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Introduction

Neonates presenting with respiratory distress can be due
to various underlying problems. One of the commonest
and most important aetiology, yet the least understood,
is respiratory distress syndrome, also known as hyaline
membrane disease. This article summarises the current
understanding of this syndrome, focusing especially on
the management- treatment and prevention (surfactant
therapy and antenatal steroid), and the latest scientific
advancement in understanding the mechanism of this
clinical problem.

Background

Parber and Wilson first introduced the term 'hyaline
membrane' after observing premature infants who died
from respiratory distress. As the clinical signs were similar
and consistent, it was later grouped as a distinct entity,
know as respiratory distress syndrome (RDS).1

RDS of the newborn is a disease seen especially in
premature infants (predominantly occurs in infants
younger than 32 weeks gestational age and in those
weighing less than 1200 g), characterised clinically by
dyspnoea with diaphragmatic breathing pattern,
respiratory rate more than 60 breaths per minute, and a
characteristic expiratory grunt which are all present within
4 to 6 hours after delivery. The postmortem findings show
patchy lung atelectasis, alveoloar ducts lined by an
eosinophilic membrane and pulmonary congestion.2,3

Incidence

In the past, RDS was relatively infrequent in Chinese
comparing with the West.4-9 It was then considered to be

a genetic or racial reason that accounted for the
difference. Interestingly, in recent decades, there is an
upsurge of RDS in Hong Kong (Figure 1)8,9 and other
developed Chinese communities. However, due to the
advancement in obstetrical care (prevention of
prematurity and prophylactic antenatal steroid injection)
and neonatal intensive care, the incidence of RDS in
Hong Kong at present has dropped and approached a
comparable rate compared with the Caucasians', which
is approximately 2% of all newborn infants or 20% of
infants weighing less than 2500 g.3 Nevertheless, the
incidence of RDS is dependent on the gestational age,
the use of antenatal steroid, and many other factors.
Therefore, the overall figure is merely a reference.

Boys are twice more commonly affected than girls at
comparable gestational age.10 RDS frequently occurs in
infants born to mothers with diabetes mellitus, in infants
born prematurely, born by Caesarean delivery, born with
intrauterine growth retardation, in the second twin, and
in infants with family history of RDS.3

Pathophysiology

Traditionally, the underlying reason for the clinical
presentation of RDS is hypothesised to be a lack or

Figure 1. Incidence of RDS in Chinese preterm infants.8,9
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dysfunction of surfactant in the lung.11 Surfactant is a
complex lipoprotein comprises 6 phospholipids and 4
apoproteins, produced by type II alveolar cells.12

Functionally speaking, lecithin, or dipalmitoyl
phosphatidylcholine (DPPC), and phosphatidylglycerol
(PG) are the major phospholipids. DPPC and PG along
with apoproteins SP-A, B, C, D, with the addition of other
neural lipids, such as cholesterol, triacylglycerol and free
fatty acids, rapidly adsorb, spread, and reform into a
stable monolayer dynamically in each respiratory cycle.
These special characteristics of surfactant lower the
surface tension at the alveolar air fluid interface.3,13

It has been shown that patients with RDS have low levels
of DPPC and absent PG.14 With an inadequate supply of
surfactant, there will be a decrease in lung compliance,
tidal volume, and functional residual capacity, with an
increase in dead space, resulting in a large ventilation-
perfusion mismatch. This resul ts in alveolar
hypoventilation and carbon dioxide retention, clinically
presenting as respiratory distress. As a result, the lungs
of these premature infants require a much higher critical
opening pressure in order to inflate. With progressive
atelectasis together with barotrauma and oxygen toxicity,
endothelial and epithelial cells lining these distal airways
are damaged, which ultimately results in exudation of
fibrinous matrix derived from blood, forming the hyaline
membrane.3

Thus, the postmortem findings of these neonates are
clearly comprehensible. Macroscopically, the lungs
appear "liver like" and airless. Microscopically,
eosinophilic hyaline membranes lining the alveolus can
be seen. Diffuse atelectasis of distal airspaces with
distension of distal airways and perilymphatic areas can
be observed. 3

Clinical Features and Course

Within the first 4 hours of life, infants with RDS present
with all the clinical signs of respiratory distress, which
persist beyond 24 hours of age if no exogenous
surfactant is given. The signs include tachypnoea
(respiratory rate >60/min), cyanosis, nasal flaring,
expiratory grunting, subcostal and intercostal retractions.
On auscultation, air entry is diminished despite vigorous
respiratory effort.3

Apnoea, cyanosis and hypotension are grave prognostic
indicators.15 A mixed respiratory and metabolic acidosis
usually develops. Arterial blood gas studies show
hypoxaemia, hypercapnia, and respiratory acidosis.
Hypoglycaemia, hyperkalaemia, and hypocalcaemia are
also common.

