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Outline – RRT for AKI in the ICU!
�   When to start!
�   How much to give!
�   When to stop!

�   Modality!
�   Extended Indications!
�   Single organ failure outside ICU!
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3.9.1: We suggest that off-pump coronary artery bypass graft surgery not be selected solely for the purpose of reducing
perioperative AKI or need for RRT. (2C)

3.9.2: We suggest not using NAC to prevent AKI in critically ill patients with hypotension. (2D)
3.9.3: We recommend not using oral or i.v. NAC for prevention of postsurgical AKI. (1A)

Section 4: Contrast-induced AKI
4.1: Define and stage AKI after administration of intravascular contrast media as per Recommendations 2.1.1–2.1.2.

(Not Graded)
4.1.1: In individuals who develop changes in kidney function after administration of intravascular contrast

media, evaluate for CI-AKI as well as for other possible causes of AKI. (Not Graded)

4.2.1: Assess the risk for CI-AKI and, in particular, screen for pre-existing impairment of kidney function in all patients
who are considered for a procedure that requires intravascular (i.v. or i.a.) administration of iodinated contrast
medium. (Not Graded)

4.2.2: Consider alternative imaging methods in patients at increased risk for CI-AKI. (Not Graded)
4.3.1: Use the lowest possible dose of contrast medium in patients at risk for CI-AKI. (Not Graded)
4.3.2: We recommend using either iso-osmolar or low-osmolar iodinated contrast media, rather than high-osmolar

iodinated contrast media in patients at increased risk of CI-AKI. (1B)
4.4.1: We recommend i.v. volume expansion with either isotonic sodium chloride or sodium bicarbonate solutions,

rather than no i.v. volume expansion, in patients at increased risk for CI-AKI. (1A)
4.4.2: We recommend not using oral fluids alone in patients at increased risk of CI-AKI. (1C)
4.4.3: We suggest using oral NAC, together with i.v. isotonic crystalloids, in patients at increased risk of CI-AKI. (2D)
4.4.4: We suggest not using theophylline to prevent CI-AKI. (2C)
4.4.5: We recommend not using fenoldopam to prevent CI-AKI. (1B)
4.5.1: We suggest not using prophylactic intermittent hemodialysis (IHD) or hemofiltration (HF) for contrast-media

removal in patients at increased risk for CI-AKI. (2C)

Section 5: Dialysis Interventions for Treatment of AKI
5.1.1: Initiate RRT emergently when life-threatening changes in fluid, electrolyte, and acid-base balance exist.

(Not Graded)
5.1.2: Consider the broader clinical context, the presence of conditions that can be modified with RRT, and trends of

laboratory tests—rather than single BUN and creatinine thresholds alone—when making the decision to start
RRT. (Not Graded)

5.2.1: Discontinue RRT when it is no longer required, either because intrinsic kidney function has recovered to the point that
it is adequate to meet patient needs, or because RRT is no longer consistent with the goals of care. (Not Graded)

5.2.2: We suggest not using diuretics to enhance kidney function recovery, or to reduce the duration or frequency of RRT. (2B)
5.3.1: In a patient with AKI requiring RRT, base the decision to use anticoagulation for RRT on assessment of the patient’s

potential risks and benefits from anticoagulation (see Figure 17). (Not Graded)
5.3.1.1: We recommend using anticoagulation during RRT in AKI if a patient does not have an increased

bleeding risk or impaired coagulation and is not already receiving systemic anticoagulation. (1B)

5.3.2: For patients without an increased bleeding risk or impaired coagulation and not already receiving effective
systemic anticoagulation, we suggest the following:
5.3.2.1: For anticoagulation in intermittent RRT, we recommend using either unfractionated or low-molecular-

weight heparin, rather than other anticoagulants. (1C)
5.3.2.2: For anticoagulation in CRRT, we suggest using regional citrate anticoagulation rather than heparin in

patients who do not have contraindications for citrate. (2B)
5.3.2.3: For anticoagulation during CRRT in patients who have contraindications for citrate, we suggest using

either unfractionated or low-molecular-weight heparin, rather than other anticoagulants. (2C)
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5.3.4: In a patient with heparin-induced thrombocytopenia (HIT), all heparin must be stopped and we recommend
using direct thrombin inhibitors (such as argatroban) or Factor Xa inhibitors (such as danaparoid or
fondaparinux) rather than other or no anticoagulation during RRT. (1A)
5.3.4.1: In a patient with HIT who does not have severe liver failure, we suggest using argatroban rather than

other thrombin or Factor Xa inhibitors during RRT. (2C)

5.4.1: We suggest initiating RRT in patients with AKI via an uncuffed nontunneled dialysis catheter, rather than a
tunneled catheter. (2D)

5.4.2: When choosing a vein for insertion of a dialysis catheter in patients with AKI, consider these preferences
(Not Graded):

K First choice: right jugular vein;
K Second choice: femoral vein;
K Third choice: left jugular vein;
K Last choice: subclavian vein with preference for the dominant side.

5.4.3: We recommend using ultrasound guidance for dialysis catheter insertion. (1A)
5.4.4: We recommend obtaining a chest radiograph promptly after placement and before first use of an internal jugular

or subclavian dialysis catheter. (1B)
5.4.5: We suggest not using topical antibiotics over the skin insertion site of a nontunneled dialysis catheter in ICU

patients with AKI requiring RRT. (2C)
5.4.6: We suggest not using antibiotic locks for prevention of catheter-related infections of nontunneled dialysis

catheters in AKI requiring RRT. (2C)
5.5.1: We suggest to use dialyzers with a biocompatible membrane for IHD and CRRT in patients with AKI. (2C)
5.6.1: Use continuous and intermittent RRT as complementary therapies in AKI patients. (Not Graded)
5.6.2: We suggest using CRRT, rather than standard intermittent RRT, for hemodynamically unstable patients. (2B)
5.6.3: We suggest using CRRT, rather than intermittent RRT, for AKI patients with acute brain injury or other causes of

increased intracranial pressure or generalized brain edema. (2B)
5.7.1: We suggest using bicarbonate, rather than lactate, as a buffer in dialysate and replacement fluid for RRT in

patients with AKI. (2C)
5.7.2: We recommend using bicarbonate, rather than lactate, as a buffer in dialysate and replacement fluid for RRT

in patients with AKI and circulatory shock. (1B)
5.7.3: We suggest using bicarbonate, rather than lactate, as a buffer in dialysate and replacement fluid for RRT in

patients with AKI and liver failure and/or lactic acidemia. (2B)
5.7.4: We recommend that dialysis fluids and replacement fluids in patients with AKI, at a minimum, comply with

American Association of Medical Instrumentation (AAMI) standards regarding contamination with bacteria and
endotoxins. (1B)

5.8.1: The dose of RRT to be delivered should be prescribed before starting each session of RRT. (Not Graded) We
recommend frequent assessment of the actual delivered dose in order to adjust the prescription. (1B)

5.8.2: Provide RRT to achieve the goals of electrolyte, acid-base, solute, and fluid balance that will meet the patient’s
needs. (Not Graded)

