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Introduction 

• Why citrate? 

 

• How citrate is used 

 

• Our experience at RHH 

 



Why Citrate at RHH? 

• Needed new filters 

 

• Wanted the option of 
using citrate 



Ideal Anticoagulant 

• During RRT,  to prevent clotting in the 
extracorporeal circuit anticoagulation is 
needed 

 

• Ideally this anticoagulant should be 
– Regional 

– Reversible/short half-life 

– Free from side effects 

– User friendly 



Citrate vs Heparin 

Citrate 

• Regional coagulation 

• No bleeding risk 

• No extra-platelet effect 

• Additional filter fluid; citrate 

• Citrate toxicity 

 

Heparin 

• Systemic anticoagulation 

• Bleeding risk 

• Thromocytopenia, 
particularly Type 2 HIT 

• Standard filter fluids 

 



Why Citrate? 

• Only the filter is anti-coagulated;  
– ideal for bleeding patient (trauma, intracerebral haemorrhage) 
– returning from Theatre etc. 

 

• Invasive procedures (lines, tracheostomies, surgery etc.) can be 
done without stopping CRRT; increases effectiveness of therapy 
whilst saving laborious & expensive set changes, blood loss 
 

• Less circuit downtime – higher dose of therapy delivered 
 

• Heparin needs monitoring & can be difficult to get right (NB 
patients prothrombotic despite apparent anticoagulation cf TEG) 



Thrombocytopenia 

• Patients requiring RRT are the most septic & so 
often their platelets are already low 

• Thrombocytopenia; Type 1 (common, day 4-5  
but usually mild, transient) 

• Type 2; uncommon/rare immunological reaction, 
causes venous & arterial clots, not easy to 
diagnose (immunology to Bristol??) which takes 
time. 

• Heparin then CId for that patient lifelong with 
many potential implications. 



How Citrate Works 





Citrate Dose 

• Clotting does not occur with ionised calcium level 
in the extracorporeal circuit 0.25 - 0.35 mmol/L 
(in reality upper limit ~ 0.5mmol/L) 

• Achieved by a concentration of citrate; 3 - 4 
mmol/L blood 

• Prismaflex administers citrate solution into the 
circuit at a dose to maintain circuit ionised 
calcium levels between 0.25 and 0.35 mmol/L 
post filter – default starting dose 3.00 mmol/L 
blood 







Key Point 

• Citrate anti-coagulation is in effect like giving 
Bicarbonate 



Circuit Set-Up 



Flow Settings 

Actual Body Weight (Kg) Blood flow, ml/min. Dialysate, ml/hr. Replacement, ml/hr. Resulting Treatment Dose 

60 110 1100 400 37mls/Kg/hr 

70 120 1200 500 35mls/kg/hr 

80 130 1300 500 33mls/kg/hr 

90 140 1400 500 31mls/kg/hr 

100 150 1500 600 31mls/kg/hr 

110 160 1600 700 30mls/kg/hr 

120 170 1700 800 30mls/kg/hr 

130 180 1800 1000 30mls/kg/hr 



Cautions with Citrate 

• Not metabolised in 
– fulminant hepatic failure  
– cirrhosis 
– liver blood flow very poor 
– conditions associated with severely reduced muscle 

perfusion 

 
• Citrate accumulation results in rising measured 

blood total calcium  
– watch total:ionised calcium ratio approaching 2.5 
– Rising calcium compensation 

 
 
 



Citrate Accumulation 

• Due to large amounts of citrate being infused more 
rapidly than they can be cleared by either dialysis or 
metabolic pathways 

• Citrate circulates in plasma mainly bound to calcium.  

• Accumulation of citrate causes progressive ionised 
hypocalcemia (<0.95 mmol/L) and may be associated 
with metabolic acidosis or metabolic alkalosis, 
depending on citrate metabolism and infusion rate 

• Clinical manifestations include tetany, seizures, 
hypotension and cardiac dysrhythmias 



Characteristics of citrate accumulation 
 

• Decreasing iCa++ 

• Increasing calcium replacement requirement 

• Increasing TotCa / iCa++ ratio (>2.5) and TotCa 
- iCa++ gap 

• Hypercalcemia 



Citrate Disadvantages 

• Initial educational work 

• Requires close monitoring of calcium, pH and 
electrolytes 

• Metabolic complications 

• Citrate toxicity if citrate not adequately 
metabolised 

• Fluid costs 



Monitoring Regime 



RHH Data 01/04/14-31/03/15 



RHH Data 

• Retrospective analysis of ICU EPR 

• 41/326 (8%) patients received RRT 

• 2 IHD 

• 1 patient data missing 

• 39 patients analysed 

• Probably underestimated number of filters 
used, if no gap in the hourly flowsheet 

• Reason for filter stopping very subjective 

 

 





Anticoagulation 

Citrate 
33 78% 

Nil 5 
12% 

Heparin 
2 5% 

Prostacy
clin 2 

5% 

Patients (38) 

Citrate 
68 85% 

Nil 6 
7% 

Hepari
n 3 4% 

Prostac
yclin 3 

4% 

Sets (80) 
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Duration using Citrate 
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Filter Duration without Citrate (hrs) 

• Elective (treatment withdrawn); 8, 17, 84 

 

• Clogged; 14, 15, 41 

 

• Unknown; 16, 26, 29, 53, 55, 90 



Reason for stopping 

Elective 
31 46% 

Clogging 
11 16% 

Unknow
n 11 
16% 

Access 
13 19% 

Citrate 
Accumu
lation 2 

3% 

Citrate 

Elective 
3 25% 

Cloggin
g 3 25% 

Unkno
wn 6 
50% 

Not Citrate 



Citrate Accumulation 

• After 46 & then 64 hours in the same patient 
with liver failure 

• Detected by Total:Ionised Ca 2.5 

• No adverse features 

• Self-resolved with time 



Costs 

• Fluid costs for a 90kg patient on a standard 
regime £210/day 

 

• Calcium gluconate £37 

 

• £28,431 in 2014-15 on renal fluids 



Pros 

• Removed all the worries of the bleeding 
patient 

• Reassurance that thromocytopenia is not due 
to anticoagulant 

• Citrate toxicity not a problem (advisory built in 
to the EPR) 

• Anecdotally sets lasting longer; retrospective 
data actually hard to interpret (real reason 
filter stopped?) 

 



Cons 

• Big mindshift out of our comfort zone 
• Staff training; 

– Internally 
– Gambro 
– Consultant M&M 

• Junior medical staff no knowledge 
• As with all new treatment modalities a big learning curve   
• Patients under/overtreated/reluctance to change 

prescription 
• Very  shutdown / poorly perfused acidotic patients are 

challenging 
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