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Abstract

Nasal continuous positive airway pressure (hCPAP) is an ef-
fective treatment of respiratory distress syndrome. Due to
long-standing experience of early nCPAP as the primary re-
spiratory support option in preterm infants, this approach is
sometimes labeled ‘the Scandinavian Model’. Mechanical
ventilation is potentially harmful to the immature lungs and
cohort studies have demonstrated that centers using more
CPAP and less mechanical ventilation have reduced rates of
bronchopulmonary dysplasia. However, there is a lack of ev-
idence in the form of larger, randomized controlled trials to
prove the superiority of either method. Surfactant is essen-
tial in the treatment of respiratory distress syndrome and has
generally been reserved for infants on mechanical ventila-
tion. With the development of INSURE (INtubation SURfac-
tant Extubation), in which surfactant is administered during
a briefintubation followed by immediate extubation, surfac-
tant therapy can be given during nCPAP treatment further
reducing need for mechanical ventilation. In this review the
history, current knowledge and techniques of CPAP and sur-

factant are discussed. Copyright © 2008 S. Karger AG, Basel

Introduction

Pulmonary disorders represent one of the most com-
mon diagnoses in infants admitted to neonatal units. The
overall incidence of any form of acute lung disease in the
newborn is approximately 3% [1-4]. Respiratory distress
syndrome (RDS) and transient tachypnea of the newborn
are the most common specific diagnoses, followed by in-
fection/pneumonia. As expected, the incidence of respi-
ratory disorders increases with decreasing gestational age
and birth weight [5]. In infants with birth weight between
501 and 1,500 g more than 50% have signs of RDS, in-
creasing to almost 90% in infants below 750 g [6, 7]. Over
the last three decades neonatal care has changed dramat-
ically. Improvement in ventilatory support, antenatal
corticosteroid treatment and the introduction of exoge-
nous surfactant replacement are major contributors to
the greatly reduced morbidity and mortality from neona-
tallung disease. Antenatal corticosteroid treatment clear-
ly reduces the incidence of RDS in randomized controlled
trials [8, 9]. However, in the few population-based, epide-
miological trials available, the overall incidence of RDS
remains at about 1% [3, 4]. The explanation for this may
be the increasing numbers of viable extremely premature
infants. In a recent study from northern Finland the over-
all incidence of RDS did not change significantly during
1990-1995 compared to 1996-1999, although a shift to-
wards increasing numbers of more immature infants was
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noted [10]. The changing patient population creates a
challenge in understanding and applying the optimal re-
spiratory management for the individual infant.

RDS is caused by a developmental deficiency of pul-
monary surfactant [11]. In addition, RDS is associated
with delayed absorption of fetal lung water due to defec-
tive sodium transport mechanisms [12]. Although the
pathways for surfactant synthesis are present, the surfac-
tant stores are insufficient until approximately 32 weeks
of gestation and, in consequence, the greatest risk factor
for RDS is prematurity. The elevated surface tension re-
sulting from surfactant deficiency leads to alveolar col-
lapse at the end of expiration, atelectasis, uneven infla-
tion and regional alveolar overdistension, which produc-
es epithelial injury and pulmonary edema. Superimposed
lung injury from mechanical ventilation and high con-
centrations of inspired oxygen may trigger the release of
proinflammatory cytokines which further impair sur-
factant function and predispose to the development of
chronic lung injury [13]. Surfactant replacement treat-
ment significantly reduces mortality in infants with RDS
[14]. The introduction of surfactant therapy in the US was
reflected in an accelerated reduction in mortality from
RDS and was the single most important factor for the de-
crease in overall neonatal mortality rate in the early 1990s
[15]. Despite the effectiveness of surfactant treatment in
the acute phase of RDS and new ventilation techniques
such as high frequency oscillation and volume target ven-
tilation, bronchopulmonary dysplasia (BPD) remains an
important adverse outcome in preterm infants and its in-
cidence is correlated with use of mechanical ventilation
[16]. Continuous positive airway pressure (CPAP) is a
means of providing respiratory support without mechan-
ical ventilation. CPAP stabilizes the chest wall, reduces
airway resistance and increases functional residual ca-
pacity, thereby improving lung volumes and oxygenation
[17]. Infants with mild RDS can often be managed on
CPAP alone without the need for surfactant treatment
(18, 19]. There are data from animal studies suggesting
that CPAP elicits an attenuated inflammatory response
in alveolar washes compared to mechanical ventilation
[20] and that surfactant treatment followed by CPAP re-
sults in less severe morphological lung injury than sur-
factant together with mechanical ventilation [21]. Al-
though physiologically appealing and, in parts of the
world, associated with positive clinical experiences and
outcomes, CPAP as a primary respiratory support option
for preterm infants with RDS remains controversial due
to lack of data on effectiveness from recent randomized
trials [22].

