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Abstract
When and in whom to initiate continuous renal replacement
therapy (CRRT) for acute kidney injury (AKI) remains a highly
controversial topic with large practice variation around the
world. Even within countries, practice variation exists and
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recommendations for clinical practice are not specific. In this
article, we report the consensus recommendations for timing and patient selection for CRRT – the results of the 2016
Acute Disease Quality Initiative XVII conference on ‘precision
CRRT’. We suggest that these recommendations could serve
to develop the best clinical practice and standards of care for
use of CRRT in patients with AKI. Finally, we identify and
highlight the areas of ongoing uncertainty and propose an
agenda for future research.
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Practice patterns for continuous renal replacement
therapy (CRRT) are extremely variable. Broadly speaking, CRRT is almost exclusively applied to patients in the
intensive care unit (ICU). However, 2 patient-level epidemiologic studies [1, 2], surveys of self-reported practice
patterns [3, 4] and several large case series [5, 6] have
documented large variation in clinical practice. In 1996,
Mehta and Letteri [3] surveyed 2,000 nephrologists in the
US and found that less than 25% of patients with acute
renal failure were treated with CRRT. The use of CRRT is
much more common in Europe, although its use is highly variable between centers, while CRRT is the predominant (>90%) choice in Australia [2, 4].
In general, it appears that the decision to use CRRT
is affected by strongly held physician beliefs as well as a
number of patient and organizational characteristics.
Patient characteristics may include age, gender, race, illness acuity and comorbidities. Organizational characteristics vary depending on country, type of institution,
type of ICU, type of physician or insurance provider and
perceived cost of therapy. However, the strength of association of these characteristics with the decision to use
CRRT is not fully understood. Furthermore, large epidemiological studies are needed to establish the factors
that are most important in determining practice patterns, and whether there are important access-to-care
issues.
Methods
The Acute Disease Quality Initiative (ADQI) process has been
described previously [7].
Briefly, we convened a 3-day consensus conference in Asiago,
Italy, in June 2016, and invited experts in nephrology and critical
care medicine from both adult medicine and pediatrics. Principles
of current practice were debated in light of existing evidence. Areas
of broad consensus were described and a research agenda was developed using a modified Delphi method. Prior to the conference,
we identified fundamental questions for which consensus would
be sought. During the pre-conference phase, each workgroup performed comprehensive literature searches to summarize existing
knowledge and to identify gaps that could be addressed by future
research. Core questions/concepts were crafted and these were
presented to the entire ADQI consensus group during the conference; a series of breakout sessions and plenary presentations allowed debate, discussion and refinement of these concepts. The
‘timing and patient selection workgroup’ performed a literature
search using the following terms: ‘renal replacement therapy’ together with either ‘acute kidney injury’, ‘acute renal failure’ or
‘continuous veno-venous hemodialysis’, ‘continuous veno-venous
hemofiltration’, ‘hemodialysis’, ‘SLED’, ‘ultrafiltration’ or ‘extra-
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Table 1. Questions addressed

(1)

When should acute RRT be initiated? (includes AKI and
non-AKI indications)

(2)

What is the most appropriate therapy to meet a demand–
capacity imbalance for a specific patient?

(3)

How should RRT be integrated into other extracorporeal
therapies?

(4)

When should transition of modalities be considered
(CRRT, IRRT, hybrid therapy)?

(5)

How should patients be liberated from RRT?

corporeal’ in MEDLINE using PubMed as the search engine. The
5 core questions ultimately addressed by the workgroup are shown
in table 1.

Results

When Should Acute Renal Replacement Therapy Be
Initiated?
Consensus statement 1.1: Acute RRT should be considered when metabolic and fluid demands exceed total
kidney capacity.
Over the last 2 decades, widely accepted definitions of
acute kidney injury (AKI) have evolved from the Risk,
Injury, Failure, Loss and End-stage renal disease criteria
to the AKI Network classification and the Kidney Disease Improving Global Outcomes (KDIGO) criteria. All
are based on acute changes in serum creatinine (SCr)
and/or a fall in urinary output. They include 3 stages of
severity of AKI. While AKI stage correlates with both
hospital and 1-year mortality, it is not an indication for
RRT per se. In fact, many patients with even stage 3 AKI
will have spontaneous recovery without RRT. In addition, some patients may have urgent indications for RRT
(e.g., hyperkalemia, fluid overload) without meeting criteria for even stage 2 AKI. Numerous factors should be
considered when considering initiation of RRT for AKI
(table 2).
Until recently, there were only a few small randomized
controlled trials (RCTs) examining timing of initiation of
RRT but numerous observational and cohort studies [8,
9]. Most observational studies concluded that patients receiving RRT had a better outcome if RRT was provided
earlier. However, the risk of bias is high in these studies
since they did not include a control group without RRT.
Also, a proportion of patients (especially those in the ‘earBlood Purif 2016;42:224–237
DOI: 10.1159/000448506
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Introduction

