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Abstract 

Continuous renal replacement therapy (CRRT) is widely used for treating critically‑ill patients in the emergency 
department in China. Anticoagulant therapy is needed to prevent clotting in the extracorporeal circulation during 
CRRT. Regional citrate anticoagulation (RCA) has been shown to potentially be safer and more effective and is now 
recommended as the preferred anticoagulant method for CRRT. However, there is still a lack of unified standards for 
RCA management in the world, and there are many problems in using this method in clinical practice. The Emergency 
Medical Doctor Branch of the Chinese Medical Doctor Association (CMDA) organized a panel of domestic emergency 
medicine experts and international experts of CRRT to discuss RCA‑related issues, including the advantages and 
disadvantages of RCA in CRRT anticoagulation, the principle of RCA, parameter settings for RCA, monitoring of RCA 
(mainly metabolic acid–base disorders), and special issues during RCA. Based on the latest available research evidence 
as well as the paneled experts’ clinical experience, considering the generalizability, suitability, and potential resource 
utilization, while also balancing clinical advantages and disadvantages, a total of 16 guideline recommendations were 
formed from the experts’ consensus.
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Background
Due to limited resources of critical therapy could not 
fully meet growing medical requirements in China, some 
continuous renal replacement therapy (CRRT) treat-
ments for emergent and critically-ill patients had to be 
performed in emergency departments. For the success of 
these CRRT treatments, anticoagulant therapy was essen-
tial, which was needed to prevent clotting in the extra-
corporeal circulation during CRRT. Previously systemic 
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heparin anticoagulation (SHA) had been the most widely 
used anticoagulation method for CRRT. However, SHA 
had many contraindications in emergent and critically-ill 
patients and also had a high complication rate limiting its 
application, e.g., hemorrhage or heparin induced throm-
bocytopenia (HIT). Therefore, some new anticoagulants 
and methods had been explored and developed, which 
included regional citrate anticoagulation (RCA). After 
nearly a decade of clinical practice, RCA had been shown 
to be safer and more effective than SHA and was now 
recommended as the preferred anticoagulant method for 
CRRT [1]. RCA was increasingly used in CRRT by emer-
gency physicians in China. However, treatments failure 
and complications often occurred due to the lack of uni-
fied management guidelines in the world and inappropri-
ate therapy in clinical practice, leading to the difficulty 
of wide application and popularization for RCA therapy. 
Therefore, it is necessary to develop standardized man-
agement guidelines for RCA therapy in China and around 
the world. In order to provide the latest clinical practice 
guidance, the Emergency Medical Doctor Branch of the 
Chinese Medical Doctor Association (CMDA) organized 
a panel of domestic emergency medicine experts and 
international experts to discuss RCA-related issues, and 
formed guideline recommendations from the experts’ 
consensus based on the latest available research evidence 
as well as the paneled experts’ clinical experience.

Methods
This guideline was initiated and developed by the 
Emergency Medical Doctor Branch of the CMDA and 
it had been registered on the Practice Guideline Reg-
istration for Transparency (PREPARE, http:// www. 
guide lines- regis try. org) with the registration num-
ber of PREPARE-2021CN332. The guideline develop-
ment group was composed of consensus expert group, 
in which two of them as secretary group and three 
consultant experts outside China, with 45 members. 
Experts with abundant experience in the application 
of RCA were selected, which were representative of 
regions and disciplines, covering emergency medi-
cine, critical care medicine and guideline methodol-
ogy, etc. Their main responsibilities were to screen 
relevant documents and gradually refine guideline rec-
ommendations. The secretary group was responsible 
for the organization, coordination and management of 
experts seminar, as well as proofreading of the guide-
line recommendations.

This guideline focused on the clinical management 
of RCA during CRRT. The English literature related to 

clinical management of RCA retrieval was based on a 
broad search of the PubMed, Medline and Cochrane 
databases, mainly from January 1960 to March 2023. 
The search terms were “continuous renal replace-
ment therapy”, “CRRT”, “anticoagulation”, “regional cit-
rate anticoagulation”, “RCA”, “citrate” and “Emergency 
Department”, combined with “AND” and “OR”. Chinese 
literature retrieval was performed on the CNKI, Wan-
fang and VIP databases.

The members of the expert group were divided into 
different fields, and according to the predetermined 
scope, the recommendations related to key clinical 
question, evidence and interpretation were initially 
drawn up. The core members of the expert group inte-
grated the documents and wrote the full text of the 
guideline. The secretary group summarized the recom-
mendations by organizing 22 discussions and revisions 
with the expert group members through online meet-
ings. For each recommendation, the Delphi survey was 
conducted among all members of the consensus expert 
group by questionnaire survey. The total number of 
experts surveyed was 42. The design and content of 
the questionnaire were completed by the members of 
the secretary group, and were reviewed and published 
by the members of the expert group. The questionnaire 
mainly included the Likert scale score for each recom-
mendation and the comments and suggestions area 
that could be filled in freely. For each recommendation, 
experts used the Likert scale to score, with a full score 
of 7 points, 7 points for very agree, 6 points for agree, 5 
points for general agree, 4 points for uncertain, 3 points 
for not very agree, 2 points for disagree, and 1 point for 
completely disagree. The consensus setting: for a single 
recommendation, if more than 75% of experts with a 
score of ≥ 6 points, the experts reached a consensus for 
this recommendation. A total of 16 proposed recom-
mendations had been reached consensus. Consensus 
strength for each recommendation was marked with 
“agreement degree”. Agreement degree = experts with 
score ≥ 6/total number of experts participating in the 
evaluation × 100%.

Finally, corresponding tools were used to evaluate the 
quality of the study and determine the documentary evi-
dence. Based on the quality of evidence, the Grading of 
Recommendations Assessment, Development and Evalu-
ation (GRADE) guidelines [2], and considering the gen-
eralizability, suitability, and potential resource utilization, 
while also balancing clinical advantages and disadvan-
tages, levels of evidence and strengths of recommenda-
tion were established (Table 1).

http://www.guidelines-registry.org
http://www.guidelines-registry.org
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Recommendation statements for management of RCA 
during CRRT 
Advantages of RCA in CRRT anticoagulation therapy

Recommendation 1 RCA is recommended as the pre-
ferred anticoagulation method for emergent and criti-
cally-ill patients receiving CRRT if without contraindi-
cation. (Agreement degree: 92.9%, Evidence quality I, 
Recommendation strength A).

Remarks

SHA was once the standard anticoagulation for CRRT, 
which helped ensure that blood in extracorporeal circu-
lation did not coagulate. Unfortunately, SHA has many 
disadvantages, such as contraindications in patients with 
active bleeding or those with a high risk of bleeding, 
weight-based (individualized) dosing, many interactions 
affecting anticoagulant monitoring, a high incidence of 
bleeding complications, and HIT.

RCA has a longer extracorporeal circulation circuit 
lifespan than SHA. The duration of the circuit (espe-
cially the filter) is associated with many variables, such 
as a patient’s coagulation status, the location of their 
vascular access, the CRRT mode, and parameter set-
tings. Studies comparing the effects of different anti-
coagulation methods on the lifespan of the circuit have 
significant heterogeneity. A Meta-analysis of 30 studies 
comparing the effects of RCA and SHA on CRRT circuit 
lifespan showed that filter coagulation was significantly 
delayed in the RCA group compared with the SHA group 
(mean difference 15.69  h, 95%CI 9.30–22.08). In addi-
tion, a subgroup analysis of different modes also showed 
that the RCA group had a longer circuit lifespan [3]. In 
another prospective multicenter randomized controlled 
study, RCA significantly reduced system downtime in the 

first 72 h of treatment (1 h vs. 3 h), had fewer treatment 
interruptions due to coagulation (24% vs. 51%), or filter 
replacements (9% vs. 30%) when compared with SHA [4]. 
A longer filter lifespan and fewer treatment interruptions 
mean more efficient CRRT delivery [5].