5.8.3: We recommend delivering a Kt/V of 3.9 per week when using intermittent or extended RRT in AKI. (1A)
5.8.4: We recommend delivering an effluent volume of 20–25 ml/kg/h for CRRT in AKI (1A). This will usually require

a higher prescription of effluent volume. (Not Graded)
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When to start?!
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Why Give RRT? 
Consequences of Acute & Chronic Renal Dysfunction 

•  Salt, Water and Acid-base balance 
–  Fluid retention 
–  Hyponatraemia 
–  Hypertension  
–  Hyperkalaemia 
–  Acidosis 
–  Hypermagnesemia 
–  Hyperphosphataemia 
 

•  Excretion of Nitrogenous End Products 
–  Uraemia  

•  Anorexia, Nausea, Pruritus, Pericarditis, Polyneuropathy, Encephalopathy, Platelet dysfunction 

•  Endocrine / Metabolic 
–  Hypertension 
–  Anaemia 
–  Osteomalcia, Osteodystrophy 
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Absolute Indications?!

evaluation of response to initial (non-RRT) therapy. We
emphasize again this algorithm is not intended to direct all
aspects of initial resuscitation and supportive therapy, but
rather provide an outline for when to consider RRT initiation.
Recent comprehensive reviews, based on consensus, have
summarized strategies for initial management of AKI [30].

Initiation of renal replacement therapy: risks versus
benefits
Initiation of RRT is not without risk for adverse consequences,
including hypotension (and exacerbation of kidney injury),
bleeding (depending on the anticoagulant used), dialysis
catheter-related complications, and exposure of patient blood
to an extracorporeal circuit. In addition, earlier initiation of
RRT has the potential to expose patients to this therapy who
may have otherwise spontaneously recovered kidney function
and/or survived without having received it. This issue,
however, is complicated by a paucity of data in critically ill
patients with AKI investigating factors that reliably predict
whether recovery of kidney function will occur (that is, partial
recovery or RRT-free) and whether this can be modified by
earlier RRT initiation. We believe this is a research priority.
Therefore, recognizing these gaps in knowledge are
important along with carefully weighing the potential risks of
RRT initiation against the goals of therapy and proposed
benefits.

Severe and/or acutely worsening acute kidney injury
In the presence of severe AKI (that is, RIFLE category F or
AKIN category III) and/or rapidly deteriorating kidney function,
we would consider RRT initiation, particularly if there was
failure to respond to initial therapy [30]. Data to support
earlier RRT in these patients is largely generated from

observational data [3,5,31]. In a single-centre retrospective
study of 5,383 critically ill patients, Hoste and colleagues [3]
found that of those developing RIFLE class R, 56%
progressed to either class I or F, and of those developing
RIFLE class I, 36% progressed to RIFLE class F. Patients
achieving RIFLE class F had a far worse clinical outcome,
characterized by an adjusted hazards ratio for hospital death
of 2.7 (95% CI, 2.0 to 3.6) and longer durations of stay in
both ICU and hospital. Yet, of these RIFLE class F patients,
only 14.2% received RRT. However, no specific analysis was
performed in this study to explore whether the higher
mortality for this group (RIFLE class F) was modified by
earlier RRT initiation. Bell and colleagues [31] performed a
7-year retrospective analysis of 207 patients with AKI
receiving RRT. When stratified by RIFLE class at the time
RRT was initiated, those with RIFLE class F had considerably
higher 30-day mortality when compared to those initiating
RRT at either RIFLE class R or I (adjusted hazards ratio 3.4;
95% CI, 1.2 to 9.3; crude 30-day mortality, 57.9% for F
versus 23.5% for R versus 22.0% for I). The RIFLE/AKIN
class should not likely be used in isolation to decide on when
to initiate RRT - but rather together with the overall goals of
therapy along with weighing of other relevant clinical
variables. We recognize that additional prospective
evaluation on this issue is needed to guide clinical practice;
however, in many circumstances, the risks of not providing
RRT may exceed those of initiation of RRT.

Mild to moderate acute kidney injury
The decision of if, and when, to initiate RRT in critically ill
patients with mild-moderate AKI (that is, RIFLE category R/I
or AKIN category I/II) is often the most challenging. It is
important to recognize that the decision to initiate RRT in
these patients is most likely to be multi-factorial and unlikely
to be made for any single indication. Several baseline factors
should be considered in these patients, including goals of
therapy, primary diagnosis, illness severity, baseline kidney
function/reserve and the need to potentially anticipate and
prevent complications that may be compounded in the
presence of AKI. Primary diagnoses associated with high
catabolic rates (that is, septic shock, major trauma, burn
injury) or those likely to place considerable demand on kidney
function (that is, gastrointestinal bleeding, rhabdomyolysis)
should be identified in the context of potential need for earlier
initiation of RRT.

Dynamic factors
Likewise, several ‘dynamic’ factors, including the trends in
AKI and/or illness severity, warrant consideration. Acute
and/or rapid changes in clinical status, such as whether AKI
is progressing (and how rapidly), the probability of kidney
recovery, whether illness severity is progressing (and how
rapidly), and additional measures of acute physiology such as
fluid accumulation [32], relative oliguria (that is, urine output
>200 ml/12 h, but insufficient to prevent fluid accumulation)
and the trajectory of non-kidney organ dysfunction should
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Table 2

A summary of absolute or ‘rescue therapy’ indications for
initiation of renal replacement therapy in critically ill patients

Category Characteristic

Metabolic
Azotemia Serum urea ≥36mmol/L (100 mg/dL)
Uremic complications Encephalopathy, pericarditis, bleeding
Hyperkalemia K+ ≥6 mmol/L and/or 

electrocardiogram abnormalities
Hypermagnesemia ≥4 mmol/L and/or anuria/absent deep 

tendon reflexes

Acidosis Serum pH ≤7.15

Oligo-anuria Urine output <200mL/12 h or anuria

Fluid overload Diuretic-resistant organ edema (that is, 
pulmonary edema) in the presence of 
acute kidney injury

Adapted from [16].

Additional indications
RRT initiation for ‘non-kidney’ indications may also be
considered as a therapeutic and/or supportive treatment for
several other conditions such as severe electrolyte distur-
bances (that is, acid-base, dysnatremia) or disorders of
thermoregulation. Likewise, RRT can theoretically serve as an
adjuvant therapy for interrupting non-kidney organ dysfunc-
tion (that is, acute lung injury, congestive heart failure) and
attenuating pathologic organ crosstalk [57,58].

It is important to recognize, however, there are numerous,
often co-existent, physiologic and clinical insults occurring in
critically ill patients that have the potential to negatively
impact kidney function (that is, elevated intra-abdominal
pressure, mechanical ventilation with elevated positive end-
expiratory pressure (PEEP), nephrotoxins, radiocontrast
media). Likewise, the early detection of AKI is an obvious
clinical priority; however, current diagnostic methods rely on
conventional biomarkers and urine output. These are not
ideal, fail to reflect real-time declines in glomerular filtration,
and provide no data on whether a genuinely injurious process
to the kidney has occurred [6,59]. More importantly, these
conventional biomarkers require time to accumulate and can
translate into delayed recognition of AKI [6,59]. Accordingly,
while a patient may not (yet) fulfill the RIFLE criteria for AKI,
impaired kidney function may still be present, evolving and
undetected. The introduction of novel biomarkers for AKI will
hopefully advance this area [60]. As more definitive data
become available, incorporation of these biomarkers into the
decision-making process is likely.

