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Stages of Lung Development, Potentially Damaging 
Factors, and Types of Lung Injury 
 

 
Eugenio Baraldi, M.D.; Marco Filippone, M.D. Chronic Lung 
Disease after Premature Birth. N. Engl. J. Med. 2007 
 
Early CPAP versus intubation mechanical ventilation 
and surfactant treatment 
Randomized Trial Comparing 3 Approaches to the Initial 
Respiratory Management of Preterm Neonates  
Dunn MS, Kaempf J, de Klerk A, de Klerk R, Reilly M, 
Howard D, Ferrelli K, O'Conor J, Soll RF; Vermont Oxford 
Network DRM Study Group. Pediatrics. 2011 
Nov;128(5):e1069-76. doi: 10.1542/peds.2010-3848. 
Epub 2011 Oct 24. PMID: 22025591 
 

• multicenter randomized trial to compare 3 
approaches to the initial respiratory management 
of preterm neonates 

o prophylactic surfactant followed by a 
period of mechanical ventilation (PS) 

o prophylactic surfactant with rapid 
extubation to bubble nasal continuous 
positive airway pressure (ISX) 

o initial management with bubble 
continuous positive airway pressure and 
selective surfactant treatment (nCPAP). 

• Neonates born at 26 0/7 to 29 6/7 weeks' 
gestation 

• Primary outcome was the incidence of death or 
bronchopulmonary dysplasia (BPD) at 36 weeks' 
postmenstrual age. 

 
Results:   
Preterm neonates were initially managed with either 
nCPAP or PS with rapid extubation to nCPAP had similar 
clinical outcomes to those treated with PS followed by a 
period of mechanical ventilation. An approach that uses 
early nCPAP leads to a reduction in the number of infants 
who are intubated and given surfactant. 
 
Physiology of Respiratory Distress Syndrom of the 
newborn 
 

• Immaturity of the lung with expansion of the 
interstitium and reduced number of alveoli 

• Immaturity of the whole respiratory system 
included the upper airways, the respiratory 
muscles and the thorax 

• Surfactant deficiency that follows to an alveolar 
collapse during the expiration reduced FRC that 
does not allow a sufficient  gas exchange at the 
expiration 

• Due to the great resistance at the inspiration, 
water removes from the interstitium to the 
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alveoli, which results to an inflammation and the 
form of hyaline membrane 

 
The cause of the respiratory distress syndrom is not just a 
surfactant deficiency but an immaturity of the whole 
respiratory system. 
Mosca F, Colnaghi M, Fumagalli M. BPD: old and new 
problems. J Matern Fetal Neonatal Med 2011; 24: 80-82 

Kribs, Angela; Wieg, Christian; Roth, Bernhard. 
Noninvasive Surfactant-Applikation (LISA) – 
Erkenntnisstand 2016. Neonatologie Scan 2016 
 
 
When is the most appropriate time for Surfactant 
administration? 

When surfactant is required, an early administration at 
the threshold of FiO2>0.30 is recommended for all babies. 

Always adjusted to Silverman score. 
 
However: recent meta-analyses indicate that oxygen 
thresholds might not be predictive for surfactant therapy 
with regards to RDS associated mortality. 
 
Sweet et al., Neonatology 2019;115:432–450, 1. 
 

Techniques for Surfactant Administration While 
Maintaining Spontaneous Breathing 
 
 
 
 
 
 
 
 
 
 
 
JAMA Pediatr. 2014;168(10):901-908. 
doi:10.1001/jamapediatrics.2014.1148 
 
Methods and characteristics of MIST (minimally 
invasive surfactant therapy) 
 

Art of Application Characteristics Practical problems 
Pharyngeal  
application 

Very minimal  
invasive and  
easy to perform 
 

Depends on the 
spontaneous  
breathing 

With nebulizer Not invasive at all 
Very easy to apply 
No interruption 
of spontaneous  
breathing 

difficult at the  
clinical practice 
High Loss of  
substance 
No approved  
nebulizer available 
 

With laryngeal  
mask 

Easy to perform 
No airway injury 
Non invasive 

Satisfying results 
 for newborns  
with birth  
weight >1000gr , but 
not for newborns 
with lower birth  
weight 