Compared with SHA, RCA has a lower incidence of 
bleeding and less need for blood transfusions [6]. Two 
meta-analyses compared the incidence of bleeding dur-
ing CRRT between SHA and RCA, and showed a lower 
risk of bleeding in the RCA group (RR = 0.31, 95%CI 
0.19–0.51; RR = 0.34, 95%CI 0.17–0.65, respectively) [3, 
7]. In a study of critically-ill patients with acute kidney 
injury after cardiac surgery, RCA not only prolonged the 
filter lifespan, but also significantly reduced the need for 
transfusions compared with SHA (0.29 vs. 0.62 blood 
units/d, P = 0.017) [8]. Since blood in the CRRT extracor-
poreal circulation circuit (about 150 to 200 ml of blood) 
will often fail to return if there is clotting in the extracor-
poreal circuit or filter, it makes sense that fewer blood 
transfusions are needed with RCA compared with SHA 
[9].

Other advantages of RCA include [4, 10–12]: 1) No side 
effects such as leukopenia and thrombocytopenia associ-
ated with using heparin; 2) Citrate is a physiological sub-
stance in the body with biocompatibility advantages; 3) 
Some studies have shown that low serum calcium during 
RCA use may be beneficial to inflammatory responses; 4) 
Due to the lower filter replacement ratio, there may be a 
better total cost/benefit for using RCA.

Nevertheless, strong evidence about the impact of RCA 
vs. SHA on survival is still lacking. Two multicenter ran-
domized studies enrolled 170 and 212 CRRT patients, 
respectively, to compare the impact on survival between 
using SHA or RCA and found no statistical difference in 
survival between the two groups [13, 14]. Furthermore, 
two meta-analyses compared mortality between the RCA 

Table 1 Description of evidence quality and recommendation strength

Item Description

Evidence quality

Advanced Future studies are unlikely to have a significant impact on the current assessment and are unlikely to change current 
recommendations

Intermediate Future research may have an important impact on the results of the current assessment, potentially changing the current 
recommendation

Low Future research is likely to have a significant impact on the results of the current assessment, likely changing the current 
recommendation

Recommendation strength

Strong recommendation Most patients, doctors and policy makers adopt this approach

Medium recommendation Most people adopt this plan, but there are still some people who do not adopt it. It is necessary to make a decision 
reflecting the values and wishes of patients based on their specific situation

Weak recommendation The evidence is insufficient and a decision needs to be made by patients, physicians and policy makers
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and SHA groups, and also found no advantage for RCA 
[3, 15]. The ongoing RICH study is the largest prospec-
tive multicenter randomized clinical trial to date and 
aims to add further evidence to address the relationship 
between CRRT anticoagulant regiments and patient out-
comes [16].

Citrate is contraindicated in patients with liver disease 
or shock states in Kidney Disease Improving Global Out-
comes (KDIGO) guidelines [1]. Recent studies suggested 
that liver disease and shock states were not absolute con-
traindications for RCA, and these would be discussed in 
detail below. Regardless, RCA use was at high risk for 
patients with liver disease and shock, it should be treated 
with caution.

Principles of RCA 

Recommendation 2 It is recommended to set initial cit-
rate dose based on blood flow rate, and the citrate dose 
should be appropriately adjusted according to the moni-
toring value of filter ionized calcium (iCa). (Agreement 
degree: 97.6%, Evidence quality I, Recommendation 
strength A).

Remarks

Citrate is widely found in various tissues and fluids in the 
human body. It is not only an important component of 
the skeletal system but also an intermediate product of 
the metabolism of glucose, lipids, and some amino acids. 
It plays an important role in energy metabolism. In nor-
mal circumstances, the serum concentration of citrate is 
extremely low, about 0.1 mmol/L, mainly in a form of sta-
ble soluble calcium citrate.

Citrate contains three carboxyl groups that can disso-
ciate into the trivalent anion of  Citrate3−. Because of the 
characteristics of its structure, two negatively charged 
carboxyl groups in  Citrate3− can chelate with divalent 
cations such as iCa or magnesium in blood and form 
monovalent anions like calcium citrate or magnesium 
citrate (Fig.  1). The chelation reaction is rapid and the 
chelate does not dissociate spontaneously in the circula-
tion. The space distance between the two positive charges 
of iCa matches better with the distance between the two 
negative charges of the  Citrate3− carboxyl groups, result-
ing in stronger citrate-calcium complexes (CCC).

When citrate is infused into the blood, it rapidly che-
lates the iCa in the blood to form CCC (equivalent to 
changing the iCa to binding calcium), thus reducing the 
level of iCa in the blood. iCa also called coagulation fac-
tor IV which is vital for multiple steps of coagulation 
process and platelet interactions. In the endogenous 
coagulation pathway, iCa can assist in activating factor 

XI, and activate factor X together with factor VIII and 
activated factor IX. In the exogenous coagulation path-
way, factor X is activated by iCa, factors III and VII. In the 
common pathway, fibrinogen can be converted into fibrin 
monomers by assistance of iCa, factor V and activated 
factor X. In addition, it can also assist in activating fac-
tor XIII and continue to assist factor XIII in transforming 
soluble fibrin monomers into stable fibrin polymers. The 
exogenous and endogenous coagulation pathway steps 
would be blocked if the blood level of iCa decreases obvi-
ously. Under physiological conditions, the concentration 
of serum iCa is 1.0–1.2 mmol/L. The blood coagulation 
will not occur if the blood level of iCa is reduced to below 
0.35–0.4 mmol/L [17, 18].

During CRRT, when citrate is infused at the access 
end of the extracorporeal circulation, the concentra-
tion of calcium in the extracorporeal circulation is rap-
idly reduced to below 0.4  mmol/L, thus preventing 
clotting. The negative univalent CCC formed by the 
chelation reaction is a small molecule (298 Dalton) with 
good water solubility and a sieving coefficient of about 
1, which can be rapidly removed by the filter through 
its semi-permeable membrane [19, 20]. Due to different 
CRRT modes and therapeutic doses, about 30–60% of 
CCC molecules will enter the effluent through the per-
meable membrane. The CCC molecules which are not 
removed via the hemofilter enter the systemic circulation 
and are first metabolized into citric acid rapidly in body 
cells. Citric acid is metabolized through the tricarboxylic 
acid cycle, which is oxygen dependent and mainly occurs 
in organs with high mitochondrial content. In physi-
ological conditions, it is mainly metabolized in liver and 
a small portion is metabolized in skeletal muscles. The 
half-life of CCC under physiological conditions is only 
5  min. CCC is eventually decomposed into bicarbonate 
through the tricarboxylic acid oxidation cycle (one mol-
ecule of citrate yields three molecules bicarbonate), and 
the iCa is released back into the blood. Meanwhile, the 
unchelated calcium ions are also partially removed from 
the circuit blood into the effluent (Fig.  2). As a result, 
severe hypocalcemia can occur if ongoing supplementa-
tion of iCa is not provided. Therefore, adequate amounts 
of iCa must be supplied directly to the patient intrave-
nously or through the return end of extracorporeal cir-
culation circuit to maintain physiological iCa level. RCA 

Fig. 1 Chelation reaction of the trivalent anion of  Citrate3− with an 
ionized calcium
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anticoagulation is thus achieved only in the CRRT circuit 
(i.e., regional anticoagulation) with little interference 
with in vivo coagulation processes (Fig. 3).

