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INTRODUCTION 

Increased capillary permeability, associated with damage to the al
veolar epithelium, can lead to derangement of pulmonary surfactant through 
a variety of mechanisms. These include: washout of alveolar phospholipids 
into the interstitial tissue and blood stream; inactivation by plasma com
ponents; surfactant depletion by foaming or ventilation with large tidal 
volumes; disturbed synthesis, storage or release of surfactant secondary 
to direct injury to type II cells by hypoxemia, acidosis and hypoperfusion 
(for review see 1). 

Besides these mechanisms, changes in alveolar configuration and size, 
caused by an increase of fluid in the alveoli, is another important patho
genic factor. If fluid enters an alveolus, the radius of the alveolar 
bubble becomes smaller and the negative pressure of the alveolar fluid 
becomes even more negative. Therefore, once started in surfactant defi
ciency, alveolar flooding is a selfaccelerating process as the retractive 
forse in the alveolar/air-liquid interface tends to increase with de
creasing bubble radius. 

Irrespective of the pathogenic mechanisms, a derangement of pulmonary 
surfactant causes decreased lung distensibility, in addition to increa
sing the work of breathing and the oxygen consumption of respiratory 
muscles. Other consequences are alveolar collapse (atelectasis) and 
transudation of plasma intb the alveoli with increased resistance to 02 
and CO2 diffusion, and enhanced functional right to left shunt due to 
perfuslon of non-ventilated areas of the lungs. Finally, progressive hypo
xemia and metabolic acidosis results secondary to increased production of 
organic acids under anaerobic conditions (Fig.1). 

The central role of surfactant deficiency and/or its inactivation by sur
factant inhibitors in this context, is illustrated by recent studies in 
animal ARDS models, e.g. surfactant deficiency by lung lavage, 
capillary leakage syndrome after intravenous injection of an anti-lung 
serum/which show that abnormalities in blood gases and lung mechanics 
can be restored to normal by tracheal instillation of natural surfactant. 
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Fig.1. Pathogenesis of adult respiratory distress syndrome with special 
reference to the surfactant system. 
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ARDS BY SURFACTANT DEPLETION 

In experimental ARDS, induced by in vivo lung lavage, we were the 
first to demonstrate that tracheal instillation of surfactant lipids re
sults in striking improvement in gas exchange (2, 3) (Fig.2). Other 
experiments (in animals receiving surfactant) have documented that the 
improved b~ood gases.are stable f~r at le~st ~ive ~ours, whereas Pa02 in 
control an~mals rema~ns low, desp~te vent~lat~on w~th PEEP and pure 
oxygen (Fig.3). -

Histologic lung sections from surfactant treated animals showed a uni
form pattern of well-aerated alveoli, with only minimal intra-alveolar 
oedema and hyaline membranes, whereas control animals ventilated with 
the same respirator setting had extensive atelectasis and prominent 
hyaline membranes. 
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Fig.2: Effect of surfactant replacement OD P 02 and P CO2 in guinea pigs 
with severe ARDS induced by repeated ~ung lava~e. The animals were 
ventilated with pressure-controlled ventilation, 100% oxygen, 
l/E ratio 1:1, frequency 20/min, insufflation pressure ~8 cm H20 
and PEEP 5 cm H20. Surfactant, made from bovine lungs, was adm~nis
tered twice via the tracheal cannula (arrows). Values are given as 
mean + SD. (From Lachmann et al. (2, 3) with permission). 
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These results indicate that the ventilator treatment per se is not 
harmful to the pulmonary parenchyma, provided that alveolar collapse 
is prevented by surfactant replacement and shear forces thereby 
avoided. 
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Fig.3.: S~quenti~l recordings of Pa02 and PaC02 in two adult guinea 
p1gS subJected to repeated lung lavage, followed by ven
tilation for 5 h with pressure-controlled ventilation; 
100% oxygen; I/E ratio, 1 :2; frequency, 30/min; insuffla
tion.pressure, 28 cm H20; ~nd P~EP, 6 cm fl20. One animal 
rece1ved two tracheal 1nst1llat1ons of natural surfactant 
(each dose 50 mg), 5 and 30 min after lavage (arrows). The 
improved blood gases, recorded after surfactant replace
ment, are stable throughout the period of observation. 

One may argue that using the surfactant depleted lung model for sur
factant replacement does not represent all changes typical for ARDS lungs. 
This is why we also used other animal models with severe respiratory fai
lure and treated them with tracheal instillation of surfactant (bacterial 
pneumonia (4), respiratory failure due to free oxygen radicals (5), ARDS 
by intravenous injection of anti-lung serum = capillary leakage syndrome). 