Conclusions
Critically ill patients whose course is complicated by AKI
often receive RRT. RRT is an important therapeutic and
supportive measure and is commonly used in clinical
practice. However, there remains uncertainty about the ideal
circumstances in which to initiate RRT and for what
indications. The process of deciding when to initiate RRT in
critically ill patients is complex and can be influenced by
numerous factors. Currently, there exists large variation in
clinical practice between clinicians and across institutions
and countries, due, in part, to the lack of consensus on this
issue. We have proposed a clinically based algorithm to aid in
the decision on when to initiate RRT in critically ill patients
that incorporates patient-specific factors and based on
available clinical evidence. The intent of this algorithm is to
provide a starting point to guide clinicians on when to
consider initiation of RRT in critically ill patients and provide a
foundation for further prospective evaluation and
development of broad consensus on this important issue.

Competing interests
SMB, DNC, NG and CR have all participated in ADQI
workgroups. NG and CR have participated in AKIN
workgroups.

Acknowledgements
SMB is supported by a Clinical Investigator Award from the Alberta
Heritage Foundation for Medical Research.

References
1. Ahlstrom A, Tallgren M, Peltonen S, Rasanen P, Pettila V: Survival

and quality of life of patients requiring acute renal replace-
ment therapy. Intensive Care Med 2005, 31:1222-1228.

2. Bagshaw SM, Laupland KB, Doig CJ, Mortis G, Fick GH, Mucen-
ski M, Godinez-Luna T, Svenson LW, Rosenal T: Prognosis for
long-term survival and renal recovery in critically ill patients
with severe acute renal failure: a population-based study. Crit
Care 2005, 9:R700-R709.

3. Hoste EA, Clermont G, Kersten A, Venkataraman R, Angus DC,
De Bacquer D, Kellum JA: RIFLE criteria for acute kidney injury
are associated with hospital mortality in critically ill patients: a
cohort analysis. Crit Care 2006, 10:R73.

4. Uchino S, Kellum JA, Bellomo R, Doig GS, Morimatsu H, Morgera
S, Schetz M, Tan I, Bouman C, Macedo E, Gibney N, Tolwani A,
Ronco C; Beginning and Ending Supportive Therapy for the
Kidney (BEST Kidney) Investigators: Acute renal failure in criti-
cally ill patients: a multinational, multicenter study. JAMA
2005, 294:813-818.

5. Cruz DN, Bolgan I, Perazella MA, Bonello M, de Cal M, Corradi V,
Polanco N, Ocampo C, Nalesso F, Piccinni P, Ronco C: North
East Italian Prospective Hospital Renal Outcome Survey on
Acute Kidney Injury (NEiPHROS-AKI): targeting the problem
with the RIFLE Criteria. Clin J Am Soc Nephrol 2007, 2:418-
425.

6. Bagshaw SM, Bellomo R: Early diagnosis of acute kidney
injury. Curr Opin Crit Care 2007, 13:638-644.

7. Ricci Z, Ronco C, D’Amico G, De Felice R, Rossi S, Bolgan I,
Bonello M, Zamperetti N, Petras D, Salvatori G, Dan M, Piccinni
P: Practice patterns in the management of acute renal failure
in the critically ill patient: an international survey. Nephrol Dial
Transplant 2006, 21:690-696.

8. Overberger P, Pesacreta M, Palevsky PM: Management of renal
replacement therapy in acute kidney injury: a survey of practi-
tioner prescribing practices. Clin J Am Soc Nephrol 2007, 2:
623-630.

9. Gettings LG, Reynolds HN, Scalea T: Outcome in post-trau-
matic acute renal failure when continuous renal replacement
therapy is applied early versus late. Intensive Care Med 1999,
25:805-813.

10. Kresse S, Schlee H, Deuber HJ, Koall W, Osten B: Influence of
renal replacement therapy on outcome of patients with acute
renal failure. Kidney Int Suppl 1999:S75-78.

11. Liu KD, Himmelfarb J, Paganini EP, Ikizler A, Soroko S, Mehta RL,
Chertow GM: Timing of initiation of dialysis in critically ill
patients with acute kidney injury. CJASN 2006, 1:915-919.

12. Seabra VF, Balk EM, Liangos O, Sosa MA, Cendoroglo M, Jaber
BL: Timing of renal replacement therapy initiation in acute
renal failure: a meta-analysis. Am J Kidney Dis 2008, 52:272-
284.

13. Splendiani G, Mazzarella V, Cipriani S, Zazzaro D, Casciani CU:
Continuous renal replacement therapy: our experience in
intensive care unit. Ren Fail 2001, 23:259-264.

14. Gibney RT, Bagshaw SM, Kutsogiannis DJ, Johnston C: When
should renal replacement therapy for acute kidney injury be
initiated and discontinued? Blood Purif 2008, 26:473-484.

15. Bagshaw SM, Uchino S, Bellomo R, Morimatsu H, Morgera S,
Schetz M, Tan I, Bouman C, Macedo E, Gibney N, Tolwani A,
Oudemans-van Straaten HM, Ronco C, Kellum JA; Beginning and
Ending Supportive Therapy for the Kidney (BEST Kidney) Investi-
gators: Timing of renal replacement therapy and clinical out-
comes in critically ill patients with severe acute kidney injury.
J Crit Care 2009, 24:129-140.

16. Gibney N, Hoste E, Burdmann EA, Bunchman T, Kher V,
Viswanathan R, Mehta RL, Ronco C: Timing of initiation and dis-
continuation of renal replacement therapy in AKI: unanswered
key questions. Clin J Am Soc Nephrol 2008, 3:876-880.

17. Davenport A, Bouman C, Kirpalani A, Skippen P, Tolwani A,
Mehta RL, Palevsky PM: Delivery of renal replacement therapy
in acute kidney injury: what are the key issues? Clin J Am Soc
Nephrol 2008, 3:869-875.

18. Palevsky PM: Indications and timing of renal replacement

Critical Care    Vol 13 No 6 Bagshaw et al.

Page 6 of 8
(page number not for citation purposes)

(                                                   ) 

(                                                ) 



   
  A

K
I A

ca
de

m
y 

- R
R

T 
In

di
ca

tio
ns

 &
 D

os
e 

London Acute Kidney Network
AKI academy
Course directors Andrew Davenport, Chris Laing (UCL Centre for Nephrology Royal Free and Marlies Ostermann (Departments of Critical Care and Nephrology, Guy’s and St Thomas’s Hospital

Ipsum in consectetuer 
Proin in sapien. Proin in 
sapien. Fusce urna magna 
neque egeuat vita con-
sectetuer Proin in sapien. 
Proin in sapien. Fusce 
urna magna egeuat.

