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RESPIRATORY DISTRESS OF THE NEWBORN

D. F. Hardwick

About 5% of babies born in the Obstetrics Units in Vancouver suffer from air exchange problems of some sort at birth.  This is fairly typical of most North American referral hospitals that accommodate complex maternity cases, as well as more routine cases.  Of those babies who develop air exchange problems in the neonatal period (birth to 28 days), approximately 10% will die.  The classification of those cases is as follows:‑


Air Exchange Problems of the Newborn
1.
Non ‑ Respiratory


‑ CNS damage

‑ Shock

‑ Sepsis

2.
Respiratory, Non‑Pulmonary

‑ Thoracic Defects

‑ Nasal, Tracheal

3.
Respiratory, Pulmonary

‑ Immaturity

‑ Aspiration

‑ Inflammation

- Respiratory Distress Syndrome


Non‑Respiratory Air Exchange Disorders
Manifestations of air exchange difficulties, such as intercostal indrawing, gasping, prolonged expiratory delay, abdominal indrawing with rocker effect, or tachypnoea, are not restricted to disorders of the lungs.  Indeed, damage to the brain and lack of CNS respiratory drive, cardiac failure and severe bacterial sepsis all lead to respiratory distress.


Respiratory but Non‑Pulmonary Air Exchange Disorders

Nasal obstruction in the neonate, typically a nose breather, frequently leads to air exchange problems.  Similarly, tracheal or laryngeal webs or other obstructions lead to difficulty in breathing.  Any disorder of the thoracic wall including bony damage and muscular degeneration lead to obvious problems as does diaphragmatic hernia with attendant reduction in chest volume and consequent pulmonary compression.


Respiratory and Pulmonary Air Exchange Disorders
Immaturity
Maturation of the human lung progresses rapidly towards adequate exchange capability after mid pregnancy.  From 14th week to the 18th week, the lung is immature with a glandular appearance, much interstitial tissue and capillaries buried in the interstitium far from the air spaces.

Between 20 and 22 weeks, rapid branching of the bronchi continues and there is considerable thinning of the interstitial tissue, with attendant increase in proximity of capillaries to air spaces.  The cuboidal nature of the terminal airway cells thin toward a more 'pavement' style of alveolar cell.

About 24 weeks, these developments have progressed to the point where capillaries approximate air spaces, alveolar cells begin to appear, however, differentiation into functional surfactant‑producing cells has not progressed.  Air exchange is possible but, because of the immature nature of the lungs, sophisticated artificial respiration is frequently required.

Aspiration
It has been well known for years that the fetus throughout pregnancy makes `practice' respiratory movements inhaling amniotic fluid in the process.  Usually this is totally innocuous.  However, when the fetus becomes hypoxic for any one of many reasons, it accentuates its respiratory efforts and inhales deeply.  Additionally, it may lose anal sphincter control and pass meconium into the amniotic fluid, along with desquamated cells, hairs, vernix and other intra‑amniotic debris.  All of this is inhaled and, in extreme situations, the resultant obstruction of alveoli can lead to post‑natal air exchange problems sufficient to be fatal.  A word of caution, however, aspiration of small‑to‑moderate amounts of amniotic debris is common and is to be discounted as a cause of death.

Inflammation
Intrauterine pneumonia is a rare phenomenon in current practice.  Good prenatal care appears to have reduced the occurrence of this.

Respiratory Distress Syndrome
This is a lung disorder typically of the preterm (28‑36 weeks) baby, where there is atelectasis of a profound nature secondary to surfactant deficiency.

As noted above, the immature lung has not developed the ability to synthesize surfactant rapidly from its immature type I cells.  A period of time after stress or steroid administration is required  to induce the enzyme systems needed to synthesize the lipoprotein detergent "surfactant".  Often the preterm baby is delivered without such a period of time having elapsed.

Most frequently those babies who develop R.D.S. are born following a delivery during which they become hypoxic and acidemic.  Through a series of damaging interactions injury of peripheral airspaces and their capillary walls occurs.  This damage leads to fluid effusion containing plasma proteins into the air spaces, that then collapse further, extruding the effusion onto the alveolar ducts and often also into respiratory bronchioles.  Breathing efforts continue and the air thus inspired dries out the effusion leaving behind a layered plasma protein deposit of variable thickness, depending on the extent of drying and length of time elapsed.


Anatomical Pathology of Early Respiratory Distress Syndrome:
Atelectasis 
 
Prominent atelectasis occurs through the lungs.

Congestion 

After the initial profound vasoconstriction induced by hypoxia there is reactive dilation of alveolar capillaries and massive congestion.

Edema

Early in the process pulmonary edema is obvious

Hyaline Membranes
As the edema fluid evaporates, the plasma proteins are left plastered against the walls of the alveolar ducts.  Their thickness depends on the degree of dryness and also the duration of the illness.

Progression of the Lesions
Depending on the extent of the damage to the capillary walls, hemorrhage of varying degree is seen.  Typically, microscopic hemorrhages, scattered among the pulmonary lobules is noted.  Also depending on the extent of necrosis experienced during the hypoxic, vasoconstrictive phase of the disorder, cellular debris will be mixed into the Hyaline membranes and also a degree of inflammation will ensue.  The extent of inflammation increases with the passage of time as debris is cleared.


Histopathology of the Later Lesions of R.D.S.
Microscopic Hemorrhage

Inflammation

Macrophagic ingestion of membranes


Clinico Pathological Correlations

1.Thoracic Retraction
‑
indrawing


‑
atelectasis

2.Cyanosis
‑
diffusion block and shunting of blood through ductus arteriosus

3.Grunting Respiration 
‑
extended inspiratory phase to allow greater oxygen diffusion

4.Acidosis
‑
Both respiratory and metabolic acidosis due to CO2 retention and hypoxemia


Therapy and Complications

Treatment is aimed at adequate air exchange of O2 and CO2, maintaining warmth, adding adequate fluid and reducing energy requirements of the infants.  Specific treatment is with a respirator and adds a degree of prolonged pressure before the expiratory phase, with either a rapid (vibratory) rate of breathing, or a degree of hyperinflation of lungs at the end of expiration.

Complications tend to follow excessively vigorous inflation attempts, or excessive oxygen concentrations.

1.
Hyperinflation leads to local pulmonary interstitial emphysema, or, if massive, to mediastinal emphysema and pneumothorax.

2.
Hyperoxygenation over a prolonged period leads to "oxygen toxicity".  Pulmonary features of this include proximal desquamation of bronchial mucosa and peripheral pneumonary fibrosis.  A late feature of oxygen toxicity, retrolental fibroplasia, leads to blindness in babies given O2 leading to high interstitial O2 tension for prolonged periods.
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