When RCA  is used, citrate is added at the access end   
of extracorporeal circuit to ensure a citrate concentra-
tion of 3–4  mmol/L (i.e., 3–4  mmol citrate per 1 L of 
whole blood) [9, 21–25]. The flow rate of citrate is then 

adjusted by monitoring the concentration of iCa in the 
filter (hereinafter referred to as iCa in the filter, with 
the sampling site residing behind the filter, as shown in 
Fig.  3), so as to ensure the effectiveness of anticoagula-
tion with the concentration of iCa in the filter ranging 
from 0.2 to 0.4 mmol/L. In order to supplement the cal-
cium lost in the effluent through the filter membrane, 

Fig. 2 Schematic diagram of citrate metabolism. When trisodium citrate is infused into the extracorporeal circulation, citrate‑calcium complexes 
(CCC) is formed by the chelation reaction of ionized calcium (iCa) and  Citrate3−. iCa is rapidly reduced to prevent clotting. About 30–60% of CCC 
molecules enter the effluent through the permeable membrane depending on different continuous renal replacement therapy (CRRT) modes 
and therapeutic doses. The residual CCC molecules return to the systemic circulation and are metabolized rapidly in body cells. The half‑life of CCC 
under physiological conditions is only 5 min. CCC is eventually decomposed into bicarbonate through the tricarboxylic acid oxidation cycle (one 
molecule of citrate yields three molecules bicarbonate), and the iCa is released back into the blood

Fig. 3 Schematic diagram of RCA in the CRRT system. Citrate is infused into the extracorporeal circulation before filter. Citrate‑calcium complexes 
(CCC) is formed by the chelation reaction of ionized calcium (iCa) and  Citrate3−. Partial CCC and iCa are removed by the filter. As a result, iCa in the 
filter is rapidly reduced to below 0.4 mmol/L, thus preventing clotting. The concentration of iCa in the filter is routinely monitored at the site behind 
the filter. Before the blood is returned to the body, additional iCa is infused to the blood in order to replenish the calcium removed to effluent by 
the filter. RCA regional citrate anticoagulation, CRRT continuous renal replacement therapy
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extra iCa is infused in the return end of the extracorpor-
eal circuit or directly to patients via central vein to ensure 
normal serum calcium in the patient. It is very important 
to monitor the concentration of iCa in patients’ systemic 
circulation (hereinafter referred to as iCa in the body, 
sampled from the patient’s artery or vein).

Parameter settings for RCA 
Setting the initial flow rate for citrate and scheme adjust-
ment Recommendation 3 It is preferable to use a 
calcium-free solution as a replacement fluid in predilu-
tion continuous veno-venous hemofiltration (CVVH) or 
as a dialysate in continuous veno-venous hemodialysis 
(CVVHD). If a replacement fluid containing calcium is 
used and predilution CVVH or CVVHD mode is selected 
during RCA, it is recommended to adjust the citrate dose 
appropriately to achieve targeted filter iCa concentration. 
(Agreement degree: 97.6%, Evidence quality III, Recom-
mendation strength B).
Recommendation 4 The recommended target value of 
iCa in the filter is 0.2–0.4  mmol/L, but the target value 
should be individually adjusted according to the treat-
ment situation. (Agreement degree: 100.0%, Evidence 
quality II, Recommendation strength C).

Remarks

Currently, there are two forms of  Citrate3− solutions 
available for anticoagulation: one is only used as an anti-
coagulant (known as citrate anticoagulant). It includes 
4% trisodium citrate (TSC) solution and acid-citrate-dex-
trose formula A (ACD-A). ACD-A is a type of fluid used 
for blood preservation but is now less commonly used in 
CRRT for anticoagulation. The other form of solution is 
a kind of buffer solution containing  Citrate3− (balanced 
solution) which can be used for anticoagulation and as a 

predilution replacement fluid, known as citrate replace-
ment solution. Currently, there are mainly manual cit-
rate-based replacement solution (balanced solution) and 
commercial solutions (e.g., prismocitrate 10/2, prismoci-
trate 18/0). Citrate-based replacement solution cannot be 
used for postdilution or dialysis.  Citrate3− contents, elec-
trolyte concentration and physicochemical properties of 
the above solutions are listed in Table 2 [26].

There is a corresponding relationship between citrate 
flow rate and blood flow rate. The initial flow rate of cit-
rate should be determined based on the blood flow rate 
to reach a citrate concentration of about 3–4 mmol/L in 
the extracorporeal circulation, as shown in Table 3. Con-
sidering the adequacy of initial anticoagulation and the 
practical experience of each expert, the guideline sug-
gests that if calcium free replacement fluid is used, the 
initial flow rate of citrate solution should be: 1) ACD-A 
(ml/h) = blood flow rate (ml/min) × 1.8; 2) 4% TSC solu-
tion (ml/h) = blood flow rate (ml/min) × 1.5. If replace-
ment fluid containing calcium is used and predilution 
CVVH or CVVHD mode is chosen (iCa concentration 
in commercial replacement fluid is usually 1.6  mmol/L 
in China, see Additional file  1: Table  S1), the flow rate 
of citrate solution should be increased to chelate iCa in 
the replacement fluid. The initial flow rate is empirically 
suggested to be as follows: 1) ACD-A (ml/h) = blood flow 
rate (ml/min) × 2.0; 2) 4% TSC solution (ml/h) = blood 
flow rate (ml/min) × 1.7.

Filter calcium levels should be closely monitored dur-
ing the first 24 h of treatment (usually measured with a 
blood gas analyzer). It is recommended to conduct the 
first detection 30  min after the start of treatment, and 
then monitor iCa every 2  h for 4 consecutive times. 
Adjust the flow of citrate according to the level of iCa in 
the filter, and then monitor it once every 4 h for 4 consec-
utive times after it is deemed stable. If the treatment goes 

Table 2 Composition and properties of solution containing  Citrate3−

a Two  Citrate3− are from citrate; bSIDe: Strong ion difference calculated after metabolism of citrate, by [(Na+  +  K+  +  Ca2+  +  Mg2+)—Cl−]; TSC trisodium citrate, ACD-A 
citrate-glucose anticoagulant A, NaCl normal saline, SIDe effective strong ion difference

Composition and characteristics Citrate anticoagulant Citrate replacement solution

4% TSC ACD-A TSC + citric 
acid + NaCl

TSC + NaCl Citrate 
balanced 
solution

Na+ (mmol/L) 420 224 136 140 140–159

Citrate3− (mmol/L) 136 113 10 (+ 2)a 18 13–20

Glucose (mmol/L) None 139 None None  ± 5

Cl− (mmol/L) None None 106 86 99–108

Mg2+ (mmol/L) None None None None 0–0.75

SIDeb (mmol/L) 420 224 30 54 33–54

SIDe of every mmol  Citrate3− 3.00 2.00 3.00 3.00 2.25–3.00
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well, monitoring can be changed to once every 6 h after 
24 h, i.e., (30 min) → (q2 h × 4) → (q4 h × 4) → (q 6 h × 4). 
According to the measured concentration of iCa in the 
filter, the citrate flow rate can be adjusted by referring to 
Table 4.

It should be emphasized that adequate anticoagulation 
in the early CRRT phase is very important because the 
cascade of amplification reactions may accelerate clot-
ting once microthrombi are formed in the filter. There-
fore, iCa should be closely monitored after the start of 
treatment, and the program should be actively adjusted 
to achieve stabilization of anticoagulation as soon as 
possible.

From the perspective of the principles of using RCA, 
factors determining the dose of citrate include: 1) Blood 
flow rate. The citrate flow rate must match the blood 
flow rate to ensure a stable anticoagulant concentration 
in the extracorporeal circulation and should be adjusted 
accordingly after a change in the blood flow rate. 2) The 
site where replacement fluid is added. If a calcium-free 
replacement fluid is used in predilution mode, the blood 
entering the filter will be diluted, so that the iCa con-
centration in the filter will decrease, and the demand 
for citrate will decrease accordingly. 3) Composition of 
replacement fluid. Whether the replacement fluid con-
tains calcium and magnesium also affects the flow rate 
of citrate. If calcium-containing replacement fluid is 
used in predilution mode, the amount of iCa entering 
the filter will increase, requiring more citrate to chelate 
them. If calcium-containing replacement fluid is used in 
postdilution mode, the impact on the amount of citrate 
will be small, but may increase the risk of coagulation 

in the post-filter air trap chamber. The blood sampling 
location of the iCa in the filter is usually before the infu-
sion site of the postdilution replacement fluid, and the 
post-filter air trap chamber is usually located behind 
the input point of the postdilution replacement fluid, 
therefore the actual iCa concentration in the post-filter 
air trap chamber is higher than the measured value. 4) 
Individual anticoagulation intensity target. The antico-
agulant intensity required in vitro may vary depending 
on the coagulation state of the patient. There is a huge 
individual difference in the iCa threshold to prevent 
blood coagulation, such as satisfactory anticoagula-
tion is achieved in some patients when iCa in the filter 
are only less than 0.5  mmol/L, while in some others, 
they are required to be 0.2 mmol/L strictly [27–31]. In 
addition, error measurement of iCa in post-filter also 
prompts that anticoagulation intensity should not be 
set only based on the level of iCa. There are ongoing 
concerns of technologies when measuring "post-filter" 
iCa. These technologies have been developed to meas-
ure ionized Ca in the physiologic range, however there 
is great uncertainty in the accuracy of measurement 
of iCa when measuring in subphysiologic range using 
blood gas analyzers. Therefore although the target range 
of 0.2–0.4 mmol/L of iCa in the filter is appropriate for 
most patients, in practice the target value should be 
individualized according to the actual treatment process 
rather than being restricted to this range [32]. Especially 
when clotting start to occur in the filter, it would call 
for empirical increase of citrate infusion rate to mini-
mize clotting propensity despite the level of iCa is in the 
range in post-filter.
Calcium supplementation and scheme adjustments Rec-
ommendation 5 Calcium supplementation is recom-
mended to maintain in vivo physiological levels during 
RCA (Agreement degree: 100.0%, Evidence quality II, Rec-
ommendation strength A). Calcium supplementation can 
be administered through the return end of the extracorpor-
eal circulation circuit or directly through the central vein, 
rather than directly through a peripheral vein (Agreement 
degree: 100.0%, Evidence quality III, Recommendation 
strength B).