Proin in sapien 
Fusce urna magna neque 
egeuat vita consectetuer 
in sapien. Fusce urna 
magna neque egeuat vitae 
lorem ipsum dolor urna 
magna

Consectetuer in  
In consectetuer Proin in 
sapien. Proin in sapien. 
Fusce urna magna neque. 
Fusce urna magna neque 
egeuat vitae lorem ipsum 
dolor urna magna.

14 November 2012
University Hall
8 pm
Lorem ipsum dolor. Fusce urna 
magna neque vita.

Faculty: Mervyn Singer, Andrew Lewington, Mervyn Singer, Robert Unwin, David Treacher, John 
Prowle, Julia Wendon, Taryn Pile, David Nicol, Suren Kanagasundaram, Miet Schetz, Bill Clark, Lui 
Forni, Chris Kirwan, Julia Wendon, Alan Salama, Marlies Ostermann, Ganesh Suntharalingam,Chris 
Laing, Andrew Davenport

To Consider RRT:!
!

•  Oliguria (urine output <100 ml in 6h)!

•  Potassium >6.5 mmol/L!

•  pH <7.2!

•  Urea >25 mmol/L!

•  Creatinine >300 �mol/L!

•  Clinically significant organ edema!

RENAL Study entry criteria!
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VA NIH ATN Study!

To Consider RRT:!

•  Urea � 21 mmol/L!

•  Volume overload!

•  Persistent hyperkalemia !

•  (K+ > 6.2 mEq/L or ECG changes)!

•  Severe metabolic acidosis!

•  (pH < 7.20 or tCO2 < 15 mEq/L)!

•  Uremic signs or symptoms!
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9 patient pairs (17 oligo-anuric) – !‘Early’ BUN 50mg/dl !20% Mortality!
! ! ! ! ! ! ! !‘Late’ BUN 120mg/dl !64% Mortality!

1970!
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In the absence of novel evidence from a multi-centric suitably-designed 
randomized trial, conclusive treatment recommendations on the optimal time 
to initiate RRT remain uncertain. !
!
Future investigation must be targeted at defining acceptable "early" RRT 
criteria…!
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A comparison of early versus late initiation of
renal replacement therapy in critically ill patients
with acute kidney injury: a systematic review and
meta-analysis
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Abstract

Introduction: Our aim was to investigate the impact of early versus late initiation of renal replacement therapy
(RRT) on clinical outcomes in critically ill patients with acute kidney injury (AKI).

Methods: Systematic review and meta-analysis were used in this study. PUBMED, EMBASE, SCOPUS, Web of Science
and Cochrane Central Registry of Controlled Clinical Trials, and other sources were searched in July 2010. Eligible studies
selected were cohort and randomised trials that assessed timing of initiation of RRT in critically ill adults with AKI.

Results: We identified 15 unique studies (2 randomised, 4 prospective cohort, 9 retrospective cohort) out of 1,494
citations. The overall methodological quality was low. Early, compared with late therapy, was associated with a
significant improvement in 28-day mortality (odds ratio (OR) 0.45; 95% confidence interval (CI), 0.28 to 0.72). There
was significant heterogeneity among the 15 pooled studies (I2 = 78%). In subgroup analyses, stratifying by patient
population (surgical, n = 8 vs. mixed, n = 7) or study design (prospective, n = 10 vs. retrospective, n = 5), there was
no impact on the overall summary estimate for mortality. Meta-regression controlling for illness severity (Acute
Physiology And Chronic Health Evaluation II (APACHE II)), baseline creatinine and urea did not impact the overall
summary estimate for mortality. Of studies reporting secondary outcomes, five studies (out of seven) reported
greater renal recovery, seven (out of eight) studies showed decreased duration of RRT and five (out of six) studies
showed decreased ICU length of stay in the early, compared with late, RRT group. Early RRT did not; however,
significantly affect the odds of dialysis dependence beyond hospitalization (OR 0.62 0.34 to 1.13, I2 = 69.6%).

Conclusions: Earlier institution of RRT in critically ill patients with AKI may have a beneficial impact on survival. However,
this conclusion is based on heterogeneous studies of variable quality and only two randomised trials. In the absence of
new evidence from suitably-designed randomised trials, a definitive treatment recommendation cannot be made.

Introduction
Acute kidney injury (AKI) is a serious complication of cri-
tical illness that is associated with substantial morbidity
and mortality [1-7]. Extracorporeal renal replacement
therapy (RRT) has long been used as supportive treatment
of AKI, and has traditionally focused on averting the life-
threatening derangements associated with kidney failure

(that is, metabolic acidosis, hyperkalemia, uremia, and/or
fluid overload) while allowing time for organ recovery.
Observations from a large multinational, multicenter sur-
vey found the prevalence of severe AKI supported with
RRT in critically ill patients was approximately 6% [7].
A critical decision in the support of critically ill

patients with AKI is when to initiate RRT. Data have
emerged to suggest that earlier RRT initiation may
attenuate kidney-specific and non-kidney organ injury
from acidemia, uremia, fluid overload, and systemic
inflammation [8,9]. This in turn, may potentially
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were comparable among the three groups
(Table 1). There were no essential differ-
ences among patients from all three
groups in terms of age, sex distribution,
creatinine clearance before ICU admis-
sion, severity of illness, and duration be-

tween ICU admission and inclusion. The
ELV group had more cardiosurgical pa-
tients (75%) compared with EHV (51.4%)
and LLV (50%) groups, but the difference
was not statistically significant. Predicted
mortality rates are not presented since
the percentage of cardiosurgical cases is
high.

Hemofiltration Treatment. All pa-
tients in the EHV and ELV groups were
hemofiltered. In the LLV group, 30 pa-
tients were hemofiltered, but six patients
were not: two patients died before they
fulfilled the criteria for starting hemofil-
tration, and in four patients, renal func-
tion recovered spontaneously, meaning
that diuresis recovered and urea levels
never reached 40 mmol/L. The character-
istics of the hemofiltration treatments
are shown in Table 2. On average, hemo-
filtration was started within 7 hrs after
Tincl in the early groups and 42 hrs after
Tincl in the late group (p ! .001). In the
LLV group, 15 patients started hemofil-
tration because of blood urea level of !40
mmol/L, and 15 patients started because
of severe pulmonary edema, with urea
levels of !40 mmol/L. Median ultrafil-
trate clearance, expressed as volume of

filtrate per body weight, was approxi-
mately 19 mL·kg"1·hr"1 in the low-
volume groups and 48 mL·kg"1·hr"1 in
the high-volume group (p ! .001). Me-
dian number of hours on hemofiltration
was not significantly different among the
three groups (p # .20). The median filter
life span was significantly higher in LLV
compared with EHV and ELV (p ! .01).
The percentage of hemofiltration sessions
without anticoagulation was 16.5% in
EHV, 19.6% in ELV, and 16.5% in LLV (p
# .61).

