
Introduction

Adult acute respiratory distress syndrome
(ARDS) is one of the most challenging clinical frames
for intensive care doctors. ARDS is caused by a vari-
ety of lung insults that result in a pro-inflammatory
process involving alveoli, interstitium and lung en-
dothelial vessels. This inflammatory state results in
decreased lung mechanics and gas exchange. In 1994
an American-European Consensus Conference (1)
standardized the definition of ARDS as diagnostic
tool for better patient identification and studies strat-
ification. From then on ARDS was still a syndrome
with high mortality, a recent review (2) defined an ap-
proximately 40% mortality in adult patients, at the
same time functional disability was still a major prob-
lem after recovery from lung disease (3). Despite great
advances in ventilation, monitoring and treatments,
many clinical trials on ARDS failed to prove benefit
on survival. The only evidence based treatment was
mechanical ventilation with the use of low tidal vol-
umes with plateau pressure < 30 cmH2O (4). Other
strategies were investigated in the last 20 years such
as: optimal PEEP level (5), recruitment manoeuvres
(6), high frequency oscillatory ventilation (ongoing
OSCAR and OSCILLATE trials will help to define

its role in ARDS), prone positioning (7), extracorpo-
real membrane oxygenation (8) and several different
pharmacological therapies (9). Thus far none of these
enlisted techniques was considered to be lifesaving in
adult patients with ARDS.

Exogenous surfactant trials in adult ards

In late nineties, pulmonary researchers focused
on surfactant replacement in adult ARDS; this idea
arose from neonatal experience where exogenous sur-
factant administration demonstrated a mortality re-
duction in preterm infant with RDS (10) and meconi-
um aspiration syndrome (11). Early clinical phase II
trials on adults were encouraging (12, 13), and so
phase III trials with larger enrolment were performed
with great expectation by the investigators, anyway all
these randomized control trials (RCTs) failed to
demonstrate beneficial effects on mortality (14-16).

A great debate developed on these RCTs design
limitations. Composition of surfactant was one of the
main objections addressed, synthetic surfactant with
recombinant surfactant protein C as used by Spragg et
al. (14, 16) contained only one protein compared with
“modified” natural surfactants that are made up of two

Exogenous surfactant, a role in the adult acute respiratory
distress syndrome?
Stefano Busani, Massimo Girardis, Alberto Pasetto
Department of Anaesthesiology and Intensive Care, University of Modena and Reggio Emilia, Modena, Italy

Abstract. Adult ARDS still represents a high mortality disease. Exogenous surfactant trials in adults with
ARDS failed to prove benefit on survival; anyway limitations of these studies were strongly debated. An Ital-
ian group of intensive care doctors, proceeding from trials observations, shared an exogenous surfactant pro-
tocol for the treatment of ARDS in adult patients. (www.actabiomedica.it)

Key words: exogenous surfactant, ARDS, hypoxia, mechanical ventilation

O R I G I N A L A R T I C L E

ACTA BIOMED 2012; 83; Supplement 1: 56-59 © Mattioli 1885

17-busani:17-busani 6-07-2012 10:19 Pagina 56



57Exogenous surfactant, a role in the adult acute respiratory distress syndrome

surfactant proteins (SP-B and SP-C). The role of
highest protein content was assumed to be the deter-
minant factor in the beneficial effects of exogenous
surfactant (17) not only for spreading and absorption
but also for immunologic and anti-inflammatory
properties (18, 19).The only natural surfactant used in
an adult RCT was porcine surfactant HL 10 (15), the
conclusion of this study was that natural surfactant
HL 10 did not improve outcome and showed a trend
toward increased mortality and adverse effects, anyway
surfactant HL 10 is not actually on market and its
safety profile is still uncertain.

Another key issue in exogenous surfactant admin-
istration was the dosage. It was recently reported that
concentration of SP-B and disaturatedphosphatidyl-
choline (DSPC) in ARDS aspirates is definitely lower
than in healthy subjects and that their turnover is very
different with DSPC fractional synthesis rate 3-folds
higher in adult ARDS patients (20). Despite these re-
cent kinetic data it is not defined yet the dosage and
the timing of re-administration of exogenous surfac-
tant to reduce the surface tension in ARDS adult
lungs. Lung mechanics after surfactant administration
was studied only by Tsangaris I et al. (21) on 16 adults
with thoracic trauma. Maybe before drawing a proto-
col for the next RCT, could be interesting to investi-
gate what surfactant dosage is needed to better im-
prove lung mechanics in adult patients with ARDS.

