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Effective Pulmonary Ventilation at Birth requires 4 

Features: 

 In the newborn, with the first breath, the first breath 

should be effective and should be followed by 

continuous respiration to mimic the adult respiration. 

 

 
 

Tracheobronchial Development 

 
 

 STAGES OF LUNG DEVELOPMENT: 

1. Embryonic stage – 3 weeks to 9 weeks of fetal life 

- Formation of bronchi and bronchioles – 7 

generations 

 

 Formation of lung bud and initial branching of 
presumptive airways, first recognizable as a 
laryngotracheal groove of the ventral foregut 

 Lung bud gives rise to conducting airways sang five 
primordial lung lobes 

 Erorrs result to tracheoesophageal fistulas, tracheal 
atresias, tracheal stenosis and pulmonary agenesis 

 

2. Pseudoglandular stage – overlaps with the embryonic 

stage, starts at 5 weeks until 18 weeks 

- Formation of some bronchioles and appearance of 

terminal bronchioles 

 Conducting zone – bronchi, bronchioles, terminal 

bronchioles 

 1st trimester – the anatomy of bronchioles are formed 

 

 7 weeks gestation - trachea, segmental and 
subsegmental bronchi evident - closure of 
pleuroperitoneal folds 

 16 weeks gestation - all bronchial division completed 

 

3. Canalicular stage – 2nd trimester 

- Formation of respiratory bronchioles  

- The function of bronchioles are formed 

- Week 16 to week 27 

 

 Completion of the conducting airways through the 
level of the terminal bronchioles, and development of 
the rudimentary gas exchange units that are no longer 
invested with cartilaginous support 

 

4. Saccular stage – the entire third trimester 

- Formation of alveolar ducts 

 Start of 36 weeks – formation of alveolar sacs 

 

 Alveolocapillary membrane sufficient to participate in 
gas exchange 

 Each saccule consist of smooth-walled airspaces  with 
thickened interstitial spaces containing a double 
capillary network 

 Expansion continues well unto the 3rd trimester 
 Postnatal alveolarization extends from term through 1 

to 2 years of age 

 

 Full term babies – 37-42 weeks – the conducting zone 

and transitional zone are complete, and all the sacs 

are alveolar sacs ready to inhale air. 

 Delivery before 37 weeks – only alveolar ducts. No 

alveolar sacs that will be filled with air. May present as 

respiratory distress. 

 

What Must Happen at Birth? 

 Newborn should be able to adapt the adult circulatory 

system. If not able, baby will be present with cyanosis. 

Lungs develop to 
alveolar stage 

Lowering of the 
pulmonary vascular 

resistance (PVR) 

Lung liquid volume 
removed from the 
alveolar spaces & 

surfactant secreted 
into the acinus 

Adequate neurologic 
drive 



 
 

Fetal Lung Fluid 

 Internal volume of the lungs 

- Maintained by secretion of liquid into the pulmonary 

lumen 

 Liquid expansion of potential air spaces is essential for 

the growth and the development of normal lung 

structure before birth, which, in turn, may influence 

lung function after birth. 

 The alveolar sacs in the fetal lungs are filled with 

alveolar fluid. The fluid enters through secretions of 

the pulmonary vessels into the alveolar sacs. The 

alveolar sacs expand because of the fluid and the 

shape is retained postnatally. After delivery, the fluid 

is excreted and replaced with air yet the shape and 

specific radius of the alveolar sac is retained. 

 The lung fluid inside the alveolar sacs and lumens of 

the pulmonary system is crucial for the anatomy of the 

lungs and function of the respiratory system 

postnatally. 

 

 
 

 The secretion of lung fluid is intermittent.  

 2 components of amniotic fluid: fetal lungs fluid (1/4 

to 1/2) and fetal urine. 

 

Clearance of Fluid at Birth 

 To allow adequate postnatal gas exchange, pulmonary 

fluid must be rapidly removed at birth in order to 

support air breathing. 

