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‘artificial kidney failure’ (AKF)
• In most situations, it is related to progressive clotting and/or 

clogging of extracorporeal circuits components.

Blood circulation through an extra-
corporeal circuit is associated with 

intense activation of the coagulation
cascade.

• Clotting can occur as a slow and 
progressive process or rapidly.

• Clots are most frequently observed at
the venous chamber level (blood gas 
interface and relative stasis) and within
the hemofilter.

Zhang L et al. Blood Purif (2016)



• Delivery failure
• Blood loss
• Increased workload
• Increased costs



• Develop your own expertise with your
protocols.
• If the circuit clots, it can be replaced. If the

patient bleeds, a more serious and adverse
outcome may occur.

• To loose a filter to protect a patient is entirely acceptable.

• To loose a patient to protect a filter is NOT.

Ronco, Bellomo, Kellum, Ricci 2018



Kidney Disease: Improving
Global Outcomes (2012) 

http://kdigo.org/home/guidelines/acute-kidney-injury/ 

OFTEN; SOME; CHALLANGE



• In a patient with AKI requiring RRT, base the decision to use
anticoagulation for RRT on assessment of the patient’s potential risks
and benefits from anticoagulation (Not Graded)

• We recommend using anticoagulation during RRT in AKI if a patient
does not have an increased bleeding risk or impaired coagulation and is
not already receiving systemic anticoagulation. (1B)

Kidney Disease: Improving
Global Outcomes (2012) 

http://kdigo.org/home/guidelines/acute-kidney-injury/ 



• For patients without an increased bleeding risk or impaired coagulation
and not already receiving effective systemic anticoagulation, we suggest
the following:

• For anticoagulation in CRRT, we suggest using
regional citrate anticoagulation rather than heparin in
patients who do not have contraindications for citrate.

http://kdigo.org/home/guidelines/acute-kidney-injury/.

• For anticoagulation during CRRT in patients who have
contraindications for citrate, we suggest using either
unfractionated or low-molecular-weight heparin, rather
than other anticoagulants.

Kidney Disease: Improving
Global Outcomes (2012) 



Pickkers P et al. Intensive Care Med (2017)



Pickkers P et al. Intensive Care Med (2017) 



Anticoagulation Free

Regional Anticoagulation

Systemic Anticoagulation

Anticoagulation OPTIONS for CRRT



Tandukar S; Palevsky PM. Chest (2019) 

• Clotting of the extracorporeal circuit is the most common complication during CRRT.

• Practice patterns regarding the use of anticoagulation vary widely, with estimates of 30%
to 60% of patients undergoing CRRT without anticoagulation.

VA/NIH Acute Renal Failure Trial Network, Palevsky PM et al. N Engl J Med (2008)
Uchino S et al. Intensive Care Med (2007)

• Although the use of anticoagulation is often avoided in patients who are coagulopathic,
thrombocytopenic, or are having active hemorrhage, anticoagulation-free treatment may
also be successful in the absence of coagulopathy and thrombocytopenia
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Bleeding complications

Romagnolis, Ricci Z, Ronco C.
Annual Update in Intensive Care and Emergency Medicine (2020)

Regional Anticoagulation

Systemic Anticoagulation



• ➚ Filter life without systemic anticoagulation

• 👍 Patients with moderate to high risk of bleeding

• ➘ Bleeding rates

• ➘ Costs

• Similar overall mortality vs. systemic anticoagulation (heparin-
based)

Pickkers P et al. Intensive Care Med (2017)
Ahmed AR et al. Critical Care Research and Practice (2019)

Bai M, et al. Intensive Care (2015)

• ➘ Transfusion rates

• ➘ Incidence of HIT

Regional Citrate Anticoagulation (RCA)



Stucker et al. Critical Care (2015) 

Effective delivered daily RRT doses were 29 ±
3 and 27 ± 5 mL/kg/hr in the RCA and heparin
groups, respectively (p = 0.005).

RCA: filter life à delivered RRT dose



CITRATE



The anticoagulant effect of sodium citrate relies on forming a complex with ionized calcium,
thus removing an essential component of the coagulation cascade.

Citrate forms a complex with
the Ca++ ions, making them
unavailable as co-factor within
the clotting cascade





Continuous Veno-Venous Hemo DiaFiltration

Citrate (PREDILUTION LINE)

BLOOD INFLOW LINE

BLOOD OUTFLOW LINE

BLOOD INFLOW LINE

PREDILUTION / CITRATE LINE

Romagnolis, Ricci Z, Ronco C.
Annual Update in Intensive Care and Emergency Medicine (2020)
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Kellum JA, Bellomo R, Ronco C (2015)

Ca++ (post-filter) 
0.25 - 0.4 mmol/L  

or 
1.0 – 1.6 mg/dL

Citrate

Regional Citrate Anticoagulation (RCA)

3-4 mmol/L



Ricci D et al. Contrib Nephrol (2017)

Citrate is partially removed by 
filtration or dialysis.

(Mariano F, et al. Nephrol Dial 
Transplant 2011; 26: 3882–3888)

The ensuing regional hypocalcemia in the filter inhibits thrombin 
generation.