Pulmonary vascular resistance increases (pulmonary
hypertension) as the lung is noncompliant and the
presence of hypoxia and acidosis. Sequentially, this
increases the right-to-left shunt of blood through the
patent ductus arteriosus (PDA), predisposing to heart
failure. Death often directly results from pulmonary
disease. However, it may also result from complications
related to hypoxaemia (e.g. intracranial haemorrhage,
disseminated intravascular coagulation, pulmonary
haemorrhage and congestive heart failure) or from
complications of assisted ventilation and other treatments
(e.g., pulmonary interstitial emphysema, pneumothorax,
pneumomediastinum, gas embolism and renal failure).
The overall mortality is between 5-10%. Long term
respiratory and neurological sequelae should be noted,
but it is difficult to distinguish whether these are the
results of RDS or from prematurity itself. 3

Investigations

Blood gas analysis is obtained from an indwelling arterial
(umbilical) catheter or an arterial puncture, which elicits
respiratory and metabolic acidosis together with
hypoxaemia.3 Chest X-ray of an infant with RDS
classically demonstrates poor lung expansion, bilateral
diffuse reticulogranular (ground glass) appearance in the
early phase and air bronchogram in the late phase.
Nonetheless, the lung appearance can be very variable
throughout the clinical course.3 Cardiomegaly can be
seen, resulting from PDA, associated congenital cardiac
anomaly, poor lung expansion or prenatal asphyxia.

Treatment

Besides transferring the patient to neonatal intensive care
unit and adequate monitoring, there are currently
numerous ways to manage RDS, including ventilatory
support, positioning the infant into a prone position,
increasing the blood pressure by dopamine and saline,
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and postnatal steroid injection. This, in other words,
means there is no good single treatment. However, most
paediatricians agree that rescue surfactant therapy is
an effective way to minimise the damage of RDS. The
following discussion will focus mainly on surfactant
replacement therapy.

Surfactant Replacement Therapy

As the pathology of RDS is believed to be a lack of
surfactant, it is rational to replace the surfactant in the
neonates' lungs. The first attempt of surfactant therapy
was in the 1960s, when the investigators gave
aerosolised DPPC to infants with established RDS.13

Their attempts failed chiefly because of the lack of
understanding of the constituents of surfactant.

With improvement in basic science and more clinical
trials done throughout the years, surfactant rescue is
widely accepted as the treatment for RDS. In fact,
surfactant replacement therapy for RDS of premature
infants has been the standard treatment for more than
15 years, approved by the Food and Drug Association
of USA. It has been proven that with the administration
of surfactant, there is a decrease in the severity of
respiratory distress, the frequency of pneumothorax, and
increased survival rate without chronic lung disease, and
reduced mortality.16

Current guideline in the Royal College of Paediatricians
recommends the administration of exogenous surfactant

at, or soon after birth for infants judged to be at high risk
of developing RDS.17 Exogenous surfactants can be
broadly categorised into 2 groups, namely the synthetic
type and the natural type. Multiple randomised control
trials and meta-analysis have been published to show
which one is more beneficial.

In a Cochrane review by Soll and Blanco in 2001,18

comparison of the efficacy of these 2 types of surfactant
was performed. It demonstrated that both natural
surfactant extracts and synthetic surfactant extracts are
effective in the treatment and prevention of RDS in
neonates. Comparative trials show with the use of natural
surfactant extract treatment, there is a greater early
improvement in the requirement for ventilator support,
fewer pneumothoraces, and fewer deaths. Natural
surfactant may be associated with an increased
intraventricular haemorrhage, though the more serious
haemorrhages (Grade 3 and 4) are not significantly
increased (Table 1). The author concluded that natural
surfactant extracts seemed to be the more desirable
choice when compared to currently available synthetic
surfactants and they should be used if available.

Furthermore, Lam et al19 in 2005 carried out a
randomised control trial to compare the efficacy between
2 types of natural surfactant, namely Survanta and bLES
(bovine Lipid Extract Surfactant, bLES Biochemicals,
Inc.). They are both pulmonary surfactant preparations
of bovine origin, but they differ in their concentration of
phospholipid and basic manufacturing process. Survanta
was less capable of reducing surface tension and hence
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Table 1. Comparing the results of using natural surfactant VS synthetic surfactant in neonatal RDS
Natural surfactant Synthetic surfactant

Pneumothorax Significant decreased risk Baseline

Patent ductus arteriosus No statistical difference

Sepsis No statistical difference

Intraventricular hemorrhage Marginally increased risk Baseline

Severe Intraventricular hemorrhage(Grade 3 or 4) No statistical difference

Retinopathy of prematurity (ROP) No statistical difference

Bronchopulmonary dysplasia No statistical difference

Chronic lung disease No statistical difference

Mortality Marginally decreased risk Baseline

Improvement in requirement of ventilatory support Earlier Baseline
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showed a slower response. bLes contains numerous
phospholipids and has a higher concentration of
hydrophobic protein SP-B and SP-C, and was shown to
have a greater surface tension-reducing property and
quicker response.20,21 bLes, being obtained from alveolar
lavage fluid, also seems more resistant to inhibition by
plasma proteins.22

The authors concluded that infants with RDS responded
well to both Survanta and bLES replacement.
Nonetheless, treatment with bLES was associated with
a more prompt response, as indicated by the oxygen
index within 8 hours after the surfactant administration.
However, in Hong Kong, rescue therapy within the first
30 minutes of life using Survanta is still the treatment of
choice as Survanta had a clinical role, while bLES had
not been licensed yet.19

Side Effects of Surfactants

There are no data to show any immune responses to
exogenous surfactant proteins instilled into the lung,
though this is theoretically possible.23 Massive pulmonary
haemorrhage has been reported but is rare. There is
no evidence of cerebral ischaemia and effect on
intraventricular haemorrhage. Long term neurological
follow-up shows neither additional neurological deficits
in surfactant treated survivors, nor any increase in severe
retinopathy of prematurity.