 To support air breathing. 

 To convert the pulmonary epithelium in the distal air 

spaces from fluid secretion to fluid absorption. 

 Best way is the normal process (Vaginal Delivery): 

squeezing of the chest through the vaginal canal 

excretes the lung fluid, and the fluid is absorbed in by 

the lymphatic system. 

 If delivered not by natural process (Caesarian Section): 

no element of adequate squeezing and absorption. 

There may be retention of lung fluid in the alveolar 

sacs, which could lead to transient tachypnea in the 

newborn.  

 As the pregnancy reaches term, the volume in the 

alveolar sacs are reduced so that after birth much of 

the fetal lung fluid will be absorbed via lymphatics. 

 The volume of pulmonary fluid decreases during late 

gestation, especially during initiation of labor, due to: 

1. Less fetal lung fluid secretion 

2. Improved rate of absorption 

 

Transition from Intra to Extra-Uterine Life 

 Effective clearance of lung 

 Disruption of this process has been implicated in 

several disease states 

 TTN (transient tachypnea of the newborn) – in the 

full term 

 Hyaline membrane disease 

 Preterm delivery and CS without prior labor 

- excessive retention of lung fluid 

- contribute to respiratory compromise in the newborn 

 If delivered preterm, there are many problems in the 

lungs. Clinical scenario is tachypnea.  

 

Respiratory Adaption 

 Fetal Breathing 

- breathing movements present approximately 40% of 

the time during late pregnancy  

- influenced by fetal behavior 

- occurs in REM sleep 

- regulated by other chemical factors, such as carbon 

dioxide and oxygen concentration 

 Fetus start breathing in-utero in the third trimester. It 

occurs intermittently. They breathe when they are 

10-fold increase in pulmonary blood flow (PBF), 
rapid decrease in PVR 

• First effective breath  decrease PVR  will 
increase PBF  pulmonary vasodilation (in utero, 
the pulmonary vessels are vasoconstricted) 

Removal of placenta after constriction of the 
umbilical vessels in response to increased 
oxygenation: increase SVR 

• Cutting of cord at birth, removal of maternal 
compartment  fetus is independent  
decrease PVR  increase systemic pressure 

Decline in PVR below systemic values: closure of 
the foramen ovale and ductus arteriosus 

• Functional closure: within 24 hours 

• Anatomical closure: within 1 week 

Flows intermittently up the trachea 
with fetal breathing movements 

Some of this fluid is swallowed 

Formation of amniotic fluid 
production (25%-50%) - rest of 
amniotic fluid is through fetal urine 



asleep.  The breathing depends on the maturity of the 

CNS and ability to send impulses to the respiratory 

center. 

 

Initiation of Respiration 

 What has been traditionally called initiation of 

breathing at birth must now be called establishment 

of continuous breathing at birth. 

 

 
 Example: When the baby is delivered in the delivery 

room, there are many stimuli (bright lights, noise, 

touch, temperature) that will initiate the first breath. 

A separate birth attendant is important. 

 If vaginal delivery: there will be mechanical stimuli. 

 

 More recent observation have questioned this general 

view. 

- Degeneration of the carotid and aortic 

chemoreceptors does not alter fetal breathing or the 

initiation of continuous breathing at birth. 

 Experiments show that carotid and aortic 

chemoreceptors do not have a significant part in 

initiation of respiration. 

- Continuous breathing can be established in utero. 

(CNS maturity is important) 

o Arousal 

o Raising fetal PO2  

o Occluding the umbilical cord 

 

Mechanical Processes Responsible for Inflating the Lungs 

at Birth 

 A sufficient force (opening pressure) must be 

generated across the lungs with the first inspiration to 

overcome: 

- Viscosity of the fluid in the airways 

- Forces of surface tension 

- Tissue resistance 

 Opening pressure (OP) – depends on the first breath: 

60cmH2O is needed to open the airways. 

