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Respiratory Distress in the 
Newborn 
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Increased risk of RDS 

 Prematurity 
 Perinatal asphyxia (hypoxia) 
 Maternal diabetes 
 Male neonate 
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Risks cont.,  
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Reduced risk of RDS 

 SGA (Intrauterine growth retardation) 
 Prolonged rupture of 

membranes(PROM) 
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 risk of RDS 
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Increased or  
Decreased risk 
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Schematic diagram of potential 
interventions in RDS 
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History  
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History  

Alveolar Structure 

Immature Mature 

18 

Alveolar Development 
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Alveolar Development 
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Alveolar Development 

21 

Alveolar Development 

22 

Immature Alveolar Structure 

Mature Alveolar Structure Adult Alveoli 
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RDS & Defective Surfactant 
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Pressure - Volume Curves 

Newborn 
Stillborn 
RDS 
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Respiratory Distress in the 
Newborn 

Surfactant in Infants with RDS 
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Infant Respiratory Distress 
Type  I  Cells 
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Infant Respiratory Distress 
Type  II  Cells 
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Surfactant Cycle 

Surfactant Film 
Tubular myelin 

and other  
aggregates 

Air 

Hypophase 

Type II Cell 

Endoplasmic 
Reticulum 

Golgi Lamellar Body 
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Type II Pneumocyte 
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Tubular Myelin 

38 

Human Surfactant Composition 

DPPC – dipalmitoylphosphatidylcholine 50% 

Unsaturated phosphatidylcholine 17% 

Phosphatidylglycerol 17% 

Phosphatidylethanolamine 4% 

Syphngomyelin 2% 

Phosphatidylinositol 2% 

Other phospholipids 3% 

Other lipids 5% 

Serum proteins 8% 

Apoproteins or 
surfactant specific proteins 2% 

39 40 

Van Golde L, Biol Neonate. 1995;67(suppl 1):2-17 
Jobe A, N Engl J Med.  1993;328:861-868 

Surfactant Proteins 

Absent Characteristics Main Effects 

SP-A & SP-D High molecular weight 
Hydrophilic 

Host defense 

Present Characteristics Main Effects 

SP-B & SP-C Low molecular weight 
Hydrophobic 

Adsorption and 
spreading of  phospholipids 
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Approved Surfactants 

® Exosurf 
- Burroughs Wellcome 

Surfactant Source Proprietary Name Composition 

Synthetic Colfosceril palmitate 
Cetyl alcohol 

Tyloxapol 

Species Heterologous 
Natural Surfactants 

Ross Laboratories 
Surfanta ® Bovine lung homogenate 

Synthetic PC & PG 

Infasurf ® 
Forrest Pharmaceuticals 

Bovine lung lavage 

Curosurf ® 
Chiesi Farmaceutici 

Dey Laboratories 

Porcine lung homogenate 
Synthetic PC & PG 

42 

Clinical Administration 
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43 

Properties of Surfactant 
Biophysical  
Properties 

Effects on Lung  
Physiology 

Clinical Findings 
with poor function 

↓  Surface Tension Alveolar expansion 
↑   Compliance 

↓   Work of Breathing 

↓   Compliance 
↑   Work of Breathing 

Retractions 

Variable Surface  
Tension 

↓ ↓   Surface Tension at  
lowest lung volume 

↓   Lung volume 
V/Q  →  0 (shunt) 

Grunting 

↓  negative pressure  
under curved fluid  

surface 

Prevent pulmonary  
edema 

Heavy wet lungs 
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45 46 

Comparison of  
Surfactant Preparations 

Notter RH, New York: Marcel Dekker, Inc; 2000;320.  Lung Biology in Health and Disease, v 149 
Halliday HL et al, Arch Dis Childi.  1993;69:276-280 

*Colfosceril palmitate is protein free and mixed in weight proportions 13.5 : 1.5 : 1 

Beractant 
Survanta® 

Agent 

Calfactant 
Infasurf® 

Poractant alfa 
Curosurf® 

Colfosceril 
palmitate* 
Exosurf  Neonatal® 

Minced bovine lung extract 
DPPC, tripalmitin, palmitic acid 

Composition 

Bovine lung lavage 

Minced porcine lung extract 

DPPC, hexadecanol, tyloxapol 

84% 

Phospholipids 

95% 

99% 

85% 

< 1.0 
(SP-B + SP-C) 

SP-B 
mg/ml 

0.26 

0.3 

0.0 

47 

Relationship between surface 
area and surface tension 

48 
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Treatment of RDS 

•  60% have a good or sustained response;  
•  30% respond but relapse;  
•  10% have a poor or unsatisfactory response. 

Babies who are slow in responding can 
relapse and may need a second or even third 
dose of surfactant.  

