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Objectives 

1. Introduce ICU continuous renal replacement therapy 

(CRRT) equipment and terminology 

2. Summarize current recommendations and future 

directions after the ATN and RENAL trials 

3. Present our novel CRRT program integrating regional 

citrate anticoagulation (RCA) and 24-hour sustained 

low efficiency dialysis (SLED) with computerized 

prescription generation and internet-based telemetry 



Select CRRT Machines in the USA 
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CRRT  Machine: Basic  Layout 
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CRRT Device in Europe 

Fresenius MultifiltrateÊ CRRT System ð 
Integrated Citrate & Calcium Pumps  

ÉFresenius  ÉFresenius  



Continuous Renal Replacement Therapy 

(CRRT): Modalities 

1. Continuous Arterio-Venous Hemofiltration: CAVH 
The earliest form of CRRT, it used arterial blood pressure to 
drive blood flow and ultrafiltration in the circuit 

2. Continuous Veno-Venous Hemofiltration: CVVH 
It replaced CAVH with a blood pump added to the circuit; 

Pre-dilution CVVH: Replacement fluid infused pre-filter 

Post-dilution CVVH: Replacement fluid infused post-filter 

3. Continuous Veno-Venous Hemodialysis: CVVHD 
Uses counter-current dialysis for solute removal; it is being 
replaced by less expensive sustained low efficiency dialysis 
(SLED) using online generated dialysis fluid 

4. Continuous Veno-Venous Hemodiafiltration: CVVHDF 

The combination of CVVH and CVVHD on a single filter 



RCA for 24 - hour  
Post - Dilution CVVHDF  
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RCA for Simultaneous Pre-and Post-Dilution 

High Volume Hemofiltration for SIRS  
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1. Significance 

Å Large, randomized clinical outcomes study for intensity of 
CRTT and intermittent HD in acute renal failure 

Å Compared CRRT with 20 ml/kg/h versus 35 ml/kg/h filter 
effluent flow rate 

Å Compared intermittent HD 1.2-1.4 single-pool urea Kt/V 
per session 3x/week versus 6x/week 

2.  Conclusions1 

Å ñIntensive renal support in critically ill patients with acute 
kidney injury did not decrease mortality, improve recovery 
of kidney function, or reduce the rate of non-renal organ 
failure as compared with less-intensive therapy involving 
a defined dose of intermittent hemodialysis three times 
per week and continuous renal-replacement therapy at 20 
ml per kilogram per hour.ò 

1. Palevsky P et al: Intensity of Renal Support in Critically Ill Patients with Acute Kidney 
Injury; N Engl J Med 2008;359:7 -20.  

The ATN Study (2008) 



1. Significance 

ÅLarge, multicenter, randomized clinical study of 
the intensity of CRRT in acute kidney injury for 
90-day mortality endpoint 

ÅCompared CRRT with 25 ml/kg/hour versus 40 
ml/kg/hour filter effluent flow rate 

2. Conclusions1 

ÅñIn critically ill patients with acute kidney injury, 
treatment with higher-intensity continuous renal-
replacement therapy did not reduce mortality at 
90 days.ò 

1. Bellomo R et al: Intensity of Continuous Renal -Replacement Therapy in Critically Ill 
Patients; N Engl J Med 2009;361:1627 -38.  

The RENAL Study (2009) 



ICU Renal Support 2011 

ÅPrescribe 25-30 ml/kg/h filter effluent rate 

Å24-hour continuous therapy with early start 

ÅRegional citrate anticoagulation1,2 

Å(?) Plasma adsorption: protein-bound toxin, 

cytokine and endotoxin removal; liver support3,4 

Å(?) Selective cytopheretic device: ameliorate 

severe inflammatory response syndrome5 

Å(?)Online measured small solute clearance: for 

dosing of dialysis and medications 
1. Davenport A et al, Citrate anticoagulationé; NDT Plus (2009) 2: 439ï447 
2. Oudemans -van Straaten HM, Citrate Anticoagulationé; Blood Purif 2010;29:191-196  
3. Cruz DN et al, Early Use of Polymyxin B Hemoperfusioné; JAMA. 2009;301(23):2445-2452  
4. Intermittent Modular Plasma Adsorption of Cytokines and Toxins (IMPACT); Minntech Corp.  
5. Humes HD et al, A Selective Cytopheretic Inhibitory Deviceé Blood Purif 2010;29:183-190  



What is the biggest disadvantage of 

traditional CRRT? 



Problems with traditional CRRT 

1. Cumbersome despite improved machines: 
Å Scale-based balancing of > 50 liters effluent 

Å Frequent clotting complications 

Å Cannot use fistula or graft access 

2. Very expensive compared to dialysis: 
Å Custom blood circuits and filters 

Å Pre-packaged replacement fluid 

Å Nurse time if 1:1 nurse: patient ratio is needed 

3. Lack of consensus on best approach: 
Å CVVH versus CVVHDF versus CVVHD 

Å Optimal replacement fluid compositions 

Å Optimal anticoagulation strategy 

 



Principles of Our  
 Near - Automated  

24 - hour SLED - RCA Protocol  



Heparin versus Citrate 

Heparin Citrate 

Hofbauer et al: Effect of anticoagulation on blood membrane interactions during dialysis; Kidney Int, Vol 56 (1999): pp 1578-1583 

Clean Fiber Clotted Fiber 

Scanning Electron Micrograph 

Polysulfone Dialyzer Hollow Fiber 
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 Traditional CRRT 24-hour 

SLED-RCA 

Filter & Tubing $300 (2 x $150) $45 (1.5 x $30) 

Fluid/Dialysate $1000 (200L x $5) $50 

Citrate/Ca +Lab $0 $150 (3 x $50) 

Total Cost 72 h $1300 $245 

Daily Savings NA å $350/day/pt 

HFH Cost of 72 hours of CRRT ($) 

Savings due to alarm-free SLED-RCA with reduced CRRT 

technician and ICU nurse staffing costs are not considered  
17 



Dialysis with Automated RCA: QB 20-300 ml/min 
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18 Szamosfalvi, B; Frinak, S; Yee, J. Automated regional citrate anticoagulation: 

 technological barriers and possible solutions. Blood Purif 2010;29(2): 204-9 



0 1 2 3 4 

0.3 

0.4 

0.5 

0.6 
 y = -0.0811x + 0.6052 

R2= 0.9971 

A
b

s
o

rb
a
n

c
e
 

[Ca 
2+ 

] mM 

2 4 6 8 

0.3 

0.4 

0.5 

 y = 0.0219x + 0.2656 

R2= 0.9990 

A
b

s
o

rb
a
n

c
e
 

[Citrate] mM 

Online Effluent  
Citrate -  and Calcium Sensor  

Adapted from Yang, Y. J., B. Szamosfalvi, J. Yee, S. Frinak and E. V. Anslyn (2011). "Development of an online citrate/Ca2+ sensing 

system for dialysis." Analyst 136(2): 317-320 
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New Dialyzer Designs  
Provide  

24 - hour SLED  
with the  

Middle - Molecule 
Transport Properties  

of  
CVVHDF  
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2011: Internal Convection, Large Filters 

Middle-molecule clearance equal or greater in CVVHD than CVVH2 

1. Adapted from Depner T and Garred L: Solute transport mechanisms in dialysis; in Replacement of Renal Function by Dialysis, 5th edition; p85 

2. Messer, J et al. Middle-Molecule Clearance in CRRT: In Vitro Convection, Diffusion and Dialyzer Area. ASAIO Journal 2009; 55:224-226 
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