Severity of illness and trajectory
AKI severity and trend
Severity of electrolyte and acid base disorder
Fluid balance and symptoms of fluid overload
Presence of relevant organ dysfunction impacted by AKI/fluid
overload
Necessity of RRT
Likelihood of early recovery of kidney function without RRT
Underlying comorbidities impacted by AKI/fluid overload
Associated acute organ dysfunction
Risks of RRT
Vascular access
Hemodynamic instability
Infection
Clearance of trace elements/water soluble vitamins/drugs
Immobilization
Other factors
Patient and family wishes
Overall goals of care
Availability of machines and nursing staff
Healthcare costs
* Adapted from Macedo and Mehta [18].

ly RRT’ group) may have received RRT unnecessarily. A
recent retrospective study included a control group without RRT and showed that after propensity score matching, patients in the RRT group had a higher mortality,
especially those with less severe AKI [10]. Since the majority of patients with AKI never receive RRT in clinical
practice, existing studies and analyses provide insufficient guidance on those who should receive RRT. A recent analysis using propensity matching concluded that
patients with AKI only clearly benefitted from RRT if they
developed severe azotemia (SCr >4.2 mg/dl) [11]. Clearly
this leaves the conundrum that patients who are likely to
benefit most from RRT are not easy to identify early at a
stage when they may benefit most.
In 2015 and 2016, the results of 3 large RCTs were reported [12–14]. ‘Early’ and ‘late’ RRT was defined by the
KDIGO criteria; 2 studies included an additional AKI
biomarker (neutrophil gelatinase-associated lipocalin
(NGAL)) [12, 13]. Wald et al. [12] performed a feasibility
study in 100 patients with AKI stage 2 and whole blood
NGAL ≥400 ng/ml. Patients had a high severity of illness
(Sequential Organ Failure Assessment (SOFA) score
[14]) and ∼90% were treated with mechanical ventilation
and vasopressors. In the ‘accelerated’ arm, RRT was com226
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menced within 12 h of meeting the inclusion criteria,
whereas in the ‘standard’ arm, initiation of RRT was determined by the so called ‘classic indications’, that is, hyperkalemia, acidosis and severe respiratory failure. There
was no difference in mortality between both groups.
About 30% of patients randomized to ‘standard’ treatment did not require RRT. In contrast, in a single center
study, Zarbock et al. [13] randomized 231 predominantly
cardiac surgical patients with AKI stage 2 and a serum
NGAL >150 ng/ml to early versus late RRT. The average
SOFA score was 16. Mortality of patients randomized to
early treatment as defined by RRT within 8 h of AKI stage
2 had a 35% lower mortality than patients randomized to
late RRT, that is, within 12 h of reaching AKI stage 3. Only
10% of patients in the late group did not require RRT. To
date, the largest multicenter RCT investigating timing of
RRT included 620 critically ill patients with an average
SOFA score of 11 [14]. The predominant first treatment
modality was intermittent hemodialysis (IHD, 55%). Patients randomized to ‘early’ treatment received RRT within 6 h of reaching AKI stage 3 whereas ‘late’ treatment was
only initiated when ‘absolute’ indications were fulfilled,
including hyperkalemia, acidemia, oliguria for >72 h,
blood urea nitrogen >110 mg/dl or pulmonary edema.
Mortality was around 50% with no significant difference
between both groups. However, 60% of patients randomized to ‘late’ treatment did not require RRT. Importantly,
patients in the ‘late’ treatment group who were started on
RRT had the highest mortality (62%) whereas mortality
of patients who did not require RRT was even lower than
that of patients in the ‘early’ RRT group.
There is a clear association between fluid overload and
outcome but a causative link has not been confirmed [15].
In certain subgroups of patients, diuretics can be effective
at preventing and correcting fluid overload (i.e., in patients with acute lung injury or congestive heart failure)
[16] but RRT is often needed in critically ill patients with
limited physiological reserve to tolerate fluid overload.
This is particularly relevant in patients with cardiac and/
or respiratory problems.
Based on the existing evidence, the decision to start
acute RRT should be individualized and not be based
solely on renal function or stage of AKI without considering the clinical context [17, 18]. It is assumed that the
kidneys have a finite capacity. Consequently, the initiation of RRT should be prompted by the ability of the kidney to meet the demands being placed on them [19, 20].
An increasing demand causes an imbalance and may lead
to dysfunction in other organs unless corrected quickly.
In situations where a significant gap between demand
Ostermann/Joannidis/Pani/Floris/
De Rosa/Kellum/Ronco
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Table 2. Factors to consider for RRT initiation*

Demand

Capacity

Demand–capacity balance

Disease burden

Demand

Capacity

Normal
function
Solute load

Capacity

Demand

Capacity
Gap

Volume load

Demand
Reduced
function
Capacity

Demand

Fig. 1. Demand and capacity – a conceptual model. Reprinted with permission from www.ADQI.org.

