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7.1          General Principles 

 Acute kidney injury (AKI) is an independent predictor of mortality in critically ill 
patients [ 1 ]. Continuous renal replacement therapy (CRRT) developed as a treat-
ment for renal failure in patients who are unable to undergo standard dialytic treat-
ment due to hemodynamic instability. 

 Several different renal replacement therapies are now available, including con-
tinuous or intermittent techniques. These strategies need some form of anticoagula-
tion to increase circuit survival and to reduce the complications associated with 
circuit clotting such as thrombocytopenia. Continuous intravenous administration 
of unfractionated heparin (UH) is the most common approach. However, systemic 
anticoagulation with UH is associated with potentially serious adverse effects such 
as bleeding and heparin-induced thrombocytopenia (HIT) [ 2 ]. Regional anticoagu-
lation with citrate has been proposed as an effective and safe mean for anticoagula-
tion during CRRT. Recently, the fi rst international web-based consensus conference 
on mortality reduction in patients with or at risk for AKI [ 3 ] included citrate antico-
agulation for continuous venovenous hemofi ltration (CVVH) among drugs and 
techniques which may increase survival in critically ill patients with AKI.  

7.2     Main Evidence 

 Oudemans-van Straaten et al. [ 4 ] conducted a non-blinded randomized con-
trolled trial to compare the effect of nadroparin, a low molecular weight heparin 
(LMWH), and citrate regional anticoagulation in critically ill patients on CVVH 
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from a single-center teaching hospital. A total of 215 patients were randomized. 
Adverse events, including bleeding complications, were more frequent in the 
nadroparin than in the citrate group ( p  < 0.001). In this study, hospital mortality 
and mortality at 3 months were unexpectedly reduced in the citrate group in 
both per-protocol and intention-to-treat analyses. This is a strong fi nding, as 
mortality is rarely modifi ed by a single technique in intensive care unit (ICU) 
patients, and this is the only technique that proved superior among those adopted 
for CRRT. As survival is rarely modifi ed by interventions in these studies, other 
surrogate outcomes are commonly used as proxy of safety and performance, 
including circuit survival time, bleeding and major adverse events, platelet 
count, and discontinuation of CRRT for bleeding. 

 Several other strategies have been developed to minimize fi lter clotting during 
CRRT. One is predilution, without circuit anticoagulation that prolongs circuit 
survival and is a safe approach in critically ill patients at high risk of bleeding 
[ 5 ]. This technique has the advantage of avoiding any form of anticoagulation, 
reducing bleeding complications. However, so far it is not clear which category 
of patients can truly benefi t from predilution without anticoagulation, as most 
critically ill patients are non-bleeding or not at high risk of bleeding. This tech-
nique can indeed reduce circuit lifespan, consequently increasing costs and 
reducing CVVH effi cacy. Moreover, predilution reduces CRRT effi cacy, as ure-
mic toxins and other substances are diluted in blood before CRRT fi lter, and it is 
not the best available option when higher CRRT doses are needed. 

 As mentioned, systemic anticoagulation with unfractionated heparin (UH) is 
the most common strategy employed during CVVH. Several randomized con-
trolled trials have compared UH and regional citrate anticoagulation [ 2 ,  4 ,  6 ,  7 ]. 
A meta- analysis of randomized trials, published in 2012, found a decreased risk 
of bleeding in patients treated with citrate, but no difference in survival [ 8 ]. Other 
studies found that a reduced bleeding risk with citrate anticoagulation as com-
pared with systemic heparin is achieved without reducing or even increasing 
clotting-free circuit survival time [ 9 ,  10 ]. However, despite a lower complication 
rate, no difference in mortality was identifi ed when comparing UH and citrate 
anticoagulation [ 9 ]. 

 Several studies compared the effi cacy and safety of UH and LMWH. A similar 
rate of bleeding, circuit survival, and platelet consumption was found. No signifi -
cant difference in mortality was identifi ed for these treatments [ 11 ,  12 ]. 

 In conclusion, citrate has proven to be superior to LMWH on mortality, while no 
defi nitive conclusion can be drawn from studies comparing citrate and UH. However, 
considering that UH was not proven superior to LMWH in terms of mortality in 
several studies, and that citrate showed a reduced complication rate when compared 
with UH, citrate may be considered at least as safe, and probably safer, than UH in 
terms of mortality. Further randomized studies with larger sample size are needed 
for a defi nitive answer.  
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7.3     Pathophysiological Principles 

 Blood fl ow through the extracorporeal circuit directly triggers coagulation, due to 
the contact with artifi cial surfaces and with air in the bubble trap, to turbulent and 
low fl ow, and to hemoconcentration. Citrate is a well-known anticoagulant. It has 
been used for decades as an anticoagulant to preserve stored blood products. Indeed, 
citrate chelates calcium ions, a necessary cofactor in the coagulation cascade, thus 
reducing calcium levels. The reduced calcium concentration hampers thrombin 
generation, the fundamental fi nal step of intrinsic and extrinsic pathways in the 
coagulation cascade. 