Survival. Figure 2 shows the Kaplan
Meier estimation of survival rates in the
three groups. The 28-day survival was
74.3% in EHV, 68.8% in ELV, and 75.0%
in LLV (p # .80). ICU survival was 71.4%
in EHV, 62.9% in ELV, and 69.4% in LLV
(p # .73). Hospital survival was 62.9% in
EHV, 48.6% in ELV, and 61.1% in LLV (p
# .42). ICU survival of the overall popu-
lation of hemofiltered patients during the
study period was 57%. Main causes of
death were progressive cardiac failure in
25 patients (55.6%), bowel ischemia in
seven patients (15.6%), severe encepha-
lopathy in five patients (11.1%), septic
shock and multiple organ failure in three

Figure 1. Trial profile. ICU, intensive care unit;
ARF, acute renal failure; CVVH, continuous veno-
venous hemofiltration; EHV, early high-volume
hemofiltration; ELV, early low-volume hemofil-
tration; LLV, late low-volume hemofiltration.

Table 1. Patients’ characteristics

EHV
(n # 35)

ELV
(n # 35)

LLV
(n # 36) p

Age, yrs 68 $ 13 70 $ 10 67 $ 13 .52
Male sex, % 60 57 61 .94
Previous creatinine clearance, mL/mina 67 $ 26 58 $ 19 66 $ 27 .23
Type of admission, %

Cardiosurgical 51.4 74.3 50.0
Postoperative surgical/medical 48.6 25.7 50.0

Severity of illness at ICU admission
MPMo 0.44 $ 0.28 0.33 $ 0.23 0.33 $ 0.27 .16
MPM24 0.49 $ 0.23 0.40 $ 0.18 0.47 $ 0.25 .19
SAPS II 47.7 $ 17.0 43.3 $ 13.2 47.6 $ 15.1 .39
APACHE II 23.5 $ 8.4 21.7 $ 5.5 23.6 $ 8.3 .48
APACHE III 85.0 $ 24.1 78.7 $ 19.7 87.7 $ 26.2 .23

Days between ICU admission and Tincl. 1.2 (0.7–1.7) 1.6 (0.7–2.0) 1.2 (0.7–1.6) .50
Severity of illness at study inclusion

Goris score 6.3 $ 1.7 6.1 $ 1.4 6.0 $ 1.7 .72
SOFA score 10.3 $ 2.8 10.1 $ 2.2 10.6 $ 1.9 .76
LODS score 8.0 $ 2.6 7.8 $ 2.8 8.3 $ 2.3 .73
Dopamine, %g/kg/min 11.9 $ 7.3 11.9 $ 7.1 11.5 $ 8.4 .97
Norepinephrine, %g/kg/min 0.14 $ 0.26 0.07 $ 0.12 0.20 $ 0.47 .21
Enoximone, %g/kg/min 1.76 $ 1.9 1.83 $ 1.43 1.87 $ 1.38 .96
Dobutamine, %g/kg/min 2.21 $ 3.55 1.49 $ 3.22 2.81 $ 6.23 .72
IACD, % 17.1 25.7 36.1 .19
MAP, mm Hg 70 $ 9 70 $ 13.2 70.1 $ 13.7 .98
Lactate, mEq/L 4.0 $ 3.2 3.4 $ 2.7 4.8 $ 3.5 .20
Creatinine clearance, mL/minb 7 $ 6 5 $ 4 6 $ 5 .46

EHV, early high-volume hemofiltration; ELV, early low-volume hemofiltration; LLV, late low-volume hemofiltration; ICU, intensive care unit; MPM,
Mortality Prediction Model; SAPS, Simplified Acute Physiology Score; APACHE, Acute Physiology and Chronic Health Evaluation; Tincl., the time at which
all inclusion criteria were fulfilled; SOFA, sepsis-related organ failure assessment; LODS, Logistic Organ Dysfunction System; IACD, intra-aortic
counterpulsation device; MAP, mean arterial pressure.

aEstimated using the Cockcroft-Gault formula (12); bcalculated from a 3-hr urine portion. Values are mean $ SD, median and quartiles, or number of
patients in percentage.
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Effects of early high-volume continuous venovenous hemofiltration
on survival and recovery of renal function in intensive care
patients with acute renal failure: A prospective, randomized trial

Catherine S. C. Bouman, MD; Heleen M. Oudemans-van Straaten, MD, PhD; Jan G. P. Tijssen, MD, PhD;
Durk F. Zandstra, MD, PhD; Jozef Kesecioglu, MD, PhD

Oliguric acute renal failure
(ARF) is a frequent complica-
tion in patients with septic or
cardiogenic shock. Pending

recovery of renal function, temporary re-
nal replacement therapy is required in
most cases. In daily practice, there is sub-
stantial variation in the policies regard-
ing initiation time of renal replacement

therapy and in the way it is performed.
Apart from intermittent hemodialysis,
other techniques, including peritoneal
dialysis, continuous arteriovenous hemo-
(dia)filtration, and continuous veno-
venous hemo(dia)filtration, are being
used. It is generally accepted that in in-
tensive care patients with ARF, the con-
tinuous techniques are superior to inter-
mittent hemodialysis, in particular with
respect to hemodynamic stability (1, 2).
Despite the implementation of continu-
ous techniques, patient outcome is still
very poor. Most studies of ARF in inten-
sive care patients reported a mortality
between 60% and 80% (3–6). Low clear-
ance techniques were used in these stud-
ies, and renal replacement was started
late in the course of renal failure. Non-
randomized studies suggest that both
earlier initiation of renal replacement
therapy and the use of higher ultrafiltrate
rates might improve survival and recov-
ery of renal function (7, 8). In a recent

prospective randomized study, improve-
ment of survival was reported by increas-
ing the ultrafiltrate rate (9). The aim of
the present study was to evaluate the
effects of initiation time of hemofiltration
and of ultrafiltrate rate in patients with
circulatory and respiratory insufficiency
and early ARF. The primary end points
were mortality at 28 days and recovery of
renal function.

METHODS

The study was designed as a randomized
trial comparing three treatment strategies:
early high-volume hemofiltration (EHV), early
low-volume hemofiltration (ELV), and late
low-volume hemofiltration (LLV). The Aca-
demic Medical Center, a university hospital
with a 30-bed closed-format multidisciplinary
intensive care unit (ICU), and the Onze Lieve
Vrouwe Gasthuis, a teaching hospital with an
18-bed closed-format multidisciplinary ICU,
participated in the study. Both centers prac-
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Objective: To study the effects of the initiation time of contin-
uous venovenous hemofiltration and of the ultrafiltrate rate in
patients with circulatory and respiratory insufficiency developing
early oliguric acute renal failure. The primary end points were
mortality at 28 days and recovery of renal function.

Design: A randomized, controlled, two-center study.
Setting: The closed-format multidisciplinary intensive care

units of a university hospital (30 beds) and a teaching hospital (18
beds).

Patients and Interventions: A total of 106 ventilated severely ill
patients who were oliguric despite massive fluid resuscitation,
inotropic support, and high-dose intravenous diuretics were ran-
domized into three groups. Thirty-five patients were treated with
early high-volume hemofiltration (72–96 L per 24 hrs), 35 patients
with early low-volume hemofiltration (24–36 L per 24 hrs), and 36
patients with late low-volume hemofiltration (24–36 L per 24 hrs).

