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CRRT

Contraindication to 
Citrate?

Increased Bleeding risk?

Proceed without 
anticoagulation

Regional Citrate 
Anticoagulation

Heparin

• Severe lactic acidosis (lactate > 
8 mmol/L)

• Shock state (hypoperfusion)
• ALF or ACLF (AST/ALT > 1000, 

TB/DB > 8)

• Active bleeding
• Post-operative surgery within 

48 hours
• Platelet < 50000 
• INR > 2, aPTT > 45
• Uncontrolled HTN
• Presence of epidural catheter

Kidney International Supplement (2012) 2, 8-12

CHOICE OF ANTICOAGULATION IN CRRT: KDIGO 2012 

RECOMMENDATION

No

Yes

No

Yes



Principle of RCA

NDT Plus . 2009 Dec;2(6):439-47.

Mil Med Res. 2023 May 29;10(1):23.

King ChulalongkornMemorial Hospital
The Thai Red Cross Society

Citrate3− Calcium citrate complex (CCC)

• During CRRT, when citrate is infused at the access end of the extracorporeal 

circulation, the concentration of calcium in the extracorporeal circulation is 

rapidly reduced 

• Ionized calcium ions play a critical role in the coagulation process both 

endogenous and exogenous coagulation pathway.

• Binding of calcium ions removes free calcium ions, preventing circuit clotting 



Prolong filter life span 
significantly in 

predilution CVVH and 
CVVHD, but not 

postdilution CVVH 
and CVVHDF

Prolong filter life span

a meta-analysis with trial sequential analysis of randomized controlled trials. Crit Care 20, 144 (2016)

No difference
in mortality (RR 0.97, 
95% CI 0.84, 1.13, P > 

0.05)

No difference in 
mortality

Reduce risk of 
bleeding (RR 0.31, 

95% CI 0.19, 0.51, P < 
0.01)

Decrease bleeding

Higher number of 
hypocalcemia 

episode (RR 3.96, 
95% CI 1.50, 10.43, 

P < 0.01)

Higher hypocalcemia

ANTICOAGULATION IN CRRT: RCA VS HEPARIN 

META-ANALYSIS



REGIONAL CITRATE ANTICOAGULATION CIRCUIT

Systemic 
ionized calcium 

(pre-filter) = 
1.0-1.3 mmol/L

Circuit ionized 
calcium (post-
filter) = 0.25-
0.35 mmol/L

Ca-Citrate Complexes (CCC) are partially 
loss in the effluent fluid 

(40-60%, depending from CRRT dose, CVVH 
= CVVHD clearance)

Arterial Line Venous Line

Sampling 
for 

systemic 
ionized 
calcium

Citrate 
solution

BFR 80-120 ml/min
Citrate dose
3-5 mmol/L

Calcium free 
dialysate

Post-filter 
replacement fluid

Calcium 
Replacement

Sampling 
for circuit

ionized 
calcium

Effluent



Citrate Metabolism

NDT Plus . 2009 Dec;2(6):439-47.

Mil Med Res. 2023 May 29;10(1):23.
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Protocol: Hypertonic citrate protocol

Dialysate/Substitute 

(Calcium free)

Ci-Ca®  Dialysate K2 5L

Ci-Ca® Dialysate K2 ℗lus 5L

Post dilution RF

(Calcium free)

Ci-Ca®  Dialysate K2 5L

Ci-Ca® Dialysate K2 ℗lus 5L

Diffusion was used as a major solute clearance 
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Dialysates for Citrate : Ci-CA dialysate 

Compositions Ci-Ca® Dialysate K2 Ci-Ca® Dialysate K2 Plus 4% Trisodium Citrate

Sodium 133 mmol/L 133 mmol/L 408 mmol/L

Potassium 2.0 mmol/L 2.0 mmol/L -

Calcium 0 mmol/L 0 mmol/L -

Magnesium 0.75 mmol/L 1.0 mmol/L -

Chloride 116.5 mmol/L 115.75 mmol/L -

Bicarbonate 20 mmol/L 20 mmol/L -

Glucose 1.0 g/L 1.0 g/L -

Citrate - - 136 mmol/L

Dihydrogen phosphate - 1.25 mmol/L -

Preparation Two-chamber Two-chamber Premixed

Volume per bag 5L 5L 500 mL

Diffusion was used as a major solute clearance 



Initial prescription of the patients
the DFR to BFR ratio of 20:1 to avoid 

hypernatremia and metabolic alkalosis due to the 
solution’s high concentration of citrate and sodium



