

adjunct to mechanical ventilation. Proved effective in reducing lung atelectasis and improving oxygenation and respiratory mechanical

studies against RM: ineffective, short lived deleterious overdistending normal lung region and reducing net alveolar fluid clearance. 
Aim: single experimental model test the hypothesis that beneficial or deleterious effect of RM depend on severity of ALI. 
Investigated moderate ALI (without pulmonary edema) vs severe ALI (with pulmonary edema)

Material and methods rats, divided into 3 groups; control moderate ALI (ALI-M) severe ALI (ALI-S). Each group sub randomized: RM vs none. 

Results: 
RM: decrease in MAP
No difference in PaO2 after vs before RMs. 
Increase viscoelastic /inhomogeneous pressure and were higher in ALI-s vs ALI-M. 
RM decrease the alveolar collapse only in ALI-M.  No change in pulmonary edema in the RM vs non. 
ALI M showed: cytoplasmic degeneration of type 2 pneumocyte and endothelial injury
ALI-S: further epithelial and endothelial damage. 

Worsening of cell apoptosis w severity og injury. Increase lung apoptosis in ALI-s only. 
RM and ALS: increased PCIII expression compared to non RM. 

Conclusion: 
In ALI without alveolar edema: RM associated w improved oxygenation, alveolar recruitement and lungs mechanics w reduced IL6 mRNA expression and minimal hyperinsuflation. 
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Recruitment maneuvers (RMs)
have been proposed as an ad-
junct to mechanical ventilation
in acute lung injury (ALI) and


acute respiratory distress syndrome to re-
open unstable air spaces (1). RMs have
proved effective in reducing lung atelectasis
and improving oxygenation and respiratory


mechanics in both experimental (2–4) and
clinical (5) studies. However, other studies
have reported that RMs may be ineffective
(6), short-lived (7), and even deleterious,
overdistending normal lung regions (8) and
reducing net alveolar fluid clearance (9).


This controversy could reasonably be
attributed to the heterogeneity of exper-


imental ALI models (10–12), the compo-
sition of studied patient populations, and
the variability in the subsequent level of
positive end-expiratory pressure (PEEP)
(13–15). RMs have been analyzed in dif-
ferent ALI models with variable amounts
of edema and atelectasis, yielding more
or less recruitable lungs (10–12). To our
knowledge, however, no study has di-
rectly compared the effects of RMs with
either alveolar collapse or the association
of collapse and pulmonary edema in a
single ALI model.


Our primary aim was to use a single
experimental model to test the hypothe-
sis that the beneficial or deleterious ef-
fects of RMs depend on the severity of
ALI. Additionally, we speculated that con-
solidated, nonrecruitable areas may cre-
ate junctional interfaces between normal
and abnormal lung units that theoreti-
cally amplify the stretching effects of RM,


Objective: In acute lung injury, recruitment maneuvers have
been used to open collapsed lungs and set positive end-expiratory
pressure, but their effectiveness may depend on the degree of
lung injury. This study uses a single experimental model with
different degrees of lung injury and tests the hypothesis that
recruitment maneuvers may have beneficial or deleterious effects
depending on the severity of acute lung injury. We speculated that
recruitment maneuvers may worsen lung mechanical stress in the
presence of alveolar edema.


Design: Prospective, randomized, controlled experimental
study.


Setting: University research laboratory.
Subjects: Thirty-six Wistar rats randomly divided into three


groups (n ! 12 per group).
Interventions: In the control group, saline was intraperitoneally


injected, whereas moderate and severe acute lung injury animals
received paraquat intraperitoneally (20 mg/kg [moderate acute
lung injury] and 25 mg/kg [severe acute lung injury]). After 24 hrs,
animals were further randomized into subgroups (n ! 6/each) to
be recruited (recruitment maneuvers: 40 cm H2O continuous pos-
itive airway pressure for 40 secs) or not, followed by 1 hr of
protective mechanical ventilation (tidal volume, 6 mL/kg; positive
end-expiratory pressure, 5 cm H2O).


Measurements and Main Results: Only severe acute lung injury
caused alveolar edema. The amounts of alveolar collapse were
similar in the acute lung injury groups. Static lung elastance,
viscoelastic pressure, hyperinflation, lung, liver, and kidney cell
apoptosis, and type 3 procollagen and interleukin-6 mRNA ex-
pressions in lung tissue were more elevated in severe acute lung
injury than in moderate acute lung injury. After recruitment ma-
neuvers, static lung elastance, viscoelastic pressure, and alveolar
collapse were lower in moderate acute lung injury than in severe
acute lung injury. Recruitment maneuvers reduced interleukin-6
expression with a minor detachment of the alveolar capillary
membrane in moderate acute lung injury. In severe acute lung
injury, recruitment maneuvers were associated with hyperinfla-
tion, increased apoptosis of lung and kidney, expression of type 3
procollagen, and worsened alveolar capillary injury.


Conclusions: In the presence of alveolar edema, regional me-
chanical heterogeneities, and hyperinflation, recruitment maneu-
vers promoted a modest but consistent increase in inflammatory
and fibrogenic response, which may have worsened lung function
and potentiated alveolar and renal epithelial injury. (Crit Care Med
2010; 38:2207–2214)


KEY WORDS: elastance; alveolar edema; recruitment maneuvers;
acute lung injury; apoptosis
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