
Introduction

Surfactant therapy is currently a mainstay in
neonatal care, where its use has been associated with a
significant reduction in the morbidity and mortality of
preterm infants who have a primary deficiency of sur-
factant due to a lack of mature alveolar type II epithe-
lial cells at birth. There is also evidence of surfactant
dysfunction in many forms of acute pulmonary injury
in term infants, children and adults, but the evidence
of therapeutic efficacy for exogenous surfactant out-
side the neonatal period is more limited. In this case
the acute pulmonary injury is much more complicated
than simple surfactant deficiency of prematurity be-
cause it has a many-sided pathology that includes al-
so prominent aspects of inflammation, vascular dys-
function, oxidant injury, cellular injury and oedema.
Moreover, unlike with premature infants in which sur-
factant is given in the immediate post-natal period
when pulmonary oedema and inflammation is mini-
mal, delivery and distribution of exogenous surfactant
to the alveoli is more difficult in these patients due to
oedema inflammation which characterizes their lung
injury.

Definition and epidemiology of ALI/ARDS

Acute lung injury and acute respiratory distress
(ALI/ARDS) is a clinical syndrome caused primarily by
increased permeability to proteins across the endothelial
and epithelial barriers of the lungs and is characterized as
restrictive disease with reduced lung compliance caused
by loss of surfactant function, atelectatic lung regions and
accumulation of interstitial/alveolar plasma leakage. Pa-
tients usually develop acute respiratory failure rapidly be-
cause of arterial hypoxemia as well as impaired carbon
dioxide excretion and elevated work of breathing. The
American-European Consensus Conference (AECC) in
1994 defined ARDS as respiratory failure of acute onset
with a PaO2/FiO2 ratio ≤200 mmHg (regardless of the
level of positive end expiratory pressure, PEEP) and bi-
lateral infiltrates on a frontal chest radiograph. ALI is de-
fined identically except for a higher PaO2/FiO2 limit of
<300 mmHg (1). Among the mechanically ventilated
children the incidence of ALI is about 9%, and 80% of
this group develops ARDS resulting in an incidence of
7-8%. Overall mortality in children suffering from
ALI/ARDS ranges from 18-27%, but increases to 29-
50% when considering only the ARDS group and is on-
ly 3-11% in those who do not develop ARDS (2, 3). It is
essential, however, to distinguish between ALI/ARDS
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associated with direct pulmonary causes compared to
systemic (indirect, extra-pulmonary) causes. Direct pul-
monary causes of ALI/ARDS include pulmonary viral or
bacterial infections, aspiration (e.g., gastric aspiration,
meconium aspiration in infants), thoracic trauma with
lung contusion, near-drowning and the inhalation of
oxygen, smoke or other toxicants. Indirect (systemic)
causes of ALI/ARDS include sepsis, burn injury, hypov-
olemic shock, generalized trauma with long bone frac-
ture, multiple transfusions, pancreatitis, and other prima-
ry extra-pulmonary injuries. Indirect forms of
ALI/ARDS have substantial multi-organ pathology that
significantly affects long term patient outcomes, reducing
the impact and effectiveness of pulmonary-based thera-
pies like exogenous surfactant administration (4, 5).

Pathophysiology of ALI/ARDS

ALI is characterized by an initial injury, which
triggers cell-mediated mechanisms releasing a cascade
of a variety of mediators that disturb the integrity and
function of the cellular linings of the alveolar-capillary
unit. Hyaline membranes, flooded alveoli with pro-
tein-rich oedema fluid, infiltrates of polymorphonu-
clear neutrophils, macrophages and erythrocytes are
the leading histological hallmarks of ALI (6, 7). The
degree of inflammation depends on the biological ac-
tivity and the imbalance between pro- and anti-in-
flammatory cytokines and, similar to bacterial sepsis, a
close interrelationship exists between inflammatory
mediators and the coagulation cascade (8, 9). Activa-
tion of pro-coagulative factors (tissue factor) and inhi-
bition of fibrinolysis (plasminogen activator inhibitor)
have been identified to produce platelet–fibrin throm-
bi in small pulmonary vessels (10, 11). This interplay
occurs both in the alveolar compartment and in intra-
and extravascular space: unresolved fibrin depositions
and alveolar hyaline membranes are the net result.
Surfactant function is inactivated by leakage of plasma
proteins and its production is further diminished by
damage of type II pneumocytes (12). For resolution
the dynamic interaction between inflammation, coag-
ulation, restoration of water transport and cell func-
tion need to be rebalanced and surfactant production
restarted.