50 

Comparison of mortality rate 
after prophylaxis and rescue 

surfactant therapy 

51 

Clinical Criteria for the Use of  
Exogenous Surfactant 

PROPHYLACTIC THERAPY RESCUE THERAPY 

Gestational age < 30 weeks  Clinical features of RDS, including: 

 Very low birth weight 
 (<1,250 g) 

 Immature lecithin-
 sphingomyelin ratio 

 Absence of 
 phosphatidylglycerol in  
 amniotic fluid 

 Refractory hypoxemia  

 Decreased lung compliance 
 and lung  volumes that require 
 mechanical ventilatory 
 support  

 Diffuse alveolar infiltrates 
 on chest  radiograph  

52 

Before Surfactant After Surfactant 

53 

Surfactant 

54 

Strategies of Use 
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Side Effects of 
Surfactant Administration 

56 

Safety Concerns for 
Surfactant Usage 
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Why Doesn’t Surfactant Therapy 
Work Faster? 
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Why Doesn’t Surfactant Therapy 
Work Better? 
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Surfactant Protein Function 

60 

Effect of Surfactant Protein  
on Lung Compliance 
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61 

Surfactant Doesn’t  
Treat Immaturity 

Defective 
Surfactant  
Function 

Immature 
Lung  

Architecture 

↑ Susceptibility to  
Epithelial Damage 

Surfactant Deficiency 

Defective 
Surfactant Metabolism 

Surfactant Inactivation 

↑ Airways Compliance 

↓ Alveolar Number 
& Surface Area 
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Pathologic causes for surfactant 
inhibition 

 Hypoxia 
 Hyperoxia 
 Acidosis 
 Hypothermia 
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Infant Respiratory Distress 
Pulmonary Fluid 
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Infant Respiratory Distress 
Pulmonary Fluid 
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Diagnosis 

66 

Diagnosis 
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Acute 
Lung 
Injury 
in RDS 

68 

Photomicrograph demonstrates 
the collapsed alveoli filled with 

hyaline membranes.  

69 70 

Respiratory Distress Syndrome 

71 

RDS 
Alveoli 

Normal 

72 

Respiratory Distress in the 
Newborn 
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73 74 

PDA 

75 

Pathophysiology of RDS 

76 

Respiratory Distress in the 
Newborn 

77 

A schematic diagram outlining the 
pathogenesis of RDS 
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Pathophysiology of RDS 
Decreased Surfactant Production 

   
Increased Surface Tension Forces 
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79 

Physical  

80 

Clinical Findings 

81 

Clinical Findings 

 Straining of chest and neck muscles 
with the effort of breathing  

 Abnormally rapid heartbeat  
 Absence of or long pause in breathing 

(apnea)  
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Clinical Findings 

83 

Other Problems:  

84 

Laboratory Findings 
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X-Ray findings 

86 

Radiograph-Imaging  
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X-Ray Findings 

88 

X-Ray findings cont.  
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Respiratory Distress 
Syndrome 

90 

Respiratory Distress Syndrome 
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Bronchopulmonary Dysplasia 

92 

Blood gas and Pulmonary 
Function Findings  

93 

Blood gas and Pulmonary 
Function Findings 
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Pulmonary Mechanics  

Functional Residual Capacity 

Inspiratory 
Reserve 
Volume Inspiratory 

Capacity 

Tidal 
Volume 

Vital 
Capacity 

Total Lung 
Capacity 

Functional 
Residual 
Capacity 

Expiratory 
Reserve Volume 

Residual 
Volume 
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Functional Residual Capacity 

Inspiratory 
Reserve 
Volume Inspiratory 

Capacity 

Tidal 
Volume 

Vital 
Capacity 

Total Lung 
Capacity 

Functional 
Residual 
Capacity 

Expiratory 
Reserve Volume 

Residual 
Volume 
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Forces Regulating FRC 

Collapse of  the Lung 
Elastic Recoil 
Alveolar Surface Tension 

Expansion of  the Chest Wall 
Muscles 
Bones 
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La Place’s Law 

r 
ST * P 2 = 

100 

101 

La Place’s Law 

r 
ST * P 2 = 

102 

Chest Wall Expansion 
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Chest Wall Compliance 
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Airways Compliance 
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Treatment of RDS 

107 

Treatment of RDS 

108 

Treatment of RDS 



19 

109 

Nitric Oxide Metabolism 
NO reacts with oxygen and water to form nitrates 
and nitrites. NO toxicity is linked to its ability to 
combine with superoxide anions (O2-) to form 
peroxynitrite (ONOO-), an oxidizing free radical 
that can cause DNA fragmentation and lipid 
oxidation. In the mitochondria, ONOO- acts on the 
respiratory chain (I-IV) complex and manganese 
superoxide dismutase (MnSOD), to generate 
superoxide anions and hydrogen peroxide (H2O2), 
respectively. 
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High Frequency Ventilation 

111 

Mechanical Ventilation 

112 

Mechanical 
Ventilation 

113 

Mechanical 
 Ventilation 
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Nitric Oxide Metabolism 
NO reacts with iron in the active site of the 
enzyme guanylyl cyclase (GC), stimulating 
it to produce the intracellular mediator 
cyclic GMP (cGMP), that in turn enhances 
the release of neurotransmitters resulting in 
smooth muscle relaxation and 
vasodilation. NO may also be involved in 
the regulation of protein activity. 
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Nitric Oxide Metabolism 
Nitric oxide (NO) is a major signaling molecule 
in neurons and in the immune system, either 
acting within the cell in which it is produced or 
by penetrating cell membranes to affect 
adjacent cells. Nitric oxide is generated from 
arginine by the action of nitric oxide synthase 
(NOS). NO has a half-life of only a few seconds 
in vivo . However, since it is soluble in both 
aqueous and lipid media, it readily diffuses 
through the cytoplasm and plasma membranes. 
In the vasculature.   
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Nitric Oxide Metabolism

117 

The Future 
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