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Leroy et al. recently published a propensity
score-matched cohort study comparing regional citrate
anticoagulation (RCA) and heparin anticoagulation dur-
ing intermittent hemodialysis in intensive care unit (ICU)
patients [1]. The study reports their experience in intro-
ducing RCA for intermittent hemodialysis in the ICU
setting. The procedures were performed by intensivists
with regular dedicated training. They observed compara-
ble dialysis efficacy but a significantly higher number of
circuit clotting (12.9% vs. 2.4%, p=0.02) and interrup-
tions due to high transmembrane pressure (21% vs. 7%,
p=0.02), resulting in premature termination of>30% of
RCA sessions [1]. In adjusted propensity analysis, RCA
was also associated with an increased risk of circuit clot-
ting (absolute difference=0.10, 95% CI [0.03-0.18],
p=0.008) [1]. This observation is in contrast to what has
been observed in several studies with continuous meth-
ods (CRRT). Better circuit life-time in RCA-CRRT is
also the reason, why RCA is recommended as the first-
line anticoagulation method for CRRT in the KDOQI
guidelines.

In general, there are two setups for RCA, depending on
how calcium is substituted. While protocols initially used
a calcium-free dialysate and a separate calcium infusion,
later protocols were developed with a calcium-containing
dialysate, claiming simplicity and safety. Simplicity results
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from using a “regular’, calcium-containing dialysate and
omission of routine calcium infusion. Better safety results
from reduced likelihood of inadvertent severe hypocal-
cemia. Both are questionable, as additional calcium by
separate infusion is necessary in 3.4% [2] to 8% [1] of
sessions with calcium-containing dialysate, therefore,
monitoring of ionized calcium remains mandatory. Even
with the simplicity and safety of procedure performed
by intensivists in mind, the use of calcium-containing
dialysate is, therefore, questionable.

In their study [1], the authors used RCA protocol with
calcium-containing dialysate and adequately discuss clot-
ting problems in light of commonly used 1.5 mmol/L
calcium dialysate. We have shown very nicely in a small
randomized study in chronic hemodialysis that, as com-
pared to calcium-free dialysate, even a 1.25 mmol/L
calcium dialysate was associated with an unacceptably
common venous line exchange due to venous bubble-
trap clotting (24%) and premature procedure termina-
tion (16%) [3], results similar to the present study [1] and
to what is reported for heparin-free dialysis. As we have
shown, this results from insufficiently low ionized cal-
cium in the venous part of circuit (0.63£0.11 mmol/L),
as a result of calcium-influx from dialysate, despite
optimal pre-dialyzer values (0.2440.05 mmol/L) [3].
When calcium-containing dialysate is used, calcium
should be low (1.25 mmol/l) and the citrate dose should
be increased (approx. 4 mmol/l of blood); with this
setup>97% success rate was reported [2]. However,
the optimal way that ensures excellent anticoagulation
throughout the circuit probably includes a sufficient
dose of citrate (approx. 3 mmol/L of blood, equivalent
to approx.<0.30 mmol/L ionized calcium), providing
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anticoagulation up to the middle of the dialyzer, where
most of citrate is removed, and a calcium-free dialysate,
which enables persistence of severe hypocalcemia and
efficient anticoagulation in the venous part of the circuit
[3, 4]. Our experience with such setup also in ICU setting
suggests both an excellent safety profile along with a high
efficiency; our experience is not published, but excel-
lent safety and efficacy results were published by Apsner,
although in chronic hemodialysis population [4].

Recently, an innovative method for performing regional
anticoagulation has been described in which anticoagu-
lation is achieved by lowering ionized calcium using a
calcium-free dialysate containing a low concentration of
citrate without a separate citrate infusion [5]. As we have
already discussed in our comment on the original article,
although a low concentration of citrate in the dialysate
might contribute slightly to the anticoagulant effect in
the venous part of the circuit, we believe that it is the
diffusion of calcium against the calcium-free dialysate
which mostly contributes to severe post-filter hypocal-
cemia. Therefore, this new protocol also highlights the
importance of using calcium-free dialysate for efficient
anticoagulation.

Regarding the safety of using calcium-free dialysate, it
should be emphasized that although data from chronic
hemodialysis show very good safety [4], this remains to
be confirmed in the more vulnerable ICU population.
Although some authors claim that calcium monitor-
ing is not necessary in some settings [5], we consider it
mandatory to exclude human error in preparing calcium
infusion or mixing arterial and venous lines, which rarely
does occur and can lead to severe hypocalcemia with
potentially fatal consequences.

To conclude, the use of calcium-containing dialysate
with RCA often results in unacceptably high rates of cir-
cuit failure. To achieve excellent biocompatibility and cir-
cuit patency commonly and rightly attributed to RCA, it
should be performed in an optimal setup which, in our
opinion, includes a citrate infusion and a calcium-free
dialysate, providing anticoagulation throughout the cir-
cuit. This setup is common in maintenance dialysis and
we propose its efficacy and safety is tested also in ICU
setting.
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