Surfactant dysfunction in ALI/ARDS

There are a number of pathways by which lung
surfactant activity can be compromised during acute
pulmonary injury. Extensive studies have documented
that such as plasma and blood proteins, meconium,
cell membrane lipids, fluid free fatty acids, reactive ox-
idants, and lytic enzymes including proteases and
phospholipases (13-15). Albumin and other blood
proteins impair surface activity primarily by competi-
tive adsorption that reduces the entry of active surfac-
tant components into the alveolar air-water interface
(16). In contrast, cell membrane lipids, lysophospho-
lipids, or fatty acids act in part by mixing into the sur-
face film and compromising its ability to reach low
surface tension during dynamic compression (13, 16,
17). Another type of surfactant dysfunction is the de-
pletion or impairment of activity of large surfactant
aggregates that are distributed in the alveolar hy-
pophase (18); the percentage of large aggregates and
their content of SP-A and SP-B have also been shown
to be reduced in Bronchoalveolar lavage (BAL) from
patients with ARDS. It is, however, well documented
that surface activity deficits from all these mechanisms
can be mitigated in vitro by increasing the concentra-
tion of active surfactant (19) and that, in vivo, exoge-
nous surfactant therapy has the capacity to improve
acute respiratory pathology in animal models of
ALI/ARDS (19, 20). All these data support the theo-
retical utility of exogenous surfactant supplementation
strategies.

Surfactant treatment of paediatric ALI/ARDS

Respiratory infections, in particular pneumonia
and severe RSV bronchiolitis, are the most common
causes of respiratory failure requiring MV in children
and the efficacy of exogenous surfactant is expected to
be greater than in adults due to a higher proportion of
cases of primary pulmonary disease (21). Despite this,
there are few studies that have analysed the efficacy of
surfactant in paediatric lung injury. Several authors
suggest that studies are hampered by the lack of ap-
propriate surfactant preparations able to resist local
inactivation. In a systematic review including six
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prospective, randomized, controlled trials of surfactant
in intubated and mechanically ventilated children
with acute respiratory failure (trials enrolling neonates
or patients with asthma were excluded), Duffett et al.
(22) showed that surfactant was associated with sig-
nificantly lower mortality (relative risk=0.7, 95% con-
fidence interval=0.4–0.97, p=0.04) and positive effects
on several other secondary outcome measures: ventila-
tor-free days, shorter duration of Mechanical Ventila-
tion (MV), shortened duration of PICU stay and low-
er use of rescue therapy.

Observational studies conducted in mechanically
ventilated infants with viral pulmonary infection have
demonstrated lower concentrations of surfactant
lipids in BAL fluids or endotracheal aspirates (23),
which could be explained with viral invasion of type II
pneumocytes and altered regulation of the production
of surfactant lipids. This observation has led to the
hypothesis that exogenous surfactant might improve
the clinical outcome of affected infants. A recent
meta-analysis (24), which included three small ran-
domized controlled trials enrolling 79 participants,
suggested that the use of surfactant for critically ill in-
fants and children with bronchiolitis may decrease the
duration of MV and the duration of intensive care
unit stay without any side effects. Moreover use of
surfactant had favourable effects on oxygenation and
CO2 elimination. These data suggest a beneficial role
for exogenous surfactant in the treatment of viral res-
piratory infection when there are oxygenation distur-
bances. The limited number of studies with small
numbers of participants were the limitations of this
review.

Surfactant therapy has been tried also for respira-
tory failure secondary to hydrocarbon aspiration, near-
drowning, severe inhalation injury and burns, idio-
pathic pulmonary haemorrhage, and aspiration pneu-
monia. In all cases exogenous surfactant improved the
oxygenation index and clinical outcome.

Conclusions

It has already been shown that surfactant therapy
is beneficial in several lung-injury applications in term
infants and children. The insufficiency of some clini-

cal results on surfactant therapy in paediatric lung in-
jury is due to many factors and among these the fact
that ALI/ARDS is not a single disease, but the end
result of many different types of acute pulmonary in-
jury. However, it is likely that this therapy will find an
significant place in the treatment of paediatric
ALI/ARDS when some important problems are re-
solved, such as the capacity of new synthetic surfac-
tant to resist inhibition by substances that leak into
alveolar space and the strategy of surfactant adminis-
tration.

References

1. Bernard GR, Artigas A, Brigham KL, et al. The American-
European Consensus Conference on ARDS: Definitions,
mechanisms, relevant outcomes, and clinical trial coordina-
tion. Am J Respir Crit Care Med. 1994; 149: 818–824.

2. Dahlem P, van Aalderen WM, Hamaker ME, Dijkgraaf
MG, Bos AP. Incidence and short-term outcome of acute
lung injury in mechanically ventilated children. Eur Respir
J 2003; 22: 980–985.