LISA Less invasive 
than intubation 
Little disturbance 
of spontaneous  
breathing 
No loss of airway  
Pressure 
 

More difficult to  
perform 
Maybe need for  
sedation 

Kribs, Angela; Wieg, Christian; Roth,  
Bernhard. Noninvasive Surfactant-Applikation (LISA) – 
Erkenntnisstand 2016. Neonatologie Scan 2016 
 
Pharyngeal Surfactant administration 
Kattwinkel J, Robinson M, Bloom BT, Delmore P, Ferguson 
JE. Technique for intrapartum administration of surfactant 
without requirement for an endotracheal tube. J 
Perinatol. 2004 Jun;24(6):360-5. doi: 
10.1038/sj.jp.7211103. PMID: 15085166. 
 

• Objective: To evaluate the feasibility and safety of 
administering surfactant into the nasopharynx 
during delivery, thus permitting the baby to 
aspirate the solution into the fluid-filled airway as 
an air-fluid interface is established.  
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• Study design: In all, 23 neonates weighing 560 to 
1804 g and born at 27 to 30 weeks had their 
nasopharyngeal airways suctioned and then 3.0-
4.5 ml Infasurf instilled into the nasopharynx 
before delivery of the shoulders. Continuous 
positive airway pressure (CPAP) of 10 cmH(2)O 
was administered by mask as the babies initiated 
breathing. Nasal CPAP at 6 cmH(2)O was then 
continued for a minimum of 48 hours. 

• Results: In all, 13 of 15 babies delivered vaginally 
were weaned quickly to room air and required no 
further surfactant or endotracheal intubation for 
RDS. Five of eight babies delivered by C-section 
required subsequent endotracheal intubation 
soon after birth and two received subsequent 
endotracheal tube surfactant. 

• Conclusion: Nasopharyngeal surfactant 
instillation at birth appears to be relatively safe 
and simple to accomplish, especially for vaginal 
births. A large randomized clinical trial will be 
required to determine the efficacy of this 
technique when compared to prophylaxis by 
endotracheal intubation and to nCPAP alone. 

 
Lamberska T, Settelmayerova E, Smisek J, Luksova M, 
Maloskova G, Plavka R. Oropharyngeal surfactant can 
improve initial stabilisation and reduce rescue intubation 
in infants born below 25 weeks of gestation. Acta 
Paediatr. 2018 Jan;107(1):73-78. doi: 10.1111/apa.14060. 
Epub 2017 Oct 4. PMID: 28871620. 
 

• Objective:  to evaluate the feasibility and safety of 
administering surfactant into the pharynx of 
infants born at <25 weeks immediately after birth. 

• Study design: 19 infants received 1.5 mL of 
Curosurf as a bolus into the pharynx and 
simultaneously performed a sustained inflation  

• Results: All infants received oropharyngeal 
surfactant within the median (interquartile range) 
time of 40 seconds (25-75) after cord camping. 
The surfactant had to be suctioned in one infant 
because of upper airway obstruction. Although 
more subsequent surfactant was administered in 
the study group, significantly fewer study period 
infants required intubation than the before and 
after controls (16% versus 75% and 58%, 
respectively, p < 0.01). 

 
SALSA 
Laryngeal Mask Airway for Surfactant 
Administration Versus Standard Treatment 
Methods in Preterm Neonates with Respiratory 
Distress Syndrome: A Systematic Review and Meta-
analysis 
 
Objective: A meta-analysis of randomized control trials 
(RCTs) comparing LMA with standard methods of 
surfactant delivery for the outcomes of surfactant dose 
repetition, oxygen requirement, mechanical ventilation, 
intubation, mortality, bronchopulmonary dysplasia (BPD), 
and pneumothorax. 
 

Results: Six RCTs were identified, enrolling a total of 357 
infants. Administering surfactant via LMA was associated 
with decreased FiO2 requirement (mean difference = 1.82 
(95% confidence interval [CI]: -6.01-9.66), decreased 
intubation (risk ratio [RR] = 0.17; 95% CI: 0.05-0.57), and 
decreased mechanical ventilation (RR = 0.44; 95% CI: 0.31-
0.61). There were no significant differences between 
groups for death, BPD, or pneumothorax. 
Conclusion: LMA might be an effective alternative method 
of surfactant delivery; however, further high-quality RCTs 
with larger sample size and including extreme preterm 
infants are needed to establish LMA as an alternative 
technique for surfactant delivery. 
 