Protocol: Isotonic citrate protocol

Convection was used as a major solute clearance 



MONITORING OF IONIZED CALCIUM

Systemic 
ionized calcium 

(pre-filter) = 
1.0-1.3 mmol/L

Circuit ionized 
calcium (post-
filter) = 0.25-
0.35 mmol/L

Arterial Line Venous Line

Sampling 
for 

systemic 
ionized 
calcium

Citrate 
solution

BFR 80-120 ml/min
Citrate dose
3-5 mmol/L

Calcium free 
dialysate

Post-filter 
replacement fluid

Calcium 
Replacement

Sampling 
for circuit

ionized 
calcium

Effluent

A-port : Systemic blood
Sampling after slow BFR down to 50 mL/min 

for 20-30 seconds to avoid recirculation

V-port : Circuit blood
Sampling at regular BFR 



Dose-response relationship between 
iCa2+ level and clot formation

14
J Cardiothorac Vasc Anesth . 2004 Oct;18(5):581-6.

Post-filter Ca2+

< 0.33 mmol/L : No clot formation, Bleeding time → ∞

0.33-0.56 mmol/L : Concentration dependent

>0.56 mmol/L : Little to no effect 





Wide anion gap

Worsening metabolic acidosis

Falling systemic iCa2+

Increase Ca2+ gap
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Target HCO3 
22-26 mmol/L

HCO3 < 21
BE < -10

HCO3 > 27
BE > -10

Ratio < 2.5
AG 5-15

Ratio > 2.5
AG >15

• Treat cause 
• Give bicarbonate
• “Citrate deficit”

“Citrate accumulation”
“Citrate toxicity”

• Stop citrate 
• Decrease BFR or citrate dose
• Increase dialysate or post RF rate 

“Citrate overload”
“Citrate excess”

• Decrease BFR or citrate dose
• Increase dialysate or post RF rate 

Adapted from Clin J Am Soc Nephrol 9: 2173-2188, December, 2014



RICH trial
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Decreasing Citrate Metabolization

Crit Care. 2017; 21(1):281

Capacity to metabolize citrate is a dynamic process 

depending on:  

  - Baseline characteristics 

  - Hemodynamic status 

  - Mitochondrial function. 

Acute liver failure, Acute-on-chronic liver failure

 - Decrease but not “Null”

  - Protocol with low citrate load

Circulatory shock

  - Decreased oxygen delivery to the cells with decreased 

Krebs cycle activity 

Medications

 - Biguanides (e.g., metformin), cyclosporine, 

paracetamol, trichloroethylene, or propofol 



Citrate in Liver Failure
Critically ill ALF 
patients

Critically ill ACLF 
patients

Critically ill cirrhotic 
patients

Critically ill patients

AUC0-t(mmol.min/L) 124.4 +/- 43.9 113.9 +/- 73.3 N/A 69.9 +/- 66.6

AUC0-inf(mmol.min/L) 267.2 +/- 111.7 372.6 +/- 399.3 282 +/- 130 87.5 +/- 95.5

T max (min) 100.0 +/- 60.0 113.8 +/- 32.8 115 +/- 12 106.6 +/- 21.7

Vd (L) 45.6 +/- 8.0 58.2 +/- 49.7 27 +/- 9 50.6 +/- 21.7

Clbody(ml/min) 152.5 +/- 50.9 195.6 +/- 174.3 340 +/- 185 686.6 +/- 353.6

Cbaseline(mmol/l) 0.24 +/- 0.12 0.21 +/- 0.12 0.51 +/- 0.13 0.02 +/- 0.04

Cmax(mmol/l) 0.76 +/- 0.27 0.72 +/- 0.44 1.6 +/- 0.5 0.56 +/- 0.45

Total dose (mmol) 39.9 39.9 77 +/- 21 57.1 +/- 10.5

AUC, area under the concentration time curve; Tmax Time to maximal concentration; Vd 

Volume of distribution; Clbody Citrate body clearance; Cbaseline Citrate concentration at 

baseline; Cmax Maximal citrate concentration

Ludwig Kramer, et al. Crit Care Med. 2003 Oct; 

31(10):2450-5.

Zheng et al. Plos One. 2013; 8(6): e65992

Sci Rep 12, 1815 (2022).



Different blood gas analyzers result in different 

ionized calcium2+ levels

Ionized calcium measurement cannot be validated 

in the low iCa2+ range. 

PROBLEM WITH POST-FILTER IONIZED CALCIUM



• Many analyzers may not be properly calibrated ionized calcium 
measurement especially at low concentration levels 

• Increase the risk of metabolic complication from subsequent 
citrate dose adjustment 

• For example
• If pfCa level is false high, the citrate dose may be increased and lead to 

systemic hypocalcemia, citrate overload, or citrate accumulation.

• If the pfCa level is false low, the citrate dose may be decreased and then 
lead to metabolic acidosis from inadequate buffer.

• Increase workload and cost (25 USD per test)

PROBLEM WITH POST-FILTER IONIZED CALCIUM



Peerapat Thanapongsatorn, et al. Clinical Kidney Journal, 2023





Current KDIGO AKI 
2012 guideline did 
not mention on 
which RCA protocol 
is better ?





Method

- Retrospective cohort study focused on critical care patients requiring 
CRRT during their admission to the KCMH, Bangkok, Thailand. 

- The study was conducted in accordance with the Declaration of 
Helsinki and received approval from the Chulalongkorn University 

IRB No. 89/66

- Data were collected from February 2023 to September

2023



Definition 

- Premature filter clotting:  defined as a filter lifetime of less than or 
equal to 72 h. 

- Total filter lifetime refers to the duration from the initiation of the first 
filter of CRRT until filter replacement due to any cause, including 
termination of RRT, clotting, or nonclotting

events, with a maximum duration of 72 h. 