 

Opening Pressure of the Lungs at Birth 

 Fluid filled distention of the alveolar sacs 

 Compliance of the alveolar tissue – lungs must be 

mature enough so they can stretch with the first 

inhalation. 

 Surface forces at air-fluid interface 

 A much higher opening pressure would be needed to 

overcome the high surface tension forces if the 

airways were not partially distended with this fluid 

- TTN 

- Hyaline membrane disease 

 Laplace equation for a cylinder state 

- Pressure required to overcome surface tension is 

directly proportional to the surface tension and 

indirectly proportional to the radius of curvature  

- (P = t/r) 

 

 
 The smaller the radius of the alveolar sac, the higher 

the opening pressure needed. 

 Full term babies only need OP of 60cmH20. But 

preterm babies with few alveolar sacs, fluid retention, 

and small radius will need >60cmH2O. 

 Premature babies can be apneic at birth, and will need 

bag-mask ventilation to open the airways. 

 
 Normal amount of fluid in the lungs is important to 

maintain the radius, and air filling should be equally 

distributed (homogenous). 

Terminal airways 
not partially 

distended by liquid 

Small 
radius 

Very large 
opening 
pressure 



 
 

Post-term Deliveries 

 
 Problems of post-term: decreased fluid volume, 

decreased amniotic fluid volume. There will be more 

hypoxic events in-utero, which cause anal sphincter 

relaxation leading to meconium stained amniotic fluid. 

Fetal breathing in-utero causes meconium aspiration. 

 

Compliance and Surface Forces 

 Compliance – distensibility of the chest, alveolar sacs, 

or respiratory system. Change in volume over change 

in pressure. 

 The more volume, the more compliance or distention 

of the lungs. 

 Opening pressure of the lungs at birth also depends on 

the compliance of the alveolar tissue and the surface 

forces at air-fluid interface 

 During labor and birth, a massive release of surfactant 

in pulmonary fluid facilitates lung opening  

- Surfactant lowers opening pressure through the 

decrease in surface forces 

- Surfactant improves lung compliance 

 Surfactant starts to be produced in the second 

trimester and continues until birth. Peaks at 30 to 34 

weeks. 

 In order to have adequate opening pressure, there 

should be high compliance and low surface tension.  

 

 

 

Compliance: C =   V /  P 

 
Low compliance: stiff lungs, extra work is required to bring 

in a normal volume of air 

 Bag-mask ventilation indicated. 

 What affects lung compliance? Surfactant and lung 

fluid content. 

 

In-utero, no air volume in the lungs; no transpulmonary 
gradient chest wall expansion 

 
First postnatal breath 

 
Transpulmonary pressure increases until it overcomes 

the surface tension of small airways and alveoli 
 

Subsequent breaths: actively inspired air enter the lungs 
 

Radius increases, the distending pressure required to 
open those units decreases 

 First breath – high peak inspiratory pressure (PIP) 

 Subsequent breaths – lower PIP (around 20-30cmH20 

because the airways are already open) 

 

Establishment of Respiration 

 

 
 If mechanisms fail, there will be respiratory distress: 

tachypnea, alar flaring, retractions, cyanosis, etc. 

Blood gas results will show acidosis, hypoxemia, and 

hypercarbia. 

 

•At birth 

•Lower 
opening 
pressure 

Normal 
fluid 

content of 
the lung 

Homogenous 
Filling of 

air in 
airways 

Highest OP in fluid-free lungs, 
lowest OP in lungs with fluid of 
25% of maximum lung volume 

Non-
homogenous 
distribution 
of inspired 
air in first 

breath 

Greater 
opening 

pressures to 
inflate air 

sacs 

Significant 
reduction in 
the volume 

of fetal 
pulmonary 

fluid 

Distensibility 
of the lungs 

Change in 
volume of lungs 
produced by 
change in 
pressure 

The higher the 
compliance, the 
larger the 
volume 
delivered per 
unit of pressure 



 
 

Functional Residual Capacity (FRC) 

 First inspiratory effort is extremely important for lung 

opening. 