Non-AKI Indications for CRRT
CRRT is an effective method to remove fluid and to
achieve a target fluid balance in patients with fluid overload, including those with congestive cardiac failure
(CCF) or acute lung injury. Irrespective of whether the
consensus criteria for AKI are met, fluid overload should
be viewed as an example of demand–capacity imbalance.
In fact, in patients with CCF, fluid overload is a common reason for admission to hospital or ICU. The therapeutic options include pharmacological means and meTiming and Patient Selection for CRRT

chanical fluid removal using extracorporeal techniques
[21]. The decision between ultrafiltration (UF) alone versus RRT depends on whether only fluid removal or fluid
removal and solute clearance are necessary, Studies investigating the role of UF alone in CCF have shown conflicting results [22–24].
RRT is also effective at removing biologically active
substances, including cytokines but there is still insufficient evidence to recommend the routine use of CRRT for
the treatment of sepsis. In fact, an RCT comparing early
continuous veno-venous hemofiltration (CVVH) versus
standard medical treatment in severe sepsis showed that
outcome was not improved with CVVH [25]. Finally, in
cases of intoxication with a dialyzable/filterable drug or
toxin, RRT may also have a role depending on the specific substance to be removed [26].
Consensus statement 1.2: Demand for kidney function is determined by non-renal comorbidities, the severity of the acute disease and solute and fluid burden.
Blood Purif 2016;42:224–237
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and renal capacity exists or is anticipated, RRT should be
considered (fig. 1 and 2). Similarly, in case of a decreasing
gap, a ‘watch and wait strategy’ may be justified. For clinical practice, this also means that RRT should be considered at lower stages of AKI if demand is high (table 3). In
contrast, RRT may not be necessary even in case of AKI
stage 3 if the metabolic and fluid demands are low or decreasing.

Table 3. RRT support based on underlying demand and capacity framework*

Demand

Capacity

Example

High

Normal

High catabolic state in patients with normal renal function

High

Low

High catabolic state in patient with AKI or CKD

Normal

Low

Normal catabolic state in patient with AKI or CKD

Low

Low

Malnutrition in patient with AKI or CKD

* Adapted from Mehta [19].

Kidney
function

Demand

Demand

Kidney
function

1

2

3

4

1

5

2

Time (days)

Kidney
function

4

5

E

2

3

4

L

C-I
RRT

Demand

Demand

RRT

1

3
Time (days)

5

1

Time (days)

2

3

4

I

5

Time (days)
Demand-capacity
discrepancy
Endogenous
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later (L) initiation and 2 different demand-capacity discrepancy
patterns. On the right the patient scenario illustrated is different
with high underlying disease burden and either initiation of continuous RRT on day 2 transitioning to IRRT on day 4 (dashed line
marked as C-I) or initiation of intermittent therapy on day 4 (I).
Reprinted with permission from www.ADQI.org.
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Fig. 2. Shown are 4 patient scenarios. The bars represent total demand including chronic disease (blue), acute illness (orange) and
solute/fluid excess (green). The top 2 panels represent no RRT –
the left illustrates early reversal of AKI and the right shows progressive renal failure and increasing discrepancy between renal
function capacity and physiological demands. The 2 bottom panels
illustrate the effect of RRT (dashed lines) with (left) early (E) or

Technology

Table 4. Factors affecting metabolic and fluid demand

Factors

Impact

Degree of fluid overload
Solute load (e.g., urea, myoglobin, ammonia)
Acute severity of illness as defined by any severity of
illness score
SOFA
SAPS
ISS
EuroSCORE
CRATE score
Chronic comorbidities
Chronic heart failure
Chronic lung disease
Age
Chronic liver disease

Increased solute load
Impaired homeostasis
Compromised hemodynamics
Increased endovascular permeability
Macro- and microcirculatory dysfunction
Reduced physiological reserve and
impaired tolerance of fluid overload

In critically ill patients, the demands on kidney function depend on 3 main factors: (i) severity of the acute
disease as measured by degree of inflammation, hemodynamic disturbance, alterations in macro- and microcirculation and metabolic stress; (ii) degree of solute load and
fluid accumulation; and (iii) underlying chronic diseases
that impact the ability to tolerate volume or solute load
(table 4; fig. 1).
Consensus statement 1.3: Total kidney function is
measured using a variety of different methods. Changes
in kidney function and duration of kidney dysfunction
can be anticipated by markers of kidney damage.
Static glomerular function is measured using a variety
of different methods. Traditionally, SCr and urine output are used as surrogate markers of renal function [27].
However, they are not renal specific and have important
limitations. In particular, SCr changes relatively late after
the occurrence of kidney injury and does not indicate the
nature or anatomical site of injury. Small absolute changes in SCr may reflect significant kidney damage in patients with normal kidney function but may be physiological in those with pre-existing chronic kidney disease
(CKD) [28]. Similarly, oliguria may be an early marker
of AKI but may also be physiological (especially if shortlived) and simply reflect hypovolemia rather than injury
to the kidney. New biomarkers have emerged that indi-

