000-00000
https://doi.org/10.1097/ANC.0000000000000427
https://doi.org/10.1002/14651858.CD001694.pub2
https://doi.org/10.1016/j.clp.2015.08.003
https://doi.org/10.1016/S0022-3476(95)70130-3
https://doi.org/10.1186/1465-9921-8-41

P.F. Xiaetal.

[100]

[101]

[102]

[103]

[104]

[105]

[106]

109]

[110]

[111]

[112]

crolides for Prevention of Bronchopulmonary Dysplasia: A Systematic Review and
Meta-Analysis. Neonatology, 106, 337-347. https://doi.org/10.1159/000363493

Viscardi, RM., Terrin, M.L., Magder, L.S., et al (2020) Randomised Trial of Azith-
romycin to Eradicate Ureaplasma in Preterm Infants. ADC Fetal & Neonatal Edi-
tion, 105, 615-622. https://doi.org/10.1136/archdischild-2019-318122

Balany, J. and Bhandari, V. (2015) Understanding the Impact of Infection, Inflam-
mation, and Their Persistence in the Pathogenesis of Bronchopulmonary Dysplasia.
Frontiers in Medicine, 2, Article 90. https://doi.org/10.3389/fmed.2015.00090

Lapcharoensap, W., Kan, P., Powers, R.J., et al (2017) The Relationship of Noso-
comial Infection Reduction to Changes in Neonatal Intensiye nit Rates of
Bronchopulmonary Dysplasia. The Journal of Pedjatrics,
https://doi.org/10.1016/j.jpeds.2016.09.030

Ting, J.Y., Synnes, A., Roberts, A., et al. (2016) A

American Journal of Respirat

https://doi.org/lo.l164/rc;m‘.%9
Tong, Y., Zuo, J. and
Cell Therapy for Bronghopulmonary Dysplasia and the Challenges Encountered.

BioMed Research Inter
https://doi.osg/10.1155/20

ect of Human Umbilical Cord-Derived Stem Cells in Lung Injury Pre-
ventigiand Repair in Experimental Bronchopulmonary Dysplasia. Thorax, 68, 475-484.
https:/Jdoi.org/10.1136/thoraxjnl-2012-202323

Chang, Y.S., Ahn, S.Y., Yoo, H.S., et al (2014) Mesenchymal Stem Cells for Bron-
opulmonary Dysplasia: Phase 1 Dose-Escalation Clinical Trial. The Journal of
Pediatrics, 164, 966-972.E6. https://doi.org/10.1016/j.jpeds.2013.12.011

Ahn, S.Y., Chang, Y.S., Kim, J.H., et al (2017) Two-Year Follow-Up Outcomes of
Premature Infants Enrolled in the Phase I Trial of Mesenchymal Stem Cells Trans-
plantation for Bronchopulmonary Dysplasia. The Journal of Pediatrics, 185, 49-54.E2.
https://doi.org/10.1016/j.jpeds.2017.02.061

Ahn, S.Y., Chang, Y.S., Lee, M.H., et al (2021) Stem Cells for Bronchopulmonary
Dysplasia in Preterm Infants: A Randomized Controlled Phase II Trial. Stem Cells
Translational Medicine, 10, 1129-1137. https://doi.org/10.1002/sctm.20-0330

Poonyagariyagorn, H.K., Metzger, S., Dikeman, D., et al (2014) Superoxide Dismu-
tase 3 Dysregulation in a Murine Model of Neonatal Lung Injury. American Journal
of Respiratory Cell and Molecular Biology, 51, 380-390.
https://doi.org/10.1165/rcmb.2013-00430C

Rosenfeld, W., Evans, H., Concepcion, L., ef al. (1984) Prevention of Bronchopul-
monary Dysplasia by Administration of Bovine Superoxide Dismutase in Preterm
Infants with Respiratory Distress Syndrome. 7he Journal of Pediatrics, 105, 781-785.

DOI: 10.4236/health.2024.165033

488 Health


https://doi.org/10.4236/health.2024.165033
https://doi.org/10.1159/000363493
https://doi.org/10.1136/archdischild-2019-318122
https://doi.org/10.3389/fmed.2015.00090
https://doi.org/10.1016/j.jpeds.2016.09.030
https://doi.org/10.1001/jamapediatrics.2016.2132
https://doi.org/10.1164/rccm.200902-0179OC
https://doi.org/10.1155/2021/9983664
https://doi.org/10.2174/1574888X11308020005
https://doi.org/10.1136/thoraxjnl-2012-202323
https://doi.org/10.1016/j.jpeds.2013.12.011
https://doi.org/10.1016/j.jpeds.2017.02.061
https://doi.org/10.1002/sctm.20-0330
https://doi.org/10.1165/rcmb.2013-0043OC

P.F. Xiaetal.