Table 3 Relationship between the flow rates of citrate and blood

To achieve the ideal anticoagulant strength, the ratio of 3% ACD-A solution to blood flow is about 1.60–2.13 (ml/h vs. ml/min); the ratio of 4% TSC solution to blood 
flow is about 1.33–1.73 (ml/h vs. ml/min). ACD-A citrate-glucose anticoagulant A, TSC trisodium citrate

When the blood flow rate is 150 ml/min, hourly conversion is 9000 ml/h (= 9.0 L/h)

Target blood concentration of citrate 3 mmol/L 4 mmol/L

Required amount of citrate 3 × 9.0 = 27.0 mmol/h 4 × 9.0 = 36.0 mmol/h

3% ACD‑A solution (113 mmol/L) 27.0/113 = 0.239 L/h ≈ 240 ml/h 36.0/113 = 0.319 L/h ≈ 320 ml/h

4% TSC solution (136 mmol/L) 27.0/136 = 0.198 L/h ≈ 200 ml/h 36.0/136 = 0.264 L/h ≈ 260 ml/h

Table 4 Flow of citrate infusion and adjustment scheme

iCa ionized calcium, ACD-A citrate-glucose anticoagulant A, TSC trisodium citrate

iCa in the filter 
(mmol/L)

Flow of 4% TSC infusion Flow of ACD-A infusion

≤ 0.20 Reduce 10 ml/h Reduce 12 ml/h

0.20–0.40 Unchanged Unchanged

0.40–0.50 Increase 10 ml/h Increase 12 ml/h

> 0.50 Increase 20 ml/h Increase 24 ml/h
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Recommendation 6 If calcium-free replacement fluid 
is used during RCA, it is recommended that the initial 
flow of 5% calcium chloride infusion be set to an effluent 
flow rate divided by 200 or 10% calcium gluconate infu-
sion be set to an effluent flow rate divided by 125; If a 
calcium-containing replacement fluid is used and predi-
lution CVVH or CVVHD mode is selected, an initial flow 
of 5 ml/h for 5% calcium chloride infusion or 8 ml/h for 
10% calcium gluconate infusion is recommended. (Agree-
ment degree: 100.0%, Evidence quality III, Recommenda-
tion strength C).

Recommendation 7 During RCA, it is recommended 
to adjust the calcium supplementation rate according to 
the monitoring in vivo value of iCa (Agreement degree: 
100.0%, Evidence quality II, Recommendation strength 
A). The recommended target in vivo value of iCa is 0.9–
1.1 mmol/L (Agreement degree: 90.4%, Evidence quality 
II, Recommendation strength C).

Remarks

In order to ensure patient safety, it is necessary to closely 
monitor the in vivo iCa level during RCA to prevent seri-
ous abnormal blood calcium levels. In vivo iCa monitor-
ing should be obtained from the patient’s body (either 
arterial or venous sampling) or from the access end of 
the extracorporeal circulation circuit (prior to the site of 
citrate addition). Some machines provide a special blood 
sampling site at the access end of the extracorporeal cir-
culation circuit.

The physiological level of in vivo iCa is 1.0–1.2 mmol/L. 
With the exception of some situations (e.g., hyper-
kalemia), hypocalcium-related symptoms usually do not 
occur with iCa concentration above 0.8  mmol/L. If the 
optimal target value of iCa is set slightly below a typical 
physiological level, such as 0.9–1.0 mmol/L, the amount 
of citrate required may be reduced. In addition, a slightly 
lower calcium target may help to reduce systemic inflam-
mation [18, 33–36].

In China, 5% calcium chloride and 10% calcium glu-
conate are commonly used for iCa supplementation, 
and the difference in iCa concentration between them 
is about 1.5 times (iCa concentration in 5% calcium 

chloride solution is about 1.5 times that of 10% calcium 
gluconate, see Table 5). Additional iCa supplements can 
be administered at the return end of the extracorporeal 
circulation circuit or directly through a central venous 
catheter. Because calcium chloride is a strong vascular 
irritant and extravascular leakage that may occur during 
infusions can cause tissue necrosis, peripheral venous 
infusion should be avoided. 10% calcium gluconate infu-
sion also carries a similar risk and is not recommended 
for peripheral infusion.

As for setting the initial flow rate of calcium supple-
mentation, there are some empirical formulas to esti-
mate the starting flow rate of calcium supplementation 
according to the citrate flow rate. However, considering 
the metabolic process of citrate, the rate of calcium sup-
plementation is not necessarily related to the flow rate 
of citrate, but is determined by the total amount of cal-
cium lost through the effluent. Due to the complex bal-
ance between binding calcium and iCa in the circulation 
when partial iCa is chelated by citrate during CRRT, and 
the difference in sieving coefficient between calcium cit-
rate and iCa, it is difficult to accurately calculate the dose 
of calcium supplement through therapeutic parameters. 
Studies to help determine the best initial rate of calcium 
supplementation are also lacking. This guideline recom-
mends using empirical formulas for the initial settings. 
If a calcium-free replacement fluid is used, it is recom-
mended that the initial flow rate of 5% calcium chloride 
infusion is set to an effluent flow rate divided by 200, or, 
if using a 10% calcium gluconate infusion, it should be 
set to an effluent flow rate divided by 125. If a calcium-
containing replacement fluid is used and a predilution 
CVVH or CVVHD mode is selected, an initial flow rate of 
5 ml/h if using a 5% calcium chloride infusion or 8 ml/h 
if using a 10% calcium gluconate infusion is recom-
mended. This empirical initial value may not be appropri-
ate for all patients, but if standardized iCa monitoring is 
performed, it should not result in severe blood calcium 
abnormalities during the initial few hours because of the 
considerable buffering capacity of the calcium pools in 
the body. It should be emphasized that the above empiri-
cal values are only for making initial settings, and the cal-
cium supplement rate must be further adjusted according 
to the level of in vivo iCa. It is suggested to monitor the 

Table 5 Commonly used intravenous iCa supplements and their concentrations

iCa ionized calcium

Calcium supplements Mass concentration (g/L) Molecular weight (Da) iCa 
concentration 
(mmol/L)

5% calcium chloride (dihydrate) 50 147 340

10% calcium gluconate (monohydrate) 100 448 224
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in vivo iCa level according to the previously stated plan of 
(30 min) → (q2 h × 4) → (q4 h × 4) → (q6 h × 4) after start-
ing treatment, and adjust the calcium supplement rate 
according to the plan in Table 6.

