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Abstract

Intra-abdominal hypertension is frequent in surgical
and medical critically ill patients. Intra-abdominal
hypertension has a serious impact on the function of
respiratory as well as peripheral organs. In the presence
of alveolar capillary damage, which occurs in acute
respiratory distress syndrome (ARDS), intra-abdominal
hypertension promotes lung injury as well as edema,
impedes the pulmonary lymphatic drainage, and
increases intra-thoracic pressures, leading to atelectasis,
airway closure, and deterioration of respiratory
mechanics and gas exchange. The optimal setting of
mechanical ventilation and its impact on respiratory
function and hemodynamics in ARDS associated

with intra-abdominal hypertension are far from being
assessed. We suggest that the optimal ventilator
management of patients with ARDS and intra-
abdominal hypertension would include the following:
(a) intra-abdominal, esophageal pressure, and
hemodynamic monitoring; (b) ventilation setting with
protective tidal volume, recruitment maneuver, and
level of positive end-expiratory pressure set according
to the ‘best’compliance of the respiratory system or the
lung; (c) deep sedation with or without neuromuscular
paralysis in severe ARDS; and (d) open abdomen in
selected patients with severe abdominal compartment
syndrome.

Those who fight monsters should take care not to become a

monster himself. And if you look into an abyss, the abyss
will look into you.

- ‘Beyond Good and Evil:

Prelude to a Philosophy of the Future,

Friedrich Nietzsche
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The study by Regli and colleagues [1] in the previous
issue of Critical Care reports the effects of different levels
of positive end-expiratory pressure (PEEP) on respiratory
function and hemodynamics in an animal model of acute
respiratory distress syndrome (ARDS) associated with
intra-abdominal hypertension (IAH). IAH is highly
prevalent in critically ill patients and has a serious impact
on the function of the lungs and peripheral organs [2]. In
the presence of alveolar capillary membrane damage,
IAH promotes lung injury [3] as well as edema and
increases intra-thoracic pressures, leading to atelectasis,
airway closure, and deterioration of gas exchange [4].

Regli and colleagues [1] reported an increase of end-
expiratory lung volume and gas exchange, with a reduc-
tion of pulmonary shunt and dead space fraction when
intra-abdominal pressure (IAP)-matching PEEP was
applied. Although high IAP-matching PEEP decreased
cardiac output, moderate IAP-matching PEEP provided a
compromise between lung function and hemodynamics.
In an experimental model of IAH in normal animals, the
same authors showed that PEEP level matched to IAP did
not improve oxygenation but reduced cardiac output [5].

The optimal setting of mechanical ventilation in ARDS
with TAH has not been assessed yet. As a consequence,
the hemodynamics and respiratory effects of mechanical
ventilation in these patients cannot be predicted.

A protective ventilation strategy with a low tidal volume
(6 mL/kg ideal body weight) and an airway plateau
pressure of below 30 cm H,O improves survival in
patients with ARDS [6]. On the other hand, low tidal
volume may lead to alveolar de-recruitment in the
presence of ARDS associated with IAH. The effect of
tidal volume in IAH depends on the degree of inspiratory
trans-pulmonary pressure that is usually reduced because
of cephalic shift of the diaphragm. Recently, Santos and
colleagues [3] showed that, in extra-pulmonary ARDS
with TAH, high tidal volume (10 mL/kg ideal body
weight) decreased atelectasis and inflammatory response
of the lung tissue and improved oxygenation by
increasing end-inspiratory trans-pulmonary pressure.

Recruitment maneuvers in patients with ARDS may
have a beneficial effect on the respiratory function [7]. In
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the presence of IAH and increased chest wall elastance,
the inspiratory pressure of the respiratory system applied
during recruitment maneuver should be higher than
usually applied, in order to achieve an inspiratory trans-
pulmonary pressure that is large enough enough to
reopen collapsed alveoli.

The study by Regli and colleagues [1] shows that the
PEEP setting based simply on IAP could have a negative
impact on hemodynamics. Previous clinical studies
reported different results on the role of PEEP in ARDS
patients with IAH. Krebs and colleagues [8] showed
similar beneficial effects of PEEP on gas exchange and
alveolar recruitment in ARDS patients with or without
IAH. Gattinoni and colleagues [9] showed that the effects
of PEEP on alveolar recruitment were more beneficial in
patients with extra-pulmonary as compared with pulmo-
nary ARDS. However, independently of IAH, both
studies found that the ‘optimal’ PEEP should be selected
according to the ‘best’ elastance of the respiratory system
and the lung. Higher PEEP in the presence of IAH
markedly increases pleural pressure, negatively affecting
cardiovascular function [10] and impeding the lymphatic
drainage [11]. It is likely that, in cases in which higher
PEEP levels are required, the open abdomen might be
considered, according to patient’s clinical condition [12].
The prophylactic use of the open abdomen technique
should be reserved for surgical patients with a high risk
of abdominal compartment syndrome and death [13].

In patients with severe ARDS and IAH, the prone
position could be used to reduce the cranial diaphrag-
matic load [14], even if prone positioning may induce a
mild elevation in IAP or ameliorate or exacerbate IAH
[15] and may be difficult to apply in patients with transi-
ently open abdomen treatment. Finally, experimental
evidence suggests that assisted ventilation should be
cautiously applied in the presence of mild or severe
ARDS associated with TAH [12].

In conclusion, we suggest that the optimal ventilator
management of patients with ARDS and IAH would
include the following: (a) intra-abdominal, esophageal
pressure, and hemodynamic monitoring; (b) ventilation
setting with protective tidal volume, recruitment
maneuvers, and PEEP level set according to the ‘best’
compliance of the respiratory system or the lung; (c) deep
sedation with or without neuromuscular paralysis in
severe ARDS; and (d) open abdomen in selected patients
with severe abdominal compartment syndrome.
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ARDS, acute respiratory distress syndrome; IAH, intra-abdominal hypertension;
IAP, intra-abdominal pressure; PEEP, positive end-expiratory pressure.
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