cate renal damage before a rise in SCr or fall in urine
output develops. Cystatin C is an established biomarker
of glomerular function in CKD but may not provide additional information when deciding whether to start
RRT in patients with AKI [29, 30]. Several studies have
also shown that urinary and plasma NGAL indicated the
onset of AKI before SCr [31]. However, like SCr, plasma
NGAL is not renal specific and levels can be affected by
a wide range of diseases. Urine NGAL may be more specific for renal disease. Some studies have demonstrated
that NGAL was predictive of severity of AKI and need for
RRT [32]. Urinary insulin-like growth factor binding
protein 7 and tissue inhibitor of metalloproteinase 2 are
markers of cell cycle arrest and have been shown to predict the development of moderate or severe AKI better
than other biomarkers [32, 33]. However, these markers
were developed to predict AKI but not the need for RRT.
Real-time measurement of glomerular function rate
(GFR) is not routinely available. However, such monitoring is possible and several investigators are working on
the development of rapid, sensitive and affordable techniques to measure GFR in real time in routine clinical
practice [34]. Knowing the actual GFR on a moment-tomoment basis might not only detect AKI earlier but also
allow better monitoring and possibly, identification of
patients in whom RRT should be considered.

Timing and Patient Selection for CRRT
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SAPS = Simplified Acute Physiology Score; ISS = Injury Severity Score; EuroSCORE = score to calculate
predicted operative mortality for patients undergoing cardiac surgery; CRATE score = score based on creatinine, lactic acid, cardiopulmonary bypass time and EuroSCORE.
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RRT. Similarly, withholding RRT in situations where fluid and metabolic demand exceed renal capacity will invariably impact the patient’s physiological ability to cope
and should only be considered if a decision has been
made to withhold other forms of organ support too.
Consensus statement 1.6: Once the decision to initiate RRT has been made, the therapy should be started as
soon as possible, typically within less than 3 h.
The decision to initiate RRT requires the availability of
trained and experienced staff, the insertion of a central
venous double lumen catheter and the preparation of a
RRT machine. Therefore, invariably, there will be a delay
before RRT commences. However, prolonged delays can
be avoided by attention to systems organization, and we
suggest that treatment with RRT should commence within 3 h or less after the clinical decision to initiate RRT has
been made.

Recommendations for Future Research

(1) Objective measures (clinical models and/or biomarkers) to quantify demand for kidney function need to be
identified.
(2) Measures of renal functional capacity (not just GFR)
should be established and tested in the clinical context.
(3) Predictive models (which may include novel diagnostics) should be developed to investigate changes in #1
and #2.
(4) There is a need to determine thresholds for demand–
capacity imbalance (magnitude and duration) for
which initiation of CRRT results in differences in clinical outcomes.
(5) There is a need to investigate differences in patient
preferences for various acute invasive organ support
therapies.
(6) The time threshold for starting RRT relative to prescription which affects patient-centered outcomes
needs to be determined.
What Is the Most Appropriate Therapy to Meet a
Demand–Capacity Imbalance for a Specific Patient?
Consensus statement 2.1: Selection of RRT modality
depends on the capability/availability of the technology,
its inherited risks and the current needs of the patient.
Different RRT modalities provide different capabilities (fig. 3) and thus individual patient needs will be best
met by different modalities. This is true across patients
and within patients over time. In addition, different machines may provide some but not all modalities [42].
Ostermann/Joannidis/Pani/Floris/
De Rosa/Kellum/Ronco
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Consensus statement 1.4: The demand–capacity imbalance is dynamic and should be evaluated regularly.
Total demand comprises of chronic disease burden,
severity of acute illness and solute and fluid overload.
Only chronic comorbidities can be viewed as constant;
severity of illness and solute and fluid burden may vary
continuously. As such, the demand–capacity balance varies too (fig. 2). In order not to delay RRT in case of an
increasing imbalance and to avoid RRT in case of improvement, the demand–capacity imbalance should be
evaluated regularly depending on the clinical situation at
least once a day.
Consensus statement 1.5: For patients requiring
multiple types of organ support, decisions about initiating or withholding RRT should be considered together
with other therapies.
Acute RRT is commonly offered to critically ill patients with multi-organ dysfunction. It is extremely effective at correcting uremia and removing excess fluid
and should be viewed as a temporary therapy which is
often provided in conjunction with other forms of multiorgan support. The potential long-term benefits and
risks should be taken into consideration when deciding
whether to start RRT, especially in frail and older patients
with multiple comorbidities (table 2). Elderly patients
represent the fastest growing age group in the general
population and are also at high risk of AKI [35–37]. Following an episode of AKI, they have an increased risk of
CKD and end-stage renal disease, long-term morbidity,
repeated hospitalizations and mortality [37, 38]. The median survival of patients aged ≥85 years who received
RRT and one or more intensive care procedures (cardiopulmonary resuscitation, feeding tube or mechanical
ventilation) was 5 months of which almost 2 months
were spent in hospital [39]. Initiation of RRT in this category of patients may prevent acute mortality but at the
expense of a decline in functional status and quality of
life [40]. In the absence of a survival benefit, important
clinical goals such as preservation of dignity, comfort
and quality of life should be included in the decisionmaking process [41].
Acute RRT constitutes an integral component of
multi-organ support for critically ill patients and has to
be considered in conjunction with other forms of lifesustaining therapies. The decision whether to stop, withhold or withdraw RRT should not be made in isolation
but take into account the extent of other types of organ
support. If the overall treatment goals change and nonrenal life-sustaining therapies are withheld or withdrawn,
there is usually little value in initiating or continuing