310 Neonatology 2008;93:309-315

Early CPAP Experiences

Gregory etal. [23] firstintroduced CPAP for newborns
in 1971. In the original paper the pressure was delivered
by endotracheal tube to 18 infants and via a head cham-
ber to the remaining 2 infants in the study. At this time
ventilators were not designed for newborns and mechan-
ical ventilation was only used as an ultimate refuge often
with very poor outcome. The head chamber or so-called
Gregory box rapidly gained interest around the world and
its effectiveness was striking. Mortality in RDS decreased
by more than half, from 35-55 to 15-20% [24]. In the late
1970s and 1980s the focus for respiratory care shifted to-
wards mechanical ventilation, partly due to the rapid de-
velopment of infant ventilators and thus the use of CPAP
declined. In Scandinavia however, the tradition of early
CPAP was maintained. A variety of devices and strategies
to apply CPAP have been used, including face masks, na-
sal prongs, nasopharyngeal tube and endotracheal tube.
CPAP with short nasal prongs is advantageous because it
is relatively atraumatic, intubation is avoided and access
to the baby is allowed, as opposed to CPAP with a face
mask. With the newer, improved nasal prongs increased
work of breathing is no longer a significant obstacle [25].
In Scandinavia two devices have been predominant: the
Benveniste valve and the Ostersund-CPAP, the latter de-
veloped into the Infant Flow Driver [26].

New Interest in CPAP

With increasing appreciation of the ‘open lung con-
cept’ in RDS and the role of mechanical ventilation in the
development of lung injury and chronic lung disease, the
use of early nasal CPAP (nCPAP) as a primary respira-
tory support in preterm infants is again gaining interest
worldwide. In 1987, Avery et al. [27] in a survey of 8 North
American neonatal units found the lowest incidence of
BPD in the center practicing early nCPAP instead of ini-
tial mechanical ventilation. Horbar et al. [28] later con-
firmed these results, and van Marter et al. [16] reported
that after multivariate analyses to adjust for baseline risk,
most of the increased risk for BPD among very-low-birth-
weight infants could be explained simply by the initiation
of mechanical ventilation. A recent bi-center study com-
paring infants with gestational age <28 weeks in Boston
and Stockholm revealed that in Boston, where all infants
were primarily intubated in the delivery room and CPAP
was used less often compared to Stockholm, significantly
more infants required oxygen supplementation at 40
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weeks [29], suggesting better outcomes with the less in-
vasive approach. In a previous survey from Stockholm of
allinfants below 1,500 g birth weight, 59% of infants were
managed with early nCPAP or supplemental oxygen as
their sole respiratory support. Failure of nCPAP and need
for mechanical ventilation was significantly associated
with presence of RDS and gestational age <27 weeks [30].
This illustrates the importance of surfactant supplemen-
tation in this group of infants and indeed the numbers
requiring mechanical ventilation can be reduced by im-
plementing a protocol such as INSURE (see below) [31].
Among the few randomized studies, Tooley and Dyke
[32] recently confirmed that even very preterm infants
could be successfully managed with nCPAP after surfac-
tant treatment. However, for very preterm infants it re-
mains uncertain whether it is better to initiate mechani-
cal ventilation from birth or use nCPAP as the primary
intervention [22]. Reports from the COIN study of 610
infants born at 25-28 weeks of gestation showed that al-
most half of the infants in the CPAP group required in-
tubation during the first 5 days of life [33]. Despite that,
the odds ratio for death or oxygen treatment at 28 days
favored early CPAP over mechanical ventilation. Other
outcome measures were similar, apart from pneumotho-
rax, which was increased with CPAP. These results sug-
gest that even very preterm infants may benefit from ear-
ly CPAP.

Nursing during CPAP

Good quality nursing during CPAP care is of utter-
most importance. The success of the treatment relies on
optimal positioning of the baby, maintaining patency of
the upper airways and avoiding loss of the positive airway
pressure. The latter is especially important during deliv-
ery of CPAP through nasal prongs, when opening of the
mouth frequently results in loss of airway pressure. Key
points for CPAP nursing care are given in table 1. A baby
under optimal CPAP care is shown in figure 1.