Prevention

Prevention is better than cure. It is recognised that
prevention of prematurity and the use of antenatal steroid
are effective ways to tackle RDS, which is a disease
predominately in the premature infants. Antenatal steroid
use is discussed below.

Antenatal Steroid Injection

In the Royal College of Obstetricians and Gynaecologists
guideline,24 antenatal steroid is indicated in pregnant
women of 24 to 34 weeks of gestation with threatened
preterm labour, antepartum haemorrhage, preterm

rupture of membranes or any condition requiring elective
preterm delivery. For mothers of advancing gestation
(>34 weeks), the potential benefits of the use of steroid
decrease, the number needed to treat and the risk of
side effects both increase. Thus, it is the obstetricians'
choice to commence this treatment in this group.

A Cochrane meta-analysis of 18 trials in 2002 showed a
significant reduction in incidence of RDS in neonates of
mothers with antenatal corticosteroid injection, especially
in babies born before 34 weeks of gestation. The number
needed to treat is 94. The benefit holds in all preterm
babies among different gender and races.25 However, in
cases of multiple pregnancy, a significant reduction in
rates of RDS has not been demonstrated after employing
antenatal corticosteroid, though it is still recommended
and is a common practiced in Hong Kong.

The effect of treatment is optimal if the baby is delivered
more than 24 hours and less than seven days after
commencement of treatment.25 Long-term follow up of
survivors from randomised tr ials of antenatal
corticosteroid therapy through childhood to adulthood
(20 years old) shows no adverse neurological or cognitive
effects.26-28

Corticosteroid use antenatally does not appear to
increase the risk of either foetal or maternal infection,
regardless of whether the membranes are ruptured or
not at the time of treatment. However, its use is
contraindicated in pregnant women suffering from
systemic infection (e.g. Tuberculosis) or showing
symptoms and signs of chorioamnionitis as there is a
potential risk of worsening the infection when steroid is
used and do harm to both the mother and the foetus.29

Betamethasone is the steroid of choice to enhance
lung maturation as it is a steroid which crosses the
placenta and binds to 75% of the receptors in the
foetal lung, maximising its ability for gene transcription
which enhances lung maturity.30 Recommended
therapy involves two doses of betamethasone 12 mg,
given intramuscularly 24 hours apart. Higher or more
frequent doses do not increase the benefits of
antenatal corticosteroid therapy and may increase the
likelihood of adverse effects such as foetal growth
retardation and brain damage, as shown in animal
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studies.31,32 In a teaching hospital in Hong Kong
(Queen Mary Hospital), the use of antenatal steroid
is very well established, where over 80% of premature
delivery are covered by it.19

Understanding the New Concept of RDS

RDS is identified as a result of insufficient or dysfunction
of surfactant in a premature neonatal lung. In recent
years, Helve et al33 demonstrated another mechanism
which might contribute to the development of RDS, i.e.
the defective ENaC system.

ENaC (amiloride sensitive epithelial sodium channel) is
important for transepithelial lung liquid movement. It
consists of 3 subunits (α, β and γ) of which α subunit is
prerequisite for favourable ion channel function.34 Active
ion transport plays a critical role in liquid movements
across the foetal and perinatal lung epithelium.35-37

Throughout gestation, the foetal lung actively secretes
Cl− and fluid. The ability to actively reabsorb Na+ is
developed only during late gestation. At birth, the mature
lung switches from active Cl− and fluid secretion to active
Na+ and fluid absorption, that is, to dry up the lungs, in
response to circulating catecholamines and changes in
oxygen tension.38-40

Helve et al demonstrated a significantly lower expression
of all 3 human ENaC subunits in the nasal epithelium in
preterm infants with RDS relative to healthy term infants,
suggesting that hENaC expression is regulated
quantitatively during human foetal airway development.
As a result, when there is a failure to switch from
secretion to absorption of fluid, respiratory distress might
occur in the preterm infants, which means neonatal RDS
can possibly results from both a relative surfactant
deficiency and excess lung liquid.41-44

Conclusion

The understanding and management of neonatal RDS
have evolved over the years. Surfactant replacement
therapy (natural type) is still the treatment of choice for
infants suffering from this syndrome. With the input and
effort from multiple disciplines, prematurity and other

major risk factors for RDS can be better controlled. In
the future, the induction of human ENaC system, both
antenatally and postnatally, can be a possible alternative
solution to this fascinating, yet very challenging
condition.
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