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Respiratory Distress Syndrome

+

s Definition : Acute lung disease of the
newborn caused by surfactant deficiency.

s HMD is the most common cause of
respiratory failure during the first days after
birth .




Frequency of RDS

» Incidence and severity is /inversely proportional to
gestational age

= Approximately 50% of the neonates born at 26-28 weeks of
gestation develop RDS

s <30% of premature neonates born at 30-31 weeks develop
RDS

s Incidence and severity is inversely proportional to
B.WT

= 71% reported in infants weighing 501-750 g

= 54% reported in infants weighing 751-1000 g,
= 36% reported in infants weighing 1001-1250 g
= 22% reported in infants weighing 1251-1500 g




Frequency of RDS

+

= RDS has been reported in all races worldwide

= Occurring most often in premature infants of
Caucasian ancestry.

= RDS is encountered less frequently in the
developing countries Because :

— most deliveries occur at home

— accurate records are unavailable to determine the frequency of
RDS in developing countries



Respiratory Distress Syndrome
Contributing factors

= Neonates younger than 37 weeks

= Weight less than 2500g

= Maternal diabetes

» Cesarean delivery without preceding labour
= Fetal asphyxia

= Second part of twins

= White infants



Respiratory Distress Syndrome

+

= Secondary surfactant deficiency may occur in

infants with the following.

Pulmonary infections e.g. group B Strep

Pulmonary hemorrhage
Meconium aspiration pneumonia
Oxygen toxicity; barotrauma or volutrauma

to the lungs
Congenital diaphragmatic hernia



Respiratory Distress Syndrome

+

s Factors decrease the risk of RDS

— Use of antenatal steroids

— Pregnancy-induced or chronic maternal hypertension
— Prolonged rupture of membranes

— Maternal narcotic addiction



Respiratory Distress Syndrome
Pathophysiology

s Lung surfactant deficiency is the primary
cause

= Pulmonary surfactant synthesis, in type II
pneumocytes

s Surfactant production begins at 24-28
weeks of gestation, and gradually increases
until full gestation




Respiratory Distress Syndrome
Pathophysiology

2 The cause of respiratory distress syndrome is
relative deficiency of surfactant, which decreases:
» lung compliance
> functional residual capacity
> increased dead space.

1. large ventilation-perfusion (V/Q) mismatch

‘ 2. right-to-left shunt



Pathophysiology of RDS
macroscopic evaluation

I = lungs appear airless and ruddy

= Diffuse atelectasis of distal
airspaces

= Progressive atelectasis
damages endothelial and
epithelial cells lining distal
airways, resulting in :
= exudation of
fibrinous matrix
derived from blood.

= Hyaline membranes that line
the alveoli may form within a
half hour after birth.



Pathophysiology of RDS
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PULMONARY SURFACTANT

1.

Chemical mixture that
decreases surface tension

Lines the air-fluid interface
in alveoli

Prevents atelectasis at the
end of expiration

Synthesized in alveolar type
IT cells and stored in
lamellar bodies

Normal Alveolus

Injured Alveolus during the Acute Phase




Pulmonary Surfactant
Function of lung surfactant

— decreases surface tension
during expiration

— allows the alveolus to
remain partly expanded

— maintains functional
residual capacity




Pulmonary Surfactant
Function of lung surfactant
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a Pulmonary surfactant deficiency

> Atelectasis causes lung inflammation and
respiratory epithelial cell injury

> Decrease fluid absorption and lung edema
> Accumulation of neutrophils in the lung




Pulmonary Surfactant

+

» Surfactant is a complex /ipoprotein
composed of 6 phospholipids and 4
apoproteins.




Pulmonary Surfactant

Structure of lunqg surfactant
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Pulmonary Surfactant
Structure of lung surfactant

o Protein 10% of lung surfactant

— Consists of small proteins
— Hydrophobic protein
= SP-B and SP-C
— Hydrophilic proteins
= SP-A and SP-D



Pulmonary Surfactant
Structure of lunqg surfactant

« Protein of Pulmonary Surfactant
— SP-B
s Required for normal pulmonary function

= Mutation result in deficiency SP-B Can cause
severe lung disease that is lethal in perinatal
period




Pulmonary Surfactant
Structure of lunqg surfactant

« Protein of Pulmonary Surfactant
- SP-C

= Promotes formation of phospholipid film lining
of alveoli

— Human with SP-C deficiency develop interstitial
pulmonary fibrosis in early childhood