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[124]

[125]

https://doi.org/10.1016/5S0022-3476(84)80307-8

Davis, .M., Parad, R.B., Michele, T., et al (2003) Pulmonary Outcome at 1 Year
Corrected Age in Premature Infants Treated at Birth with Recombinant Human
CuZn Superoxide Dismutase. Pedjatrics, 111, 469-476.
https://doi.org/10.1542/peds.111.3.469

Solling, C. (2012) Organ-Protective and Immunomodulatory Effects of Erythro-
poietin an Update on Recent Clinical Trials. Basic & Clinical Pharmacology & Tox-
icology, 110, 113-121. https://doi.org/10.1111/j.1742-7843.2011.00820.x

Luan, Y., Zhang, L., Chao, S., et al. (2016) Mesenchymal Stem Cells in Combination
with Erythropoietin Repair Hyperoxia-Induced Alveoli Dysplasig@mjiry in Neonat-

https://doi.org/10.18632/oncotarget.9314

Ananthan, A., Balasubramanian, H., Rao, S. and P
Related to the Gastrointestinal Trophic Effffec
nates: A Systematic Review and Meta-Anal
https://doi.org/10.1093/advances/nmy00,

Hellstrém, A., Engstrd
Growth Factor I Defi
Other Complications o
https://doi.org/10.1542

.C. and Huang, J. (2020) Gut Microbiota and Lung Injury. Ad-
ental Medicine and Biology, 1238, 55-72.

Lal, C.V., Travers, C., Aghai, Z.H., et al (2016) the Airway Microbiome at Birth.
cientific Reports, 6, Article No. 31023. https://doi.org/10.1038/srep31023

Ryan, F.J., Drew, D.P., Douglas, C., et al (2019) Changes in the Composition of
the Gut Microbiota and the Blood Transcriptome in Preterm Infants at Less than
29 Weeks Gestation Diagnosed with Bronchopulmonary Dysplasia. mSystems, 4,
E00484-19. https://doi.org/10.1128/mSystems.00484-19

Chen, S.M.,, Lin, C.P. and Jan, M.S. (2020) Early Gut Microbiota Changes in Preterm
Infants with Bronchopulmonary Dysplasia: A Pilot Case-Control Study. American
Journal of Perinatology, 38, 1142-1149. https://doi.org/10.1055/s-0040-1710554

Cantey, J.B., Huffffman, L.W., Subramanian, A., et al. (2016) Antibiotic Exposure
and Risk for Death or Bronchopulmonary Dysplasia in Very Low Birth Weight In-
fants. The Journal of Pediatrics, 181, 289-293.E1.
https://doi.org/10.1016/j.jpeds.2016.11.002

DOI: 10.4236/health.2024.165033

489 Health


https://doi.org/10.4236/health.2024.165033
https://doi.org/10.1016/S0022-3476(84)80307-8
https://doi.org/10.1542/peds.111.3.469
https://doi.org/10.1111/j.1742-7843.2011.00820.x
https://doi.org/10.18632/oncotarget.9314
https://doi.org/10.1093/advances/nmy005
https://doi.org/10.1016/j.clp.2019.02.011
https://doi.org/10.1542/peds.112.5.1016
https://doi.org/10.3389/fped.2020.570247
https://doi.org/10.1007/978-981-15-2385-4_5
https://doi.org/10.1111/febs.15217
https://doi.org/10.1038/srep31023
https://doi.org/10.1128/mSystems.00484-19
https://doi.org/10.1055/s-0040-1710554
https://doi.org/10.1016/j.jpeds.2016.11.002

	health2024165_78206517.pdf
	Recent Advances in Bronchopulmonary Dysplasia Protection and Therapy
	Abstract
	Keywords
	1. Introduction
	2. Prenatal Protection
	2.1. Preterm Birth Protection
	2.2. Antenatal Corticosteroids (ACS)

	3. Postpartum Protection and Treatment
	3.1. Postnatal Corticosteroids (PNS)
	3.2. Assisted Ventilation
	3.2.1. Pressure Ventilation
	3.2.2. Volume Ventilation
	3.2.3. Neurally Adjusted Ventilatory Assist (NAVA)

	3.3. Pulmonary Surfactant (PS)
	3.4. Caffeine
	3.5. Pulmonary Vasodilators
	3.6. Antioxidants
	3.6.1. Vitamin A, Vitamin C and Vitamin E
	3.6.2. Other Antioxidants

	3.7. Fluid Restriction and Diuretics
	3.8. Antibiotic Management

	4. Emerging Treatments for BPD
	4.1. Mesenchymal Stem Cells
	4.2. Superoxide Dismutase (SOD)
	4.3. Erythropoietin (EPO)
	4.4. Insulin-Like Growth Factor 1 (IGF-1)
	4.5. Gut Microbiota

	5. Prospectives 
	Acknowledgements
	Conflicts of Interest
	References

	health2024165_78206517.pdf
	Recent Advances in Bronchopulmonary Dysplasia Protection and Therapy
	Abstract
	Keywords
	1. Introduction
	2. Prenatal Protection
	2.1. Preterm Birth Protection
	2.2. Antenatal Corticosteroids (ACS)

	3. Postpartum Protection and Treatment
	3.1. Postnatal Corticosteroids (PNS)
	3.2. Assisted Ventilation
	3.2.1. Pressure Ventilation
	3.2.2. Volume Ventilation
	3.2.3. Neurally Adjusted Ventilatory Assist (NAVA)

	3.3. Pulmonary Surfactant (PS)
	3.4. Caffeine
	3.5. Pulmonary Vasodilators
	3.6. Antioxidants
	3.6.1. Vitamin A, Vitamin C and Vitamin E
	3.6.2. Other Antioxidants

	3.7. Fluid Restriction and Diuretics
	3.8. Antibiotic Management

	4. Emerging Treatments for BPD
	4.1. Mesenchymal Stem Cells
	4.2. Superoxide Dismutase (SOD)
	4.3. Erythropoietin (EPO)
	4.4. Insulin-Like Growth Factor 1 (IGF-1)
	4.5. Gut Microbiota

	5. Prospectives 
	Acknowledgements
	Conflicts of Interest
	References