PIRRT/
SLED

CRRT/PD

IHD

Hemodynamic stability
Stability of intracranial pressure
Rate of fluid removal
Rapidity of metabolic and acid base correction
Risk of osmolar shifts
Risk of infections
Immobilisation
Speed of small solute clearance, incl potassium, drugs

Fig. 3. Characteristics and risks of different

The choice of technology will also be affected by local
availability which in turn is determined by regulatory
requirements, resources (financial and human) and by
the training and expertise of staff. In particular, most
facilities will only have a limited number of technologies
available and thus the best ‘fit’ to individual patient
needs will be from a small list of machines. Finally, there
are inherited risks and burdens associated with each
modality (fig. 3), which should be considered – see recommendation 2.2.
Consensus statement 2.2: Continuous types of RRT
are recommended in situations where shifts in fluid balance and metabolic fluctuations are poorly tolerated. Intermittent and prolonged intermittent types of RRT have
a role in situations where rehabilitation or mobilization
is the priority, and fluid and metabolic fluctuations can
be tolerated.
There are 2 specific situations where preferences for
CRRT (over standard intermittent RRT (IRRT)) have
been identified. The first is in the setting of intracranial
hypertension and/or acute brain injury. We could not
find any new evidence addressing this decision since the
KDIGO AKI guideline was published in 2012 [27].
KDIGO cited observational data in patients with intracranial pressure monitoring that reported increases in intracranial pressure with IHD [43]. Also, using CT scans
to measure brain density, Ronco et al. [44] showed an
increase in brain water content after IHD whereas no
such changes were observed after CRRT. Thus, we rec-

ommend the use of CRRT in patients with, or at increased
risk for, cerebral edema.
The second category of patients is the ones with hemodynamic instability. Here, again, the KDIGO guideline
noted that many clinicians prefer CRRT in critically ill
AKI patients with severe hemodynamic instability because of better hemodynamic tolerance due to the slower
fluid removal and the absence of fluid shifts induced by
rapid solute removal [27]. Although, a Cochrane metaanalysis could not establish a difference in the number of
patients with hemodynamic instability (defined variably)
or with hypotension, the mean arterial pressure (MAP) at
the end of the treatment was significantly higher and the
number of patients requiring escalation of vasopressor
therapy was significantly lower with CRRT compared
with IHD [45]. Thus, we recommend using CRRT in patients with degrees of hemodynamic instability that exceed the ability to manage the patient safely with more
intermittent forms of therapy. We recognize that clinical
judgment is necessary to determine the threshold for hemodynamic instability that should prompt the use of
CRRT and that local and regional differences in practice
exist. The only firm recommendation that can be made is
that CRRT is mandatory when RRT is required and more
intermittent modalities are not tolerated by the patient.
Both CRRT and IHD achieve adequate metabolic control, and neither modality has been shown to be superior
in terms of survival [45–47]. However, some studies suggest that the choice of initial RRT modality may affect

Timing and Patient Selection for CRRT
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RRT modalities. PD = Peritoneal dialysis.
Reprinted with permission from www.
ADQI.org.
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Recommendations for Future Research