— SP-C deficiency do not cause respiratory distress at
birth



Pulmonary Surfactant
Structure of lunqg surfactant

» Protein of Pulmonary Surfactan

— SP-A and SP-D

= They are host defense of the lung
— Kill bacteria
— Kill viruses

= 1hey have carbohydrate recognition domain

allows coating, and phagocytosis of virus and
bacteria




Pulmonary Surfactant
Timing of lung surfactant

+

= | he timing of lung surfactant or (Lecithin)
production :

s At 32-34 weeks fetal cortisol increase
» Stimulate Type II pneumocyte cells

s By 34-36 weeks sufficient amount of Lecithin
secreted into alveolar lumen & Excreted into the
amniotic fluids

— Lecithin concentration in amniotic fluid indicate lung maturity



Respiratory Distress Syndrome
Differential Diagnosis
+ TTN

— Usually improve while RDS deteriorate

— Oxygen requirement is lessin TTN

— X-RAY

Prominent perihilar streaking

Fluid in the fissures

Small pleural effusions may be seen

Patchy infiltrates have also been described ?

= Bacterial pneumonia

— Very difficult to distinguish therefore antibiotic is
necessary tell culture in negative



Respiratory Distress Syndrome
Jr Differential Diagnosis

= Anemia

= Hypoglycemia

= Aspiration syndrome e.g. Meconium

= Hypothermia

= Pulmonary air leaks e.g. Pneumothorax
= Diaphragmatic hernia

s Cardiac anomalies

— Echocardiogram should be considered if
m Severe arterial hypoxemia

s 110 improvement after respiratory support & surfactant
administration




Respiratory Distress Syndrome
Jr Differential Diagnosis

« Congenital anomalies

— diaphragmatic hernia

— chylothorax
— congenital cystic adenomatoid malformation of the lung

— lobar emphysema




Respiratory Distress Syndrome
Diagnosis

+

« Itis a Clinical diagnosis

= Progressive signs of respiratory distress are noted
soon after birth and include the following

— Jachypnea

—  Hypoxia

— (Cyanosis

— Expiratory grunting (from partial closure of glottis)

— Subcostal and intercostal retractions ?

— Nasal flaring ?

— Extremely immature neonates may develop apnea and
hypothermia




Respiratory Distress Syndrome
+ Prenatal Diagnosis

= History of premature delivery

= Ratio of lecithin/sphingomyelin
= L/S ratio 2:1 indicate lung maturity
— Lecithin :indicate lung maturity
— Sphingomyelin : remains constant during pregnancy



Respiratory Distress Syndrome
Diagnosis
T, om

|
— Bilateral, diffuse reticular granular or ground-glass appearances
— Air bronchograms
— Poor lung expansion

» Prominent air bronchograms represent aerated bronchioles
superimposed on a background of collapsed alveoll,

— Heart is normal or enlarged.

— Cardiomegaly may be the result of:
Prenatal asphyxia

Maternal diabetes

PDA

Congenital heart anomaly

poor lung expansion.



Respiratory Distress Syndrome
Diagnosis

+

« Radiologic findings of RDS can be similar to

pneumonia
— Group B beta-hemolytic streptococci.

s If streaky opacities, the diagnosis of: Ureaplasma
or Mycoplasma pneumonia should be considered
and confirmed by means of tracheal aspirate
cultures grown in the appropriate medium.



CXR of RDS

= Ground glass
appearance

= Air bronchogram

= Poor lung
expansion




CXR of RDS

I Left: Initial radiograph

|
shows
— poor lung expansion
— air bronchogram

— reticular granular
appearance.

0.5 HOUKS

= Right: At 3 hours
— after surfactant therapy
— marked improvement



Respiratory Distress Syndrome
Diagnosis

+

= Blood gases

— Blood gases show respiratory and metabolic acidosis along with
hypoxia.
= Respiratory acidosis occurs because :
= alveolar atelectasis
= overdistension of terminal airways

= Metabolic acidosis, is primarily lactic acidosis, results from
= poor tissue perfusion
= anaerobic metabolism.

