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The application of continuous distending pressure to the
upper airways has become an increasingly popular tech-
nique not only in adult but also in paediatric and neona-
tal respiratory medicine. In 1971, Gregory et al. were
the first to report the application of CPAP to treat pre-
mature infants with respiratory distress syndrome
(RDS) [1]. It was welcomed as the missing link in the
hot-tempered debate whether minimal handling and ox-
ygen supplementation or intubation and mechanical
ventilation offers the best therapeutic approach to the
very premature infant with RDS [2].

The conclusive randomised controlled trial to verify
the benefit of early CPAP application in preterm infants
is still missing. Previous studies suggest that nasal CPAP
is associated with benefits in terms of reduced respirato-
ry failure and reduced duration and invasiveness of re-
spiratory support; without worsening other standard
measures of neonatal outcome [3, 4, 5, 6]. Nasal CPAP
seems effective in preventing failure of extubation [7,
8] and is used in the treatment of obstructive sleep ap-
noea in preterm infants [9].

A variety of different interfaces such as nasal prongs,
nasopharyngeal tube, endotracheal tube or face mask
are currently used to deliver CPAP via either continu-
ous or variable gas flow systems. The few comparative
studies of nasal CPAP modalities report conflicting re-
sults regarding whether one technique is superior to

the other [10]. Non-invasive ventilatory modes such as
synchronised nasal intermittent positive pressures venti-
lation add further options to support the respiration of
preterm infants. This diversity in technology makes it
nearly impossible to compare results from previous clin-
ical trials. Future trials will have to delineate which
technique offers the best non-invasive mode of ventila-
tory support in this age group.

The physiological mechanisms by which nasal CPAP
improves respiration in neonates are not thoroughly un-
derstood. Prior to discussing possible effects of applying
a positive distending pressure to the upper airways, the
developmental changes that occur in chest wall and up-
per airway mechanics need to be understood. The very
compliant chest wall places the preterm infant at a me-
chanical disadvantage during respiration. This explains
the paradoxical inward rib cage motion caused by the
negative pleural pressure necessary for inspiration,
which is observed even in the absence of lung disease.
The highly compliant chest wall also results in a static
FRC that is decreased to a level at which airway closure,
atelectasis, and ventilation/perfusion mismatch occur. In
response, the infant employs several strategies to active-
ly elevate FRC above the relaxation volume. All these
mechanisms cause intrinsic PEEP and involve: a) tonic
activity of the diaphragm throughout the respiratory cy-
cle; b) a high respiratory rate and premature termina-
tion of the expiratory phase; and c) laryngeal breaking
or glottic closure during expiration. It is evident that
positive pressure applied at the mouth will help to sup-
port the infant’s constant effort to actively elevate its
FRC. Physiological studies suggest that CPAP, by in-
creasing end-expiratory lung volume, stabilises the high-
ly compliant chest wall thereby improving pulmonary
mechanics and thoracoabdominal asynchrony [11, 12,
13].

Conversely, thoracoabdominal asynchrony is also a
recognised breathing pattern of upper airway obstruc-
tion [14]. The benefit of nasal CPAP on upper airway re-
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spiratory mechanics may not be overlooked. Increased
flexibility of the epiglottis and the laryngeal cartilage to-
gether with decreased connective tissue support of the
upper airway structures predispose the infant to partial
and complete upper airway obstruction during tidal
breathing [15, 16]. Anatomical differences such as the
cephalad position of the larynx further increase the pro-
portion of the upper airway resistance to total respirato-
ry resistance in infants. Miller and colleagues demon-
strated that CPAP produced a decrease in total supra-
glottic resistance during both inspiration and respiration
in preterm infants[17]. They speculated that this de-
crease resulted from mechanical splinting of the upper
airway. In support of this notion, it has also been shown
that CPAP increases the width of the compliant laryn-
geal opening and decreases the collapsibility of the lat-
eral pharyngeal wall by acting as a pneumatic strut [18,
19, 20].

By means of respiratory inductance plethysmogra-
phy (RIP), Elgellab et al. report in this issue of Intensive
Care Medicine [21], that nasal CPAP decreases thoraco-
abdominal asynchrony and increases tidal volume and
FRC in preterm infants. The relative contribution of
the decrease in upper airway resistance to the overall ef-
fect of CPAP on thoracoabdominal asynchrony remains
unclear. The finding that CPAP increases the end-expi-
ratory lung volume level is a logical consequence of ap-
plying constant pressure to the respiratory system. RIP
can be used to trace changes that occur in the end-expi-
ratory lung volume level. These values, however, do
not equate to an absolute level of FRC and the validity
of any changes in FRC hold only when the body posture
is fixed during such measurements. Nevertheless, RIP
offers a promising non-invasive tool to assess the benefit
of CPAP treatment at the bedside.

One major goal of respiratory therapy is to restore
the patients to normal FRC. It is unclear how much
CPAP is necessary to restore premature infants to “nor-

mal” or “best” FRC. Interestingly, Elgallab et al. [21]
found a continuous improvement of all respiratory pa-
rameters by increasing CPAP stepwise in a random or-
der from 0 to 8 cmH,0. The authors need to be congrat-
ulated for their attempt to titrate CPAP by means of a
physiological respiratory measurement. They demon-
strate that CPAP up to 8 cmH,O is safe in preterm in-
fants. This is higher than what many neonatologists
would dare to apply. The clinical determination of an
adequate level of CPAP is typically based upon blood
gas values and physical examination. Excessive amount
of CPAP may be deleterious by increasing the work of
breathing and causing a fall in tidal volume, beside the
negative cardiovascular effect and the risk of barotrau-
ma. Further studies should aim to delineate the safety
level of nasal CPAP in preterm infants and establish a
non-invasive method that allows us to determine and
monitor the individual best CPAP. Despite its clear limi-
tation, RIP may provide the means for a continuous
non-invasive assessment of CPAP treatment. Whether
the technique is useful in detecting CPAP failure needs
to be evaluated.

