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Supporting patients with acute respiratory distress syndrome (ARDS), using a protective mechanical ventilation strategy

characterized by low tidal volume and limitation of positive end-expiratory pressure (PEEP) is a standard practice in the

intensive care unit. However, these strategies can promote lung de-recruitment, leading to the cyclic closing and reopening of

collapsed alveoli and small airways. Recruitment maneuvers (RM) can be used to augment other methods, like positive end-

expiratory pressure and positioning, to improve aerated lung volume. Clinical practice varies widely, and the optimal method

and patient selection for recruitment maneuvers have not been determined, considerable uncertainty remaining regarding

the appropriateness of RM. This review aims to discuss recent findings about the available types of RM, and compare the

effectiveness, indications and adverse effects among them, as well as their impact on morbidity and mortality in ARDS patients.

Recent developments include experimental and clinical evidence that a stepwise extended recruitment maneuver may cause

an improvement in aerated lung volume and decrease the biological impact seen with the traditionally used sustained inflation,

with less adverse effects. Prone positioning can reduce mortality in severe ARDS patients and may be an useful adjunct to

recruitment maneuvers and advanced ventilatory strategies, such noisy ventilation and BIVENT, which have been useful in

providing lung recruitment.
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INTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTION

The acute respiratory distress syndrome (ARDS) is a
worldwide public health problem, occurring even today,

with high rates of mortality. Despite the many strategies
proposed so far, the only isolated therapy that effectively
changed the prognosis of patients, with a significant
reduction in morbidity and mortality rates, was the
protective ventilatory strategy, characterized by the use of
low tidal volume (4-8 ml / kg)1.2. However, this strategy
can facilitate alveolar de-recruitment and promote the cyclic
opening and closing of alveoli, which is considered one of
the mechanisms of promotion and exacerbation of lung
injury3. In this context, various strategies, ranging from
ventilation modes to specific maneuvers, have been
proposed to minimize alveolar collapse and promote a more
homogeneous ventilation distribution. The use of recruitment
maneuvers (RM) aims to reopen collapsed alveolar, units

based on a transient increase in transpulmonary pressure
(P

TP
) during mechanical ventilation4,5.

Nevertheless, the RM can also exacerbate the
damage to pulmonary epithelial6 and endothelial7 cells,
increasing the alveolar-capillary permeability, which can
exacerbate the syndrome8.

The objective of this study is to discuss the main
strategies used to promote alveolar recruitment in patients
with ARDS, as well as its benefits, indications and limitations.
Finally, it aims to apply the concepts to clinical practice, in
patients with ARDS.

METHODSMETHODSMETHODSMETHODSMETHODS

We conducted a wide survey in the database of
“National Library of Medicine” / Pubmed using the following
key words and descriptors, alone or in combination:
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“Mechanical ventilation”, “Acute respiratory Distress
Syndrome”, “Recruitment maneuvers” “Prone positioning,”
“Noisy ventilation”, “positive end expiratory pressure.” We
selected the most relevant articles, as well as the classic
works on mechanical ventilation in acute respiratory distress
syndrome. We included in the selection clinical and experi-
mental original articles, multicenter studies and meta-
analyzes. We tried to make a critical analysis of the current
data available regarding the use of recruitment maneuvers
in ARDS, as well as its benefits, indications and limitations.

Lung recruitmentLung recruitmentLung recruitmentLung recruitmentLung recruitment
The recruitment aims to promote reopening of

collapsed alveoli. Therefore, there can be used several
mechanical ventilation strategies, patient positioning and
specific recruitment maneuvers or association of one or more
of these mechanisms.

Prone positioningProne positioningProne positioningProne positioningProne positioning
The prone position is a relatively simple and safe

method for improved oxygenation, which can be regarded
as a recruitment maneuver itself, improving gas exchange,
promoting alveolar recruitment, without providing areas of
hyperinflation2,9.

When patients are placed in the prone position,
the chest wall compliance decreases, and the P

TP
 is

redistributed from dorsal to ventral and, as a consequence,
there is a recruitment of pulmonary dorsal regions, which
directly reflects the improvement in patient’s oxygenation10-

12. By promoting a more balanced ventilation associated
with recruitment, the prone position also results in a better
distribution of blood flow13, preventing its inappropriate
redirection from hyperinflated areas to the collapsed ones
in response to increased average airway pressure and
positive end-expiratory pressure (PEEP)14,15 .

