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CORSO CRRT 



• Come mantenere la pervietà e il perfetto 

funzionamento del circuito.  

• Diversi regimi di anticoagulazione.  

• Monitoraggio del paziente con equilibrio fra sanguinamento e 

coagulazione. 



Joannidis M et al. Critical Care (2007) 11:218 



• The beginning of clotting in the extracorporeal circuit 
has traditionally been attributed to contact activation 
of the intrinsic coagulation system.  

• However, the bio-incompatibility reaction is more 
complex and is incompletely understood.  

• The activation of tissue factor, leucocytes, and 
platelets plays an additional role. 

Ricci D et al. Contrib Nephrol (2017) 190:19–30 

Joannidis M et al. Critical Care (2007) 11:218 



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



Kidney Disease: Improving Global Outcomes (2012)  

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



• 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) 

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

Kidney Disease: Improving Global Outcomes (2012)  



van de Wetering J et al. J Am Soc Nephrol (1996);7:145-50 



Kellum JA, Bellomo R, Ronco C - 2015 

• Develop a bedside protocol for anticoagulant use 

• Develop your own expertise with this protocol 

• 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. 

• Often, the circuit clots NOT because anticoagulation is suboptimal 
or inadequate, but rather because of poor-quality vascular access 
and/or poor attention to optimal machine operation. 



Anticoagulation for CRRT 

• Unfractioned heparin 
• Low molecular weight heparins 
• Heparinoids 
  Danaparoid (Orgaran®) 
• Direct thrombin inhibitors 
  Hirudin / Argatroban 
• Prostacycline 
• Nafamostat 
• NO anticoagulation 
• Regional citrate-anticoagulation 



Anticoagulation for CRRT 

• Unfractioned heparin 
• Low molecular weight heparins 
• Heparinoids 
  Danaparoid (Orgaran®) 
• Direct thrombin inhibitors 
  Hirudin / Argatroban 
• Prostacycline 
• Nafamostat 
• NO anticoagulation 
• Regional citrate-anticoagulation 



Anticoagulation for CRRT 

• Unfractioned heparin 
• Low molecular weight heparins 
• Heparinoids 
  Danaparoid (Orgaran®) 
• Direct thrombin inhibitors 
  Hirudin / Argatroban 
• Prostacycline 
• Nafamostat 
• NO anticoagulation 
• Regional citrate-anticoagulation 



Kellum JA, Bellomo R, Ronco C - 2015 

Heparin is used most commonly as anticoagulant for RRT by blocking 
factor Xa and thrombin 



Kellum JA, Bellomo R, Ronco C - 2015 

HEPARIN ANTICOAGULATION 

• Administer heparin into the circuit before blood enters the 
membrane in the “pre-filter”  

HEPARIN DOSING GUIDE  

Heparin infusion 
rate 

INR aPTT Platelets 

10 IU/Kg/h < 1.5 < 40 s > 150,000 / mL 

5 IU/Kg/h >1.5 but < 2.5 > 40 s but < 60 s < 150,000 / mL 
> 75,000 / mL 

No 
anticoagulation 

> 2.5 > 60 s < 75,000 mL 

• Check and assess the patient for evidence of spontaneous bleeding 
(urine, feces, wounds, puncture sites, mucus membranes). 

A possible scheme for UFH consists of a bolus of 30 IU/kg followed by an 
initial rate of 5 to 10 IU/kg per hour in patients with normal coagulation. 



Kellum JA, Bellomo R, Ronco C - 2015 

HEPARIN ANTICOAGULATION 

• It is not necessary to use full heparin 
anticoagulation (many pts have low PLT count and 
altered clotting) 

• After major surgery and/or epidural cath  no anticoagulation 
for the firs 24-48 hours (or citrate) maybe a safer option 

• A filter life 20-24 hours is common using heparin correctly  



Ronco C, Ricci Z, De Backer D et al.  et al. Critical Care (2015) 19:146 

Unfractionated heparin (UFH) is still the most widely used anticoagulant 
(Hirsh J, et al. Chest. 2001;119:64S–94S) 