EXPERIMENTAL CAPILLARY LEAKAGE SYNDROME 

Intravenous injection of anti-lung serum (ALS) in guinea pigs causes 
acute and fatal respiratory failure (6). Previous studies have shown 
marked decrease in thorax-lung compliance, increase in water content, 
decrease in phospholipid content and diminished surface activity in these 
lungs, as well as severe morphological damage, especially to the alveolar 
capillary membrane, of these lungs. Using this model - where the failure 
is clearly caused by damage to the capillary membranes, we could demon
strate that surfactant instillation also significantly improved blood 
gases and lung mechanics (7) in these animals (Fig.4). 

514 



Pa02 ~C02 

Anll-Lung-Serum 

.. 00 40 
.-~__ Surfactant .... __ I --... , 

JOO 30 
OJ 

I 

----, , , , , , 
E 
E 

200 20 

100 10 

10 15 20 25 TIME (minI ° 1210 
5 

128141 37/6 I 27/6 Paw(peakl/PEEP(cmH20) 

Fig.4: Course of P 02 and P CO in a guinea pig before and after anti
lung serum ~s well a~ a~ter tracheal instillation of 3 ml surfac
tant (60 mg total phospholipids per ml). Paw - peak airway 
pressure, PEEP - positiv end - expiratory pressure. 

SURFACTANT SUBSTITUTION IN CLINICAL ARDS 

In a terminal patient with sepsis and severe ARDS (p 0 of 19 mmHg, 
despite pressure controlled ventilation with an I:E ratioaof 3:1; peak 
airway pressure of 48 cm H20; PEEP 12 cm H20; Fi02 = 1), tracheal in
stillation of natural surfactant led, withln a few hours, to a dramatic 
improvement in gas exchange (p 02 from 19 mm Hg to 240 mm Hg; P CO2 from 
68 to 45 mmHg). These fir~t clinical results already show That lungs 
from patients with severe RDS, superimposed with virus and bacterial 
pneumonia, can be re-aerated by tracheal instillation of exogenous sur
factant (Fig. 5). 

CONCLUSION 

From these results we conclude that in the future surfactant re
placement could be one of the most important therapeutic approaches 
for reducing the high mortality rate currently associated with ARDS due 
to a failure of oxygen uptake in the lung. 
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Fig.5: X-rays from a child with a severe ARDS immediatly before (A) 
and 4 hours after surfactant replacement therapy (B). From 
Lachmann (8) with permission. 

A 

B 



REFERENCES 

1. Lachmann B, Danzmann E. (1984) Acute respiratory distress syndrome. 
In: B. Robertson, LMG Golde, JJ Batenburg (eds). Pulmonary 
Surfactant. Elsevier, Amsterdam: 505-548. 

2. Lachmann B, Fujiwara T, Chida S, Morita T, Konishi M, Nakamura K, 
Maeta H (1981). Improved gas exchange after tracheal instillation 
of surfactant in the experimental adult respiratory distress syn
drome. Crit Care Med 9: 158. 

3. Lachmann B, Fujiwara T, Chida S, Morita T, Konishi M, Nakamura K, Maeta 
H.(1983).Surfactant replacement therapy in the experimental adult 
respiratory distress syndrome (ARDS). In: Cosmi EV, Scarpelli EM 
(eds). Pulmonary Surfactant System. Elsevier, Amsterdam: 231-235. 

4. Lachmann B, Bergmann K Ch. (1987). Surfactant replacement improves 
thorax-lung compliance and survival rate in mice with influenza 
infection. Am Rev Resp Dis 135: A6. 

5. Lachmann B, Saugstad OD, Erdmann W. (1987). Effect of surfactant repla
cement on respiratory failure induced by free oxygen radicals. In: 
G. Schlag, H. Redl (eds) First Vienna Shock Forum. Alan Liss, 
New York: 305-313. 

6. Lachmann B, Bergmann KC, Winsel K, MUller E, Petro W, Schaffer C, Vogel 
J (1975). Experimental respiratory distress syndrome after injec
tion of anti-lung serum. III. Chronic experimental trial. Padia
trie und Grentzgebiete 14: 211-233. 

7. Lachmann B, Hallman M, Bergmann K. Ch. (1987). Respiratory failure fol
lowing anti-lung serum: Study on mechanisms associated with sur
factant system damage. Exp Lung Res 12: 163-180. 

8. Lachmann B. (1987) The role of pulmonary surfactant in the pathogenesis 
and therapy of ARDS. In: J.L. Vincent (ed). Update in Intensive 
Care and Emergency Medicine. Springer-Verlag: 123-134. 

517 


