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Less Clotting and Clogging in Hollow
Fibers Membrane

Heparin Heparin
(unfractiona (low-molecular weight)

Adhering erythrocytes and fibrin Almost clean fibres with
networks with heparin anticoagulation citrate anticoagulation

Reducing Clotting and Clogging will modify
the filtration fraction but also the filter permeability
After 24-48 h as compared to UNH
So, dose using citrate might be different from UFH dose

Hofbauer R et al.Kidney Int 1999;56:1578-83
Jacobs R, Honore PM et al. Blood Purif 2015 ;40:194-202




Mechanism Of Action
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Citrate Dose = Citrate [] X BF

Citrate

> 2 Cit < 6 mmol/L blo

Dialysate or

Qsg

Ca-Citrate

Mariano F et al.ICM 2010:36:1735-43
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Citrate Metabolism

m Citrate i1s Metabolized into the Mitochondria
m Citrate goes into the Citric Acid Cycle
m This is a Fully Oxygen Dependent Pathway

==

Citric Acid Cvycle
Kishen R, Honore PM,Jacobs R et al.Int J Nephrol Ren Dis 2014;40: 194-202
Oudemans van-Straaten HM et al.Crit Care 2012 ;16:-24




Metabolism of Citrate :O* Dependent

glucose Liver 65 %
2ATP
l H Kidney 5%

pyruvate lactate oY Muscle 30 %
l X cytosol
2
aerobic mitochondria
pyuvate
acetyl-
CoA

Oudemans van Straten HM et al.Crit Care 2012 ;16:-24
Kishen R, Honore PM, Jacobs R et al.Int J Nephrol Ren Dis 2014;40: 194-202



AKI Guideline 5.3

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

¢ 5.3.2.2: For anticoagulation in CRRT, we suggest using regional
citrate anticoagulation rather than heparin in patients who do not
have contraindications for citrate. (2B)

5.3.3: For patients with increased bleeding risk who are not
receiving anticoagulation, we suggest the following for
anticoagulation during RRT:

¢ 5.3.3.1: We suggest using regional citrate anticoagulation, rather
than no anticoagulation, during CRRT in a patient without
contraindications for citrate. (2C)

Kidney Int. Suppl. Volume 2, No 1 (March 2012)



Recent Randomised Studies of RCA vs UFH

Schilder L et al Gattas DJ et al Stucker F et al

Citrate vs: UREH:

=46 (p =0.02) C: 39.2 (p = 0.004
H: 32 H: 22.8

C: 0% (p < 0.001) C: 2 (p =0.011)

Mortality: i

Schilder L et al.Crit Care 2014 ;18-472 Strucker F et al .Crit Care 2015 ;19:91
Gattas DJ et al Crit Care Med 2015-April 6




New Citrate Formulations
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Citrate 0.5 %: The VUB CVVH Protocol:Only 2 Solu

Prismocal B22

Prismocitrate 18

mmol/L TSC 0.5 % Bicarbonate 22 mmol/I
Na+ 140 mmol/I Lactate 3 mmoi/i
1500 ml Cl- 86 mmol/I Sodium 140 mmol/LL
Citrate 18 immol/L K+ 4 mmol/l
Cl- 120.5 mmol/I
AN69 STF150 Mg++ 0.75 mmol/I
1.5 M2 Ca ++ 0 mmol/IGlu 6.1 mma!/L.
~——
Blood ®
150ml/m ‘ 400 ml

B2

CaCl?

CaCl2 (50mEag/50ml) 10'mli/h
adapted to lonized
calciumiin the Blood

Jacobs R, Honore PM et al. Blood Purif 2015 ;40 :194-202



Advantages of Citrate in Predilution

m \We used Standardized Commercially Available
Solutions(less risk of errors as compared to Home
Made)

m Electrolytes are at Physiological [], accidental
Interchanges (of solutions )will have negligible
consequences

m Only Two Solutions are needed and thus reducing the
risk of errors (VUB Protocol )

m The use of Diluted Citrate (0.5 %) do reduce
dramatically the risk of Error (eg: TSC 4 % increase
from 200 to 1000 ml 1)

m Still the same efficacy as the TSC 4 % and ACDA 3 %

Jacobs R, Honore PM.Citrate in CRRT.Lambert Academic Publishing-Released in Feb 2016



Monitoring during RCA CRRT

m Blood: Every 4 hourly and latter 6 or 8 hourly
¢ Na, K, iICat++ (> 1.1 mmol/L or >4 mg/dl), ABG
¢ pH > 7.25 & < 7.45 —Lactate-
m Every 12 hours
¢ Total calcium, phosphate & magnesium
¢ Total Calcium (< 2.5 1Ca) /corrected < 3 mmol/L)/Citrate Gap
m Post-Filter: Every 4 hourly and latter 6 or 8 hourly
o Post-filter ionized Ca++ ( 0.25 to 0.35 mmol/L or below 1.3
mg/dL)
m \WWhy Monitoring of iCa in the Filter ?
+ Need of Citrate differs from Patient to Patient
¢ Can increase Filter lifespan as shown in some studies
¢ Can Detect Early on Citrate Accumulation
+ Adopted by ADQI XVII-Asiago June 2016

Jacobs R, Honore PM et al. Blood Purif 2015 :40 :194-202



Citrate Intoxication with New Formulations(0.5 %)

m Dramatic Fall in lonized Calcium with Cardiac
Arrest I1s not anymore the rule..

m The use of Diluted Citrate (0.5 %) do reduce
dramatically the risk of Error (eg: TSC 4 %
Increase from 200 to 1000 ml 1)

m Decrease lonized calcium will induce (when above
12 mg/dL /3mmol/L (corrected)) encephaopathy,
epilepsy, HTA, AKI and PRES syndrome....