Major advantages of UFH:  
• Low costs,  
• Ease of administration 
• Simple monitoring 
• Reversibility with protamine 
• Half-life of UFH is about 90 minutes 

• aPTT is still the best option for monitoring  
• Levels of greater than 45 to 50 seconds have been associated with an increased risk of 

bleeding 



Ronco C et al. Critical Care (2015) 19:146 

Attention: 
• heparin-induced thrombocytopenia (HIT)  
• Antithrombin levels 



Pickkers P et al. Intensive Care Med (2017) Jan 30 



Pickkers P et al. Intensive Care Med (2017) Jan 30 



Pickkers P et al. Intensive Care Med (2017) Jan 30 



Bai M et al. Intensive Care Med (2015) 41:2098-110.  

• 11 RCTs with 992 patients and 1998 circuits. 
• Citrate for CRRT significantly reduced the risk of circuit loss compared to regional (P = 

0.001) or systemic (P = 0.04) heparin.  
• Citrate also reduced the incidence of filter failure (P = 0.04).  
• The citrate group had a significantly lower bleeding risk than the systemic heparin group 

(P_0.001) and similar bleeding risk to the regional heparin group (P = 0.51).  
• The incidences of HIT and hypocalcemia were increased in the heparin and citrate groups, 

respectively.  



Conclusions:  
 
• Given the lower risk of circuit loss, filter failure, bleeding, 

and HIT, regional citrate should be considered a better 
anticoagulation method than heparin for CRRT in 
critically ill patients without any contraindication. 

Bai M et al. Intensive Care Med (2015) 41:2098-110.  



Stucker et al. Critical Care (2015) 19:91 

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



• 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. (2B) 

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. (2C) 



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 



• Citrate has been used for many years across a variety of 
medical applications, for example, it is widely used for the 
storage of red blood cells. 
 

• As early as 1990, clinicians began to see the possibilities for 
utilising citrate as regional anticoagulant in CRRT 



Blood is 
removed via 

the A line 
and citrate is 

added 

Citrate 
complexes 

with calcium 
and prevent 

clotting 

Remaining 
citrate-calcium 

compl. are 
metabolized to 

bicarbonate and 
Ca++ Is released 

30-60% of the 
citrate-
calcium 

complexes are 
removed by 

the filter 

Calcium is 
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the V line 

298 Da 
High hydosolubility 
Sc = 1 



Kellum JA, Bellomo R, Ronco C - 2015 

• When citrate is infused into the circuit  combines 
with Ca++  citrate-Calcium complexes  

• Ca++ target (post-filter)  0.25 -
0.4 mmol/L (1.0 – 1.6 mg/dL) 

REGIONAL CITRATE 

Citrate 



Morabito S et al. Clin J Am Soc Nephrol (2014) 9:2173-88 

A V 



Ricci D et al. Contrib Nephrol (2017) 190:19–30 

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 



Kellum JA, Bellomo R, Ronco C - 2015 

• There is no systemic anticoagulation as a result of: 
o Any citrate-calcium complex  patient’s blood 
                                 1 cit = 3 bicarbonate ions 

o During this metabolism, Calcium is released 
contributing to normalizing of  the coagulation 

o 1 mmol citrate  2.48 kJ (593 cal/mmol citrate)  
 Am J Clin Nutr 2017; 105:1559-63 

REGIONAL CITRATE 



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 

pH 

PaCO2 

SID 

Weak acids 

Stewart approach 
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Any change in SID will change both [H+] and [OH−] concentrations. 
 
Because of the Kw, this relationship is inverse:  
as [H+] increases, [OH−] decreases 



Acid-base effects 

Ci-Ca 

Metabolic Alkalosis 

⇑ SID 

Ci-Ca accumulation Metabolic Acidosis 

1╳ 3 NaHCO3
- 
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Hypoxemia 

Shock 

Liver failure 



The ratio of total to ionized calcium appears to be the best 
parameter to detect citrate accumulation with an optimal 
cutoff at 2.1. 

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) 44: 962–966) 



Impaired liver function Hypoxemia 

Shock 

Ricci D et al. Contrib Nephrol (2017) 190:19–30 

Khadzhynov D, et al  J Crit Care (2014) 29: 265–271 



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. 



