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Severe AKI 
often requires
RRT, which is

associated
with a 50–60% 
mortality rate.
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OUTLINE . . . 
• IHD, CRRT, HT (SLED, SLEDD, SLEDD-f,

EDD,SCD,AVVH, AVVHDF) - nomenclature and
definitions

• Evidence for the literature

• . . . And so what? 



Tandukar S & Palewsky PM. CHEST (2019) 



Although the benefit of a slow, 
continuous modality of renal 
support in hemodynamically 
unstable patients may seem 

selfevident, RCTs have failed to 
show differences with regard to 
either mortality or recovery of 

kidney function comparing CRRT
with either IHD or PIRRT.
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Prolonged Intermittent Renal Replacement Therapies (PIRRT)

Continuous Renal Replacement Therapies (CRRT)

Intermittent Hemodialysis (IHD)



PIRRT

Acute RRTs include standard intermittent hemodialysis, peritoneal dialysis, continuous
renal replacement therapies (CRRTs), and hybrid therapies such as prolonged
intermittent renal replacement therapies (PIRRTs).

Other terms used to describe PIRRT include:
• Sustained low-efficiency (daily) dialysis (SLED or SLEDD)
• Sustained low-efficiency (daily) diafiltration (SLEDD-f)
• Extended daily dialysis (EDD)
• Slow continuous dialysis (SCD)
• Go slow dialysis
• Accelerated venovenous hemofiltration (AVVH) or hemodiafiltration (AVVHDF)
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Villa G . . . Ronco C  Critical Care (2016)

• Sustained low-efficiency dialysis (SLED)
• Slow low-efficiency extended daily dialysis (SLEDD)
• Prolonged intermittent RRT (PIRRT)
• Extended daily dialysis (EDD)
• Extended daily dialysis with filtration (EDDf )
• Extended dialysis (ED)
• “go slow dialysis”
• Accelerated veno-venous hemofiltration (AVVH).

• Si utilizza generalmente material di IHD
(macchina, filtri, circuiti).

• La rimozione dei soluti avviene
prevalemntemente con tecnica diffusiva.

• Esistono varianti con tecnica convettiva
(EDDf, AVVH)

Hybrid therapies 



PIRRT is an alternative to CRRT for hemodynamically
unstable patients, although the evidence is weak

PIRRT
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Tandukar S & Palewsky PM. CHEST (2019) 

Modalities of RRT

Multiple modalities of renal support may be used in the
management of the critically ill patient with kidney failure.
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Tandukar S & Palewsky PM. CHEST (2019) 

Modalities of RRT

Multiple modalities of renal support may be used in the
management of the critically ill patient with kidney failure.





Continuous (RRT)

Intermittent (HD)

Hybrid therapies



All of these use relatively similar extracorporeal blood circuits and differ primarily
with regard to duration of therapy and, consequently, the rapidity of net
ultrafiltration and solute clearance.
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Tandukar S & Palewsky PM. CHEST (2019) + Wang AY, Bellomo R. Curr Opin Crit Care (2018)
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Wang AY, Bellomo R. Curr Opin Crit Care (2018)

IHD

SLED
CRRT



Wang AY, Bellomo R. Curr Opin Crit Care (2018)

Indications for commencement of RRT therapy for severe AKI
patients are the same for all modalities, such as fluid overload,
hyperkalemia, acidosis, and uremic syndrome that are refractory to
medical therapy.

. . . there is still controversy on the advantages of one
modality over the others on clinical outcomes of AKI 
patients. . . 



IHD – Intermittent HemoDialysis
• Meccanismo principale per la rimozione dei solute è la DIFFUSIONE
• Ideale per PICCOLI SOLUTI

+ UF volume



Wang AY, Bellomo R. Curr Opin Crit Care (2018)

Intermittent hemodialysis (IHD)

• IHD is often used in the setting of CKD where patients
receive hemodialysis three times a week
• 3–5h each session, using higher flow rates than CRRT to

maintain fluids, electrolytes, and acid–base balance
• It can also be administered for AKI patients, especially

those who are hemodynamically stable
• It removes solutes by diffusion and may be more suited

for patients who require rapid removal of dialyzable
substances such as severe hyperkalemia and selected
toxins



In fact, it is likely the most
commonly used acute RRT
modality in the United States.