In addition to direct effects, studies show that
the ventilation in prone protects from, or at least slows the
development of, injuries associated with mechanical
ventilation16. Therefore, to provide a more homogeneous
distribution of the P

TP
 gradient, there is a redirection of

ventilation, making it more uniform17, which helps to
establish and maintain lung recruitment in response to
PEEP18, as well as reducing alveolar hyperinflation19.

The benefits of the prone position to ARDS
patients during mechanical ventilation have been proven
by several studies. However, the reduction of the mortality
rate was proven recently in the PROSEVA study, published
in 201320. The multicenter data established that this position
is strongly indicated in patients with severe ARDS20, which,
according to the latest definition of Berlin (2012), includes
patients with a PaO

2
 / FiO

2
 ratio of less than 100mmHg21.

Moreover, these data clearly show that there is no advantage
of this positioning in relation to increased survival in mild
ARDS (PaO

2
 / FiO

2
 from 200 to 300 mmHg)20.

Regarding moderate ARDS, the data are still
controversial. By making a more detailed analysis of recently

published large studies20,22,23, it can be suggested that prone
positioning should be considered for patients with PaO

2
 /

FiO
2
 below 150mmHg, when they are under a PEEP than

higher 5cmH
2
O and FiO

2
 the greater than 0.6.

Another point to be considered is at what ARDS
stage should the patient be put in the prone position. Despite
promoting effective improvement in oxygenation after many
days of the onset of the syndrome, the data on survival
suggest that the best response is related to the early
positioning of the patient in prone20. This fact can be
explained by factors for which the prone position has its
most evident benefit, such as edema, reversible alveolar
collapse areas and absence of major structural lung changes.
In addition, prone applied early is more effective at reducing
the risk of ventilator-associated lung injury (VALI) when
compared with more advanced stages, since in these the
damage has already been established20.23.

Importantly, due to prone positioning promoting
significant improvement in oxygenation, it eventually
reduces the need for other ventilatory interventions that
may be iatrogenic. Moreover, it may allow reducing the
fraction of inspired oxygen (FiO

2
) and airway pressure, also

reducing the need for fluid infusion and, thus, the risk of
additional injury to the mechanically stressed membranes
and of cardiac overload.

Ventilation strategiesVentilation strategiesVentilation strategiesVentilation strategiesVentilation strategies
Some non-traditional ventilation modes have

recently been suggested to promote lung recruitment. The
biphasic positive airway pressure (BIVENT) mode allows
ventilation with two levels of CPAP (Continuous Positive
Airway Pressure) - high pressure (Phigh) and low pressure
(Plow) and, when associated with PSV (Pressure Support
Ventilation), results in increase of the mean airway pressure
and hence, increased P

TP
24. Thus, it facilitates the opening

of the previously collapsed airways by means of the installed
pressure gradient. In addition, through the help of
spontaneous breathing with diaphragmatic contraction,
there is an increased ventilation of the lower posterior areas
of the lungs, minimizing the airway pressure24,25.

The “variable ventilation”, characterized by
changes in tidal volume and respiratory rate, cycle by cycle,
simulates the breath of normal individuals. Experimental
studies show that it leads to improved oxygenation and
respiratory mechanics and the reduction of diffuse alveolar
damage26-28. By generating different levels of volume within
biological parameters, it reaches a critical opening pressure
of the collapsed airways, followed by the opening the
remaining airways with less opening pressure, leading to
improvement in gas exchange and reduction of alveolar
collapse29,30.

Since these structures have different time
constants in different regions of the lung, the mechanical
ventilation with different pressure patterns and inspiratory
times may be useful to recruit and stabilize the lungs when
compared to regular respiratory patterns.
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Recruitment maneuversRecruitment maneuversRecruitment maneuversRecruitment maneuversRecruitment maneuvers
The most used RM is sustained inflation,

characterized by an abrupt increase in airway pressure (40
cm H

2
O) over a specific time (within 60 seconds)31. The

sustained inflation is effective in reducing pulmonary
atelectasis32, improving oxygenation33 and respiratory
mechanics33, preventing alveolar de-recruitment.

However, this maneuver requires high inspiratory
flow and, when applied to an inhomogeneous lung
parenchyma, may bring deleterious effects, predisposing
to alveolar deformation during pulmonary distress,
contributing to VALI, with bacterial34 and cytokines
translocation into the systemic circulation35. Other studies
have shown the benefit of this maneuver has limited
duration, associated with high hemodynamic instability,
increased risk of barotrauma / volutrauma36, increased
intracranial pressure37, and reduced clearance of alveolar
fluid8, resulting in poor oxygenation and38 serious clinical
consequences36.