Al Ali RA, Gautam B, Miller MR, Coulson S, Yuen D. 
Laryngeal Mask Airway for Surfactant Administration 
Versus Standard Treatment Methods in Preterm Neonates 
with Respiratory Distress Syndrome: A Systematic Review 
and Meta-analysis. Am J Perinatol. 2022 Oct;39(13):1433-
1440. doi: 10.1055/s-0041-1722953. Epub 2021 Jan 31. 
PMID: 33517565. 
 
SALSA- conculsion 
Can be effective at avoidance of mechanical ventilation.  
No effect for BPD, no long term data for childhood. 
 
Randomized Trial of Surfactant Therapy via 
Laryngeal Mask Airway Versus Brief Tracheal 
Intubation in Neonates Born Preterm 
 

• 93 infants born at 27 to 36 weeks of gestation, 
>800 g, diagnosed with RDS and receiving fraction 
of inspired oxygen 0.30-0.60 via noninvasive 
respiratory support 

• 51 to LMA and 42 to the ETT group, birth weights 
ranging from 810 to 3560 g 

• Failure rate was 29% in the ETT group and 20% in 
the LMA group (P = .311) 

• Efficacy in decreasing fraction of inspired oxygen, 
number of surfactant doses administered, time to 
wean off all respiratory support, rates of adverse 
events, and outcomes including pneumothorax 
and BPD diagnosis did not differ between groups. 

 
Gallup JA, Ndakor SM, Pezzano C, Pinheiro JMB. 
Randomized Trial of Surfactant Therapy via Laryngeal 
Mask Airway Versus Brief Tracheal Intubation in Neonates 
Born Preterm. J Pediatr. 2023 Mar;254:17-24.e2. doi: 
10.1016/j.jpeds.2022.10.009. Epub 2022 Oct 12. PMID: 
36241051. 
 
Surfactant therapy via thin catheter in preterm 
infants with or at risk of respiratory distress 
syndrome 
Meta-Analysis, Cochrane Database Syst Rev, 2021 May 
10;5(5):CD011672. 
Mohamed E Abdel-Latif 1,2,3,✉, Peter G 
Davis 4,5,6, Kevin I Wheeler 5,7,8, Antonio G De 
Paoli 9, Peter A Dargaville9,10 
16 studies (18 publications; 2164 neonates) in this review. 
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CONCLUSION 
Administration of surfactant via thin catheter compared 
with administration via an ETT is associated with 

• reduced risk of death or BPD 
• less intubation in the first 72 hours 
• reduced incidence of major complications and in-

hospital mortality. 
This procedure had a similar rate of adverse effects as 
surfactant administration through an ETT. 
 
Optimist-A: MIST vs Sham 

• Randomized clinical trial 
• 485 preterm infants with a gestational age of 25 

to 28 weeks  
• support with continuous positive airway pressure 

(CPAP) - fraction of inspired oxygen of 0.30 or 
greater within 6 hours of birth 

 
The trial was conducted at 33 tertiary-level neonatal    
intensive care units 
 
Interventions 

• 2 groups 
• MIST group (n=241) - 200 mg/kg του poractant 

alfa via thin catheter 
• Control group (n = 244) – control treatment (sham 

control treatment)  
• CPAP was continued thereafter in both groups 

unless specified intubation criteria were met. 
 
Primary outcome: the composite of death or physiological 
BPD assessed at 36 weeks' postmenstrual age. The 
components of the primary outcome (death prior to 36 
weeks' postmenstrual age and BPD at 36 weeks' 
postmenstrual age) also were considered separately. 
 
Dargaville PA. et al. Effect of Minimally Invasive Surfactant 
Therapy vs Sham Treatment on Death or 
Bronchopulmonary Dysplasia in Preterm Infants With 
Respiratory Distress Syndrome: The OPTIMIST-A 
Randomized Clinical Trial. JAMA. 2021;326(24):2478-
2487. 
 
