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Introduction: The purpose of this study was to eva-
luate changes in hepato-splanchnic perfusion and
organ function in cardiac surgery patients and to
further re-assess the findings in animals. Cardiac
surgery patients served as a model of the adaptation
of tissue perfusion to increasing demand due to pos-
toperative rewarming. The monitoring tools for
splanchnic perfusion are likely to be affected by se-
veral sources of error, and it was hypothesized that
in addition to previously known sources of error,
the Haldane effect potentially also alters the results
of tonometry. The Haldane effect alters the relation-
ship between venous-arterial CO

2
 content differen-

ce and pCO
2
 gradients.

Methods: The effects of rewarming and extuba-
tion on regional (dye-dilution method) and mucosal
(tonometry) blood flow distribution; metabolism
(lactate exchange) and cellular integrity (Glutathi-
one-S Transferase A) were studied prospectively in
17 uncomplicated cardiac surgery patients. The Hal-
dane effect’s influence on regional and mucosal
pCO

2
 gradients was tested in a different group of

28 patients after cardiac surgery. In 52 pigs, the ef-
fects of low systemic blood flow, isolated mesente-
ric ischemia and reperfusion were used to study re-
gional blood flow changes (ultrasound transit time),
the hepatic arterial buffer response, and associated
changes in regional lactate metabolism and cellular
integrity.

Results: Rewarming in patients after cardiac sur-
gery was associated with blood flow redistribution
to peripheral tissues despite high splanchnic oxy-
gen extraction. Liver function was not impaired and
cellular integrity was not disturbed. In more than
half of patients after cardiac surgery, increases in
gastric mucosal-arterial pCO

2
 gradients despite in-
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creases in total hepato-splanchnic blood flow could
be explained by decreased oxygen extraction (the
Haldane effect) and metabolic changes. Moderate
cardiac tamponade was associated with increased
hepatic arterial blood flow, whereas hepatic arterial
blood flow decreased during prolonged tamponade.
During mesenteric ischemia, both celiac trunk and
hepatic arterial blood flow increased. The hepatic
arterial buffer response was exhausted during tam-
ponade and mesenteric ischemia, and recovered only
partially during reperfusion. The hepatic lactate
uptake decreased during tamponade but increased
during mesenteric ischemia, thus preventing syste-
mic hyperlactatemia.

Conclusions: Signs of tissue perfusion after car-
diac surgery and extracorporeal bypass are not asso-
ciated with functional consequences in hemodyna-
mically stable patients. In these patients, the Hal-
dane effect may explain increasing mucosal-arterial
pCO

2
 gradients despite preserved or increased mu-

cosal perfusion. Mesenteric ischemia and low syste-
mic perfusion in pigs abolishes the hepatic arterial
buffer response. The capability of the liver to inc-
rease lactate uptake is preserved during mesenteric
ischemia and exceeded during low systemic blood
flow. The unchanged hepatic but increasing prehe-
patic Glutathione-S Transferase A exchange during
tamponade suggests cellular damage in splanchnic
organs other than the liver.
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