The remaining amount, infused 
into the patient, is rapidly 

metabolized in the citric acid 
(Krebs) cycle, especially in the 
liver, muscle, and renal cortex

Citrate



Gao J et al. Sci Rep. 2019 

[0.45-0.62 mmol/L]

[3.44-4.01 mmol/L]

[2.69-3.48 mmol/L]



Kellum JA, Bellomo R, Ronco C  (2015)

• There is no systemic anticoagulation as a result of:
o Any citrate-calcium complex à patient’s blood

à à 1 cit = 3 bicarbonate ions
o During this metabolism, Calcium is released

contributing to normalizing of the coagulation
o 1 mmol citrate à 2.48 kJ (593 cal/mmol citrate)

Am J Clin Nutr 2017; 105:1559-63

REGIONAL CITRATE

• Pay attention to … Magensium (Mg++)



With the more commonly reported citrate protocols, the citrate load is
approximately 10–20 mmol/h.

The citrate metabolic load to the patient is:
[Citrate] pre – [Citrate]eff



O2 dependent

Ci-Ca

Ca++

Na+

Half life 5’
2.48kJ – 593 cal/mmol citrate



Acid-base effects
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Ca/Ca++ > 2.5!!!
…accurately predict the citrate accumulation (systemic citrate concentration 1 mmol/L) with high
sensitivity and specificity (89 and 100%, respectively)

Bakker AJ, et al. Clin Chem Lab Med (2006)

Davenport A et al. NTD (2009)



Impaired liver function Hypoxemia

Shock

Ricci D et al. Contrib Nephrol (2017)

Khadzhynov D, et al  J Crit Care (2014)



However, there is increasing evidence that at least impaired liver
function need not be considered as an absolute contraindication for
RCA.

Several studies have reported that RCA can be safely used even in this
population.

Fiaccadori E, et al. J Nephrol 2015; 28: 151–164.
Slowinski T, et al. Crit Care 2015; 19: 349.

Schultheiß C, et al. Crit Care 2012; 16:R162.
Kribben A, et al. 2012; 142: 782–789.e3.



Anticoagulation Free

Regional Anticoagulation

Anticoagulation OPTIONS for CRRT

RCA management and handling1.5

Rigid Protocol
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The new software is in fact able to adapt citrate
infusion to blood flow changes, thus limiting the
risk of an inappropriate citrate/blood flow ratio.

Moreover, with CRRT monitors the citrate dose can be modified at any
time during the treatment in the event of a documented or suspected
citrate overload.

Last, modulation of the convective and/or diffusive CRRT dose may
prevent the development of citrate accumulation, due to the substantial
removal of citrate with the effluent fluid





CVVHDF Prismocitrate 18/0
18 mmol/l

5000 ml

PrismOcal B22
5000 ml

Calcium – Free
NaHCO3 22 mmol/l

Na+ 140 mmol/L
K+ 4 mmol/L
Mg++ 0.75 mmol/L
Cl- 120 mmol/L
HCO3

- 22 mmol/L
Lattato 3 mmol/L
Glucosio 6.1 mmol/L
Osm 294 mOsm/L

NaCl 5.03 g/L
Sodio citrate 5.29 g/L
Citrato 18 mmol/L
Na+ 140 mmol/L
Osm 244 mOsm/L









ALCALOSI
METABOLICA

ACIDOSI
METABOLICA



1) Decreasing QB (decreases intake) through blood 
flow–citrate coupling or 

2) Increasing QD (CVVHD) or QR
POST (CVVH) 

(increases removal), or
3) Decreasing the targeted citrate concentration 

within the filter.

Citrate accumulation or overload
(management)



Ronco, Bellomo, Kellum, Ricci 2018





Tandukar S; Palevsky PM. Chest (2019) 

• In adults, catheter design and position must be sufficient to sustain blood flow rates of
200 to 300 mL/min.

• KDIGO Clinical Practice Guidelines for AKI recommend the right internal jugular vein as
the preferred location for catheter placement, followed by the femoral and the left
internal jugular veins



Tandukar S; Palevsky PM. Chest (2019) 

• Strategies to minimize the risk of clotting of the
extracorporeal circuit include the following:

• Higher Qb rates

• Minimization of filtration fraction (the ratio of ultrafiltration to plasma flow)

• Minimization of filtration fraction (the ratio of ultrafiltration to plasma flow) by
using CVVHD rather than CVVH or infusing replacement fluids prefilter during
CVVH and CVVHDF (Predilution)

• Predilution: replacement fluids prefilter during CVVH and CVVHDF

• Ensuring optimal catheter function

• Responding promptly to machine alarms to minimize interruptions in blood
flow

• Increasing the frequency of scheduled replacement of the extracorporeal
circuit

VA/NIH Acute Renal Failure Trial Network, Palevsky PM et al. N Engl J Med (2008)
RENAL Replacement Therapy Study Investigators, Bellomo R, et al. N Engl J Med (2009)



Final Thoughts
• RCA

ü Per se is safe and effective
ü Prolongs filter running time
ü Decreases bleeding risk (vs. systemic anticoag.)
ü Decreases workload & associated cost

• Patients at risk for citrate accumulation
ü Severe liver failure
ü Severe hypoxemia
ü Shock

• For patients at risk for citrate accumulation (liver failure, hypoxemia, shock) +
contraindications to systemic anticoagulation (after surgery, complex endovascular
procedures …)

ü Consider anticoagulation free approach
ü Personalize the strategies when the clinical scenario changes
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