However, IHD may be associated with an increased risk of
hypotension because of removal of large amount of fluid over a short
period of time, potentially leading to further renal ischemia

Vinsonneau C et al. Lancet (2006)

Nonetheless, IHD can be used as an alternative option for AKI
requiring RRT, especially in resource-limiting settings.

Sankarasubbaiyan S et al. IndianJ Nephrol (2013)

• IHD is less expensive and
requires less anticoagulation



Continuous renal replacement therapy (CRRT)

• CRRT provides continuous support

§ Continuous venovenous hemofiltration (CVVH) à convection
§ Continuous venovenous hemodialysis (CVVHD) à diffusion
§ Continuous venovenous hemodiafiltration (CVVHD) à diffusion + 

convection

provides a . . .  slow, gentle, and continuous kidney support

…preferentially used approach for critically
ill patients with hemodynamic instability



See and Bellomo Crit Care (2021)



See and Bellomo Crit Care (2021)

EQUIVALENT



• Continuous venovenous
hemofiltration (CVVH) –
convection

• Continuous venovenous
hemodialysis (CVVHD) –
diffusion

• Continuous venovenous
hemodiafiltration (CVVHDF)
– diffusion and convection

CRRT
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Replacement
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CRRT provides a slow, gentle, and
continuous kidney support à
hemodynamic instability

More gradual fluid removal and
solute clearance over prolonged
treatment times



Continuous renal replacement therapy (CRRT)

SCUF

CVVH Post Hep
CVVH Pre Hep
CVVH Pre-Post Hep
CVVH Post-Citrate 

CVVHD Hep
CVVHD Citrate

CVVHDF Post Hep
CVVHDF Pre Hep
CVVHDF Pre-Post Hep
CVVHDF Post-Citrate 

The modes differ in whether the primary driver of solute removal is 
convection, diffusion, or both, the reinfusion site (pre-post-both) and 

the anticoagulation modality (heparin, citrate à pre).



CRRT provides a slow, gentle, and
continuous kidney support à
hemodynamic instability

More gradual fluid removal and
solute clearance over prolonged
treatment times

CRRT

Continuous
Renal
Replacement
Therapies

Although the Kidney Disease:
Improving Global Outcomes
(KDIGO) Clinical Practice Guideline
for AKI recommends the use of
CRRT for patients who are
hemodynamically unstable, the
strength of this recommendation
is low.

Observational data, however, do suggest
that CRRT is more effective in achieving
net negative fluid balance than IHD.

Tandukar S & Palewsky PM. CHEST (2019)



Hybrid therapies 
Sono modalità che cercano di ottimizzare i vantaggi e minimizzare
gli svantaggi di entrambe:

• Efficiente rimozione dei soluti
• Più lenta quota di ultrafiltrazione (ultrafiltration rate) à stabilità

emodinamica
• Minore esposizione all’anticoagulazione
• Più breve durata
• Minori costi
• Minore carico di lavoro infermieristico
• Migliore “ICU workflow”



PIRRT can be performed on most machines that
are used for standard intermittent hemodialysis.

Standard extracorporeal circuit tubing and
hemodialyzers are used for PIRRT.

PIRRT should be performed at least three times
per week to provide an adequate dialysis dose.
The time per session ranges from 6 to 18 hours
but is typically approximately 8 hours.

The length of the dialysis session depends on the
needs of the patient (usually the volume that
needs to be removed) and hemodynamic stability

PIRRTs
Prolonged
Intermittent
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Replacement
Therapies

SLED
Sustained
Low
Efficiency
Dialysis

The dialysate flow rate ranges from 100 to 300
mL/min.



In this topic review, such regimens collectively are referred to as HT, although other terms
used in the literature are sustained low-efficiency (daily) dialysis (SLED or SLEDD), sustained
low-efficiency (daily) diafiltration (SLEDD-f or SLED-f), extended (daily) dialysis (ED or EDD),
prolonged (daily) intermittent renal replacement therapy (PIRRT or PDIRRT), slow
continuous dialysis (SCD), and “go slow dialysis.”