A recruitment maneuver considered “more
physiological” is setting longer breath cycles during
mechanical ventilation with a constant tidal volume,
mimicking the sigh observed during normal breathing in
healthy individuals. It can be obtained from a sequence of
independent or consecutive breaths to reach a high plateau
pressure in a volume- or pressure-controlled ventilation mode
or by the periodic PEEP increase for a few cycles4. The sigh
counterbalances the alveolar collapse tendency during
ventilation with low tidal volumes, thus improving the
respiratory function in patients with acute respiratory distress
syndrome (ARDS), both in the controlled (PCV)4 and in the
support (PSV)39  ventilation modes. In the latter, experimen-
tal models suggest that the sigh reduces alveolar collapse
and helps protect the lung from VALI40.

Gradual recruitment (step) maneuvers have been
quite effective when applied to heterogeneous lung
parenchyma, with different time constants for small airways
opening, thus promoting lower biological impact when
compared with the abrupt pressure increase 41. The step
can be obtained through a slow and gradual increase of
PEEP or also by increasing inspiratory driving pressure up to
a threshold pressure, in general 40cm H

2
O. Furthermore, in

step there are smaller hemodynamic effects, since the
average pressure achieved during this maneuver is lower41.

FINAL CONSIDERATIONSFINAL CONSIDERATIONSFINAL CONSIDERATIONSFINAL CONSIDERATIONSFINAL CONSIDERATIONS

Which patients have a better response to
recruitment maneuvers?

Recruitment maneuvers (RM) are not without
risks. To reduce the number of patients unnecessarily
exposed can prevent potential complications. Importantly,
to date no multicenter study demonstrated the superiority
of RM, associated with protective strategy, in terms of
survival. Thus, their use should always be cautious and some
points should be observed. The earlier or exudative phase
of acute respiratory distress syndrome (ARDS), the better
the chance of RM success compared with a later or fibrotic
phase42. Patients with extrapulmonary etiology of ARDS
have better response to recruitment41.43. Therefore, those
with diffuse changes on imaging studies have better chance
of RM success than those with focal changes3. Patients with
severe ARDS respond better to RM19 and the high respiratory
system elastance is associated with better response to
recruitment in clinical trials19. On the other hand, when
there is low thoracic wall elastance, the response to RM
will be worse42.

R E S U M OR E S U M OR E S U M OR E S U M OR E S U M O

O suporte a pacientes com a Síndrome do Desconforto Respiratório Agudo (SDRA), realizado com baixos volumes correntes e limite
da pressão positiva ao final da expiração (PEEP), é o padrão ouro no tratamento de pacientes internados em Unidades de Terapia
Intensiva. No entanto, essas estratégias podem promover o desrecrutamento pulmonar levando ao fechamento e reabertura cíclicos
de alvéolos colapsados e de pequenas vias aéreas. As manobras de recrutamento (MR) podem ser usadas em conjunto a outros
métodos, como a PEEP e posicionamento dos pacientes, para promover melhora no volume pulmonar aerado. Diversos métodos são
utilizados na prática clínica, mas o mais adequado e a seleção de qual paciente se beneficiaria de MR ainda não estão estabelecidos.
Além disso, ainda permanecem consideráveis incertezas em relação a adequação da MR. Esta revisão objetiva discutir as últimas
descobertas acerca das MR existentes e compará-las no que tange a suas eficácias, indicações e complicações.  Descobertas
recentes incluem evidencias clínicas e experimentais que a manobra de recrutamento em “STEP” pode promover uma melhora do
volume pulmonar aerado e reduzir o impacto biológico observado na insulflação sustentada tradicionalmente usada. O posicionamento
em prona pode reduzir a mortalidade em pacientes com SDRA grave e ser um coadjuvante nas manobras de recrutamento e
estratégias ventilatórias avançadas como a ventilação variável e o BIVENT tem se mostrado úteis em proporcionar recrutamento
pulmonar.

Descritores:Descritores:Descritores:Descritores:Descritores: Manobras de Valsava. Respiração com Pressão Positiva, Síndrome do Desconforto Respiratório do Adulto. Respiração
Artificial. Decúbito Ventral.
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