Optimist-A 
Infants were considered for inclusion: 

1. gestational age range of 25 weeks 0 days and 28 
weeks 6 days  

2. had been inborn at a study center and admitted to 
the neonatal intensive care unit 

3. were supported with CPAP or noninvasive positive 
pressure ventilation for respiratory insufficiency 
without prior intubation. Infants were eligible if 
supported with a CPAP level of 5 cm H2O to 8 cm 
H2O and requiring Fio2 of 0.30 or greater within 
the first 6 hours of life. 

4. Prior administration of caffeine was expected as 
part of standard management 

 
Infants were inilegible if: 

1. need for intubation 
2. No RDS as cause of respiratory distress 
3. Presence of serious congenital anomaly 

 
Dargaville PA. et al. Effect of Minimally Invasive Surfactant 
Therapy vs Sham Treatment on Death or 
Bronchopulmonary Dysplasia in Preterm Infants With 
Respiratory Distress Syndrome: The OPTIMIST-A 
Randomized Clinical Trial. JAMA. 2021;326(24):2478-
2487. 

Optimist-A: primary outcome 

Θάνατος ή BPD παρατηρήθηκε σε 105 νεογνά (43.6%) 
στην ομάδα MIST και σε 121 (49.6%) στην ομάδα ελέγχου, 
εμφανίζοντας μη στατιστικά σημαντική διαφορά μεταξύ 
των δυο ομάδων (P=0.1). Παρόλα αυτά, η εμφάνιση BPD 
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στους επιζήσαντες ήταν στατιστικά χαμηλότερη στην 
ομάδα MIST (P=0.03). 
 
Dargaville PA. et al. Effect of Minimally Invasive Surfactant 
Therapy vs Sham Treatment on Death or 
Bronchopulmonary Dysplasia in Preterm Infants With 
Respiratory Distress Syndrome: The OPTIMIST-A 
Randomized Clinical Trial. JAMA. 2021;326(24):2478-
2487. 
 
Optimist-A: Κύρια κλινικά αποτελέσματα 
Η ανάγκη για διασωλήνωση σε <72 h ήταν σχεδόν κατά το 
ήμιση μειωμένη στην ομάδα MIST , με μια σημαντική 
στατιστική διαφορά έναντι της ομάδας ελέγχου. Ακόμα η 
ανάγκη για διασωλήνωση σε <72 h μειώθηκε και στις δυο 
ηλικιακές διαστρωματώσεις:  49% vs. 72% (MIST vs. 
control) στην ομάδα από  25-26 εβδομάδες κύησης, και 
29% vs. 72% στην ομάδα 27-28 εβδομάδες κύησης 
(P=0.02 for interaction). 

Dargaville PA. et al. Effect of Minimally Invasive Surfactant 
Therapy vs Sham Treatment on Death or 
Bronchopulmonary Dysplasia in Preterm Infants With 
Respiratory Distress Syndrome: The OPTIMIST-A 
Randomized Clinical Trial. JAMA. 2021;326(24):2478-
2487. 
 
Optimist-A: κύρια κλινικά αποτελέσματα και 
ασφάλεια 

Η εμφάνιση πνευμοθώρακα ήταν μειωμένη σχεδόν κατά 
50% στην ομάδα MIST, με στατιστικά σημαντική διαφορά 
έναντι της ομάδας ελέγχου. 
 
Dargaville PA. et al. Effect of Minimally Invasive Surfactant 
Therapy vs Sham Treatment on Death or 

Bronchopulmonary Dysplasia in Preterm Infants With 
Respiratory Distress Syndrome: The OPTIMIST-A 
Randomized Clinical Trial. JAMA. 2021;326(24):2478-
2487. 
 
LISA – Follow up Studies 
Two-Year Outcomes After Minimally Invasive Surfactant 
Therapy in Preterm Infants - Follow-Up of the OPTIMIST-
A Randomized Clinical Trial 
JAMA. 2023;330(11):1054-1063. 
doi:10.1001/jama.2023.15694 
Peter A. Dargaville, MD1,2; C. Omar  
F. Kamlin, DMedSci3,4; Francesca Orsini, MSc5; et al 
 

• 486 infants at 25 to 28 weeks’ gestation 
• the composite outcome of death or 

neurodevelopmental disability (NDD) at 2 years of 
age  

 
Results: 
 