 Creation of FRC at the end of the first expiratory effort 

is essential for the normal pulmonary adaptation at 

birth. 

 If all the air that entered the lung were to leave the 

lung, every breath would necessarily resemble the first 

breath. 

 Full inspiration – inspiratory reserve volume 

 Full expiration – expiratory reserve volume 

 Entire respiration – vital capacity 

 

Importance of Surfactant 

 This FRC can only be created if the pulmonary 

surfactant is present allowing for the stabilization of 

the peripheral air spaces. 

 The near-zero surface tension and the bubble 

formation produced by surfactant allows for retention 

of large volumes of air at the end of the first 

expiration. 

 

Deficient Surfactants 

 Airlessness with each expiration 

 High inspiratory pressure to maintain respiration 

 Retractions and atelectasis, hyaline membrane disease 

 There will be no establishment of FRC. The baby will 

be tachypneic. Baby will be placed on a system that 

would create end-expiratory volume: positive end-

expiratory pressure (PEEP), or continuous positive 

airway pressure (CPAP), etc. 

 

Evidence from CS deliveries 

 Mortola and associates 

- Healthy term infants born by CS 

- Amount of air exhaled after the first breath was less 

than the inhaled volume (FRC) 

- FRC continued to rise after the first breath in very 

irregular fashion 10ml/kg at birth to 30mL/kg by the 

second day of life 

- The first breaths are actively exhaled by the high 

negative transpulmonary pressures 

 

 
 

Lung fluid volume removed from alveolar spaces 
 

Surfactant secreted into the acinus 
 

Initial postnatal breaths 
 

Physical expansion of the lungs 

 

 
 

Maintenance of Respiration 

 Complex interaction of sensory stimuli and both 

central and peripheral chemoreceptor inputs 

 Degree of maturation in the central respiratory 

centers 

 Postnatal breaths now called continuum of breathing. 

 

Establishment of Continuous Breathing at Birth 

 Labor and delivery  Transient fetal asphyxia 

(physiologic)  stimulates peripheral chemoreceptors 

 induce FIRST BREATH 

 Various stimuli  cold and touch  continuous 

breathing 

 

What can Inhibit Respiration? 

 

 
 

 Negative pressure in the upper airways 

- Depressed ventilation 

Lowering of the 
pulmonary vascular 

resistance (PVR) 

Increase pulmonary 
blood flow (PBF) to 
accomodate cardiac 

output 

Adequate 
neurologic 

drive 

Spontaneous 
continuous 
breathing 

Maintain 
ventilation 
postnatally 

Upper airway 
reflexes 

Negative 
pressure in the 
upper airways 

Upper airway 
obstruction 

Laryngeal 
reflexes 



- Rabbit model: result in diaphragmatic inhibition 

- Central apnea 

 Types of apnea: obstructive apnea, central apnea, 

mixed apnea. 

 

 Upper Airway Obstruction 

Increased negative pressure in the upper airway 
 

Reflex inhibition of diaphragmatic contraction 
 

Increased respiratory effort 

 Examples:  

 Secretions pooled in the oral cavity. Suction is needed. 

According to WHO: if the baby is delivered with 

vigorous cry and no gurgling sounds, no need for 

suctioning. 

 Flexion of the neck due to the baby’s prominent 

occiput – open the airway using head tilt and chin lift 

maneuver. 

 

Laryngeal Reflexes: apnea from regurgitation of gastric 

contents into the upper airway 

Regurgitation from stomach 
 

Gastric contents enter larynx 
 

Stimulate inhibitory afferent signals 
 

Central respiratory patterns 
 

Apnea 

 After breastfeeding, burp the baby to prevent gastric 

regurgitation. 

 

Pulmonary Vasodilation 

At birth 
 

Pulmonary arterial blood flow increases 8 to 10 fold 
 

After 24 hours, PVR decreases by 50% 

 Lung: organ for gas exchange 

 After 1 day, baby should be pink. 

