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

PIRRT
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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 variant con tecnica convettiva
(EDDf, AVVH)

Hybrid therapies 





Continuous (RRT)

Intermittent (HD)

Hybrid therapies . . . 



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.

CRRT IHD PIRRTs
Prolonged
Intermittent
Renal
Replacement
Therapies

Intermittent
Hemo
Dialysis

Continuous
Renal
Replacement
Therapies

Tandukar S & Palewsky PM. CHEST (2019) + Wang AY, Bellomo R. Curr Opin Crit Care (2018)

= Diffusion
= Convection

Mechanisms of 
solute clearance

SLED
Sustained
Low
Efficiency
Dialysis

Hybrid



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 therapy, compared with IHD, tends to be associated with less
cerebral edema because of a more physiological and slow removal of urea and
other solutes.

Ronco C, Bellomo R, Brendolan A, et al. Brain density changes during renal replacement in critically ill patients with acute 
renal failure. Continuous hemofiltration versus intermittent hemodialysis. 
J Nephrol 1999; 12: 173–178.



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



• Continuous venovenous
hemofiltration (CVVH) –
convection

• Continuous venovenous
hemodialysis (CVVHD) –
diffusion

• Continuous venovenous
hemodiafiltration (CVVHDF)
– diffusion and convection

CRRT

Continuous
Renal
Replacement
Therapies

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)



• CRRT is usually a more appropriate modality in
those ICU patients with increased intracranial
pressure (e.g. acute brain injury, fulminant hepatic
failure, at risk of increased intracranial pressure).

• CRRT, compared with IHD or SLED, can remove
fluid steadily over a longer period of time and is
available 24 h/day for the prevention of fluid
overload, should large amounts of fluids and
blood products require rapid infusion.

• Therefore, CRRT is also often used in the setting
of severe volume overload or during massive
transfusion in patients with AKI.

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



Indications and management of mechanical fluid removal
in critical illness
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Editor’s key points

† The authors provide
guidelines on the
mechanical management
of fluid overload based on
a Delphi analysis.

† Further work is needed on
the role and practice of
mechanical fluid removal
in critically ill patients not
meeting fluid balance
goals.

Background. The Acute Dialysis Quality Initiative (ADQI) dedicated its Twelfth Consensus
Conference (2013) to all aspects of fluid therapy, including the management of fluid
overload (FO). The aim of the working subgroup ‘Mechanical fluid removal’ was to review the
indications, prescription, and management of mechanical fluid removal within the broad
context of fluid management of critically ill patients.

Methods. The working group developed a list of preliminary questions and objectives and
performed a modified Delphi analysis of the existing literature. Relevant studies were
identified through a literature search using the MEDLINE database and bibliographies of
relevant research and review articles.

Results. After review of the existing literature, the group agreed the following consensus
statements: (i) in critically ill patients with FO and with failure of or inadequate response to
pharmacological therapy, mechanical fluid removal should be considered as a therapy to
optimize fluid balance. (ii) When using mechanical fluid removal or management, targets
for rate of fluid removal and net fluid removal should be based upon the overall fluid
balance of the patient and also physiological variables, individualized, and reassessed
frequently. (iii) More research on the role and practice of mechanical fluid removal in
critically ill patients not meeting fluid balance goals (including in children) is necessary.

Conclusion. Mechanical fluid removal should be considered as a therapy for FO, but more
research is necessary to determine its exact role and clinical application.

Keywords: fluid balance; fluid therapy; kidney failure

Accepted for publication: 15 March 2014

Volume overload or fluid overload (FO) (here defined as a posi-
tive value of the total input2total output/the initial body
weight) is a commonoccurrence in critically ill adult andpaedi-
atric patients and is associatedwith deleterious consequences
that worsen with increasing severity of FO.1–6 For instance, a
paediatric study found a 3% increase in mortality for every
1% increase in FO and children with more than 20% FO had
an odds ratio for mortality of 8.5 compared with ,20% FO.4

In particular, there appears to be a significant interaction
between FO and acute kidney injury (AKI) in determining
the risk of adverse outcomes. Positive fluid balance has been

associated with increased AKI incidence,7 and non-recovery
of renal function inAKI survivors.5 8 A largenumberof observa-
tional studies have associated FO in patients with AKI and
death in both adults9 10 and children,3 11 and FO remains inde-
pendently associated with adverse outcomes in AKI after
accounting for illness severity and haemodynamic instability
inmultivariate analyses.2 3 9 10–13 However, without prospect-
ive data, it is difficult formally to separate the effect of FO as a
marker of illness severity and its treatment, from a direct
causative role in outcomes thatmight bemodifiable bymech-
anical or pharmacological fluid removal.

† These authors contributed equally to the manuscript and fulfill criteria for first authorship.
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It is also important to establish whether fluid has accumu-
lated globally in the intra- and extravascular space or just in
a single compartment, for instance, in the pleural or peritoneal

space. In the case of localized fluid accumulation, symptoms
may be relieved by relatively simple techniques, that is, chest
drain insertion or paracentesis. These therapies should be con-
sidered, especially if therearenoother indications formechan-
ical fluid removal or renal replacement therapy (RRT).