 The citrate-calcium complex is removed from the circuit through hemofi ltration 
and dialysis, while normal calcium levels are restored through a post-fi lter calcium 
infusion. This normally grants regional anticoagulation within the extracorporeal 
circuit, with low risk of bleeding in most patients. 

 The local extracorporeal effect of citrate anticoagulation is the main principle 
behind its safety. All other anticoagulants are administered and exert their effects 
systemically, causing complications in every organ. In patients at high risk of bleed-
ing, anticoagulants are used at a lower dose to reduce complications. However, this 
strategy may reduce CRRT circuit lifespan. Conversely, during citrate regional anti-
coagulation blood clotting is impaired only in the CRRT circuit, as citrate is infused 
and removed (for the largest part) before blood reinfusion to the patient. Metabolic 
and ionic derangements due to the small amount of citrate that enters systemic cir-
culation are easily monitored and reversible using point of care analyzers.  

7.4     Therapeutic Use 

 The main indication for citrate regional anticoagulation is CRRT in critically ill 
patients at high risk of bleeding. 

 The number needed to treat to prevent one bleeding event with citrate regional 
anticoagulation was calculated to be 6.87 [ 8 ,  13 ]. While citrate CRRT presents 
higher direct costs than other standard dialytic techniques, citrate anticoagulation 
was demonstrated to be eventually cheaper than systemic UH, due to increased 
circuit survival and due to a reduced transfusion and complication rate [ 14 ,  15 ]. 

 The advantages and the indications for the different anticoagulation strategies 
are summarized in Table  7.1 .

   Clinicians should consider, during citrate anticoagulation, that despite the 
removal of most citrate-calcium complex within the dialytic circuit, a small amount 
of citrate may be delivered to the patient. This can have profound consequences on 
systemic acid-base balance. Citrate is normally cleared by the liver, almost indepen-
dently from renal function. Citrate is metabolized in the hepatocytes through Krebs 
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cycle, liberating three molecules of carbon dioxide that are then converted to bicar-
bonate. Thus, citrate may act as a buffer in the systemic circulation, possibly leading 
to metabolic alkalosis. 

 Although trisodium citrate is the primary citrate form in commercial solutions 
for CRRT, in some cases a small amount of citric acid is added in the preparation. 
This enhances the anticoagulation effect and reduces the risk of metabolic alkalosis 
as citric acid is not metabolized to bicarbonate. Moreover, the risk of hypernatremia 
due to trisodium citrate is reduced by citric acid use. 

 Citrate may accumulate in patients with hepatic dysfunction, resulting in meta-
bolic acidosis and hypocalcemia. This is the direct consequence of an impairment 
in citrate metabolism due to liver failure. Acidosis may also occur due to continu-
ous loss of bicarbonate and calcium/citrate complex in the fi ltrate fl uid. The most 
frequent and dangerous complication is the development of systemic calcium 
derangements that may be life threatening. Moreover, other electrolytes are che-
lated by citrate, including phosphorus and magnesium. Therefore, calcium and 
electrolyte levels should be monitored closely in clinical practice to reduce citrate 
toxicity. 

 Liver failure is a relative contraindication for citrate regional anticoagula-
tion, as it implies a higher risk of citrate toxicity. However, citrate anticoagula-
tion can be used even in patients with liver failure if needed, with closer 
metabolic monitoring [ 16 – 18 ]. Citrate metabolism may be impaired in other 
conditions with systemic hypoperfusion causing reduced liver blood fl ow and 
reduced citrate clearance, such as cardiogenic shock or septic shock. To increase 
the safety of this technique, standardized local protocols should be employed 
[ 13 ]. Moreover, new commercial solutions and more accurate algorithms for 
citrate management are being developed to simplify citrate anticoagulation, to 
reduce the risk of metabolic derangements, and to widen its use in clinical prac-
tice [ 19 ]. 

   Table 7.1    Common anticoagulation techniques used for continuous renal replacement therapy   

 Anticoagulation  Indications  Advantages  Effect on survival 

 Regional citrate 
anticoagulation 

 Patients at 
high risk of 
bleeding 

 Lower risk of 
bleeding 

 Citrate reduces mortality against 
LMWH (nadroparin) 

 Systemic unfractionated 
heparin anticoagulation 

 Critically ill 
patients 

 Most used, low 
costs, easily 
reversible 

 None demonstrated 

 Low molecular weight 
heparin 

 Critically ill 
patients 

 Low cost, easy 
to use 

 Increases mortality when 
compared to citrate regional 
anticoagulation in patients at 
risk of bleeding 

 Predilution (no 
anticoagulants) 

 Patients at 
high risk of 
bleeding 

 No risk of 
bleeding 

 None demonstrated 
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 In conclusion, considering the lower risk of complications and some evi-
dence of survival advantage for citrate anticoagulation, the addition of new 
technological improvements and the evidence of similar total costs, citrate use 
for CRRT in critically ill patients should probably be increased in the next 
future. New clinical trials are warranted to defi nitively assess the effect of citrate 
anticoagulation in terms of survival benefi ts, complication rate, and 
cost-effectiveness. 
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