(1) Small precision efficacy studies should be undertaken
to compare technologies for their ability to address
specific types of demand–capacity imbalance and unintended solute removal.
(2) Large comparative effectiveness trials with patientcentered outcomes should only be undertaken in prespecified patient populations for technologies that
have been shown to be efficacious for the specific demand–capacity imbalance being studied.
(3) Hemodynamic measures (e.g., MAP) as surrogates for
patient-centered outcomes (e.g., stroke) should be refined and quantified in the clinical context in which
acute RRT is performed.
(4) Studies for safety of RRT modalities using surrogates
should only be undertaken once they are refined and
quantified (see research recommendation 3).
(5) Cost-effectiveness studies of acute RRT should include issues raised in research recommendations 1–4.
How Should RRT Be Integrated into Other
Extracorporeal Therapies?
Consensus statement 3.1: In situations where other
extracorporeal therapies are required, continuous RRT is
recommended and integrated systems are preferred over
parallel systems.
The evolution of extracorporeal life support (ECLS)
technology has expanded the therapeutic options for patients with multi-organ failure and those undergoing cardiothoracic surgery or transplantation. The spectrum of
ECLS includes veno-arterial (VA) or veno-venous (VV)
extracorporeal membrane oxygenation (ECMO), VA or
VV extracorporeal CO2 removal (ECCO2R), ventricular
assist devices (VADs), extracorporeal liver assist devices
(ELADs), apheresis treatment, including therapeutic
plasma exchange (TPE) and renal replacement therapy
(RRT). The practice of combining RRT with other forms
of ECLS is rapidly increasing. However, high quality evidence-based data are still lacking and clinical practice is
variable.
ECLS in Respiratory Failure
Previous studies in patients treated with VA and VV
ECMO demonstrated that the incidence of AKI exceeded
70% of whom around 50% needed RRT [54, 55]. RRT can
be provided by introducing the filter into the ECMO circuit (integrated system) or through separate venous access independent of the ECMO circuit (parallel system).
It is possible to deliver CVVH, continuous veno-venous
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renal recovery and dialysis dependence after AKI, which
has implications for patients, their families and healthcare systems in terms of survival, quality of life and costs
[48]. The question whether IHD compared to CRRT is
associated with less renal recovery and a higher risk of
dialysis dependence was addressed in a meta-analysis of
7 RCTs and 16 observational studies [49]. Pooled analysis
of observational studies showed a higher rate of dialysis
dependence among survivors who initially received IHD
versus CRRT (relative risk (RR) 1.99; 95% CI 1.53–2.59;
I2 = 42%). However, analysis of the RCTs only concluded
that there was no difference in rate of dialysis dependence
among survivors (RR 1.15; 95% CI 0.78–1.68; I2 = 0%). In
a large observational study published following this metaanalysis, Wald et al. [50] reported that CRRT, when compared to IHD as the initial modality of RRT in critically
ill adults with AKI, was associated with a lower likelihood
of chronic dialysis (hazard ratio 0.75; 95% CI 0.65–0.87).
However, this analysis included some centers that only
used one modality. In a recent large single-center retrospective cohort study examining adults (≥18 years) admitted to ICUs from 2000 to 2008, 638 patients received
RRT and survived to hospital discharge (353 IHD and 285
CRRT) [51]. Using multivariable analyses, there was no
difference in odds for recovery from first RRT modality
at 90 or 365 days for patients initially treated with CRRT
versus IHD (90 days: OR 1.19, 95% CI 0.91–1.55, p = 0.2;
365 days: OR 0.93, 95% CI 0.72–1.2, p = 0.55).
Consensus statement 2.3: Availability of technologies is determined by local regulations, local resources,
including staff, their training/experience and laboratory
support and financial constraints. The choice of the technologies that should be made available must balance these
issues.
Cost considerations with RRT vary substantially
among centers. A study from 2010 identified the relative
impact of 4 cost domains (nurse staffing, fluid, anticoagulation and extracorporeal circuit) on overall cost differences and found that the theoretic range of costs were
from $3,629.80/day more with CRRT to $378.60/day
more with IRRT [52]. The median difference in cost between CRRT and IRRT was $289.60 (interquartile range
830.8–116.8) per day (greater with CRRT). Costs also
vary greatly by region. For instance, a RCT conducted in
Germany compared slow efficiency dialysis (SLED) versus CVVH and estimated daily costs of €96.8 and €258.9,
respectively [53]. Training and experience are both important because centers with very few patients requiring
a specific form of support will not be able to maintain
competencies with that therapy.

strated to be superior to the other but CRRT is better tolerated in those with hemodynamic and metabolic instability. CRRT is definitely indicated in cases of fulminant
hepatic failure as it is associated with less fluctuation in
intracranial pressure [61].
ELADs can be divided into 2 broad categories: noncell and cell-based systems [62]. Non-cell based systems
include molecular adsorbent recirculation systems
(MARS) and fractionated plasma separation and adsorption (Prometheus). They offer only detoxification. In
contrast, cell-based ELADs combine plasma separation
with perfusion of bioreactors filled with human or animal
hepatocytes and provide the excretory, synthetic and
metabolic functions of the liver [62, 63].
The MARS and Prometheus devices deliver hepatic
and renal support simultaneously. The MARS system is
designed to remove albumin-bound toxins by albumin
dialysis as well as providing standard CRRT. The albumin
dialysate is then regenerated utilizing an anion exchange
resin and active charcoal adsorption. Prometheus employs fractional plasma separation and adsorption with
hemodialysis.
Single-pass albumin dialysis with conventional CRRT
is feasible too and has been shown to be effective in patients with AKI and high serum bilirubin levels due to
liver failure [64]. So far, improved long-term survival
with any of these novel ELADs has not been reliably demonstrated but results of ongoing research studies are
awaited [65].

