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Abstract

In the general population, obesity is associated with
an increased mortality risk, whereas several
epidemiological studies demonstrated a protective
effect of obesity in critically ill patients. In this context,
Sleeman and colleagues investigated the effects of
obesity on kidney function in a well-established porcine
model of cardiopulmonary bypass. The authors confirm
literature data that obesity per se is associated with a
chronic hyper-inflammatory status. Nevertheless, obese
swine undergoing the surgical procedure presented
with attenuated kidney dysfunction and tissue apoptosis.
The authors suggest that the chronic inflammation
causes pre-conditioning against excessive acute
hyper-inflammation. The authors have to be commended
for using a long-term, clinically relevant model that,
moreover, addresses a variety of putative mechanisms.
The study is discussed in the context of the controversial
findings that, in contrast to the existing literature on
improved survival, most studies available suggest a
higher incidence and severity of acute kidney injury in
obese patients when compared with lean controls.
higher body mass was associated with increased morbidity
In a recent issue of Critical Care, Sleeman and colleagues
[1] reported on the effects of obesity on kidney inflamma-
tion and function in swine undergoing cardiopulmonary
bypass (CPB). Animals received a lipid-rich diet over the
12 weeks prior to surgery, resulting in 10-fold higher cho-
lesteremia values and a 20% higher body weight. The main
findings were that (i) CPB per se impaired kidney function,
and (ii) pre-existing obesity attenuated kidney dysfunction
on the day after the intervention. This organ-protective
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property of pre-operative obesity coincided with (iii) im-
proved post-CPB renal arterial vasodilatory response to
acetylcholine stimulation, (iv) better preservation of tissue
nucleotide concentrations, and (v) attenuation of apop-
tosis. Interestingly, obesity per se was associated with an
increased tissue expression of both endothelin and the in-
ducible isoform of the nitric oxide synthase (iNOS). How-
ever, the CPB-related increase in endothelin and iNOS
expression in lean swine was attenuated in obese animals.
The authors conclude that the obesity-related pre-existing
inflammation had ‘pre-conditioning’ effects against
ischemia/reperfusion (I/R) injury, which may explain
the ‘obesity paradox’ observed both in unselected ICU
populations [2,3] and after cardiac surgery [4].
What is the ‘obesity paradox’? In contrast to the de-

creased life expectancy in the general population, over-
weight and obesity are associated with a reduced risk of
ICU death. Nevertheless, this concept is still a matter of
debate, owing in large part to methodological limitations
of the existing data. When baseline characteristics and
therapeutic interventions were corrected for, no associ-
ation between obesity and improved outcome was present
in patients with septic shock [5]. After blunt trauma,

[6]. The relationship between obesity and acute kidney in-
jury (AKI) is particularly intriguing: obesity per se not only
is a risk factor of chronic kidney disease but also was dir-
ectly related to the frequency and severity of AKI in surgi-
cal [7,8] and ICU [9] populations. Finally, equivocal data
are available on the effect of obesity on the inflammatory
response: both depressed and aggravated cytokine profiles
were reported after trauma [10] and during sepsis [11],
respectively.
What do we learn from the study by Sleeman and col-

leagues? First of all, although some interventions may
not represent current clinical standards (for example,
maintaining anesthesia with halothane and nitrous oxide
or high tidal ventilation using very short inspiration
times), the authors have to be commended for using a
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long-term, clinically relevant large-animal model. Fur-
thermore, various sophisticated analytical methods
allowed mechanistic issues to be addressed. Neverthe-
less, several issues remain open. Clearly, beneficial ef-
fects of pre-procedural hyper-inflammation may be
outweighed by an excess hyper-inflammatory response
during circulatory depression; Duburcq and colleagues
[12] reported that endotoxin caused a more pronounced
cardio-circulatory depression in obese swine than in
lean controls, and this depression coincided with more
severe lactic acidosis, coagulopathy, and twofold pro-
inflammatory cytokine blood levels. Furthermore, the
present data on kidney function are intriguing; high fat-
fed animals presented with a 50% higher creatinine
clearance on the day after CPB, whereas plasma creatin-
ine levels did not differ. It is well established that cre-
atinine clearance and plasma creatinine may show only
a poor correlation in swine, since in this species some
basal tubular creatinine secretion is present. However,
the authors also report that, on the day after, CPB urinary
concentrations of the neutrophil gelatinase-associated lipo-
calin (NGAL) did not differ between obese and lean ani-
mals. Immediately after CPB, obese swine even showed
significantly higher urinary NGAL concentrations. Sleeman
and colleagues refer to NGAL as a marker of inflammation
rather than glomerular or tubular damage (or both), but
other authors showed that NGAL mirrors AKI in swine
[13]. This issue cannot be further elucidated; unfortunately,
data on kidney histology or NGAL immunohistochemistry
are unavailable. Another striking finding is that the obese
swine required nearly threefold higher peri-operative vaso-
pressor doses to maintain target values for mean blood
pressure; it remains open whether this is due to the re-
duced tissue endothelin concentration, since the lower
iNOS expression in the obese animals would have sug-
gested the opposite effect. Finally, it must be emphasized
that the authors investigated young female Large-White-
Landrace crossbred pigs that had undergone 3 months of
high-fat feeding (in other words, ‘obese adolescents’ that
mostly likely had not developed long-term consequences
of obesity and hypercholesteremia). Adult minipigs of the
same size can more closely mirror the typical patient
undergoing cardiac surgery; prolonged feeding with a
similar diet not only causes comparable hypercholester-
emia but also is associated with other characteristics of
the ‘metabolic syndrome’ (that is, arterial hypertension
and impaired glucose utilization, ultimately leading to
ubiquitous atherosclerosis) [13]. Moreover, similar to
patients with vascular disease, this swine strain shows
increased oxidative stress and reduced endogenous
nitric oxide (NO) production [13]. Under these condi-
tions, obesity-related hyper-inflammation might even
cause aggravated organ injury response rather than
beneficial pre-conditioning against stress conditions.
Regardless of the role of obesity for morbidity and mor-
tality, which mechanisms are responsible for the authors’
findings? Sleeman and colleagues analyzed a variety of
possible players involved in obesity and inflammation: the
endothelial and inducible isoforms of the NO synthase,
endothelin, the nuclear transcription factor-kappa-B, and
the hypoxia-inducible factor 1 alpha. However, data on
changes in adiponectin concentrations are not reported.
In morbidly obese subjects and patients with sepsis, the
fall in adiponectin plasma levels and cytokine profiles were
similar [14], and pro-inflammatory cytokine concentra-
tions were inversely related to adiponectin concentrations
in infants after cardiac surgery [15]. Intracoronary adipo-
nectin injection attenuated organ damage during porcine
myocardial I/R injury [16]. Nevertheless, controversial
data are available on the role of adiponectin during AKI;
both protective [17] and deleterious [18] effects during
kidney I/R injury were reported. Consequently, assessment
of overall or high-molecular-weight adiponectin expres-
sion (or both) would certainly have added interesting in-
formation to the study.
In conclusion, Sleeman and colleagues provide an inter-

esting hypothesis on possible mechanisms of the obesity
paradox. As is often the case with such experiments, the
results raise more questions than they answer.
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