CCC formed by chelating iCa is a soluble small molecule 
substance, part of which enters the effluent and means 
there will be a net loss of chelated calcium, while the 
remainder (i.e., unchelated iCa) is returned to the body. 
Some of the unchelated iCa in the extracorporeal circula-
tion also pass through the filter into the effluent. There-
fore, the amount of iCa that needs to be supplemented is 
actually the total net loss of calcium in the effluent. All the 
factors that affect the permeability of the semi-permea-
ble membrane and the flow rate of effluent can affect the 
amount of iCa supplementation required. Accordingly, the 
factors influencing iCa supplementation include: 1) All 
factors that increase the flow rate of the replacement fluids 
(pre-dilution + post-dilution + dialysate) will increase cal-
cium loss, and changes to these parameters may affect the 
calcium supplementation rate. 2) When using a replace-
ment fluid containing calcium, although the ionized cal-
cium concentration in commercial replacement fluid (e.g., 
1.6  mmol/L in China, See Additional file  1: Table  S1 for 
more details) is often higher than physiological concen-
tration in blood, calcium supplementation may still be 
required, but at a reduced amount compared to the use of 
calcium-free replacement fluids [24, 25, 37–39]. 3) As the 
treatment time lengthens, the efficiency of the semi-per-
meable membrane gradually decreases, and the loss of cal-
cium through the filter will be reduced if other parameters 
remain unchanged, so the amount of supplemental cal-
cium also decreases slightly. In addition, it should be noted 
that if the rate of iCa supplementation needs to be con-
tinuously increased during treatment to maintain a normal 
serum iCa level, the possibility that serious complications 
should be considered. (see below).

Monitoring of RCA 
Although RCA has many advantages over SHA, it is not 
a perfect anticoagulation method, and serious complica-
tions may occur if monitoring is not standardized. The 

main complications associated with RCA include acid–
base balance and electrolyte disturbances. Lacking accu-
rate understanding of the mechanisms of complications 
can lead to inappropriate management. The metabolic 
complications associated with RCA are summarized in 
Table 7.

Metabolic alkalosis Recommendation 8 Metabolic 
alkalosis is the most common complication of RCA, and the 
primary management strategy is to decrease extra bicarbo-
nate infusion, or increase the flow rate of replacement fluid 
or dialysate if without extra bicarbonate infusion. (Agree-
ment degree: 92.9%, Evidence quality II, recommendation 
strength C).

Remarks

Metabolic alkalosis is a relatively common and an eas-
ily controlled complication of using RCA, with an over-
all incidence of 29–50% [40, 41]. There are two sources 
of bases related to RCA, one is derived from exogenous 
bicarbonate supplementation, and the other is metabolite 
of CCC entered in the systemic circulation. When CCC 
is completely metabolized, it will release iCa and produce 
 HCO3

− at the same time. Taking 4% TSC solution as an 
example, infusing 200 ml of 4% TSC solution is equiva-
lent to infusing 137  ml of 5%  NaHCO3 solution. When 
the total provision of bicarbonate exceeds the therapy 
requirement, metabolic alkalosis will occur. If without 
exogenous bicarbonate infusion, metabolic alkalosis still 
exists, this situation is called “citrate overload”, which 
imply excessive CCC entering the systemic circulation 
and it can be completely metabolized and then produce 
excessive  HCO3

−, leading to metabolic alkalosis. “Citrate 
overload” is a sign of excessive citrate administration, or 
more frequently, of low clearance in the hemofilter [42].

The risk of metabolic alkalosis varies with different 
anticoagulants containing citrate. According to Stewart’s 
principle of acid–base equilibrium [43–46], alkalization 
occurs when the strong ion difference (SID) in plasma 
increases after citrate is metabolized in the body. Each 

Table 6 Adjustment scheme for the iCa supplemental infusion

iCa should be measured in vivo (sampling from artery or vein) or at the access end of the extracorporeal circulation circuit. IV intravenous injection, iCa ionized 
calcium

In vivo iCa (mmol/L) 5% calcium chloride 10% calcium gluconate

≥ 1.2 Reduce 2 ml/h Reduce 3 ml/h

≥ 1.0 Reduce 1 ml/h Reduce 1.5 ml/h

≥ 0.9 Unchanged Unchanged

≥ 0.8 Increase 1 ml/h Increase 1.5 ml/h

< 0.8 After 0.1 ml/kg IV, increase 2 ml/h After 0.15 ml/kg IV, increase 3 ml/h
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1 mmol of citrate provided by 4% TSC metabolizes into 
3 mmol of SID, while only 2 mmol of SID are produced 
by ACD-A. Therefore, under the same anticoagulation 
strength (same amount of citrate provided), 4% TSC has 
a stronger alkalizing effect on plasma, leading to more 
cases of metabolic alkalosis. In addition, the use of dif-
ferent replacement fluids or dialysate may also have an 
impact on metabolic alkalosis. When lactate replacement 
solution fluid (with a lactate concentration usually of 
25–45 mmol/L, and one molecule of lactate in vivo pro-
duces one molecule of  HCO3−) and RCA (also produc-
ing bicarbonate) are used together, metabolic alkalosis is 
more likely to occur because excessive alkali produced by 
metabolization of lactate and citrate in the body is over 
the therapeutical requirements during CRRT.

The common treatment strategies for metabolic alka-
losis include: 1) If other alkali agents (e.g., 5%  NaHCO3) 
are being used, consider reducing or discontinuing 
such infusions; 2) Increase the flow rate of replace-
ment fluid or dialysate to increase the proportion of 
CCC cleared by the semi-permeable membrane, and 
also increase the removal of circulating bicarbonate; 
3) If without extra bicarbonate infusion and the dose 
of replacement fluid or dialysate is enough, it can be 
considered to reduce the infusion of citrate under the 
premise of ensuring anticoagulation effect. Reduce the 
flow rate of blood to match the reduced flow rate of cit-
rate if necessary. It should be noted that lowering blood 
flow rate can lead to an increase in the filtration frac-
tion of postdilution mode of CVVH/CVVHDF, which 
may increase the risk of thrombosis in the filter; 4) If 
the lactate replacement fluid is used, consider changing 
the replacement fluid formulation; 5) The filter should 
also be replaced when CCC clearance drops if caused 
by a decrease in filter efficiency. Infusion of saline is not 

recommended for the treatment of RCA-related meta-
bolic alkalosis unless the patient also has evidence of 
having insufficient volume.

Metabolic acidosis Recommendation 9 The accumula-
tion of citrate should be monitored during RCA. The fol-
lowing indicators are suggested as early warning signs of 
citrate accumulation: 1) Total calcium/iCa is > 2.25 and 
increasing; 2) Gradually worsening ionized hypocalce-
mia; 3) The amount of iCa supplementation is gradually 
increasing. (Agreement degree: 95.2%, Evidence quality II, 
recommendation strength B).
Recommendation 10 The following actions are suggested 
for managing citrate accumulation: 1) Optimize hemody-
namics and tissue perfusion to correct hypoxia and shock; 
2) Reduce the rate of citrate infusion; 3) Finally, change 
anticoagulant methods if the above treatments are ineffec-
tive. (Agreement degree: 95.2%, Evidence quality III, Rec-
ommendation strength C).

Recommendation 11 When metabolic acidosis related 
to RCA during CRRT occurs, the following treatment 
strategies are suggested: 1) Check for any evidence of cit-
rate accumulation. If citrate accumulation is the cause, 
follow Recommendation 10; 2) Add additional base, such 
as NaHCO3; 3) Reduce the replacement fluid or dialysate 
flow rate; 4) Increase infusion rate of citrate. (Agreement 
degree: 90.5%, Evidence quality III, Recommendation 
strength B).

Remarks

Metabolic acidosis may occur during RCA, involving 
two different mechanisms with different management 
strategies.

Table 7 Pathogenesis and management of RCA‑related metabolic complications

RCA  regional citrate anticoagulation, iCa ionized calcium, CCC  citrate-calcium complexes

Item Citrate accumulation Alkali overload (including citrate 
overload)

Insufficient base delivery

Mechanism CCC metabolism is inhibited and CCC 
persists in the systemic circulation

CCC metabolism is normal, alkali load 
exceeds demand

CCC metabolism is normal, alkali load can‑
not meet demand

Acidosis or alkalosis Metabolic acidosis Metabolic alkalosis Metabolic acidosis

Total‑Ca/iCa Increased (≥ 2.5) Normal (< 2.5) Normal (< 2.5)

iCa Decreased No change No change

Calcium supplement Increased No change No change

Consequences Potentially lethal Benign, easy to correct Benign, easy to correct

Incidence rate Rare Common Infrequent

Management Manage the cause, or reduce citrate infu‑
sion rate, or consider other anticoagulant 
strategies

Reduce additional alkali, or increase 
the flow rate of replacement fluid or 
dialysate, or reduce citrate infusion rate

Add additional alkali, or decrease the flow 
rate of replacement fluid or dialysate, or 
increase citrate infusion rate
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Citrate accumulation

The body’s ability to metabolize citrate is limited, but it’s 
still not clear what the maximum is. With an increase in 
the  Citrate3− infusion rate during RCA, CCC concentra-
tion in the systemic circulation also increases. Limited 
data shows that a systemic circulation CCC concentra-
tion of less than 2–3 mmol/L may be safe [47–51]. Under 
general anticoagulant doses, the infusion rate of  Citrate3− 
is less than 40 mmol/h, and nearly 50% of the CCC is lost 
in the effluent through the filter. The concentration of 
CCC that finally enters the body’s circulation is generally 
less than 2  mmol/L, which has a large margin of safety 
[48–51]. However, if a patient’s tricarboxylic acid cycle is 
significantly inhibited, such as in the presence of severe 
hypoxia or hypoperfusion, citrate accumulation (that is, 
large amounts of CCC in the bloodstream) can occur as a 
result of significant metabolic impairment.