 

Factors that Increase PBF 

1. Ventilation of the lungs 

2. Increased oxygenation 

3. Increased shear stress 

 Mediated by the release of Nitric Oxide (NO) from the 

vascular endothelium.  

 NO is also used as treatment for persistent pulmonary 

hypertension in other countries. NO is not available in 

the Phil. 

 

Cellular Level of Lung Ventilation 

 Vasoactive substances such as prostacyclin (PGI2) from 

vessel walls 

- Increase PBF and decreases PVR 

 Cyclooxygenase inhibition 

- Blocks PGI2 production 

- Prevents the normal decrease in PVR with lung 

expansion but not the changes that occur with 

oxygenation 

 Prostaglandin (PGD2)and histamine released by the 

mast cells during lung expansion 

- Contribute to the initial postnatal pulmonary 

vasodilation 

 NOS and Kca channel inhibition 

- Blunt ventilation-induced pulmonary 

vasodilatation 

 Small percentage of NO can increase PBF due to NO 

synthase 

 

Increased Oxygenation 

 Oxygen is a potent stimulus for pulmonary 

vasodilation. 

 Even in the absence of ventilation, increased oxygen 

tension reduces PVR. 

 Even with inadequate ventilation, if given enough 

oxygenation there will be: 

- Complete pulmonary vasodilation 

- Normal transition to postnatal circulation and 

pulmonary gas exchange 

 If there is apnea, there is no inflow of oxygen. There is 

no stimulation of pulmonary vasodilation causing 

persistent pulmonary hypertension. 

 If there is imbalance of ventilation and oxygen 

perfusion: ventilation-perfusion mismatch. 

 

Increased Shear Stress 

Compression on the ductus arteriosus in utero 
 

Flow or shear stress-induced pulmonary vasodilation 
 Shear stress is the magnitude of flow across the 

pulmonary vessels 
 

Increase PBF 
 

Progressive fall in PVR 

 

Lung expansion 
 

Oxygenation at birth 
 

Increase in PBF 
 

Increase shear stress in pulmonary vascular 



endothelium 
 

Further pulmonary vasodilation 

 

Normal Control of Breathing 

 Respiratory control: bulbopontine region of the 

brainstem 

 Respond to multiple afferent inputs to modulate their 

own inherent rhythmicity 

 Provide efferent output to the respiratory control 

muscles 

 Afferent inputs are categorized by the respiratory 

control center 

- Instantaneous response in the control center 

output 

- Act to the respiratory response, resulting in small 

changes in muscular output, tidal volume, and 

airway tone 

 Inputs: signal from 

- Central and peripheral chemoreceptors 

- Pulmonary stretch receptors 

- Cortical neurons 

- Reticuloactivating system neurons 

 Sleep state 

- Profound effect on respiratory pattern 

 In newborn these responses are less well-organized. 

 Apnea result from disorganized response to multiple 

nonintegrated afferent inputs. 

 

Major Factors Influencing Respiratory Control 

 
 

 Genetic Influences 

- Neural control of breathing and sleep are closely 

integrated 

- Abnormalities in regulation of sleep and circadian 

rhythmicity can impair cardiorespiratory 

integration and arousal responsiveness from sleep 

 

 Arterial Blood Gas exam is very important in 

determining pCO2, pO2, pH. 

 Congenital Cystic Adenomatoid Malformation 

(CCAM) – physical exam is normal. Breathing is initially 

normal and then a few days later tachypneic. Upon 

chest xray there is cystic. MRI is also confirmative of 

CCAM. 

 Congenital Lobar Emphysema – normal baby, 

adequate first breath, with continuum of breathing, 

normal CNS. A few hours later baby is tachypneic and 

blue. Upon chest xray, one lung is expanded and the 

other is not (would show black on the film). MRI is also 

done to confirm. Since this condition is rare, it may be 

mistaken for pneumothorax. 
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