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Introduction (1): Pay attention to use correct abbreviations!  

 

CRRT = Continuous Renal Replacement Therapy 

 

IHD =  Intermittent HemoDialysis 

 
 

 

CVVH = Continuous Veno Venous Hemofiltration  

 

CVVHD = Continuous Veno Venous HemoDialysis  

 

CVVHDF = Continuous Veno Venous HemoDiaFiltration 
 

 

(CRRT does not always mean CVVH!) 

 



Introduction (2): Pay attention to not oversimplify!  

HEMODIALYSIS  HEMOFILTRATION 

Intermittent Continuous  

Diffusion Convection  

Small solutes  Middle molecular weight solutes  

Too simplistic! 



- CVVH: requires a RRT membrane with high hydraulic permeability (ultrafiltration coefficient KUF > 20 

ml/h/mmHg/m2) in order to obtain a significant UF flow rate without an elevated TMP  

  

- CVVHD: theoretically perfectly compatible with membranes with low hydraulic permeability  

(KUF < 5 ml/h/mmHg/m2) 

 

if CVVHD with high-flux membrane                  Internal filtration / Backfiltration 

Hydraulic permeability of the membrane  

QUF = KUF × TMP 



Internal filtration/backfiltration in CVVHD with high-flux filter  

Sang Sang 

Dialysat 

Blood BLOOD BLOOD 

DIALYSATE DIALYSATE 

Internal filtration allows for additional internal convection,  

useful for the removal of middle molecular weight solutes 

This means that modality and filter are not independent  



Leypoldt et al. Blood Purif 1991  

Plus keep in mind that Internal filtration/Backfiltration is also determined 
by the blood flow  



HEMODIALYSIS  HEMOFILTRATION 

Intermittent or Continuous  Continuous (or intermittent)  

Diffusion  +/- internal convection  Convection  

Small solutes +/- middle molecules   Small and middle molecules 

In 2019:  
 



Which modality for my RRT sessions? 
 



= What are my 3 goals for my RRT sessions? 
 



What are my 3 goals for my RRT sessions? 
 

 

Goals 
 
 
 

 
1) Hemodynamic stability 

 
2) Significant filter lifespan 

 
 

3) Optimization of the molecular clearances over time 
 = stability of membrane performance over time  
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CRRT  IHD  

IHD vs CRRT: a 20-yr controversy 



• Avoids risks associated with 
continuous anticoagulation 

• (Easily deployed at the bedside) 

• Allows the patient to achieve 
greater mobility 

• Cheaper “per se” 

 

 

Advantages of IHD Advantages of CRRT 

• Greater hemodynamic stability 

• Continuous control of volume status 

• Steady control of electrolyte and 
acid-base status 

• Temperature control 

• Avoidance of solute swings and 
cerebral edema 

• Superior uremic control 

 

 

 

 



RRT modality (IHD vs CRRT)  

KDIGO guidelines. Kidney Int suppl 2012 



Friedrich et al. Crit Care 2012 
 

CRRT vs IHD  and mortality 



a OR, crude 
b OR, adjusted for age, sex, diabetes or heart failure before admission and calendar year 
c OR, adjusted for age, sex, diabetes or heart failure before admission, calendar year, hospital type and main diagnosis at ICU 

Renal failure among patients surviving 90 days: 

Bell et al. Intensive Care Med 2007 

 



Wald R et al. Crit Care Med 2014 

 

Cumulative risk of chronic dialysis among critically ill patients with AKI surviving to 90 days after 
commencement of RRT who were initially treated with CRRT vs IHD: 

Outcomes for patients with AKI surviving to 90 days, initiated on CRRT vs IHD: 



Variable  Odds ratio (95% CI) p 

Technique (IHD vs CRRT) 0.912 (0.835–0.996) 0.04 

Shock (yes vs no) 1.188 (1.060–1.331) 0.003 

Vasopressors (yes vs no) 1.192 (1.088–1.305) 0.0002 

Ventilation (yes vs no) 1.541 (1.404–1.692) <0.0001 

Cardiac arrest (yes vs no) 1.243 (1.009–1.531) 0.0413 

Cardiac surgery 1.676 (1.281–2.192) 0.0002 

Non terminal CKD (yes vs no) 0.635 (0.575–0.702) <0.0001 

Center (<250 vs >450 beds) 0.547 (0.427–0.702) <0.0001 

Multivariate analysis:  
1 million ICU patients over 4 years  

Bonnassieux et al. Crit Care Med 2017 
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CVVH versus CVVHD 
 