Results: Median ultrafiltrate rate was 48.2 (42.3–58.7)
mL·kg!1·hr!1 in early high-volume hemofiltration, 20.1 (17.5–
22.0) mL·kg!1·hr!1 in early low-volume hemofiltration, and 19.0

(16.6–21.1) mL·kg!1·hr!1 in late low-volume hemofiltration. Sur-
vival at day 28 was 74.3% in early high-volume hemofiltration,
68.8% in early low-volume hemofiltration, and 75.0% in late
low-volume hemofiltration (p " .80). On average, hemofiltration
started 7 hrs after inclusion in the early groups and 42 hrs after
inclusion in the late group. All hospital survivors had recovery of
renal function at hospital discharge, except for one patient in the
early low-volume hemofiltration group. Median duration of renal
failure in hospital survivors was 4.3 (1.4–7.8) days in early
high-volume hemofiltration, 3.2 (2.4–5.4) days in early low-vol-
ume hemofiltration, and 5.6 (3.1–8.5) days in late low-volume
hemofiltration (p " .25).

Conclusions: In the present study of critically ill patients
with oliguric acute renal failure, survival at 28 days and
recovery of renal function were not improved using high ul-
trafiltrate volumes or early initiation of hemofiltration. (Crit
Care Med 2002; 30:2205–2211)

KEY WORDS: hemofiltration; acute renal failure; survival; ultra-
filtrate; mechanical ventilation; shock; oliguria
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1)  Urine output of <30 mL/hr for >6 
hrs, despite aggressive fluid 
resuscitation), hemodynamic 
optimization with dopamine or 
dobutamine, phosphodiesterase 
inhibitors or norepinephrine and 
the administration of high dose 
diuretics (>500 mg of furosemide 
infusion in 6 hrs) 

2)  Creatinine clearance of <20 mL/
min, calculated from a 3-hr urine 
portion 

3)  Mechanical ventilation; 

Crit Care Med 2002 Vol. 30, No. 10 p. 2205 

Inclusion criteria 
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patients (6.7%), pulmonary failure in two
patients (4.4%), liver failure in one pa-
tient (2.2%), and two patients deterio-
rated on the surgical ward and did not
want further ICU treatment (4.4%).

Recovery of Renal Function. Renal
function had recovered in all hospital
survivors at hospital discharge, except for
one patient in ELV. In this patient, dial-
ysis could be discontinued 3 wks after
discharge (71 days after inclusion). At
hospital discharge, mean creatinine and
urea level were, respectively, 88.1 ! 41.7
"mol/L and 8.5 ! 3.9 mmol/L and com-
parable among the three groups. Overall
median durations of renal failure were
not significantly different among the
three groups (Table 3.). In hospital sur-
vivors, median duration of renal failure
was 4.3 (1.4–7.8) days in EHV, 3.2 (2.4–
5.4) days in ELV, and 5.6 (3.1–8.5) days
in LLV (p # .25).

Duration of Treatment. Including sur-
vivors and nonsurvivors, median dura-
tions of mechanical ventilation, lengths
of ICU stay and lengths of hospitalization
were not significantly different among
the three groups (Table 3). Median dura-
tion of mechanical ventilation among
ICU survivors was 8.0 (4.0–38.0) days in
EHV, 10.0 (4.0–18.3) days in ELV, and
14.0 (4.0–18.0) days in LLV (p # .85).
Median length of ICU stay among ICU
survivors was 10.0 (5.5–39.5) days in
EHV, 12.0 (5.0–21.3) days in ELV, and
15.0 (6.5–21.0) days in LLV (p # .89).
Median length of hospitalization in ICU
survivors was 31.5 (22.8–82.0) days in
EHV, 34.0 (19.0–51.5) days in ELV, and
42.0 (26.3–67.0) days in LLV (p # .42).

Adverse Events. During hemofiltra-
tion, bleeding complications occurred in
13 of the 106 (12.3%) patients: three pa-
tients in EHV, seven patients in ELV, and
three patients in LLV (p # .23). Mean

packed red cell transfusion per bleeding
patient was 3.3 ! 1.2 units in EHV, 6.4 !
2.8 units in ELV, and 5.0 ! 1.7 units in
LLV (p # .10). All patients with bleeding
complications were anticoagulated: four
patients were anticoagulated because of
hemofiltration, and nine patients were
anticoagulated for clinical reasons other
than hemofiltration. The bleeding loca-
tion was gastrointestinal in six patients,
surgical wounds in five patients, thoracic
in one patient, and retroperitoneal in one
patient. Five of the 106 (4.7%) patients
developed heparin-induced thrombocyto-
penia: one patient in EHV, three patients
in ELV, and two patients in LLV (p #
.59). Hypothermia ($ 35°C) occurred
during 6 of 622 hemofiltration sessions,
without differences among groups (p #
.54). None of the patients had bleeding
complications, pneumothorax, or infec-
tions related to the double-lumen cathe-
ter.

DISCUSSION

This randomized trial in critically ill
patients with circulatory and respiratory
failure, developing early oliguric ARF,
evaluated the effects of three different
modes of hemofiltration (EHV, ELV, and
LLV) on survival, recovery of renal func-
tion, and duration of treatment. No sig-
nificant differences were observed among
the three groups. However, some findings
might be important. First, survival was
favorable in all groups compared with the
literature (3–7, 9). Several factors might
have contributed to this survival rate. It
might be argued that, of 372 patients
hemofiltered during the study period,
only 106 patients were enrolled in the
study and that this might have caused
our higher survival rate. However, ICU
survival of the total hemofiltered popula-

tion was 57%, and these patients were
treated for ARF, since both units re-
frained from the use of very early hemo-
filtration for severe shock or pulmonary
edema. Our study was powered on the
basis of the historical mortality rate of
78% in one of the participating centers
(AMC) using low clearance techniques
(6). The survival rate of our LLV group
was much better. Although this might
suggest that the present study is under-
powered, the similarity between the out-
comes in the EHV and LLV groups is such
that even a significantly larger study
would not be expected to alter the sur-
vival findings. The higher survival rate
might further be influenced by case mix.
Over half our patients were cardiac sur-
gery patients. Although, in general, car-
diac surgery patients tend to do better
than septic patients, this is not the case
once ARF has developed. If ARF develops
after cardiac surgery, it usually occurs
along with multiple organ failure and
carries a high mortality due to cardiac
failure (20). Our finding that mortality
was highest (although not significantly)
in the group with the highest percentage
of cardiosurgical cases also contradicts
that cardiosurgical patients with ARF do
better than septic patients. We think that

Figure 2. Kaplan Meier estimation of survival
rates in the three groups. The 28-day survival was
74.3% in early high-volume hemofiltration
(EHV), 68.8% in early low-volume hemofiltration
(ELV), and 75.0% in late low-volume hemofiltra-
tion (LLV) (p # .80).

