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COMMENTARY
Diaphragmatic dysfunction in the intensive care
unit: caught in the cross-fire between sepsis and
mechanical ventilation
Basil J Petrof
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Abstract

Accumulating evidence indicates that diaphragmatic
weakness is common and frequently severe in
mechanically ventilated patients. Supinski and Callahan
now report that infection is a major risk factor for
diaphragmatic weakness in this patient population.
Importantly, they show that patients with the greatest
levels of diaphragmatic dysfunction have a much
poorer prognosis in terms of more prolonged
ventilation as well as higher mortality. Mechanical
ventilation itself has also been found to induce
diaphragmatic weakness along with cellular changes
resembling those found in sepsis. Future studies should
be directed at understanding the interaction between
sepsis and mechanical ventilation, and to developing
therapeutic approaches that target their common
cellular pathways implicated in diaphragmatic weakness.
spiratory muscle work load/capacity ratio [2,3]. Although
Mechanical ventilation is one of the most frequently
employed interventions in the intensive care unit (ICU).
Although it is a life-saving measure, much time and effort
is spent in trying to wean patients from the ventilator as
quickly as possible, since mechanical ventilation is also a
cause of numerous complications. In a recent issue
of Critical Care, Supinski and Callahan [1] report that
infection is a significant risk factor for diaphragmatic
weakness and failure to wean patients from mechanical
ventilation. The authors employed state of the art
methods (transdiaphragmatic pressure measurements dur-
ing bilateral magnetic stimulation of the phrenic nerves),
and found that patients with evidence of infection had less
than half the diaphragmatic pressure-generating ability of
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uninfected patients. In addition, patients with the most
severe diaphragmatic weakness had a markedly worse
prognosis. This consisted not only of a more prolonged
need for ventilator support, but was also reflected in sub-
stantially higher mortality. Indeed, diaphragmatic function
appeared to be a better prognostic indicator than other
more conventional indices of critical illness severity, such
as the Sequential Organ Failure Assessment score. Inter-
estingly, the treating physicians in the ICU dramatically
underestimated (in 90% of patients) the degree of
diaphragmatic weakness present in their mechanically
ventilated patients.
These findings should be an eye opener for practicing

clinicians. They point to a need for greater awareness of
the very high prevalence of diaphragmatic weakness in
mechanically ventilated patients. The inability to success-
fully wean patients from mechanical ventilation has been
closely linked to an unfavorably elevated level of the re-

great emphasis is appropriately placed upon reducing the
numerator in this relationship through attempts at
improving respiratory system mechanics, the denominator
(reflecting respiratory muscle function) is more difficult to
assess and often neglected. Nevertheless, several studies
have now shown that diaphragmatic weakness is common
and frequently profound in mechanically ventilated
patients [4-6], although the precise reasons for this are
not well understood.
Based upon the fact that even uninfected patients in

the study by Supinski and Callahan exhibited a large
decrease (to approximately 50% of normal values) of
diaphragmatic force-generating capacity, it seems clear
that a major component of the diaphragmatic weakness
observed in mechanically ventilated patients must be
caused by additional factors other than infection. In this
regard, another recent study reported that diaphragmatic
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weakness was present on the very first day of admission
to the ICU in patients requiring mechanical ventilation
for a variety of conditions, including, but not limited to,
sepsis [7]. The study by Supinski and Callahan did not
specifically evaluate the time course for developing
diaphragmatic dysfunction, either from the time of ICU
admission and initiation of mechanical ventilation, or
from the onset of infection. When taken together, how-
ever, the above studies strongly suggest that diaphrag-
matic dysfunction constitutes a distinct, common, and
under-recognized form of organ failure that occurs with
many types of critical illness, and especially during sepsis.
The results of these studies in ICU patients are also

consistent with a large body of data from different animal
models, which have consistently demonstrated impaired
diaphragmatic function during sepsis [8]. There is limited
information about the impact of mechanical ventilation
upon sepsis-induced diaphragmatic dysfunction, but the
interaction between the two appears to be complex.
Although mechanical ventilation may mitigate the adverse
effects of sepsis upon diaphragmatic function and oxygen
demand to the muscle very early in its course [9], there
are several reasons to believe that mechanical ventilation
will either worsen or impede recovery from sepsis-
induced diaphragmatic dysfunction over the longer term.
In this regard, mechanical ventilation itself leads to dia-
phragmatic atrophy and weakness in non-septic animals
and humans, a phenomenon referred to as ventilator-
induced diaphragmatic dysfunction (VIDD) [10]. Further-
more, sepsis-induced diaphragmatic dysfunction and
VIDD appear to share many of the same pathogenetic
mechanisms, such as increased oxidative stress and
mitochondrial dysfunction within diaphragm muscle fi-
bers [11]. Therefore, the combination of sepsis and VIDD
could create a ‘perfect storm’, with mechanical ventilation
either exacerbating the magnitude of diaphragmatic weak-
ness caused by infection or slowing the subsequent recov-
ery of diaphragmatic function once sepsis has resolved.
Further studies will be required to specifically address
these questions, and there is a clear need for novel thera-
peutic approaches that can either reverse or limit the
development of diaphragmatic weakness in mechanically
ventilated patients. The presence of common cellular
mechanisms implicated in sepsis-induced diaphragmatic
dysfunction and VIDD raises the possibility that pharma-
cologic agents directed at their shared molecular targets
might be effective therapies for both conditions.
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