In addition, as postulated by Schmidt et al. (22),
time of surfactant administration is crucial because
surfactant degradation begins at very early stage of
ARDS disease, on the other hand all RCTs were de-
signed with exogenous surfactant administration
when lung injury was established and relatively ad-
vanced. In addition, surfactant administration tech-
nique was stressed (23), an ideal way of administration
has to instil surfactant in the most affected part of the
lung selectively, to be safe and preferentially to clean
the airway before the instillation.

The birth of an italian protocol for adults with
ARDS

In March 2007 a group of Italian Intensive Care
doctors, those have had practice in exogenous surfac-

tant administration, joined up in a meeting that took
place in Modena debating on literature evidences. A
second meeting was performed on May 2008, where
we decided to share an operative treatment protocol in
order to standardize the treatment and to share results
obtained. Protocol drew his inspiration from a previ-
ous experience reported in children by Marraro et al.
(24) that performed a bronco-alveolar lavage (BAL)
containing surfactant followed by surfactant instilla-
tion. The rationale of protocol was therefore based on
the hypothesis that simple surfactant instillation was
not sufficient because it could be inactivated by in-
flammatory mediators (25), these mediators can be in
part removed by a previous BAL containing surfactant
as detergent. Theoretically BAL procedure could al-
low a reduction of the amount of surfactant to be in-
stilled afterwards.

BAL procedure

A preparation of 240 mg phospholipids (PHLs)
in 100 mL of saline was used for BAL. The total vol-
ume was then divided in 5 aliquots to be separately
administered to each pulmonary lobe. BAL was per-
formed with a flexible bronchoscope. Twenty millil-
itres of diluted surfactant were applied for each lobe
containing approximately 48 mg PHLs, left in place
for about 5 seconds and gently withdrawn.

Supplementation procedure

After 30 minutes from the BAL procedure, a so-
lution of 240 mg PHLs in 10 mL of saline was pre-
pared for each lobe and administered by means of a
flexible bronchoscope. If the patient, after 12 hours
from the first treatment, showed a PaO2/FiO2>20%,
a second BAL and the following supplementation
were performed with the same procedure after 24
hours from the first administration.

The typical feature of our 2-step protocol con-
sisted in the use of a low fixed dose for each patient,
the early exogenous surfactant administration within
24 hours from patient’s intubation and the adminis-
tration of a porcine surfactant poractant alpha (Curo-
surf®, Chiesi Pharmaceuticals, Parma, Italy).
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A small retrospective experience

We retrospectively reported 10 adult patients with
ARDS underwent exogenous surfactant, 5 patients
treated before the protocol application and 5 patients
treated after the protocol sharing. Patients treated be-
fore protocol application received with bronchoscope
exogenous surfactant within 72 hours from ARDS di-
agnosis and supplementation was selectively performed
without BAL; the dosage of PHLs administered was
the same. After patient’s intubation ventilator settings
were adjusted as ARDSnet indications (26) and pa-
tients were treated for compassionate use only when se-
vere hypoxia persisted.We tested the progression of the
disease by means of an acute lung injury (ALI) score in
both groups according toMurray et al. (27) which eval-
uated radiographic consolidation, hypoxemia, level of
PEEP and static lung compliance (Tab. 1). Despite the
small sample of this study, improvement of ALI score
was statistically significant (p<0.05) in the 5 patients
treated with the protocol, comparing 24, 48, 72 hours
time-points with the basal value, while in no-protocol
group ALI improvement was lower and no significant.
No patients developed adverse events ascribable to ex-
ogenous surfactant administration.

Conclusions

Clinical trials reported negative outcomes and
maybe after these evidences (28) no further studies
will be performed on adult ARDS in the next future,
anyway a final sentence on the role of exogenous sur-
factant on adult ARDS is not written yet. As we as-
sumed with our protocol, a revised approach will be
advisable learning from the limitations of the previous
RCTs, early administration, natural tested surfactant
and BAL may help to reach positive results.Moreover,

a patho-physiological method have to be implement-
ed as suggested by Dushianthan et al. (29); pulmonary
surfactant during the acute phase of ARDS is reduced
in production, degraded by alveolar plasma proteins
and inactivated by hydrolyses or oxidation processes
(20, 22, 30). Patients stratification must be targeted on
these 3 dysfunction categories maybe with nonra-
dioactive isotope surfactant precursors (20, 31) or oth-
er biomarkers, in order to identify adult patients with
low production that will get real benefits from natural
surfactant or patients with higher inactivation that
will need novel synthetic formulations with phospho-
lipase-resistant lipid analogs.