Citrate accumulation is a rare but potentially fatal com-
plication during RCA. In fact, CCC itself is not toxic, but 
accumulation of CCC usually occurs in patients with sig-
nificant impairment of the tricarboxylic acid cycle, often 
accompanied with severe disease states such as hypoxia, 
organ failure, hypoperfusion, and lactic acidosis. In a 
retrospective study including 1070 patients with RCA-
CRRT, citrate accumulation occurred in 32 patients, 
with an overall incidence of 2.99% (32/1070), and none 
of these 32 patients survived [52]. Another prospective 
study including 100 RCA-CRRT patients at high risk of 
bleeding after surgery showed that the incidence of cit-
rate accumulation was 1% [41].

At present, plasma citrate levels cannot be routinely 
measured in most clinical laboratories, therefore citrate 
accumulation can only be predicted by indirect signs. 
The first sign is “citrate gap” which is the lingo in con-
temporary practice of CRRT referring to the difference 
between total and iCa in the United States. The total cal-
cium level is the total of all calcium, including the ion-
ized, protein bound and citrated calcium forms. With 
progressive systemic citrate accumulation, the increased 
citrate combines with more ionized calcium, which lead 
to an increase of citrated calcium, and meanwhile  a 
decrease occurs  in CCC metabolism in the systemic 
circulation. When the iCa released by CCC decreases, 
it may result in lower level of iCa. Therefore, increased 
total calcium, increased “citrate gap”, progressive ionized 
hypocalcemia or a gradually increasing requirements for 
calcium supplementation are the signs of citrate accu-
mulation. Moreover, similar to the concept of “citrate 
gap”, a gradually increasing total-Ca/iCa ratio is highly 
suggestive of progressive citrate accumulation, and a 
ratio ≥ 2.5 often indicates the presence of significant 

citrate accumulation. Studies showed that total-Ca/iCa 
ratio is highly correlated with plasma CCC level and 
might be the most reliable indicator [42, 53–56]. Fur-
thermore, as CCC metabolism decreases, plasma bicar-
bonate also decreases. New or worsening metabolic 
acidosis may be another sign of citrate accumulation. 
Since almost all such patients had severe organ failure 
and persistent hyperlactatemia, they presented as meta-
bolic acidosis with a high anion gap. However, neither 
hyperlactatemia nor high anionic gap metabolic acidosis 
had a consistent association with plasma CCC level, and 
neither could reliably predict or detect citrate accumula-
tion [53, 54]. They can only indicate a high risk for citrate 
accumulation.

In summary, the recommendation suggests the fol-
lowing indicators as warning signs of citrate accumula-
tion [55, 56]: 1) Total-Ca/iCa ratio > 2.25 with dynamic 
increases; 2) Gradually worsening ionized hypocalcemia; 
3) Gradually increasing requirements for intravenous 
calcium supplementation. It is recommended that total-
Ca level be measured at least once a day to calculate the 
total-Ca/iCa ratio. The occurrence of citrate accumula-
tion does not mean that anticoagulant methods must 
be changed. A considerable number of patients can be 
successfully treated by reducing the CCC load [57]. The 
suggested treatments are as follows: 1) Down-regulating 
blood flow and thus reducing citrate infusion, 2) Actively 
managing the patient’s circulation to correct hypoxia and 
shock. If the above treatments are ineffective, other anti-
coagulant methods should be considered.

Insufficient base delivery

Regardless of using 4% TSC solution or ACD-A as anti-
coagulant, CCC has the function of alkalizing plasma 
when it is completely metabolized in the body, that is, it 
is equivalent to a net input of alkali. These alkaline loads 
on the one hand buffer metabolic acidosis in renal injury 
patients and on the other hand supplement bicarbonate 
lost through the filter. If the net alkali load cannot meet 
the total demand of these two aspects, metabolic acido-
sis, due to insufficient citrate delivery, occurs. This type 
of metabolic acidosis is due to the lack of net base with 
normal anion gap (if there is no other metabolic acido-
sis causes present), which has a completely different 
mechanism during citrate accumulation. The following 
treatments are recommended: 1) Additional base sup-
plements (e.g., 5%  NaHCO3); 2) Reduce the flow rate of 
replacement fluid or dialysate to reduce the loss of CCC 
in the effluent (note the potential for an insufficient ther-
apeutic dose); 3) Increase flow rate of citrate infusion 
(possibly simultaneously increase the blood flow rate).
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Therapeutic dose and metabolic complications

As mentioned above, the main mechanism of metabolic 
acidosis or alkali poisoning complications of RCA is 
related to the amount of CCC entering the patient’s body 
and whether it can be adequately metabolized. Meta-
bolic alkalosis can occur if excessive CCC enters the body 
and is completely metabolized, while metabolic acidosis 
occurs when the amount of CCC entering the body can-
not be fully metabolized or insufficient base delivery par-
tially caused by decreased CCC entering the body. The 
factors affected remove of CCC have influence on the 
acid–base balance. Such as semi-permeable membrane 
and therapeutic dose. The more CCC that is removed by 
the filter’s semi-permeable membrane, the less CCC will 
enter the body. At a certain blood flow rate, the clearance 
ratio of CCC through the semi-permeable membrane 
mainly depends on the replacement fluid or dialysate 
flow rate. The higher the flow rate of the replacement 
fluid or dialysate, the higher the CCC clearance ratio, and 
the less CCC remains in the patient’s serum.

When RCA  is used, alkali required vary in different 
therapeutic doses. To maintain acid–base balance, it 
is necessary to calculate the additional amount of base 
supplementation based on the therapeutic dose and cit-
rate infusion rate, and adjust it dynamically based on 
the results of blood gas analysis. Take an example for 
explanation. The available commercial hemofiltration 
basic replacement fluid (carbonate replacement fluid 
A, 4000 ml) is commonly used in China combined with 
5%  NaHCO3 (carbonate replacement fluid B, 250 ml) in 
order to compensate for the loss of base (See Additional 
file 1: Table S1 for more details), which means that when 
the replacement fluid is at a flow rate of 1000 ml/h, a sup-
plement of 5%  NaHCO3 at 63 ml/h is needed to maintain 
acid–base balance. One molecule of  Citrate3− enter-
ing the body will be metabolized into three molecules 

of  HCO3
− when RCA  is used. Taking 4% TSC as an 

example, if the flow rate is 200  ml/h, it is equivalent to 
137  ml/h of net alkali (5%  NaHCO3) supplementation 
before passing through filter. As shown in Table 8, at low 
replacement fluid flow rates, the demand of alkali sup-
plementation is also at a lower level. Consequently, the 
net alkali load generated by RCA will result in metabolic 
alkalosis even without additional alkali supplementation. 
The alkali supplementation requirement increases with 
an increasing replacement fluid flow rate, consequently 
changing the net alkali load from positive to negative. 
Metabolic acidosis (normal anion gap) would occur if 
additional base is insufficiently supplemented (e.g., 5% 
 NaHCO3). Therefore, when the citrate flow rate matches 
the blood flow rate, acid–base balance can be maintained 
with approximately 10 times replacement fluid flow rate 
to the citrate (4% TSC) flow rate. Metabolic alkalosis will 
occur when the replacement fluid or dialysate flow rate 
is significantly lower than this range, which can be cor-
rected by increasing the replacement fluid or dialysate 
flow rate. Or on the contrary there will be metabolic aci-
dosis, which requires additional alkaline supplementa-
tion (e.g., 5%  NaHCO3) to maintain acid–base balance.
Electrolyte disturbances Recommendation 12 
Serum electrolyte levels, especially iCa and magnesium 
levels, need to be closely monitored for timely detection and 
treatment of electrolyte abnormalities. (Agreement degree: 
97.6%, Evidence quality III, Recommendation strength B).