=« Hypoxia: occurs from right-to-left shunting of blood through the
pulmonary vessels, patent ductus arteriosus (PDA), patent foramen
ovale

= Pulse Oximetry



Respiratory Distress Syndrome
+ Diagnosis

= Full blood count

s Cultures to rule out sepsis
s Electrolytes, glucose, renal and liver function

s Echocardiogram:
— diagnosing PDA
— determine the direction and degree of shunting
— making the diagnosis of pulmonary hypertension
— excluding structural heart disease



Respiratory Distress Syndrome
+ Diagnosis

« Pulmonary Function
— Compliance decrease
— Functional residual capacity is reduced

— Hypoxemia secondary to mismatch of

ventilation

— PDA and foramen ovale plays rule in hypoxemia
due to R-L shunting

— Alveolar ventilation is decreased




Treatment of RDS
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» Oxygen
s Surfactant
= Infection control



> B>
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Respiratory Treatment of RDS

» Oxygen:
— Maintain Pao2 50-80mmHg
— Spo2 88-92%

» Nasal cannula
— if >25% oxygen is required



Respiratory Treatment of RDS

= Nasal CPAP

— Using CPAP soon after delivery reduces the
number of babies requires ventilation

= Indication of CPAP

— In delivery room for babies at risk of RDS

— Babies on low flow oxygen with respiratory
distress

= Mechanical ventilation ?




Carbon Dioxide Targets

Normal PaCO, in neonates during the first 7 days of life is 45-55 mmHg.
After 7 days, in ventilated neonates, PaCO, up to 70 mmHg is acceptable, a strategy known as permissive hypercapnia, which helps
reduce ventilator-induced lung injury.

Maintaining Desired Oxygen Saturation
Management depends on gestational age:

Neonates < 30 weeks
. Require intubation and surfactant therapy with mechanical ventilation
. These babies have stiff lungs and need a certain level of pressure to maintain lung expansion
i After giving surfactant, lung compliance improves, so the ventilator pressure must be reduced as soon as possible
. Failure to reduce pressure after surfactant administration can result in pneumothorax

Clinical example:
A 30-week neonate with RDS is started on mechanical ventilation and given surfactant. After 2 hours, the baby deteriorates with
hypotension, cyanosis, and chest retractions. This is most likely due to pneumothorax caused by high ventilatory pressure
(confirmed by X-ray or transillumination).

. Tidal volume target: 7-14 mL/kg

Neonates > 30 weeks
Management is stepwise:
1. Nasal cannula
2. CPAP
3. Intubation and surfactant if deterioration occurs

CPAP settings:

. PEEP: usually 5-10 cmH,O (commonly 6-8 in neonates)
FiO,: up to 100% if needed

. Provides continuous positive airway pressure
CPAP is mainly used in mild cases

Apnea Management
. First-line treatment: Caffeine citrate
. If apnea persists —> CPAP

. Supportive measures include gentle stimulation and handling



Respiratory Treatment of RDS
surfactant
+

» Natural lung surfactant

— Alveofact - extracted from cow lung
lavage fluid

— Curosurf - extracted from material
derived from minced pig lung

— Infasurf - extracted from calf lung
lavage fluid

— Survanta - extracted from minced cow
lung with additional DPPC, palmitic acid
and tripalmitin



Treatment of RDS
+

s Curosurf (Poractant alfa)

— Dosage: Intratracheal: Initial: 2.5 mL/kg/dose
(200mg/kg/dose); may repeat 1.25 mL/kg/dose
(100mg/kg/dose) at 12-hour intervals for up to 2
additional doses; maximum total dose: 5 mL/kg

s Precautions:

— Correction of acidosis, hypotension, anemia,
hypoglycemia, and hypothermia is recommended
prior to administration



Treatment of RDS
+

= Warnings!!

— Curosurf: if transient episodes of bradycardia
and decreased oxygen saturation occur

Discontinue the dosing procedure and initiate
ll‘ measures to alleviate the condition

— Curosurf: produces rapid improvements in lung
oxygenation and compliance that may require
immediate reductions in ventilator settings and
Fio2



Side effects of Animal-Derived
Surfactant

+

Transient hypoxia

Bradycardia

Acute airway obstruction

Transient full in blood pressure and cerebral blood flow
Slight increase in risk of pulmonary hemorrhage

No long-term effect on babies

Fewer pneumothorces with slightly reduced mortality
rate compared to infant treated with synthetic surfactant
Potential sensitization to animal proteins



Treatment of RDS

= Supportive treatment
— Temperature regulation: prevent hypothermia.

— Fluids, metabolism, and nutrition: closely monitor and
maintain blood glucose, electrolytes, acid balance,
calcium,phosphorous, renal function, and hydration.