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 (3 Pt 1): 818.

2. Phua J, Badia JR, Adhikari NK, et al. Has mortality from
acute respiratory distress syndrome decreased over time?: A
systematic review. Am J Respir Crit Care Med 2009; 179 (3):
220.

3. Herridge MS, Tansey CM, Matte A, et al. Functional dis-
ability 5 years after acute respiratory distress syndrome. N
Engl J Med 2011; 364 (14): 1293.

4. Ventilation with lower tidal volumes as compared with tradi-
tional tidal volumes for acute lung injury and the acute res-
piratory distress syndrome. The Acute Respiratory Distress
Syndrome Network. N Engl J Med 2000; 342 (18): 1301.

5. Briel M,Meade M,Mercat A, et al. Higher vs lower positive
end-expiratory pressure in patients with acute lung injury
and acute respiratory distress syndrome: systematic review
and meta-analysis. Jama 2010; 303 (9): 865.

6. Fan E, Wilcox ME, Brower RG, et al. Recruitment maneu-
vers for acute lung injury: a systematic review. Am J Respir
Crit Care Med 2008; 178 (11): 1156.

7. Abroug F, Ouanes-Besbes L, Dachraoui F, Ouanes I,
Brochard L. An updated study-level meta-analysis of ran-
domised controlled trials on proning in ARDS and acute
lung injury. Crit Care 2011; 15 (1): R6.

Table 1. ALI score in patients treated before the application of a surfactant Italian shared protocol and after the protocol imple-
mentation

Time-points Basal 6 h 12 h 24 h 48 h 72 h

ALI score before protocol (Mean ± SD) 3,1±0,5 2,8±0,5 2,8±0,5 2,7±0,6 2,6±0,6 2,5±0,7
ALI score after protocol (MEAN± SD) 3,0±0,5 2,6±0,5 2,4±0,6 2,0±0,5* 1,9±0,5* 1,5±1,0*

*=p<0.05

17-busani:17-busani 6-07-2012 10:19 Pagina 58



59Exogenous surfactant, a role in the adult acute respiratory distress syndrome

8. Peek GJ, Mugford M, Tiruvoipati R, et al. Efficacy and
economic assessment of conventional ventilatory support
versus extracorporeal membrane oxygenation for severe
adult respiratory failure (CESAR): a multicentre ran-
domised controlled trial. Lancet 2009; 374 (9698): 1351.

9. Raghavendran K, Pryhuber GS, Chess PR, Davidson BA,
Knight PR, Notter RH. Pharmacotherapy of acute lung in-
jury and acute respiratory distress syndrome. Curr Med
Chem 2008; 15 (19): 1911.

10. Sinn JK,Ward MC, Henderson-Smart DJ. Developmental
outcome of preterm infants after surfactant therapy: sys-
tematic review of randomized controlled trials. J Paediatr
Child Health 2002; 38 (6): 597.

11. El Shahed AI, Dargaville P, Ohlsson A, Soll RF. Surfactant
for meconium aspiration syndrome in full term/near term
infants. Cochrane Database Syst Rev 2007 (3): CD002054.

12. Spragg RG, Lewis JF, Wurst W, et al. Treatment of acute
respiratory distress syndrome with recombinant surfactant
protein C surfactant. Am J Respir Crit Care Med 2003; 167
(11): 1562.

13. Walmrath D, Grimminger F, Pappert D, et al. Broncho-
scopic administration of bovine natural surfactant in ARDS
and septic shock: impact on gas exchange and haemody-
namics. Eur Respir J 2002; 19 (5): 805.

14. Spragg RG, Lewis JF, Walmrath HD, et al. Effect of re-
combinant surfactant protein C-based surfactant on the
acute respiratory distress syndrome. N Engl J Med 2004;
351 (9): 884.

15. Kesecioglu J, Beale R, Stewart TE, et al. Exogenous natur-
al surfactant for treatment of acute lung injury and the
acute respiratory distress syndrome. Am J Respir Crit Care
Med 2009; 180 (10): 989.