Remarks

Hypocalcemia or hypomagnesemia

Citrate in the extracorporeal circulation chelates iCa to 
form CCC, part of which along with some of the unche-
lated iCa will be lost in effluent through the semi-per-
meable membrane. Similarly, ionized magnesium can 

Table 8 The influence of the flow variation of carbonate replacement fluid on net alkali load at a specific 4% TSC flow rate

This table is a mathematical simulation at a 4% TSC flow rate of 200 ml/h, in which the “alkali” flow rate is converted to 5%  NaHCO3 (ml/h); Net alkali load = alkali 
replenishment demand subtracted by alkali produced by citrate metabolism (ml/h). For more information on the composition and concentration of replacement 
fluids A and B, please refer to Additional file 1. RCA  regional citrate anticoagulation; TSC trisodium citrate; *alkali excess when + ; alkali needed when -

Replacement fluid flow rate corresponding to the 
requirement for alkali replenishment

Alkali supplements provided by RCA Difference between alkali provided 
by RCA and alkali  required* (ml/h)

Replacement 
liquid A (ml/h)

Replacement liquid B (non-citrate 
anticoagulation) (ml/h)

4% TSC (ml/h) Equivalent to 
supplementing alkali 
(ml/h)

0 0 200 137 + 137

1000 63 200 137 + 74

1500 94 200 137 + 43

2000 125 200 137 + 12

2500 156 200 137 − 19

3000 188 200 137 − 51
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also be lost. If the missing ions are not properly replen-
ished, hypocalcemia or hypomagnesemia will occur. 
Hypocalcemia reduces myocardial contractility, induces 
arrhythmia, tetany and other systemic symptoms. How-
ever, these complications are relatively easy to detect and 
manage with standard monitoring. It is recommended 
to monitor the iCa concentration in the filter and the 
blood in the body at least every 6 h. Total-Ca and total-
Ca/iCa measurements are recommended once a day for 
patients at low risk of citrate accumulation and every 
6 h for patients at high risk. The requirements for mag-
nesium supplementation depend on the composition of 
the replacement fluid or dialysate being used. Thus, it is 
recommended to measure serum magnesium once a day.

Hypercalcemia

By following standard RCA therapy protocols and moni-
toring blood calcium levels, hypercalcemia is less likely 
to occur. In a few cases, such as citrate accumulation, 
increasing the amount of calcium supplement because of 
decreased in vivo iCa, is likely to cause high total-Ca and 
low iCa levels. This condition should be managed as pre-
viously discussed citrate accumulation.

Moreover, a retrospective study showed that in patients 
with severe hypercalcemia who underwent CVVH, RCA 
more effectively decreased calcium levels and had a supe-
rior filter lifespan and no obvious adverse events com-
pared with low molecular weight heparin [58].

Hypernatremia

The impact of the altered sodium ion concentration 
caused by CRRT treatment needs to be considered in 
advance, especially when using RCA for anticoagula-
tion. It should be noted that the increase of sodium ion 
may be more obvious in patients with hyponatremia, or 
the higher sodium might be beneficial to control brain 
edema.

The sodium concentration in 4% TSC solution or 
ACD-A is much higher than in normal serum (Table 2). 
There is a risk of hypernatremia from prolonged or high-
dose citrate anticoagulants [25, 59]. However, hyper-
natremia is uncommon when following a standardized 
RCA protocol. The reasons for this include: 1) Although 
the sodium concentration in 4% TSC is high (the molar 
concentration is 408  mmol/L), the increased range of 
blood sodium concentration is not significant in patients 
with normal serum sodium within the commonly used 
parameters. 2) A considerable portion of sodium enters 
the effluent through the semi-permeable membrane 
when the sodium concentration is low in commonly used 
commercial replacement fluid (for example, the sodium 

concentration of carbonate base replacement fluid A is 
113  mmol/L). If hypernatremia happens during RCA, 
blood sodium concentration can be reduced by increas-
ing the replacement fluid or dialysate flow rate to allow 
more sodium clearance through the semi-permeable 
membrane. There is generally no need to reduce the 
citrate flow rate or adjust sodium concentration in the 
replacement/dialysate fluid.

However, the above discussion of uncommon hyper-
natremia in using RCA is based on the relatively low 
sodium concentration in replacement fluid A commonly 
used in China, whereas there are many commercial 
replacement/dialysate fluids outside China with a sodium 
content much higher than that (e.g., 140 mmol/L). When 
fluids with higher sodium concentrations  is used, isos-
molar citrate solutions could be used instead of ACD-A 
or 4% TSC in case occurrence of hypernatremia.

In brief, hypernatremia is not a contraindication for 
using RCA, however the effect on patients caused by the 
change of sodium concentration should be considered 
before apply.

Special issues during RCA 
RCA and liver dysfunction Recommendation 13 Liver 
dysfunction is not recommended as a contraindication in 
using RCA. Patients with liver dysfunction are at increased 
risk for citrate accumulation and should be monitored 
closely during treatment. (Agreement degree: 92.9%, Evi-
dence quality II, Recommendation strength C).

Remarks

It is generally believed that patients with liver dysfunc-
tion have an impaired ability to metabolize citrate [50]. 
Therefore, liver dysfunction has traditionally been con-
sidered a contraindication in using RCA [47]. However, 
several recent studies have shown that RCA can still be 
used safely in patients with liver dysfunction or even 
liver failure, without a significant increased risk of com-
plications [57, 60]. In a prospective multicenter observa-
tional study (7 ICUs, 133 RCA-CRRT patients), patients 
were classified into three groups according to the levels 
of serum total bilirubin: ≤ 34.2  μmol/L for normal liver 
function, > 34.2 to ≤ 119.7  μmol/L for mild liver failure, 
and > 119.7  μmol/L for severe liver failure. The results 
showed no difference in the incidence of safety endpoints 
(severe acid–base disorders of any cause or iCa abnor-
malities) among the three groups, and RCA was well tol-
erated even in patients with severe liver failure [57]. A 
meta-analysis that included 10 observational studies of 
1241 patients with hepatic dysfunction undergoing RCA-
CRRT showed no significant difference in plasma citrate 
levels in patients compared to those without hepatic 
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dysfunction [60]. Several studies have shown that RCA 
can also be used safely in patients with renal failure after 
liver transplantation or in patients being treated with 
extracorporeal artificial liver support [61–63].

There are two possible explanations for the above 
results. First, the liver is not the only place in the body that 
can metabolize citrate, but kidneys, muscles and other tis-
sues that contain the needed enzymes also can  metabo-
lize citrate. Second, traditional liver function evaluation 
indexes [aspartate transaminase (AST), alanine transami-
nase (ALT), bilirubin, cholinesterase, Child–Pugh score, 
model of end-stage liver disease (MELD) score, etc.] have 
a poor ability to predict citrate accumulation [64]. There-
fore, liver failure should not be regarded as a contraindi-
cation for RCA. These patients should be regarded as a 
special group, and the changes of iCa and other electro-
lytes should be closely monitored during treatment to 
identify those with citrate accumulation [25, 57, 60, 64–
66]. It is possible to use a lower citrate flow rate combined 
with a lower blood flow while closely monitoring the ratio 
of serum total calcium to serum ionized calcium [25].

RCA and  lactic acidosis Recommendation 14 Lac-
tic acidosis is not recommended as a contraindication to 
RCA. But such patients are at increased risk of citrate 
accumulation and should be monitored closely during 
treatment. (Agreement degree: 92.9%, Evidence quality II, 
Recommendation strength C).