— Once the infant is stable, intravenous nutrition with amino
acids and lipid.

— After the respiratory status is stable, initiate small volume
gastric feeds (preferably breast milk) via a tube to initially
stimulate gut development



Treatment of RDS
+

= Supportive treatment

— Circulation and anemia. monitor heart rate, peripheral
perfusion, and blood pressure. Blood or volume expanders
may be required.

— Antibiotics : start antibiotics in all infants who present
with respiratory distress at birth after obtaining blood
cultures.

= Discontinue antibiotics after three to five days if blood
cultures are negative.

— Support of parents and family: keep the parents well
informed. Encourage parents to frequently visit and stay
with their baby



Prevention of RDS
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= American Academy of Pediatrics
recommendation 2008

— Intubation of infant born at or before 30 weeks
gestation in the delivery

— Prophylactic natural surfactant therapy is
administrated through the ET as soon as the
infant is stable after intubation

= Do not delay surfactant for CXR
= No CXR is necessary to confirm proper tube placement



Prevention of RDS

+

= Antenatal Steroids should be given to any
pregnant women at 24 to 34 weeks of
gestation with intact membranes at high risk
for preterm delivery.

s After administration of surfactant and if the
infant is active and exhibit spontaneous
respiratory effort :

e extubation and stabilization on CPAP rather than
continued intubation and M.V



Prevention of RDS

= Prophylactic surfactant therapy is not
recommended in infant greater than 30 weeks
gestation

= Delaying premature birth.

— Tocolytics may delay delivery by 48 hours and therefore
enable time for antenatal corticosteroids to be given.

s  Good control of maternal diabetes

= Avoid hypothermia in the neonate



Complications
of RDS

= Acute complications
— Alveolar rupture
— Infection
— Intracranial hemorrhage and periventricular leukomalacia
— Patent ductus arteriosus (PDA)
— Pulmonary hemorrhage
— Necrotizing enterocolitis (NEC) and/or GI perforation
— Apnea of prematurity

= Chronic complications
— Bronchopulmonary dysplasia (BPD)
— Retinopathy of prematurity (ROP):
— Neurologic impairment



Acute complications

‘ Alveolar rupture:

— when an infant with respiratory distress syndrome suddenly deteriorates
with hypotension, apnea, or bradycardia or when metabolic acidosis is

persistent.
pneumomediastinum, pneumopericardium, interstitial
emphysema, pneumothorax
= Infection

= Intracranial hemorrhage and periventricular leukomalacia:
— is observed in 20-40% of premature.
— Cranial ultrasonography is performed in the first week and thereafter as
indicated
— Prophylactic indomethacin therapy and antenatal steroids have
decreased the frequency

—  periventricular leukomalacia associated with Hypocarbia and
chorioamnionitis



Acute complications

+

e Patent ductus arteriosus (PDA) with increasing left-to-right
shunt:

= Suspect PDA in any infant who
o deteriorates after initial improvement or
o Who has bloody tracheal secretions..

e Pulmonary hemorrhage: especially after surfactant
therapy.

e Necrotizing enterocolitis (NEC) and/or GI perforation



Acute complications

+

e Apnea of prematurity:

= Apnea of prematurity is common in immature
infants

= Manage apnea of prematurity with

e methylxanthines (caffeine)

e (CPAP)

e assisted ventilation in refractory incidents.
= Exclude

e Septicemia

e sejzures

e gastroesophageal reflux
e metabolic causes



Chronic complications

+

= Bronchopulmonary dysplasia (BPD)

— Defined as a requirement for oxygen at 36
weeks CGA.

— BPD is related directly to the high volume and/or
pressures used for mechanical ventilation.

— BPD increases with decreasing gestational age.

— Rx PBD by
» Postnatal use of surfactant therapy ?
= gentle ventilation
= Vitamin A
» low dose steroids and inhaled nitric oxide



Chronic complications

+

— Retinopathy of prematurity (ROP):

= Infants with respiratory distress syndrome

and a Pa02 >100 mm Hg are at increased
risk for ROP.

= An ophthalmologist examines the eyes of all
premature infants at 34 weeks' gestation and
thereafter as indicated.

= Neurologic impairment occurs in
approximately 10-70%.



Prognosis

+

» Very low birth weight <501 grams
survival rate is 10% and 100% risk of
BPD and very high risk of ROP

« Birth weight between 1001-1500
grams survival rate is ~ 96% and few
develop BPD and ROP as well
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