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What is changing in renal 
replacement therapy (RRT) for 
acute kidney injury (AKI)

- New indications to RRT
- New modalities of RRT 
- New anticoagulation protocols

TOPICS







The 
incidence of 

AKI is 
increasing



Why an epidemic of AKI? 

• Patients are changing: elderly people with 
increasing burden of acute and chronic 
comorbidities 

• Medicine is changing: more invasive 
procedures, complex surgery, nephrotoxic 
drugs etc.

• Awareness of AKI is changing: early 
diagnosis more sensitive diagnostic criteria 



Increased morbility and mortality
risk in survivors from AKI



Long-term 
negative 
adverse 

effects of AKI 
as the 

consequence 
of the 

“uremic” 
memory



Whatever is the severity of 
AKI, mortality is increased 

even following patient 
dismission





AKI-induced distant organ effects: 
The systemic complications of AKI as the consequence

of a “nephro-centric” inflammatory syndrome

Scheel PJ et al, Kidney Int 2008; 74:849-851
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Starting RRT in AKI

• Conventional and/or urgent indications

• Clinical and logistic factors influencing 
the decision to start RRT

• Expanded indications and evolving 
practices in the ICU



Conventional and/or urgent indications
for starting RRT in AKI (biochemical/clinical)

• Severe hyperkalemia refractory to medical treatment 
and/or with severe EKG alterations

• Pulmonary edema and oliguria
• Severe metabolic acidosis
• Progressive azotemia
• Overt uremic signs (encephalopathy, pericarditis, 

bleeding diathesis etc.,)
• Concomitant intoxication with dialyzable drug or toxin



Baghshaw SM et al., Crit Care 2009; 13:317

Factors influencing biochemical/clinical 
decision to start RRT in AKI





Dialysis without AKI





The nephrologist’ 
view of ICU patients

The intensivist’
view of ICU patients



Bouchard J et al., Kidney Int 2009; 76:422-427

Increased 
mortality risk 

associated with 
fluid overload in 

AKI



Pathological 
sequelae of 

fluid overload
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Continuous dialysis is not superior to intermittent dialysis in acute kidney 
injury of the critically ill patient

Jonathan Himmelfarb
Nature Clinical Practice Nephrology 2007; 3:120-121



Continuous
RRT (CRRT)

vs
Conventional 
Intermittent 

RRT



A possible solution to the debate might be 
represented by an hybrid between conventional 

intermittent modalities of RRT and CRRT



Prolonged Intermittent 
Renal Replacement Modalities

Acronyms in the literature

• SLED (sustained low efficiency dialysis)
• EDD (extended daily dialysis)
• SLEDD (slow long extended daily dialysis)
• SLEDD-f (sustained low efficiency daily 

diafiltration)
• PIRRT (prolonged intermittent renal 

replacement therapy)



SLED is a flexible approach to RRT for AKI in the ICU 
that takes most of its advantages from the strenghts of 

both intermittent and continuous modalities of RRT

• Efficient solute removal
• Hemodynamic stability
• Fluid removal capacity
• Flexibility and logistics
• Costs
• Reduced exposition to systemic 

anticoagulation



Marshall MK et al. Nephrol Dial Transpl 2011, 26:2169-75

Mortality with SLED

No difference in mortality between two different time periods 
(before and after the transition from CRRT to SLED) in three 

different ICUs (Australia, New Zealand, Italy)



Modality of RRT in the ICU
(79 ICU from Piemonte, Italy)
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• RRT for a total of 
7,842 days was 
provided in 79 
ICUs for 1,118 
patients.

• RRT median 
duration (5.76 
days/patient)



An 
approach 
to RRT in 

AKI 
tailored to 
the patient 

needs



AKI in the ICU, with hemodynamic instability
and/or hypervolemia, and/or catabolic state

Daily HDF 4 hours

Problems with 
hemodynamics, fluid control, 

solute removal?

SLED 8 hours 

Problems with 
hemodynamics, fluid control, 

solute removal?

SLED 12 hours

Adequate nutrition, daily fluid 
balance and weight control 

The 
incremental 
approach to 
intermittent 
RRT for AKI
In the ICU
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Clinically important GI bleeding significantly 
increases the risk of death in ARF patients
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Fiaccadori E et al., Kidney Int 2001; 59:1510-19

adj. OR 2.57
(1.09-6.06)

ARF patients with 
GI bleeding
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From the patient To the patient

filter

Dialysis 
fluid out

Sustained, low-efficiency dialysis (SLED) with citrate

Dialysis
fluid in,

Ca 1.25 mmol/L

Blood flow
200 ml/min

- Dialysis fluid rate 300 ml/min
- Daily treatments, 8 to 12 hours
- Standard dialysis machine
- polisulfone filters, 1.7 m2, KUF 20 ml/mmHg/h

ACD-A (citrate 113 
mmol/L), 200 - 400 ml/hour

ACT and 
Ca++ check

Ca++ of the 
patient > 0.9 

mmoles/L



Patients

• 40 ICU patients with AKI and need for RRT
• General ICU, Heart Surgery ICU, Renal ICU
• 26 m, age 74 + 11,
• APACHE II 25.7 + 2.2
• Mechanical ventilation 35/40
• Sepsis 27/40
• Mortality 16/40 
• 290 SLED sessions (8-10 hours)



Ionized Ca levels in the circuit

SLED start 2 hours End SLED
0.00

0.25

0.50

0.75

1.00

1.25

n = 281

m
m

ol
/L Target Ca++ 

levels for  circuit 
anticoagulation 

0.25-0.45 mmol/L

Serum Ca++ levels in the blood before the filter



ACT patient
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Citrate levels, patients
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n. SLED % SLED 

Scheduled 265/290 91.4

Impending circuit 
coagulation

15/290 5.2

Circuit coagulation 2/290 0.7

Malfunct CVC 3/290 1.0

Urgent procedure or surgery 2/290 0.7

Refractory hypotension 3/290 1.0

Causes of SLED discontinuation

(290 SLED in 40 patients with
AKI in the ICU, 8-10 hours)



Complications

• Calcium administration 3/40

• Major hemorrhagic complications in 2/40 (5%)



Take home messages

• New indications for RRT in patients with AKI

• No formal demonstration of superiority of one RRT modality as
compared to the others; however more prolonged modalities of
RRT may allow an easier control of metabolic and fluid status of the
patient, reducing hemodynamic instability risk

• A possible approach to RRT in AKI might be to integrate in an
hybrid RRT modality (SLED) the advantages of both conventional
intermittent and continuous RRT modalities (CRRT)

• SLED with citrate might represent a reasonable compromise
between the need for an efficient treatment and the need to control
the hemorrhagic risk