• MIST compared with sham treatment did not 
reduce the incidence of death or NDD by 2 years 
of age 

• BUT..: lower rates of adverse respiratory 
outcomes during their first 2 years of life 
(Hospitalization with respiratory illness , parent-
reported wheezing or breathing difficulty) 

 
Impact of alternative modes of surfactant 
administration on mechanical ventilation and BPD 
 

• Oropharyngeal application: no avoidance of 
mechanical ventilation, no impact on BPD 

• Nebulisation: avoidance of mechanical 
ventilation, no impact on BPD 

• SALSA: avoidance of mechanical ventilation, no 
impact on BPD 

• LISA: avoidance of mechanical ventilation, 
reduced risk of death and BPD and maybe better 
outcome of long term pulmonary health 

 
Συμπερασματικά 

• Η οροφαρυγγική χορήγηση ΕΔΠ θα μπορούσε να 
είναι μια πολλά υποσχόμενη μέθοδος, ωστόσο τα 
πρόσφατα βιβλιογραφικά δεδομένα δε 
συστήνουν την εφαρμογή της αμέσως μετά τη 
γέννηση . 

• Η χορήγηση ΕΔΠ με νεφελοποιητή καθώς και με 
λαρυγγική μάσκα έχουν θετική επίδραση στα 
ποσοστά διασωλήνωσης και διάρκειας του 
μηχανικού αερισμού. Ωστόσο δεν υπάρχουν 
επαρκή δεδομένα για τη θετική επίδρασή τους 
στη μείωση της ΒΠΔ και της μακροχρόνιας 
πορείας των νεογνών. 

• Η LISA είναι η μόνη μέθοδος που έχει θετική 
επίδραση στη μείωση των ποσοστών 
διασωλήνωσης , διάρκειας μηχανικού αερισμού 
και επιβίωσης χωρίς ΒΠΔ. 

• Χρειάζονται περισσότερες μελέτες με 
μεγαλύτερο αριθμό ασθενών προκειμένου να 
βγούνε επαρκή συμπεράσματα σχετικά με τα 
μακροπρόθεσμα αποτελέσματα στην 
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αναπνευστική λειτουργία κατόπιν χορήγησης 
ΕΔΠ με τις προαναφερθείσες μεθόδους 

 
Μαιευτήριο ΡΕΑ – Αποτελέσματα LISA Απρίλιος 
2019 έως Δεκέμβριος 2023 
949 νεογνά έλαβαν ΕΔΠ κατά το διάστημα Απρίλιος 2019 
– Δεκέμβριος 2023 
 
Κατηγορία 1: τελειόμηνα νεογνά >37η εβδομάδα κύησης 
Κατηγορία 2: όψιμα πρόωρα νεογνά 34+0-36+6 
εβδομάδα κύησης 
Κατηγορία 3: πρόωρα νεογνά <34η εβδομάδα κύησης 
  
Χρησιμοποιήσαμε Curosurf σε δοσολογία 200mg/kg 
 
Αποτελέσματα:  
466 (49%) των νεογνών έλαβε ΕΔΠ με LISA, ενώ 483 (51%) 
κατόπιν ενδοτραχειακής διασωλήνωσης.  
17 (1,8%) των νεογνών που έλαβαν ΕΔΠ με LISA 
χρειάστηκαν δευτεροπαθώς διασωλήνωση λόγω μη 
αναπνευστικής βελτίωσης 
227 της κατηγορίας 1 ( > 37η εβδομάδα κύησης) έλαβαν 
ΕΔΠ , 215 (95%) κατόπιν διασωλήνωσης, 12 (5%) με LISA 
378 της κατηγορίας 2 (όψιμα πρόωρα νεογνά) έλαβαν 
ΕΔΠ, 206 (54%) κατόπιν διασωλήνωσης,  172 (46%) με 
LISA 
344 της κατηγορίας 3 (πρόωρα νεογνά <34η εβδομάδα 
κύησης) έλαβαν ΕΔΠ, 62 (18%) κατόπιν διασωλήνωσης,  
282 (82%) με LISA. 
Δεν παρατηρήθηκαν σοβαρές επιπλοκές στα νεογνά που 
έλαβαν LISA 
 
 
 
 
 
 