The technical elements of HT are not novel. In the extreme, it
can be argued that Kolff actually performed the first HT
treatments more than 50 years ago.

There is agreement among opinion leaders that the nomenclature must be standardized

However, the clinical context of HT is
novel as a conceptual and logistic
compromise between the modern

applications of IHD and CRRT



However, this is proving difficult, owing to lack of a common
perspective between nephrologists and intensivists

•Hybrid therapy is “low efficiency” 
and “prolonged” to nephrologists . 
.  

• but “high efficiency” and 
“foreshortened” to intensivists





Vinsonneau C et al. Lancet (2006)



Rabindranath K et al. 
rane Database Syst

Rev (2007)

• 15 trials comparing intermittent RRT 
(IRRT) versus CRRT 

• Comparing intermittent RRT (IRRT) versus
CRRT and did not show differences in ICU
and in-hospital mortality, the number of
patients who became RRT independent,
hemodynamically instable, or
hypotensive.

• Patients Patients on CRRT were likely to
have significantly higher mean arterial
pressure and higher risk of clotting dialysis
filters



• Single-center - retrospective study
• 231 hemodynamically unstable AKI

patients (NE 0.3-1.0 mcg/Kg/min) –
76.2% sepsis
• SLED (6–8h of hemodialysis 6 days a

week, with blood flow of 200 ml/min,
dialysate flows of 300 ml/min) – 1367
sessions.

SLED
appeared to be able to provide
adequate metabolic and fluid 

control.
Age and focus abdominal sepsis were identified as risk factors for death. 

Urine output and negative fluid balance were identified as protective
factors.

Ponce D et al. PloS one (2013)



2015

• 17 studies (7 RCTs and 10 observational) of 1208 patients compared the effect of SLED 
with CRRT on clinical outcomes Zhang L et al. AJKD (2015)



No significant differences in recovery of renal function, fluid removal, days of ICU stay, and
biochemical clearance between SLED and CRRT.

Zhang L et al. AJKD (2015)



• 21 trials comparing RRT modalities in the
ICU

• 16 studies were RCTs
• No single RRT modality carried definitive

advantages on mortality and dialysis
dependence at 30 days

• However, there was a trend toward better
patient and kidney survival for CRRT versus
IHDNash DM et al. JCC (2017)



Large studies assessing effects of RRT modalities on both 
short-term and long-term renal outcomes of AKI patients.

Bell M et al. Crit Care Med (2008) Wald R et al. Crit Care Med (2014)



percentages of patients who were
survived and remained dialysis dependent

Bell M et al. Crit Care Med (2008)

Wald R et al. Crit Care Med (2014)
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• Retrospective cohort study
• France; 291 centers
• 58 635 patients with AKI receiving

RRT in ICU

Bonnassieux M et al.CCM (2018)



• Overall hospital mortality of 56.1%.
• Of these, 13.2% patients were still

dialysis dependent at the time of
discharge.
• Among these 58 635 patients, the use

of IHD as the initial modality of
dialysis was associated with lower
rates of recovery of renal function at
hospital discharge

Bonnassieux M et al.CCM (2018)





üPreferred starting modality in ICU (at least in Europe)

üMore «gentile» with hemodynamics 

üMore expensive

üMore «aggressive» with hemodynamics

üLess expensive

üMore dependent on Nephrology Technician-Nurse 

CR
RT

IHD

üIn cerebral edemaà more physiological and slow removal of 
urea and other solutes).



üGood within the clinical course to
anticipate the transition from continuous
to intermittent /weaning

üPersonalized on hemodynamic status

üLess expensive than continuous (if
performed with IHD machines)

üStill dependent on Nephrology Technician-
Nurse (if performed with IHD machines)

Hy
bri
d



CRITICALLY ILL PATIENT





Nephrologist
Dialysis nurse 
(technician)

Intensivist
ICU nurse
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