- Adjusted filter lifetime includes only filters that reached the 
maximum circuit lifetime (72 h) or experienced clotting, while actual 
filter lifetime accounts for the true filter lifetime after excluding filter 
changes due to nonclotting events, with a maximum duration of 120 h, 
as per current practice.



Results











Summary :CRRT settings which associated with 
premature clotting include 

• Lower dialysate flow rates (DFR) (500 mL/h vs. 1,500 mL/h, p < 

0.001), and 

• Lower corrected citrate doses 

• Hypertonic citrate protocol had longer filter lifetime than the 

isotonic RCA protocol (total filter lifetime; 72 h vs. 52 h, p < 

0.001; adjusted filter lifetime; 72 h vs. 56 h, p < 0.001 and 

actual filter lifetime)



Comparing the RCA protocols using 
concentrated and diluted citrate

2021, prospective observational study (Switzerland)

2024, prospective quasi-experimental study (Spain)

2025, retrospective cohort study (Thailand)

Relevant studies generally still very limited

1. Cassina T, et al. Minerva Anestesiol. 2021 Dec;87(12):1309-1319. 
2. Mateos-Dávila A, et al. Nurs Crit Care. 2024 Sep;29(5):1005-1014. 

3. Wannakittirat A, et al. Blood Purif. 2025 May 30:1-20. 



RCA protocol using concentrated citrate associated with 
longer filter lifespan and better clearance (2021, 
Switzerland, prospective observational study)

• RCA-CVVHD (citrate 136 mmol/L) was (showed by multivariable analysis) associated with a

• longer filter lifespan (HR=0.47; 95% CI: 0.28-0.78), 66 h vs. 48 h;

• higher total cost (1362 CHF [782-1901] vs. 976 CHF [671-1353], P<0.001), but cost per hour is 
similar for the two groups (23 CHF/hour); 

• higher number of anticoagulation adjustments (9 [IQR, 4-14] vs. 2 [IQR, 1-4]).

• Significantly higher mean urea and creatinine reduction ratios at the first 24 hours were in the 
RCA-CVVHD group (T 24, 43±16% vs. 24±15% (P<0.001); and 41±17% vs. 26±15%).  

• Significantly higher mean urea reduction ratios at the 72 hours were in the RCA-CVVHD group 
(T72, 55±28% vs. 39±27% (P=0.038) 

• Higher alkalosis incidence in the RCA-CVVHD group (log-rank test χ2(1)=8.18, P=0.004)

CVVHD with citrate 136 mmol/L (31 pts.) vs. CVVH with citrate 13.3 mmol/L (45 pts.)

Cassina T, et al. Minerva Anestesiol. 2021 Dec;87(12):1309-1319. 
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RCA protocol using concentrated citrate had longer circuit 
lifespan and less electrolyte loss (2024, Spain, 
prospective, quasi-experimental study)

Both protocols using a starting citrate dose of 3.5 mmol/L (the original shall be 4 for 
concentrated and 3 for diluted)

Dialysis solution was used; post-filter replacement was not used, and the citrate solution 
was the only fluid administered pre-filter (the diluted protocol must still have more significant 
convective effect).

Main results:

• The concentrated citrate group had a longer filter life (Kaplan–Meier survival curves, p 
< .05), 76% vs. 48% lasting longer than 48 hours; and there was a slight trend toward 
alkalosis (not statistically significant). 

• A lower need for electrolyte replacement (K, Mg, P) was observed in the concentrated 
group (p < .001). 

CVVHD with citrate 136 mmol/L (43 pts.) vs. CVVHD with citrate 18 mmol/L (23 pts.)

Mateos-Dávila A, et al. Nurs Crit Care. 2024 Sep;29(5):1005-1014. 
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Reason hypertonic citrate has longer filter life time 

Possible mechanism

- lower filtration fraction 

- lower iCa2+ in the circuit during first 24-48 hr

 

Unclear explanation
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Reason hypertonic citrate has higher rate of 
metabolic alkalosis

Possible mechanism 

- higher load of sodium content in hypertonic citrate solution (Na 
408 mmol/L) → lead to higher SID

- hypertonic citrate solution  combined with lower bicarbonate 
concentration in dialysiate solution strategy → may not sufficient 
enough to clear citrate-calcium complex

Unclear explanation



• Regional citrate anticoagulation is the gold standard of 
anticoagulation in CKRT – prolong filter lifetimes and decrease 
bleeding complication

• Pre-filter (systemic) ionized calcium, and calcium ratio was 
monitored to avoid citrate toxicity and citrate complications.

• Simplified protocol for no post-filter ionized calcium
• Low risk of impaired citrate metabolism
• Pre-determined citrate concentrations of 4 mmol/L
• Monitoring of systemic iCa2+, calcium ratio, and promptly correction of 

metabolic complications

• Citrate protocol may affect to filter lifetime 

CONCLUSIONS
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ด้านโรคไตในภาวะวิกฤต

โรงพยาบาลจุฬาลงกรณ์ สภากาชาดไทย



Electrolyte imbalance 
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