How we wean from CPAP is an important, but often
neglected role influencing the final result. Weaning by
slowly reducing CPAP pressures has been shown to be
superior to weaning by time pauses, often referred to as
‘training’ the infant off CPAP [34]. Logically, pausing can
result in alternating hyperinflation with collapse of al-
veoli (atelectotrauma) known to be associated with devel-
opment of BPD.

Continuous Positive Airway Pressure and
Surfactant

Fig. 1. CPAP and nursing. Extremely preterm infant during
nCPAP care. Please note loose fitting of nasal prongs, comfort-
able nesting and positioning of infant.

Table 1. Key points for CPAP nursing care

- Infants on CPAP are completely dependent on open nasal pas-
sages.

- Find the optimal body position for the infant (NIDCAP).

- Use preterm pacifier to minimize loss of pressure from open
mouth.

- Try to avoid suctioning the nose and use saline drops instead,
then suction the oropharynx.

- Use adequate humidification of gases.

- Avoid using excessive force when fixating the nasal prongs.

— The nosepiece should not be pulled tightly against the nose,
rather positioned from under the nose.

- Use the largest size prong that will sit without support in the
nose.

- Inspect the fixation when you see that the nosepiece is pressing
too tightly against the nose or the CPAP pressure is difficult to
hold.

- Change to a larger prong as the baby grows.

Surfactant Era

The story of surfactant research began in 1929 with
von Neergaard demonstrating that lowering surface ten-
sion of the air/liquid interface stabilized the alveoli [35].
Later, in 1955 Pattle described an insoluble layer that
could abolish the tension of the alveolar surface [36]. A
couple of years later Clements showed that compression
of surface films from animal lung extracts lowered sur-
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face tension providing the first demonstration of surface
active material from the lung [37, 38]. Before that, in 1903,
Hochheim described hyaline membranes in the lungs of
infants with respiratory distress [39]. In the late 1940s
and 1950s hyaline membrane disease was recognized as
the most common cause of death in preterm infants. The
hallmark of the disease, the histological finding of hya-
line membranes, was not seen at birth but they formed
soon afterwards as a result of atelectasis and lung injury.
Gruenwald [40] first proposed the linkage between ele-
vated surface tension and hyaline membrane formation
in 1947. This was confirmed in 1959 when Avery and
Mead showed that lung extracts from preterm infants dy-
ing of hyaline membrane disease were unable to lower
surface tension, and they associated this with deficiency
of surface active material [11]. In the 1960s pulmonary
surfactant underwent further biochemical and function-
al characterization. During the 1970s ground-breaking
experimental work of surfactant replacement in animal
models performed by Robertson and Enhérning [41-45]
led to the first successful trial of endotracheal surfactant
administration to preterm infants with RDS in 1980 by
Fujiwara et al. [46]. The efficacy and safety of surfactant
therapy was further established by several multicenter
trials which showed that it dramatically decreased neo-
natal mortality and pulmonary air leaks [47-51]. In 1990,
the American Food and Drug Administration approved
the clinical use of exogenous surfactant and since then it
has become one of the cornerstones in the care of preterm
infants with RDS.

Since the first report of successful surfactant replace-
ment in preterm infants by Fujiwara et al. [46], more than
35 randomized controlled clinical trials, enrolling over
7,000 infants, have been performed [14, 52]. Surfactant
treatment has universally been proven to reduce the need
for supplemental oxygen and ventilatory support, de-
crease the incidence of air leaks and mortality from RDS
[15, 53] as well as the risk of neonatal death [54]. In con-
trast to the great impact on mortality, the incidence of
CLD or BPD has not been consistently shown to be de-
creased [55]. A change in the clinical pattern of BPD has
taken place during the surfactant era as the smaller and
more immature infants have come to constitute the ma-
jority of cases with BPD [56]. The term ‘new BPD’ has
been coined to indicate this change in pathophysiology.
However, there is evidence that surfactant treatment re-
duces the incidence of BPD in infants with a birth weight
over 1,250 g [57]. This may imply that barotrauma and
volutrauma are more important risk factors for BPD in
the more mature infants whereas factors such as develop-
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mentally impaired alveolarization and vascularization,
poor nutrition and recurrent infections are likely to have
a greater impact in very preterm infants.