Table 2. Hemofiltration treatment characteristics

EHV
(n # 35)

ELV
(n # 35)

LLV
(n # 30)

Hours between Tincl. and first
hemofiltration session

6.0 (3.0–9.7) 7 (5.0–10.0) 41.8 (21.4–72.0)a

Urea before first CVVH, mmol/L 16.3 (13.7–20.6) 17.1 (14.4–23.5) 37.4 (22.0–41.4)a

Filtration rate, mL/kg/hr 48.2 (42.3–58.7)b 20.1 (17.5–22.0) 19.0 (16.6–21.2)
Hours on hemofiltration 68.5 (28.0–140.8) 94.0 (53.0–181.5) 69.5 (28.3–157.7)
Filter life span, hrs 13.6 (7.8–22.8) 16.1 (9.0–38.8) 24.3 (14.0–44)a

EHV, early high-volume hemofiltration; ELV, early low-volume hemofiltration; LLV, late low-
volume hemofiltration; Tincl., the time at which all inclusion criteria were fulfilled; CVVH, continuous
venovenous hemofiltration.

ap $ .001 difference between LLV and EHV or between LLV and ELV; bp $ .001 difference between
EHV and ELV or between EHV and LLV. Values are median and quartiles.
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tients in EHV, seven patients in ELV, and
three patients in LLV (p # .23). Mean

packed red cell transfusion per bleeding
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2.8 units in ELV, and 5.0 ! 1.7 units in
LLV (p # .10). All patients with bleeding
complications were anticoagulated: four
patients were anticoagulated because of
hemofiltration, and nine patients were
anticoagulated for clinical reasons other
than hemofiltration. The bleeding loca-
tion was gastrointestinal in six patients,
surgical wounds in five patients, thoracic
in one patient, and retroperitoneal in one
patient. Five of the 106 (4.7%) patients
developed heparin-induced thrombocyto-
penia: one patient in EHV, three patients
in ELV, and two patients in LLV (p #
.59). Hypothermia ($ 35°C) occurred
during 6 of 622 hemofiltration sessions,
without differences among groups (p #
.54). None of the patients had bleeding
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tions related to the double-lumen cathe-
ter.
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might be important. First, survival was
favorable in all groups compared with the
literature (3–7, 9). Several factors might
have contributed to this survival rate. It
might be argued that, of 372 patients
hemofiltered during the study period,
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our higher survival rate. However, ICU
survival of the total hemofiltered popula-

tion was 57%, and these patients were
treated for ARF, since both units re-
frained from the use of very early hemo-
filtration for severe shock or pulmonary
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diac surgery patients tend to do better
than septic patients, this is not the case
once ARF has developed. If ARF develops
after cardiac surgery, it usually occurs
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was highest (although not significantly)
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What is early?!

!
•  Time from AKI diagnosis !

•  Level of Uraemia at RRT!



   
  A

K
I A

ca
de

m
y 

- R
R

T 
In

di
ca

tio
ns

 &
 D

os
e 

London Acute Kidney Network
AKI academy
Course directors Andrew Davenport, Chris Laing (UCL Centre for Nephrology Royal Free and Marlies Ostermann (Departments of Critical Care and Nephrology, Guy’s and St Thomas’s Hospital

Ipsum in consectetuer 
Proin in sapien. Proin in 
sapien. Fusce urna magna 
neque egeuat vita con-
sectetuer Proin in sapien. 
Proin in sapien. Fusce 
urna magna egeuat.

Proin in sapien 
Fusce urna magna neque 
egeuat vita consectetuer 
in sapien. Fusce urna 
magna neque egeuat vitae 
lorem ipsum dolor urna 
magna

Consectetuer in  
In consectetuer Proin in 
sapien. Proin in sapien. 
Fusce urna magna neque. 
Fusce urna magna neque 
egeuat vitae lorem ipsum 
dolor urna magna.

14 November 2012
University Hall
8 pm
Lorem ipsum dolor. Fusce urna 
magna neque vita.

Faculty: Mervyn Singer, Andrew Lewington, Mervyn Singer, Robert Unwin, David Treacher, John 
Prowle, Julia Wendon, Taryn Pile, David Nicol, Suren Kanagasundaram, Miet Schetz, Bill Clark, Lui 
Forni, Chris Kirwan, Julia Wendon, Alan Salama, Marlies Ostermann, Ganesh Suntharalingam,Chris 
Laing, Andrew Davenport

CREATININE "
– Conflicting Retrospective Evidence"
!
Higher Creatinine Better Prognosis (>300µmol/L)!
•  Bagshaw J Crit Care 2009; 24: 129–140!
•  Ostermann Crit Care 2009; 13: R175!

 !
Lower RIFLE Better Prognosis!
•  Shiao Crit Care 2009; 13: R171!

!
Similar prognosis across RIFLE categories!
•  Chou Crit Care 2011; 15: R134!
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10.5 (4.2) mg/kg/day using IBW. We compared this rate to
the rate that would be predicted by actual body weight
(ABW), the Cockroft-Gault formula, a modification of
the Jelliffe formula and a recently published formula by
Levey et al. [23–25]. The Cockroft-Gault formula was
derived in 249 male Caucasian outpatients with and with-
out chronic kidney disease (CKD), while the Levey equa-
tion was developed in 2466 outpatients with CKD. The
Jelliffe equation was developed mathematically to esti-
mate GFR in patients with changing serum creatinine

concentration due to AKI. CGR was significantly less
than predicted by each of these equations (P < 0.001 for
all comparisons) (Figure 2).

Table 2 demonstrates the unadjusted and adjusted associ-
ations of clinical parameters with CGR. The classic predic-
tors of CGR, i.e. gender, race and age, were not associated
with CGR in this cohort. CGR was lower by a small but
statistically significant amount for each additional hospital
day spent prior to the measurement. To assess for delay in
initiation of CVVHD due to lower CGR, we analyzed the
association between serum creatinine at the start of CVVHD
and the time to CVVHD initiation, and found no significant
relationship (P ¼ 0.15). Patients with CKD Stage "3 (n ¼
55) had significantly higher CGR than their non-CKD coun-
terparts, although CKD status could not be determined in 16
patients. Patients who carried an oncologic diagnosis had a
significantly lower CGR than non-oncologic patients. There
was no difference in CGR between medical and surgical
patients. There was no association between CGR and serum
total bilirubin concentration (r¼ 0.04, P¼ 0.67) or between
steady state creatinine concentration and serum total biliru-
bin (r ¼ 0.11, P ¼ 0.28).

Multivariable linear regression models were fit with
CGR as the outcome and variables associated with CGR
in unadjusted analyses and those that have been previously
described as associated with CGR. Sensitivity analyses
(assuming patients with missing data were entirely without
CKD, entirely with CKD or with the population mean) did
not substantially alter the univariate or multivariable rela-
tionship between CKD and CGR. Shorter hospital stay
prior to our calculation of CGR and lack of oncologic
diagnosis were significantly associated with higher CGR
in the multivariable model.