ECLS in Cardiac Failure
Implantable left VADs (LVADs) are increasingly being used as a bridge to transplantation or in the setting of
temporary acute cardiac decompensation. Since cardiac
contractility is dependent on pre-load, careful attention
to fluid removal is crucial. As such, CRRT is the preferred
method. Once patients are hemodynamically stable and
tolerate fluctuations in fluid status, transition to IRRT
may be possible [60].
Peritoneal dialysis is also an option provided the
LVAD is implanted in an intra-pericardial or pre-peritoneal location instead of intraperitoneally. In patients receiving prolonged IHD, long-term use of temporary dialysis catheters should be avoided due to the increased
risk of blood stream infections.

RRT and Apheresis Procedures
Selective apheresis procedures have been developed to
target specific molecules, antibodies or cellular elements
in a variety of diseases. During TPE, a volume of plasma
that is 1–1.5 times the estimated circulating plasma volume is removed and replaced with albumin or clotting
products. Newer technologies are available for low-density lipoprotein apheresis, double filtration plasmapheresis, cryofiltration, immunoadsorption procedures, adsorption techniques, extracorporeal photopheresis and
leukocyte apheresis [66]. The advantage of the selective
apheresis procedures over conventional TPE is preservation of other essential plasma components such as albumin, immunoglobulins and clotting factors. If TPE is necessary in patients already receiving RRT, it can be provided in parallel or, alternatively, via integrated systems
where the TPE circuit is attached to the RRT circuit
through an extension blood line connected to the RRT
return line. There is no clear evidence regarding the optimal technique.

ECLS in Liver Failure
In patients with liver disease, the decision between
choosing IRRT or CRRT is usually based on the clinical
characteristics of the patient. Neither has been demonTiming and Patient Selection for CRRT
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hemodialysis (CVVHD), continuous veno-venous hemodiafiltration (CVVHDF) and slow continuous ultrafiltration (SCUF) independent of whether the RRT circuit
is integrated into the ECMO circuit or separate.
CRRT in patients on ECMO offers more accurate fluid
management allowing for more aggressive nutritional
support and potentially shorter durations on ECMO [54,
56, 57]. However, the risk of hemolysis appears to be
higher in patients receiving RRT and ECMO compared
to ECMO alone [54].
The outcome of patients on ECMO and CRRT depends
predominantly on the underlying acute illness. A metaanalysis including 43 observational studies with 21,624 patients receiving ECMO suggested that the difference in
mortality between patients receiving RRT and those not
receiving RRT tended to decrease as the mortality of the
group not receiving RRT increased [56]. In patients on
RRT, the risk of mortality was greater the longer the initiation of RRT was delayed. In survivors, renal recovery is very
good with independence from RRT in >95% of patients.
The technique of combining RRT with ECCO2R is similar to that of combining RRT with ECMO with no clear
consensus regarding the optimal method. A recent systematic review of 2 RCTs and 12 observational studies concluded that robust data was still lacking, especially since the
only 2 RCTs were terminated early for futility [58]. The
results of an ongoing active study aimed at evaluating the
safety and efficacy of combining ECCO2R and CRRT are
awaited (ClinicalTrials.gov; NCT01239966) [59].

Total renal functional capacity

Complete
recovery

1st insult

Partial
recovery

2nd insult

ESRD

Recommendations for Future Research

(1) Recognizing that there is increased utilization of multiple organ support therapies, we recommend more research on the risks and benefits of combining these
treatments and focusing on safety, efficacy and development of new technology.
When Should Transition of Modalities Be Considered
(CRRT, IRRT, Hybrid Therapy)?
Consensus statement 4.1: Transition of modalities
should be considered if the demand–capacity imbalance
or treatment priorities have changed and can be met better by an alternative technique.
AKI is a disease spectrum ranging from early renal injury to complete renal failure, which can affect patients
without any chronic illnesses to critically ill patients with
multiple comorbidities and life threatening acute illnesses (sepsis, cardiac surgery, abdominal surgery and neurosurgery). Stratifying patients based on their complexity
and individual clinical needs is essential in order to deliver the most appropriate and beneficial RRT modality.
The same principles that apply when considering the
most appropriate modality for the first session of RRT
should also be applied when evaluating the risks and benefits of switching to another modality (fig. 3 and 4). In
addition to IHD and CRRT, hybrid therapies such as ‘sustained low efficiency (daily) dialysis’ [67], ‘extended daily
dialysis’ (EDD) [68] and ‘prolonged IRRT’ (PIRRT) have
emerged. They combine the hemodynamic stability of
CRRT with the advantages of IRRT (mobilization, reha234
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CRRT