In conclusion, many questions with respect to nasal
CPAP therapy in preterm infants remain unresolved.
CPAP improves thoracoabdominal asynchrony by in-
creasing FRC and chest wall stability, but also by de-
creasing upper airway collapsibility and decreasing up-
per airway resistance. The relative contribution of the
various physiological mechanisms to the overall benefit
of CPAP support is unclear. Further research is required
to determine the best mode of administration and to de-
fine its role in the modern neonatal intensive care set-
ting. Methods are desired that allow titration to the indi-
vidual best CPAP and help to predict failure of CPAP
treatment. The work presented in this issue [21] is a
promising first step in the direction of non-invasive
CPAP monitoring.

References
1. Gregory GA, Kitterman JA, Phibbs

4. Gittermann MK, Fusch C, Gittermann

6. Subramaniam P, Henderson-Smart DJ,

RH, Tooley WH, Hamilton WK (1971)
Treatment of the idiopathic respirato-
ry-distress syndrome with continuous
positive airway pressure. N Engl J Med
284:1333-1340

. Lundstrom KE (1996) Initial treatment
of preterm infants—continuous positive
airway pressure or ventilation? Eur J
Pediatr 155 [Suppl 2]:S25-29

. De Klerk AM, De Klerk RK (2001) Na-
sal continuous positive airway pressure
and outcomes of preterm infants. J Pae-
diatr Child Health 37: 161-167

AR, Regazzoni BM, Moessinger AC
(1997) Early nasal continuous positive
airway pressure treatment reduces the
need for intubation in very low birth
weight infants. Eur J Pediatr 156:
384-388

.Ho JJ, Subramaniam P, Henderson-

Smart DJ, Davis PG (2000) Continuous
distending pressure for respiratory dis-
tress syndrome in preterm infants.
Cochrane  Database  Syst  Rev
4:CD002271

Davis PG (2000) Prophylactic nasal
continuous positive airways pressure
for preventing morbidity and mortality
in very preterm infants. Cochrane Data-
base Syst Rev 2:CD001243

. Dimitriou G, Greenough A, Kavvadia

V, Laubscher B, Alexiou C, Pavlou V,
Mantagos S (2000) Elective use of nasal
continuous positive airways pressure
following extubation of preterm infants.
Eur J Pediatr 159: 434-439



1691

8.

10.

11.

12.

Davis P, Henderson-Smart D (1999)
Post-extubation prophylactic nasal con-
tinuous positive airway pressure in pre-
term infants: systematic review and
meta-analysis. J Paediatr Child Health
35:367-371

. Miller MJ, Carlo WA, Martin RJ (1985)

Continuous positive airway pressure se-
lectively reduces obstructive apnea in
preterm infants. J Pediatr 106: 91-94
Klausner JF, Lee AY, Hutchison AA
(1996) Decreased imposed work with a
new nasal continuous positive airway
pressure device. Pediatr Pulmonol 22:
188-194

Richardson CP, Jung AL (1978) Effects
of continuous positive airway pressure
on pulmonary function and blood gases
of infants with respiratory distress syn-
drome. Pediatr Res 12: 771-774

Shaffer TH, Koen PA, Moskowitz GD,
Ferguson JD, Delivoria-Papadopoulos
M (1978) Positive end expiratory pres-
sure: effects on lung mechanics of pre-
mature lambs. Biol Neonate 34: 1-10

13.

14.

15.

16.

17.

Kiciman NM, Andreasson B, Bernstein
G, Mannino FL, Rich W, Henderson C,
Heldt GP (1998) Thoracoabdominal
motion in newborns during ventilation
delivered by endotracheal tube or nasal
prongs. Pediatr Pulmonol 25: 175-181
Hammer J, Newth CJ, Deakers TW
(1995) Validation of the phase angle
technique as an objective measure of
upper airway obstruction. Pediatr Pul-
monol 19: 167-173

Mathew OP, Roberts JL, Thach BT
(1982) Pharyngeal airway obstruction
in preterm infants during mixed and ob-
structive apnea. J Pediatr 100: 964-968
Miller MJ, Carlo WA, DiFiore JM,
Martin RJ (1988) Airway obstruction
during periodic breathing in premature
infants. J Appl Physiol 64: 2496-2500
Miller MJ, DiFiore JM, Strohl KP, Mar-
tin RJ (1990) Effects of nasal CPAP on
supraglottic and total pulmonary resis-
tance in preterm infants. J Appl Physiol
68: 141-146

18.

19.

20.

21.

Gaon P, Lee S, Hannan S, Ingram D,
Milner AD (1999) Assessment of effect
of nasal continuous positive pressure
on laryngeal opening using fibre optic
laryngoscopy. Arch Dis Child Fetal
Neonatal Ed 80:F230-F232

Wilson SL, Thach BT, Brouillette RT,
Abu-Osba YK (1980) Upper airway pa-
tency in the human infant: influence of
airway pressure and posture. J Appl
Physiol 48: 500-504

Hammer J, Reber A, Trachsel D, Frei
FJ (2001) Effect of jaw-thrust and con-
tinuous positive airway pressure on tid-
al breathing in deeply sedated infants.
J Pediatr 138: 826-830

Elgellab A, Riou Y, Abbazine A, Truft-
ert P, Matran P, Lequien P, Storme L
(2001) Effects of nasal continuous posi-
tive airway pressure (NCPAP) on
breathing pattern in spontaneously
breathing premature newborn infants.
Intensive Care Med DOI 10.1007/
s00134-001-1117-1