Kellum JA, Bellomo R, Ronco C - 2015 

• A variety of protocols exist.  

REGIONAL CITRATE 



Citrate  3 or 4 mmol/L 

Citrate and calcium-citrate complex 
(30-60%) – can be modulated by 

modifying RRT dose 

Dialysate 
dedicated 

Post-filter Ca++  
(0.3-0.5 mmol/L) 

Ca infusion  
[Ca++]pl= 0.9-1.25 

mmol/L 
Replacement 

fluid 

Citrate + Calcium-
Citrate = Citrate 

load 

(Modified) 



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 



CVVHD 

Calcium – Free 
K 4 mmol/l 
NaHCO3 25 mmol/l 
5000 ml 

Citrate 4% 
(136 mmol/l) 

2000 ml 

Na+ 136 mmol/L 
K+ 4 mmol/L 
Mg++ 0.75 mmol/L 
Cl- 116.5 mmol/L 
HCO3

- 25 mmol/L 

Sodio citrato 39.8  g/2000 mL 
Ac.citrico 0.15 g/2000 mL 
Citrato 136 mmol/L 
Na+ 406 mmol/L 







ALCALOSI 
METABOLICA 

ACIDOSI 
METABOLICA 



the higher the dialysate flow,  
the higher the clearance 



QR
POST 

QR
PRE 

In convective  the 
higher the 

replacement/substitution 
/ infusion flow rate (QR), 
the higher the clearance 





MultiFiltrate CVVHD 

 

• 40 g/l Na3Citrato 

 

• pH regolato con acido citrico 

 

• 136 mmol/l ioni citrato 

 

• Sacca 1500 ml 



multiFiltrate CiCa 
Gestione Citrato Calcio 





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 



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

2) Increasing QD (CVVHD) or QR (CVVH) (increases 
removal), or 

3) Decreasing the targeted citrate concentration 
within the filter. 

Citrate accumulation or overload 

(management) 



Ronco, Bellomo, Kellum, Ricci 2018 



Final Thoughts 

• RCA, compared to systemic anticoagulation 
 Per se is safe and effective 
 Prolongs filter running time 
 Decreases bleeding risk 
 Decreases workload & associated cost 

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

• Take a look to … Magensium (Mg++) 



grazie 

Stefano Romagnoli 



Another approach to achieve regional 
anticoagulation is regional heparinization 
combining a pre-filter dose of heparin, aiming at a 
prolongation of the extracorporeal aPTT, with post-
filter neutralization with protamine, aiming at 
normalizing the systemic aPTT 

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

It is cumbersome and difficult to titrate because heparin has a much 
longer half-life than protamine, inducing a risk of rebound. In 
addition, it exposes the patient to the side-effects of both heparin 
(mainly the risk of HIT) and protamine (mainly anaphylaxis, platelet 
dysfunction, hypotension, and pulmonary vasoconstriction with right 
ventricular failure) and is therefore not recommended. 



Kellum JA, Bellomo R, Ronco C - 2015 

LESS COMMON APPROACHES 

HEPARIN DOSING GUIDE  

Drug Infusion Where? Comments 

Regional 
heparin/protamine 

Protamine at 10 mg/h 
and heparin at 1000 
U/h (1:100 ratio) 

Heparin is administered 
pre-filter and protamine 
is administered post-
filter into the venous 
chamber or directly into 
the return limb of the 
access .  

Not with HIT. 
Check patient aPTT 
after 6 hours to ensure 
that heparin effect is 
reversed. 

PGI2 Bolus (5 ng/Kg/min) 
over 15 minutes before 
commencement of 
CRRT via a CVC; infusion 
4-8 ng/Kg/min 

Circuit pre-filter Hypotension, bleeding 
and/or abdominal 
cramps may occur with 
PGI2 therapy. 

Danaparoid Bolus of IU; 1-2 IU/h Circuit pre-filter Check daily anti-Xa level 
of 0.2-0.35 IU/mL. 



LESS COMMON APPROACHES 

Ronco C et al. Critical Care (2015) 19:146 




