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Abstract
Intra-abdominal hypertension is increasingly recognized to be both
prevalent and clinically important in medical and surgical intensive
care units. Intra-abdominal pressure (IAP) can impact organ
function throughout the body, and it can also complicate standard
measurements used in intensive care units. The article by Krebs
and colleagues reports the effect of IAP on respiratory function,
gas exchange and hemodynamic function. Their results show a
relatively small effect of modestly elevated IAP on these variables in
their patient population. However, their work raises several
questions for clinicians and researchers regarding the patho-
physiology and management of IAP.

In the previous issue of Critical Care, Krebs and colleagues
systematically studied the effects of intra-abdominal hyper-
tension (IAH) on cardiopulmonary function [1]. Such studies
are very much needed for a number of reasons. Traditionally,
trauma surgeons witnessed improvements in urinary output
following laparatomy; but medical intensivists were slower to
appreciate the importance of intra-abdominal pressure (IAP).
IAH is highly prevalent, however, in both surgical and medical
intensive care units [2], although the causes may differ. IAH
may become an even greater issue in the medical intensive
care unit with the obesity pandemic, since body mass index is
the best independent predictor of IAP [2].

Furthermore, several studies have shown that IAH has prog-
nostic importance through effects on both intra-abdominal
and intrathoracic organ function [3]. That is, increased IAP
causes pleural pressure elevations that affect cardio-
pulmonary function [4]. Hepatic and renal compromise has
been reported, presumably through compression of venules.
We have previously observed patients with presumed
hepatorenal syndrome (a diagnosis with ostensibly up to
100% mortality) who were markedly improved by lowering

IAP via paracentesis, suggesting IAH as a cause for their
renal failure [5]. In addition, marked elevations in intracranial
pressure have been observed with increasing IAP,
presumably through reductions in venous return from the
head [6]. Beyond these end organ effects, elevations in IAP
can also impact measurement of respiratory and hemo-
dynamic parameters [7]. For example, the central venous
pressure – typically measured with reference to atmosphere –
can be elevated in patients with IAH. These elevated values
of central venous pressure do not reflect excess preload,
however, but instead reflect external compression of the right
atrium (by elevated pleural pressure in the setting of IAH) that
raises central venous pressure even with very little volume
within the atrium. Based on the appreciation of the
importance of IAP, there is now renewed interest in the
measurement of intrathoracic pressure.

How to incorporate these pressure measurements into
clinical practice raises several issues. First, the use of
esophageal pressure to estimate pleural pressure has been
questioned [8], since elevated values were presumed to be
an artifact of cardiac weight. Sustained elevations in pleural
pressure would imply negative transpulmonary pressure
(classically defined as airway opening pressure minus pleural
pressure [9]), which some individuals have argued cannot
occur. These negative values (pleural pressure in excess of
the airway opening pressure) are routinely seen during forced
exhalation, however, and are commonly observed with the
development of atelectasis, airway closure, alveolar flooding
and/or expiratory flow limitation [10].

Second, the slope of a pressure–volume curve reflects the
compliance (or elastance) of the respiratory system, regard-
less of the position of the curve [11]. That is, we have
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observed normal respiratory system compliance in obesity,
despite markedly shifted curves (baseline pleural pressure
elevations but a normal slope) [10,12,13]. Both the slope and
the pressure intercept of the pressure–volume curve are
therefore needed to define the mechanical behavior of the
respiratory system.

Third, the transmission of IAP to the thorax may depend on
the disease state and/or chronicity. As such, it is unknown
whether acute elevations in IAP (as seen in trauma or surgical
intensive care unit patients) would have the same impact on
intrathoracic pressures as would chronic elevations (due to
obesity or cirrhosis with ascites, for example), since
diaphragm remodeling may occur over time [14]. Moreover, in
nonparalyzed patients, ongoing diaphragmatic activity could
attenuate pressure transmission from the abdomen to the
thorax. Careful attention to these physiological issues is
required when examining the clinical literature.

In their study, Krebs and colleagues report minimal effect of
IAP on respiratory function, gas exchange, and hemodynamic
function. The findings are very interesting and somewhat
surprising. The lack of observed effect of IAP on pleural
pressure may reflect the relatively modest elevations in IAP. In
addition, given that these IAH patients were primarily surgical
and were relatively lean (by US standards), the findings may
have been different in more obese patients with more marked
and sustained elevations in abdominal (and thus pleural)
pressure. In addition, we are unclear as to whether ongoing
diaphragmatic activity was present in this study – which may
have increased the tension across the diaphragm and
perhaps minimized the influence of IAP on pleural pressure.

These results raise some important issues. For the clinician,
the take-home message from the present paper might be that
the correlation between IAP and pleural pressure is poor
within the range studied, necessitating direct measurement of
intrathoracic pressure if this value is required. Further work
will be necessary to determine the utility of these measure-
ments in influencing patient outcome, particularly in patients
with acute respiratory distress syndrome [15,16]. In the
Krebs and colleagues study population, more marked IAP
elevations may be required to have an important clinical
impact. For the scientist, careful studies on diaphragm
remodeling in the setting of obesity and critical illness would
be of interest. In addition, regional variations in pleural
pressure and their influences on local pulmonary mechanics
should be assessed. Finally, although cardiac weight has only
a minor effect on esophageal pressure measurements in
normal subjects [17], further validation of these techniques in
critically ill patients would be of interest.
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