Au S et al.lIJAO 2012;35:538-541



Citrate Accumulation during RCA CVVH

m Metabolic Acidosis Slow to o
Correct "

m Hypernatremia:No anymore ’E

m Hypocalcemia/Hypercalcemia

m Hypomagnesemia/hypok

m Citrate Accumulation:
-Hypercalcemia(Blood) | |
- Catot/iCa>+ > 2.5 (Citrate G) muysiiogical ‘SRt aceumubton

-Metabolic Acidosis with High
Anion Gap —Incr Lactate

-Citrate Level > 28.8 mg/dL

Catot/iCa?+ > 2.5

Jacobs R, Honore PM et al. Blood Purif 2015 ;40 :194-202
Mariano F et al.ICM 2010:36:1735-43



Metabolism of Citrate :Accumulation

Na,citrate ionCa bound-Ca

C

\Ca-citrate

Kishen R, Honore PM, Jacobs R et al.Int J Nephrol Ren Dis 2014;40: 194-202


http://en.wikipedia.org/wiki/Image:Zitronens%C3%A4ure_-_Citric_acid.svg
http://en.wikipedia.org/wiki/Image:Zitronens%C3%A4ure_-_Citric_acid.svg

Citrate: Alkalosis or Acidosis?
L.ook at SID!

Citrate 1s metabolized

SID = (Na* + K*) — (CI + cjtiate> + lactate” +..)

SID T — alkalosis

Citrate 1s not metabolized

SID = (Na* + K*) — (CI- + citrate’ + lactate” +..)

SID »L — acidosis
Fencl V et al. AJRCCM 2000;162:2246-2251
Oudemans van Straaten HM et al.Crit Care 2012 ;16:-24



Late Metabolic Alkalosis

m More Citrate is Metabolized into Bicarbonate (1 mol of
Citrate Is giving rise to three mol of Cltrate)

m Start generally after 24-36 Hours..
m Mild : pH > 7.45/BE > + 3
m Severe: pH > 7.55/BE > + 10

m Extreme : pH > 7.65/Bicar > 40 mmol (I\/Iortallty can reach
50 to 80 %-Left shift —Tissue Hypoxia)

m If Not Corrected & Remains Severe, Therapy has to be
Stopped..

m If Steward Is used, SIDa > 45 can detect > 95 % of
Metabolic Alkalosis instead of only 10 % when using pH >

7,5 after 24 H... Tripathy S.Indian Crit Care Med 2009;13:217-220
Honore PM et al.Crit Care Med 2008;36:1665-1666
Jacobs R, Honore PM et al.BMC Nephrol 2016;17:119-




Plasma Electro-Neutrality

Cations Anions



Citrate 0.5 %: The VUB CVVH Protocol:Only 2 Solu

Prismocitrate 18 NaCL 0.9 %

mmol/LL. TSC 0.5 %
Na+ 140 mmol/I Na : 154 mmol/L
1500 mi Cl- 86 mmol/I Cl : 154 mmol/L

Citrate 18 mmol/L

A9 ST 150
1.5 M2

~—
Blood ®

150ml/m ‘ 400 ml

—

Jacobs R, Honore PM et al. BMC Neprol 2016 :17:119-

CaCl?

CaCl2 (50mEag/50ml) 10'mli/h
adapted to lonized
calciumiin the Blood



Calcium infusion MUST via CVC !

Calcium extravasation
causing tissue necrosis
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http://hk.wrs.yahoo.com/_ylt=A8tU33e_AO1H6kABXvO.ygt./SIG=12uvl0ef9/EXP=1206800959/**http%3A//www.lateralscience.co.uk/oz/ozpics/necrotising%2520arachnidism2.jpg
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http://hk.wrs.yahoo.com/_ylt=A8tU32_oAO1HBFEAdE6.ygt./SIG=1258n8300/EXP=1206801000/**http%3A//dermnetnz.org/bacterial/img/nec-fas1-s.jpg

Conclusions & Perspectives

New Diluted Citrate Formulations are Now Commercially
Avalilable (and not anymore homemade)

Electrolytes at Physiological [],Diluted Citrate (0.5 %) and
only Two Solutions do reduce Dramatically the Risk of
Errors and Dangerous Side Effects..

We did Chose to go for a Monitored System as this will
allow us to adapt to each patient and also to detect Citrate
Accumulation..Also Recommended by ADQI XVII

The VUB Protocol do Use: Diluted Citrate 0.5, CVVH,
only 2 bags, monitoring & dose of 35 ml via a sliding scale

Increase Chloride Concentrations will Fix Metabolic
Alkalosis Induced by CRRT with RCA and PC 18