Remarks

CCC that enters the body is metabolized in the mito-
chondria through the tricarboxylic acid cycle, which is 
oxygen dependent. In patients with severe hypoxia, shock 
or mitochondrial dysfunction, citrate tends to accu-
mulate because of the impaired tricarboxylic acid cycle 
induced by decreased mitochondrial oxidative chain 
activity. In theory, the use of RCA in these patients could 
be dangerous. However, clinical practice has shown that 
RCA use is well-tolerated in patients with shock, espe-
cially in those whose circulation was improving [53]. 
Therefore, there is still a lack of criteria for evaluating the 
severity of metabolic impairment and RCA contraindica-
tion in these patients. Lactic acid is an important marker 
of severe tissue hypoperfusion, severe hypoxia or mito-
chondrial dysfunction. Because lactate and citrate share 
the same metabolic pathways in mitochondria, citrate 
accumulation is often combined with hyperlactatemia. 
They are not causally related in pathophysiology, but 
important markers of severe metabolic impairment and 
disease severity. Such patients usually have a very high 
mortality rate [53, 64].

Retrospective studies showed that almost 100% of 
patients who develop citrate accumulation have lactic 
acidosis [52]. Lactate might be used to evaluate citrate 
metabolic capacity. However, in a significant propor-
tion of patients with elevated lactate not associated with 
hypoxia or hypoperfusion, the tricarboxylic acid cycle 
in these patients may be expected to be normal without 
affecting citrate metabolism. Therefore, hyperlactatemia 
cannot be used as a diagnostic criterion for citrate accu-
mulation, nor a contraindication for RCA. Even if there 
is a severe lactate accumulation due to hypoperfusion 
or hypoxia, RCA can be safely administered if lactic acid 
declines in the first few hours of treatment [53]. The 
study has shown that when a specific lactate threshold 
(e.g., 2.39 mmol/L) was used to assess the risk of citrate 
accumulation in RCA-CRRT patients, the negative pre-
dictive value was significant, and the positive predictive 
value was low [53]. Therefore, patients with persistent 
hyperlactatemia due to shock or hypoxia may have a 
higher risk of citrate accumulation than other patients, 
and such patients should be considered as a special group 
needing closer monitoring by measuring the total-Ca/
iCa ratio and pH [53]. If total-Ca/iCa ratio exceeds 2.5, an 
intervention to reduce the citrate load or to discontinue 
the infusion should be considered [26].

RCA and  CRRT modes Recommendation 15 RCA is 
not recommended to be used in slow continuous ultrafiltra-
tion (SCUF) mode, as CCC cannot be effectively removed. 
RCA can be safely used in other modes such as CVVH, 
CVVHD, and continuous veno-venous hemodiafiltration 
(CVVHDF). (Agreement degree: 95.2%, Evidence quality 
III, Recommendation strength C).

Remarks

The modes commonly used for CRRT include SCUF, 
CVVH, CVVHD, and CVVHDF. SCUF mode does not 
require replacement fluid, and the amount of effluent 
generated is much lower than in other modes. If RCA 
is used in the SCUF mode, CCC cannot be effectively 
removed by the semi-permeable membrane, and the 
excessive CCC entering the systemic circulation makes 
the patient prone to metabolic alkalosis [67]. In CVVH 
mode, RCA can be safely used regardless of pre- or post-
dilution. The main disadvantage is that it is limited by 
transmembrane pressure and filtration fraction when it is 
necessary to increase the flow rate of replacement fluid 
to quickly remove CCC (such as in metabolic alkalosis or 
citrate accumulation). CVVHD mode eliminates solutes 
by diffusion without limitation of transmembrane pres-
sure and filtration fraction, and can increase dialysate 
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flow rate to increase the proportion of CCC clearance 
through the semi-permeable membrane to alleviate 
metabolic alkalosis or reduce citrate accumulation. RCA 
can also be safely used in CVVHD. The main limitation 
of CVVHD is that the citrate replacement fluid (bal-
anced solutions) alone cannot be used, because the cit-
rate replacement fluid should be infused pre filter in the 
extracorporeal circuit to exert anticoagulant effect and 
also as predilution replacement fluid, which should not 
be used as dialysate, as shown in Table 2. CVVHDF has 
the advantages of CVVH and CVVHD and can achieve 
higher clearance efficiency by increasing replacement 
fluid or dialysate flow rate, which is conducive to the 
management of metabolic complications of RCA. Table 9 
shows RCA applications in different CRRT modes.
RCA and energy management Recommendation 16 In 
the energy management of patients with RCA-CRRT, the 
extra calories provided by this anticoagulant approach 
should be taken into account. However, due to the CRRT 
mode, treatment dose, different replacement fluids and 
different anticoagulant composition, the extra calories 
provided by RCA are difficult to accurately estimate. 
(Agreement degree: 95.2%, Evidence quality III, Recom-
mendation strength C).

Remarks

Citrate is not only an intermediate product in the tri-
carboxylic acid cycle but also can be directly oxidized 
and decomposed. Complete oxidative decomposition of 
1  mmol of citrate in the body can produce 0.59  kcal of 
heat [68, 69]. In addition, the additional glucose provided 
during anticoagulation with ACD-A also generates heat 
(complete oxidative decomposition of 1  mmol of glu-
cose produces 0.73 kcal of heat). As shown in Table 10, 
the amount of energy substrate entering the body varies 

with the use of different citrate anticoagulant solutions 
and different replacement fluid or dialysate flow rates. 
Therefore, RCA can have an impact on patients’ caloric 
management. Anticoagulation alone can generate 350–
900 kcal extra per day, which should not be ignored but 
be included in the overall nutritional management of 
patients. However, due to the CRRT mode, treatment 
dose, different replacement fluids and different antico-
agulant composition, the extra calories provided by RCA 
are difficult to accurately estimate. In addition, the effect 
on energy management is more complex when differ-
ent formulations of replacement fluid are used, such as 
lactate replacement fluid (complete oxidative decompo-
sition of 1 mmol lactic acid produces 0.33 kcal) or high 
glucose replacement fluid [20, 70].

Summary
RCA has many advantages over SHA and is recom-
mended as the preferred anticoagulant method for 
CRRT. However, if the parameters are not set properly 
or monitoring is not standardized, metabolic acid–base 
and electrolyte disturbances can still occur. Citrate accu-
mulation is a rare and fatal complication of RCA, but 
the higher risk of death may be primarily due to severe 
comorbid diseases rather than citrate accumulation 
itself. There are no absolute contraindications to using 
RCA. Shock, severe liver dysfunction, or hyperlactatemia 
should not be considered as absolute contraindications to 
RCA. These patients should be considered as belonging 
to a higher-risk group that should be monitored closely 
during treatment. Some CRRT modes (e.g., SCUF) are 
not suitable for RCA. In addition, RCA delivers addi-
tional energy substrates, which should be incorporated 
into overall daily nutrition management. Of course, 
many issues in clinical practice are very individual, and 
this guideline does not cover all RCA-related issues. As 

Table 9 Application of RCA in different CRRT modes

RCA  regional citrate anticoagulation, CRRT  continuous renal replacement therapy, SCUF slow continuous ultrafiltration, CVVH continuous veno-venous hemofiltration, 
CVVHD continuous veno-venous hemodialysis, CVVHDF continuous veno-venous hemodiafiltration

Mode Solute removed Replacement 
fluid or 
dialysate

Characteristics of CCC eliminated by semi permeable membrane Feasibility of RCA 

SCUF Negligible No CCC cannot be effectively eliminated by semi‑permeable membrane, 
and too much CCC entering the systemic circulation is prone to causing 
metabolic alkalosis

Not suitable

CVVH Medium/small molecule Yes The flow rate of replacement fluid is limited by transmembrane pressure 
and filtration fraction

Yes

CVVHD Small molecule Yes Not limited by transmembrane pressure and filtration fraction and can 
increase dialysate flow rate to increase CCC clearance through semi‑per‑
meable membrane. Citrate replacement solution cannot be used alone

Yes

CVVHDF Medium/small molecule Yes Has advantages of both CVVH and CVVHD, and can achieve a larger 
replacement fluid or dialysate flow rate, which is conducive to the man‑
agement of any metabolic complications of RCA 

Yes
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experience accumulates and evidence is added, the rec-
ommendation statements will be updated accordingly.
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