16. Spragg RG, Taut FJ, Lewis JF, et al. Recombinant surfac-
tant protein C-based surfactant for patients with severe di-
rect lung injury. Am J Respir Crit Care Med 2011; 183 (8):
1055.

17. Kesecioglu J, Haitsma JJ. Surfactant therapy in adults with
acute lung injury/acute respiratory distress syndrome. Curr
Opin Crit Care 2006; 12 (1): 55.

18. Goto H, Ledford JG, Mukherjee S, Noble PW, Williams
KL, Wright JR. The role of surfactant protein A in
bleomycin-induced acute lung injury. Am J Respir Crit Care
Med 2010; 181 (12): 1336.

19. Willems CH, Urlichs F, Seidenspinner S, Kunzmann S,
Speer CP, Kramer BW. Poractant alfa (Curosurf(R)) in-
creases phagocytosis of apoptotic neutrophils by alveolar
macrophages in vivo. Respir Res 2012; 13: 17.

20. Simonato M, Baritussio A, Ori C, et al. Disaturated-phos-
phatidylcholine and surfactant protein-B turnover in hu-
man acute lung injury and in control patients. Respir Res
2011; 12: 36.

21. Tsangaris I, Galiatsou E, Kostanti E, Nakos G. The effect
of exogenous surfactant in patients with lung contusions
and acute lung injury. Intensive Care Med 2007; 33 (5):
851.

22. Schmidt R, Markart P, Ruppert C, et al. Time-dependent
changes in pulmonary surfactant function and composition
in acute respiratory distress syndrome due to pneumonia or
aspiration. Respir Res 2007; 8: 55.

23. Marraro GA. Surfactant in child and adult pathology: is it
time to review our acquisitions? Pediatr Crit Care Med
2008; 9 (5): 537.

24. Marraro GA, Luchetti M, Spada C, Galassini E, Giossi M,
Piero AM. Selective medicated (normal saline and exoge-
nous surfactant) bronchoalveolar lavage in severe aspiration
syndrome in children. Pediatr Crit Care Med 2007; 8 (5):
476.

25. Willson DF, Notter RH. The future of exogenous surfac-
tant therapy. Respir Care 2011; 56 (9): 1369.

26. Tsushima K, King LS, Aggarwal NR, De Gorordo A,
D’Alessio FR, Kubo K. Acute lung injury review. Intern
Med 2009; 48 (9): 621.

27. Murray JF, Matthay MA, Luce JM, Flick MR. An expand-
ed definition of the adult respiratory distress syndrome. Am
Rev Respir Dis 1988; 138 (3): 720.

28. Meng H, Sun Y, Lu J, et al. Exogenous Surfactant May Im-
prove Oxygenation but Not Mortality in Adult Patients
with Acute Lung Injury/Acute Respiratory Distress Syn-
drome: A Meta-Analysis of 9 Clinical Trials. J Cardiothorac
Vasc Anesth 2012 [epub ahead of print]

29. Dushianthan A, Cusack R, Grocott M, Postle A. Exoge-
nous Surfactant Therapy in Acute Lung Injury/Acute Res-
piratory Distress Syndrome: The Need for a Revised Para-
digm Approach. J Cardiothorac Vasc Anesth 2012 [epub
ahead of print]

30. Baker CS, Evans TW, Randle BJ, Haslam PL. Damage to
surfactant-specific protein in acute respiratory distress syn-
drome. Lancet 1999; 353 (9160): 1232.

31. Bernhard W, Pynn CJ, Jaworski A, et al. Mass spectromet-
ric analysis of surfactant metabolism in human volunteers
using deuteriated choline. Am J Respir Crit Care Med 2004;
170 (1): 54.

Correspondence: Stefano Busani
Cattedra di Anestesia e Rianimazione
Università di Modena e Reggio Emilia
Policlinico di Modena
L.go del Pozzo 71, 41124 Modena, Italy
Tel. +39-059-4224896
Fax +39-059-4224899
E-mail: stefanobusani7@gmail.com

17-busani:17-busani 6-07-2012 10:19 Pagina 59



finito di stampare a Fidenza (Parma)
nel mese di Luglio 2012

presso Mattioli 1885

17-busani:17-busani 6-07-2012 10:19 Pagina 60




