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Inducible metabolic pathway for citrate

metabolism in case of major liver
dysfunction: fact or fiction?
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With interest, we read the paper published by Klingele
et al. [1] in a recent issue of critical care.
Because citrate metabolism is oxygen dependent via

the citric acid cycle and therefore mainly takes place in
organs with high amounts of mitochondria, such as the
liver, kidney, or muscle [1], they hypothesized that ad-
equate citrate metabolism must be possible outside the
liver, implying an inducible metabolic pathway. They
postulate that disturbed microvascular circulation could
cause altered hepatic function, resulting in the associ-
ation of impaired liver function and citrate
accumulation.
In neonates with mitochondrial cytopathy [2], the cit-

ric acid cycle does not function properly and therefore
anticoagulation with citrate is contraindicated. We re-
port two cases of neonates suffering from mitochondrial
cytopathy in whom unfractionated heparin was stopped
because of bleeding complications. Circuit half-lives
without anticoagulation were short (8 h). To remedy
this, it was decided to introduce citrate slowly but pro-
gressively, increasing the dose, monitoring for accumula-
tion every 2 h. After 96 h, the two neonates were able to
metabolize citrate despite citric acid cycle dysfunction,
inferring activation of the inducible pathway.
It is well known that in all cells, citrate can be metabo-

lized within the Cori cycle (tricarboxylic acid cycle) [1].
It describes the linked metabolic pathways by which
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muscles, even in the absence of oxygen, remain capable
of functioning, producing lactate. It is activated both by
citrate [2] and adrenaline, the latter leading to the pro-
duction of lactate [3]. The muscles normally combine
glucose with oxygen to generate energy. In anaerobic
circumstances, lactate is produced which is synthesized
by the liver through gluconeogenesis, the process of glu-
cose production from non-carbohydrate components.
In the setting of citrate anticoagulation, with disturbed

microvascular circulation causing altered hepatic func-
tion and citrate accumulation [1], it is also our experi-
ence that lactate better reflects citrate accumulation
than calcium ratio and liver dysfunction itself. However,
in a recent review, Schneider et al. concluded the oppos-
ite [4]. For them, lactate elevation is not secondary to
citrate accumulation but due to a common primary
process impairing the tricarboxylic acid cycle, reducing
citrate metabolism, and limiting pyruvate metabolism
leading to lactate generation [4]. The liver citrate antic-
oagulation threshold (L-CAT) trial showed the safety of
continuous renal replacement therapy (CRRT)- citrate in
patients with severely impaired liver function [5]. We
conclude that Cori cycle is functional without oxygen [2]
and that citrate metabolism is less dependent on the
hepatic function itself and more dependent upon the
whole microcirculation of the body as suggested by Klin-
gele [1].
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Authors’ response
Matthias Klingele, Theresa Stadler, Danilo Fliser, Timo Speer, Heinrich V. Groesdonk and Alexander Raddatz
Honore and colleagues report about two neonates suffer-
ing from mitochondrial cytopathy being able to
metabolize citrate despite citric acid cycle dysfunction.
They conclude from this interesting observation that this
infers activation of an inducible pathway, and they refer
to our study [1].
We reported about long-term continuous renal re-

placement therapy (RRT) and anticoagulation with cit-
rate (RCA) in critically ill patients with severe liver
dysfunction and unexpected low rates of citrate accumu-
lation. Thus, the citrate metabolism in extrahepatic or-
gans with high amounts of mitochondria such as the
muscles was mostly sufficient to deal with the amount of
citrate delivered by CRRT with RCA. We therefore con-
cluded that a substantial extrahepatic metabolism of cit-
rate seems to exist. However, in case of disturbed
microcirculation, both hepatic and extrahepatic citrate
metabolisms were clearly disturbed [1]. In a systematic
review, Zangh et al. confirm our findings. They could
demonstrate that patients with and without liver dys-
function showed similar laboratory parameters during
CRRT with RCA, indicating a comparable citrate metab-
olism in patients with and without liver dysfunction [6].
Our hypothesis was that the risk of citrate accumula-

tion during regional citrate anticoagulation is more
dependent on microcirculation than on liver function.
Disturbed microcirculation results in elevated lactate
due to impaired organic substrate metabolism. There-
fore, lactate is a risk factor for impaired citrate metabol-
ism. This is supported by Khadzhynov and colleagues
[7]. However, they suggest that lactate kinetics rather
than initially elevated lactate concentration should be
considered in assessing the risk of citrate accumulation.
Honore and colleagues agree that disturbed micro-

vascular circulation and lactate are a hint for citrate ac-
cumulation and that extrahepatic citrate metabolism
explains why CRRT with RCA in case of liver dysfunc-
tion not necessarily results in citrate accumulation.
Moreover, they suggest an inducible pathway which can
be activated despite mitochondrial cytopathy and citric
acid cycle dysfunction. This is an interesting and novel
approach, being able to explain why hepatic function
may be less important for citrate metabolism in CRRT
with RCA than previously thought.
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