3. Bindl L, Dresbach K, Lentze MJ. Incidence of acute respi-
ratory distress syndrome in German children and adoles-
cents: a population-based study. Crit Care Med 2005; 33:
209–312.

4. Raghavendran K, Willson D, Notter RH. Surfactant Ther-
apy of ALI and ARDS. Crit Care Clin. 2011 July 1; 27(3):
525–559.

5. Dahlem P, van Aalderen WMC, Bos AP. Pediatric acute
lung injury. Paediatric Respiratory Reviews 2007; 8,
348–362

6. Bachofen M, Weibel ER. Alterations of the gas exchange
apparatus in adult respiratory insufficiency associated with
septicemia. Am Rev Respir Dis 1977; 116: 589–615.

7. Bachofen M, Weibel ER. Structural alterations of lung
parenchyma in the adult respiratory distress syndrome. Clin
Chest Med 1982; 3: 35–56.

8. Levi M, van der Poll T, Buller HR. Bidirectional relation
between inflammation and coagulation. Circulation 2004;
109: 2698–2704.

9. Levi M, Schultz MJ, Rijneveld AW, van der Poll T. Bron-
choalveolar coagulation and fibrinolysis in endotoxemia
and pneumonia. Crit Care Med 2003; 31: S238–S242.

10. Idell S. Coagulation, fibrinolysis, and fibrin deposition in
acute lung injury. Crit Care Med 2003; 31: S213–S220.

11. Gunther A, Mosavi P, Heinemann S et al. Alveolar fibrin
formation caused by enhanced procoagulant and depressed
fibrinolytic capacities in severe pneumonia. Comparison
with the acute respiratory distress syndrome. Am J Respir
Crit Care Med 2000; 161: 454–462.

12. Gunther A, Siebert C, Schmidt R et al. Surfactant alter-

07-Moretti:07-moretti  28-05-2013  11:37  Pagina 20



21Surfactant therapy for acute respiratory distress in children

ations in severe pneumonia, acute respiratory distress syn-
drome, and cardiogenic lung edema. Am J Respir Crit Care
Med 1996; 153: 176–184.

13. Holm BA, Notter RH, Finkelstein JH. Surface property
changes from interactions of albumin with natural lung sur-
factant and extracted lung lipids. Chem Phys Lipids. 1985;
38: 287–298.

14. Seeger W, Stohr G, Wolf HRD, Neuhof H. Alteration of
surfactant function due to protein leakage: special interac-
tion with fibrin monomer. J Appl Physiol. 1985; 58:
326–338.

15. Moses D, Holm BA, Spitale P, Liu M, Enhorning G. Inhi-
bition of pulmonary surfactant function by meconium. Am
J Obstet Gynecol. 1991; 164: 477–481.

16. Holm BA, Wang Z, Notter RH. Multiple mechanisms of
lung surfactant inhibition. Pediatr Res. 1999; 46: 85–93.

17. Wang Z, Notter RH. Additivity of protein and non-protein
inhibitors of lung surfactant activity. Am J Respir Crit Care
Med. 1998; 158: 28–35

18. Putman E, Creuwels LAJM, Van Golde LMG, Haagsman
HP. Surface properties, morphology and protein composi-
tion of pulmonary surfactant subtypes. Biochem J. 1996;
320: 599–605.

19. Wang Z, Holm BA, Matalon S, Notter RH. Surfactant ac-
tivity and dysfunction in lung injury. In: Notter RH,
Finkelstein JN, Holm BA (Eds) Lung injury: mechanisms,

pathophysiology, and therapy. Boca Raton: Taylor Francis
Group, Inc, 2005: 297-352.

20. Notter RH. Lung surfactants: Basic science and clinical ap-
plications. New York: Marcel Dekker, Inc; 2000.

21. Willson DF, Chess PR, Notter RH. Surfactant for pediatric
acute lung injury. Pediatr Clin North Am 2008; 55:
545–575,ix.

22. Duffett M, Choong K, Ng V, Randolph A, Cook DJ. Sur-
factant therapy for acute respiratory failure in children: a
systematic review and meta-analysis. Crit Care 2007; 11:
R66.

23. Skelton R, Holland P, Darowski M, Chetcuti PA, Morgan
LW, Harwood JL. Abnormal surfactant composition and
activity in severe bronchiolitis. Acta Paediatr 1999; 88:
942–946.

24. Jat KR, Chawla D. Surfactant therapy for bronchiolitys in
critically ill infants (Review). 2012 The Cochrane Collabo-
ration

Correspondence:
Department of Paediatrics,
Paediatric Emergency and Intensive Care,
Sapienza University of Rome, Rome, Italy
Tel. 00390649979382
E-mail: corrado.moretti@uniroma1.it

07-Moretti:07-moretti  28-05-2013  11:37  Pagina 21