Knowledgeofapatient’s acuteandchronic illnessandmon-
itoring of adequacy of cardiac output and tissue perfusion and
also dynamic indices suggestive of haemodynamic fluid re-
sponsiveness can help clinicians set safe rates for fluid
removal. These are likely to require regular reassessment, par-
ticularly when fluid removal is first attempted and in patients
who are more severely ill. Occasionally, these concerns may
be overridden by life-threatening consequences of FO, which
may dictate faster rates of fluid removal initially. Examples of
rates of fluid removal appropriate to differing clinical contexts
are shown in Figure 3.

Choosing a mechanical fluid removal modality
Thereareseveral formsofmechanicalfluid removal thatcanbe
effectively utilized in the therapy of the FO patient (Table 3).
Ultrafiltration is the primary modality for fluid removal in
these techniques. This process consists of the production of
plasma water from whole blood across a semi-permeable
membrane in response toa transmembranepressuregradient.
Because the semi-permeable membrane effectively sieves
largermolecules suchasplasmaproteins, theultrafiltrate is ef-
fectively an iso-osmotic crystalloid solution of plasma water
and electrolytes. Continuous veno-venous haemofiltration
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Fig 3 Rate of mechanical fluid removal. Examples of patients with
FOas a result of disease or fluid resuscitation requiringmechanical
fluidmanagement to illustrate how different rates of fluid removal
are appropriate to different clinical settings. Rapid early fluid
removal may be indicated in cardio-renal syndrome (A), but a
slower removal may be required for haemodynamic tolerability
after resolution of pulmonary oedema. Patients with single organ
renal failure (B) may tolerate more rapid fluid removal than those
with AKI complicating severe sepsis (C) or septic shock (D). In
septic shock, mechanical fluid removal may at first be targeted to
limit the accumulation of further fluid until clinical stabilization
allows slow resolution of accumulated fluid excess. Figure repro-
duced with permission fromADQI 12 (Acute Dialysis Quality Initia-
tive. http://www.adqi.org/).

Table 3 Mechanical fluid removal techniques. SCUF, slow continuous ultrafiltration; CVVH, continuous veno-venous haemofiltration

Modality Blood flow
rates
(ml min21)

Fluid removal
rates (ml h21)

Anti-coagulation Advantages Disadvantages

Intermittent
ultrafiltration

250–400 0–2000 Desirable Widely available Less effective in reaching
fluid balance goals
Can lead to haemodynamic
instability
Requires venous access

Continuous
ultrafiltration

50–100 0–300 Desirable Can be performed as either SCUF or
CVVH
Haemodynamically better tolerated
CVVHallows fora replacement solution
and dissociation of sodium and water
clearance

Requires venous access
Not as widely available

Peritoneal dialysis Not applicable 0–500 Not required Modality of choice for paediatrics
No venous access
Haemodynamically more stable

Cannot be used in patients
with abdominal surgery or
trauma
Not available at all sites
Requires technical expertise
to place catheters

Haemodialysis
(intermittent)

250–400 0–2000 Desirable Widely available
Adds clearance of solutes

Less effective in reaching
daily fluid balance goals
Can lead to haemodynamic
instability
Requires venous access

Haemodialysis
(continuous)

50–100 0–300 Desirable Adds clearance of solutes
Haemodynamically more stable

Requires venous access
Not as widely available

Indications and management of mechanical fluid removal BJA
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Rapid early fluid removal may be indicated in cardio-renal syndrome (A), but 
a slower removal may be required for haemodynamic tolerance after 
resolution of pulmonary oedema. Patients with single organ renal failure (B) 
may tolerate more rapid fluid removal than those with AKI complicating 
severe sepsis (C) or septic shock (D).

THE IMPORTANCE OF NET UF TRAJECTORY

Euvolemia

SEPTIC SHOCK (!)



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
Renal
Replacement
Therapies

SLED
Sustained
Low
Efficiency
Dialysis



Ronco
Bellomo
Kellum
Ricci Eds.



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



Therefore, SLED can 
be theoretically used 
in hemodynamically 
unstable AKI patients.





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)



OUTCOMEREA study 

• Prospective observational multicenter cohort
database study

• Assessed an association of dialysis modality with
30-day mortality and dialysis dependence in
patients with AKI who underwent RRT between
2004 and 2014.

• 1360 patients

• No difference was seen in the composite
outcome of 30-day mortality and dialysis
dependence between the CRRT and IHD group.

• However, CRRT was associated with lower
mortality and better recovery of renal function in
patients with higher weight gain at the initiation
of RRT and was associated with increased
mortality in patients without shock.

Truche AS et al. ICM (2016)



• 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)



• 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)





üRRT in the ICU setting: continuous or intermittent
(or HYBRID, SLED, PIRRT …)

üTo date, no modality of RRT shows clear superiority over the
others in terms of survival and recovery of renal function.

üHowever:
üCRRT à a slow, gentle, and continuous kidney support à

hemodynamic instability + fluid balance
üCRRT à less cerebral edema (more physiological and slow

removal of urea and other solutes).
ü Initial or exclusive use of IHD à decreased likelihood of renal

recovery in the short and medium term compared with initial
or exclusive use of CRRT.

ü . . . additional studies are a key priority in the field of critical care
nephrology . . .



CRITICALLY ILL PATIENT





Nephrologist
Dialysis nurse 
(technician)

Intensivist
ICU nurse

… availability … 
timing …. timeliness 
… materials . . . 
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Start HYBRID

Start HYBRID

DISEASE PROGRESSION AND IMPROVEMENT

DISEASE PROGRESSION AND IMPROVEMENT
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