PIRRT

IHD

bilitation, reduced need for anticoagulation, lower financial costs). These modalities utilize either conventional
hemodialysis machines adapted to obtain a longer session
than traditional IHD [68–70], or conventional CRRT machines for planned treatment sessions for 8–12 h at higher doses than usual.
Presently there are only 2 studies comparing IHD with
PIRRT [71, 72]. Due to differences in study design (interventional vs. observational), population, severity of illness and the small sample size, it is not possible to make
any firm recommendations regarding superiority of either technique [73].
Studies comparing PIRRT with CRRT demonstrated
no significant difference in hemodynamic stability and
solute clearance [68, 70, 74–76]. In a single-center RCT,
Schwenger et al. [53] randomized 232 surgical patients
with AKI to SLED versus CRRT. There was no difference
in 90-day survival but patients randomized to SLED spent
significantly fewer days on mechanical ventilations, required less blood transfusions and had a shorter stay in
ICU. A recent meta-analysis including 7 RCTs and 10 observational studies comparing EDD with CRRT in more
than 1,200 AKI patients showed no difference in mortality when analyzing RCTs only [77]. However, when analyzing observational studies, there was a significant difference in favor of EDD (RR 0.86; 95% CI 0.74–1.0; p = 0.05).
Important limitations of all observational studies are the
potential risk of allocation and selection bias and lack of
stratification according to severity of illness. For example,
Wu et al. [70] compared SLED and CRRT in postsurgical
patients with severe fluid overload or moderately unstable
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Fig. 4. Potential pathways following an episode of AKI, including transition of RRT
modalities. Reprinted with permission
from www.ADQI.org.

Recommendations for Future Research

(1) There is a need to determine the most beneficial method of delivering PIRRT for AKI.
How Should Patients Be Liberated from RRT?
Consensus statement 5.1: RRT should be discontinued if kidney function has recovered sufficiently to reduce the demand–capacity imbalance (current and expected) to acceptable levels or the overall goals of treatment have changed.
Consensus statement 5.2: To determine sustained recovery of kidney function, we recommend monitoring of
urine output and SCr during RRT.
Consensus statement 5.3: For patients requiring
multiple types of organ support, decisions about withdrawing RRT should be considered together with other
therapies.
Discontinuation of RRT should be considered when
the kidneys have regained sufficient function to meet the
metabolic and fluid demands placed on them and the previous demand–capacity imbalance is no longer present.
The optimal mode of promoting renal recovery and
weaning patients off RRT is not known. The administration of furosemide after termination of CRRT does not
improve renal function or shorten renal failure [78].
However, furosemide-induced diuresis within 24 h after
cessation of CRRT has been shown to be predictive of
eventual renal recovery during hospital stay [79].
The current practice of discontinuing CRRT mostly
considers a fall in SCr while on a constant dose of continuous renal support or increases in urine output [80].
Daily urinary urea excretion is used less often but appears
to be superior [81]. Results of an observational study conducted in 2000–2002 in 54 ICUs in 23 countries showed
Timing and Patient Selection for CRRT

that a spontaneous urine output of 400 ml/day was associated with an 80.9% chance of successful liberation from
RRT [80]. In patients receiving diuretics, a urine output
of 2,330 ml/day had a positive predictive value of 87.9%.
Patients in whom CRRT was discontinued successfully
had better outcomes than patients who needed to be restarted on RRT. A retrospective single-center cohort
study of 60 patients treated with IRRT for at least 7 days
for AKI in an ICU of a French university hospital concluded that a daily urinary urea excretion greater than
1.35 mmol/kg/24 h was the best marker for weaning ICU
patients with AKI from IRRT, followed by urine output
greater than 8.5 ml/kg/24 h [81]. The areas under the receiver operating characteristics curves of daily urinary
urea excretion and urine output were 0.96 and 0.86, respectively.
Acute RRT represents a form of life support. In patients in whom the overall goals of care have shifted
towards palliation and end-of-life care and withholding
or withdrawal of life sustaining therapies is planned, discontinuation of RRT should also be considered.

Recommendations for Future Research

(1) It should be determined if different approaches to
RRT weaning (e.g., abrupt or gradual or via transition
to alternate modalities) affect patient outcomes.
(2) It is necessary to determine whether pharmacologic
approaches (e.g., diuretics or growth factors) can modify the success and outcome in the setting of discontinuation of RRT.
(3) It is necessary to determine methods (biomarkers
and/or bioinformatics) for predicting the likelihood of
renal recovery to determine when to discontinue RRT.

Conclusions

We suggest that the decision to start, maintain and discontinue CRRT should be individualized based on the demand–capacity concept [20]. Our recommendations may
serve to develop the best clinical practice and standards
of care for use of CRRT in patients with AKI. Future research is necessary to test and validate our concepts.
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hemodynamics and showed that patients treated with
SLED had a higher first MAP post dialysis than those
treated with CRRT. However, patients in the CRRT group
appeared to be sicker as evidenced by a higher prevalence
of sepsis (33 vs. 15.8%; p = 0.065) and need for mechanical
ventilation (90.5 vs. 73.7%; p = 0.046). To date, there is no
consensus on important aspects of PIRRT, including frequency, duration and intensity as well as type of RRT machine. Published literature suggests that sessions may
range from 6 h every other day to more than 12 h daily.
This variation in clinical practice has important implications for drug dosing and may account for some differences in results seen in clinical studies.
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