Combining Surfactant and CPAP

CPAP alone may attenuate the signs of RDS, but in
more severe cases surfactant treatment is imperative. In
Scandinavia, where nCPAP is traditionally used as the
primary respiratory support, a new treatment approach
with administration of exogenous surfactant during a
brief intubation, followed by immediate extubation to
nCPAP, has been implemented. Victorin et al. [58] per-
formed the first study of surfactant treatment in sponta-
neously breathing infants in Kuwait, at a center where
mechanical ventilation was not available. Fourteen new-
borns with a mean gestational age of 32 weeks and severe
RDS were treated with intratracheal bolus doses of sur-
factant and immediately extubated. Twelve responded
with a rapid improvement in oxygenation that was sus-
tained over the 72-hour observation period. In 1994, the
Danish group of Verder et al. [59] published the first ran-
domized controlled trial of surfactant instillation during
nCPAP and showed that the subsequent need for me-
chanical ventilation could be reduced by half, from 85%
without surfactant to 43% with surfactant treatment. The
effect was even more pronounced when the treatment
was given early in the course of the disease [60]. Dani et
al. [61] recently reported the results of a prospective ran-
domized study showing that immediate reinstitution of
nCPAP after surfactant administration reduced the du-
ration of oxygen therapy, need for mechanical ventilation
and need for a second dose of surfactant. In Stockholm,
a treatment protocol modified from the Danish strategy
is used — INSURE (i.e. INtubation, SURfactant Extuba-
tion).

The INSURE protocol was implemented in 1998, and
a retrospective follow-up recently published [31]. Similar
to previous studies, we found that the need for mechani-
cal ventilation was reduced by 50%. The overall use of
surfactantincreased after introduction of INSURE which
is consistent with the most recent meta-analysis compar-
ing early surfactant administration with brief mechani-
cal ventilation to later, selective surfactant treatment fol-
lowed by continued mechanical ventilation [62]. The pro-
vision of surfactant treatment to more patients is a
desirable effect associated with INSURE and may have
contributed to the reduction in mechanical ventilation
rate. Repeated doses of surfactant were rarely needed, an
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Fig. 2. Oxygenation after INSURE. Infants receiving INSURE
treatment and infants receiving conventional surfactant treat-
ment followed by mechanical ventilation (Surf+MV). The oxy-
genation, as determined by the arterial to alveolar (a/A) ratio, was
similar at time of surfactant administration and improved follow-
ing treatment. In INSURE-treated infants the immediate im-
provement in oxygenation 30 min after treatment was more pro-
nounced compared to Surf+MV infants, shown by a significantly
higher a/A ratio (p < 0.01). The improved oxygenation was sus-
tained after INSURE over the 48 h following surfactant treat-
ment. * Indicates significant differences with a p <0.05.

observation also noted in the Danish and Italian studies
[59, 60]. Surfactant treatment improved oxygenation in
all subjects, but the treatment response appeared to be
augmented and sustained after INSURE compared to
that in infants given surfactant followed by mechanical
ventilation (fig. 2). This observation has been tested in an
experimental rabbit study which showed increased sur-
factant inactivation by lipid peroxidation and impaired
lung function, measured as dynamic compliance, after
mechanical ventilation compared to spontaneous breath-
ing [63].

Conclusion and Future Directions

Early nCPAP, mechanical ventilation and surfactant
treatment are all established interventions for preterm
infants with RDS. The methods complement each other,
but the question of an optimal strategy remains unan-
swered. The success of CPAP care is very dependent on
experience and therefore adequate training of both med-
ical and nursing staff is essential. To date neither early
nCPAP nor mechanical ventilation can be said to be su-
perior. The ability to give surfactant during nCPAP ap-
pears to be important in very preterm infants and more
mature infants with severe RDS. INSURE provides a safe
means to administer surfactant to infants on CPAP. Al-
though not yet shown to be effective, aerosolized surfac-
tant may in future become available and there are reports
ofless invasive surfactant administration through a feed-
ing catheter without intubation [64]. More evidence is
clearly needed, although in Scandinavia the long-stand-

Continuous Positive Airway Pressure and
Surfactant
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ing practice of early nCPAP makes randomized trials
ethically difficult and the hope is that ongoing studies
from other parts of the world, such as the CURPAP study
[65], will provide answers to the remaining questions re-
garding the benefits and risks of nCPAP treatment in pre-
term infants.
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