Schilder et al. Critical Care 2014  

Stucker et al. Critical Care 2015 

Gattas et al. Crit Care Med 2015  

 

  

Citrate = 
- Less bleeding complications  
- Higher filter life time  
- Less unwanted stops  = optimized administered dialysis dose  



Anticoagulation and KDIGO guidelines  

KDIGO guidelines. Kidney Int 2012 

 



Any issue(s) with citrate?  
 



Risk of metabolic complications  
 

Trisodic  
Citrate 
(Na3Citrate)  

Cit-Ca2+  

Complex  

Na+  +++++ 



Strong Ion Difference   
 

     
 

SID = (Na+ + K+ + Ca2+ + Mg2+ + UA+) – (Cl- + UA-) 

- Metabolic alkalosis 
- Metabolic acidosis 
- Hypernatremia  
- Hypocalcemia 
- Hypercalcemia 
- Hypomagnesemia  



What is the best way to avoid 
these metabolic complications? 

 



= How should I proceed to give to the 
patient  as little citrate as possible? 

 



Citrate anticoagulation is now safe because pumps work together! 

Blood pump and 
citrate pump 
work together 

Effluent pump 
and calcium 
pump work 
together 





FILTRATION FRACTION 

Courtesy of Pr. Didier Journois 



FILTRATION FRACTION 





Modality of RRT (all sessions), DoRéMiFa study 

CVVHDF 
    (22%) 

CVVH 
 (13%) 

IRRT 
(37%) 

CVVHD 
  (26%) 

HVHF              Pulse HVHF 
(0.6%)             (0.8%) 

Courtesy of Marlies Ostermann 



Type of anticoagulation for CRRT (DoRéMiFa study) 

Courtesy of Marlies Ostermann 



Citrate + CVVHD 
 

 
1- Low Blood Flow  =  Small amount of citrate needed  
 
2- CVVHD (Diffusion) = possibility to remove  a large proportion of Ci-Ca complexes 

if necessary 
 
 
 
 
 
 
 
Allow for a prudent use of citrate anticoagulation in patients in whom citrate would 

usually be contra-indicated (liver insufficiency, MOF, hyperlactatemia…) 
 
 



Citrate + CVVHD + liver insufficiency 

« Feasible » ; « safely used » ; « low incidence of disarrangements »  
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CVVH versus CVVHD 
 



Decrease of membrane efficacy over time 

Zhang et al. ASAIO J 2013  



Hemoconcentration in CVVH leads to the formation of protein cake (polarization layer)  

CVVH = CALCULATE the filtration fraction when you write the CRRT prescription! 

Protein cake 



Clogging / Clotting  

 

 

• There is clogging when some blood 
components accumulate inside the 
pores of the membrane until they 
totally block the pores  

 

 

 

• => Permeability is impaired 

 

Membrane clogging 
 

   

 

• There is clotting when clots are large 
enough to block the capillary fiber 

 

 

 

 

• => Circulation is impaired 

Membrane clotting 

= COLMATAGE 



RRT modality  

KDIGO guidelines. Kidney Int suppl 2012 
Nothing on CVVHD versus CVVH!  



RRT modalities: CONCLUSION  

The model  CVVH/convection/middle molecules    versus     CVVHD/Diffusion/Small molecules is way too simplistic  
 
1- Hemodynamic stability 
   
CRRT+++     The use of CRRT (as the initial modality in the ICU) seems to be associated with better recovery after severe AKI, 
potentially due to better hemodynamic stability  
 
2- Anticoagulation and CRRT modalities 
  
Citrate should be the first choice for CRRT anticoagulation in most cases 
CVVHD allows for an extension of indication thanks to a reduced blood flow rate 
 
3- Filter performance over time   
 
CVVH leads to protein cake. CVVH means filtration fraction  to calculate and to pay attention to  
 
 