Impact of CGR on in-hospital mortality

The overall in-hospital mortality rate was 73%. We divided
the patients into tertiles of CGR: highest (>12.2 mg/kg/
day), middle (8.7–12.2 mg/kg/day) and lowest (<8.7 mg/
kg/day). Corresponding death rates were 57, 76 and 85%,
respectively (P ¼ 0.01). Adjusted ORs for in-hospital

Table 1. Patient characteristics measured at steady statea

Total (N ¼ 103)

Age (SD) 59 (14.3)
Male (%) 68 (64)
Black (%) 23 (21)
Diabetes mellitus (%) 39 (36)
Medical ICU (%) 52 (51)
Surgical ICU (%) 51 (50)
Oncologic diagnosis (%) 14 (14)
ABW, kg 88.6 (74.7–106.2)
BMI, kg/m2 30.1 (25.8–37.1)
IBW, kg 63.7 (56.3–69.5)
Obese (%) 57 (57)
Pressor support (%) 75 (73)
Mechanical ventilation (%) 90 (84)
Hospital stay pre-CRRT, days 5 (2–13)
Time from AKI onset to CRRT initiation, days 2 (0–4)
Serum creatinine at CRRT initiation, mg/dL 3.6 (2.7–4.8)
BUN at CRRT Initiation, mg/dL 70 (47–99)
Time from CRRT initiation to steady state, hours 60 (43–107)
Serum albumin, g/dL 1.9 (1.7–2.6)
Serum total bilirubin, mg/dL 2.0 (1.1–5.5)
Weight change from admission to CRRT
initiation, kg

4.9 (0–10.9)

Dialysate flow rate, L/h 2.0 (2.0–2.5)

aAll data median (interquartile range) unless otherwise specified. AKI
onset defined as first day when creatinine was >50% of baseline value.
Albumin available in 63/103 patients. Total bilirubin available on 96/103
patients. BUN, blood urea nitrogen.

Fig. 1. Bland–Altman plot showing agreement of serum and effluent
creatinine concentrations. A positive direction on the Y-axis indicates a
higher serum than effluent value. X-axis is the average of the two measure-
ments. Dotted line represents mean difference (0.009 mg/dL). Shaded area
represents 95% CIs of agreement.

Fig. 2. Box plot demonstrating measured versus predicted CGR in the
cohort. Prediction equations appear in appendix [23–25].
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Abstract
Background. Existing systems for grading severity of
acute kidney injury (AKI) rely on a change of serum
creatinine concentration over a defined time interval.
The rate of change in serum creatinine increases by de-
gree of reduction in glomerular filtration rate, but is mi-
tigated by low creatinine generation rate (CGR). Failure
to appreciate variation in CGR may lead to erroneous
conclusions regarding severity of AKI and distorted
predictions regarding patient outcomes based on AKI
severity.
Methods. Cohort study of 103 patients who received con-
tinuous venovenous hemodialysis (CVVHD) over a 2-year
period in a tertiary care hospital setting. Study participants
entered the cohort when they were anuric, receiving a
stable and uninterrupted dose of CVVHD with serum
creatinine in steady state. They were followed until hospital
discharge. CGR was measured based on dialyzate effluent
volume and effluent creatinine concentration (prospective
cohort) and via effluent volume and serum creatinine
concentration (retrospective cohort).
Results. CGR (mean 10.5, range 1.7–22.4 mg/kg/day) was
substantially lower in this patient population than what
would be predicted from existing equations. Correlates of
CGR in multivariable analysis included the length of
hospitalization prior to measurement and presence of an
oncologic diagnosis. Lower CGR was independently asso-
ciated with in-hospital mortality in unadjusted analysis and
after multivariable adjustment for measures of severity of
illness.
Conclusions. Grading systems for severity of AKI fail to
account for variation in CGR, limiting their ability to pre-
dict relevant outcomes. Calculation of CGR is superior to
other risk metrics in predicting hospital mortality in this
population.

Keywords: acute kidney injury; continuous renal replacement therapy;
creatinine generation; critical care nephrology; mortality

Introduction

Acute kidney injury (AKI) affects an estimated 4–5% of
hospital inpatients, and is a potentially devastating condi-
tion, with mortality rates approaching 20% [1]. Until
recently, the study of AKI was hampered by a lack of clear
consensus definitions. The Risk, Injury, Failure, Loss,
End-stage kidney disease (RIFLE) and subsequent Acute
Kidney Injury Network (AKIN) criteria for AKI severity
have ushered in a new era of AKI research [2, 3]. These
scoring systems define AKI by a change in serum creati-
nine concentration or reductions in urine output over a
defined time period. Urine output may be unreliable due
to inaccuracies in measurement and confounded by diuretic
usage [4, 5], while increases in serum creatinine concen-
tration depend not only on the degree of reduction of glo-
merular filtration rate (GFR) but also on the patients’
underlying creatinine generation rate (CGR)—with higher
CGR leading to more rapid increases in serum creatinine.
The CGR is itself dependent on the non-enzymatic hydrol-
ysis of creatine, which is produced primarily in the liver but
stored almost entirely in skeletal muscle. Progressive stages
of kidney injury in both the RIFLE and AKIN frameworks
predict mortality [4–10], but studies in stable outpatients
demonstrate that higher CGR independently associates with
better survival [11]. Similar findings have been published in
chronic hemodialysis patients [12]. Animal studies have
demonstrated acute reductions in CGR in the setting of sep-
sis [13]. As lower CGR would lead to assignment of lower
RIFLE or AKIN stages for any given level of GFR decre-
ment, heterogeneity in CGR may limit the ability of the
RIFLE and AKIN criteria to capture the true severity of
AKI and to accurately predict mortality. Few studies have
examined CGR in an acutely ill population, and none have
described its association with mortality [14–16].

Measurement of CGR in AKI is difficult for several
reasons. Patients are often not in steady state with regard
to serum creatinine, making urinary collections for creati-
nine excretion uninterpretable. In addition, unmeasurable
changes in the volume of distribution of creatinine may
occur due to fluid administration and accumulation [17].

! The Author 2012. Published by Oxford University Press on behalf of ERA-EDTA. All rights reserved.
For Permissions, please e-mail: journals.permissions@oup.com
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in serum creatinine concentration after an acute AKI
event (reduction of GFR by 75% at time 0). The calcula-
tions are based on mass transfer principles with a single-
compartment model of creatinine in a hypothetical 75 kg
male with a baseline creatinine of 1. Baseline GFR would
vary from 104 mL/min in the 20 mg/kg/day patient to 26
mL/min in the 5 mg/kg/day patient. Note that the time to a
doubling of creatinine (AKIN Stage 2) ranges from 12 h to
48 h as CGR decreases. Clinicians may thus misinterpret
acute changes in serum creatinine concentration if they fail
to account for the CGR on the individual patient level. The
creatinine-based definitions of AKI may require incorpora-
tion of factors correlated with CGR in order to accurately
assess loss of kidney function. The methods described in
our study rely on routinely collected clinical information
(serum creatinine concentration and effluent volume) and
as such can be easily scaled to existing large data sets to
craft new prediction equations for CGR in the critically ill.
With reliable prediction of CGR and estimates of volume of

distribution, it would be possible to derive a non-steady
state equation for instantaneous GFR based on a change
in serum creatinine over time.

We chose to express CGR in terms of IBW as opposed to
ABW. The latter is subject to significant inaccuracy of
measurement and is confounded by fluid resuscitation,
while the former is less physiologic. On the individual
patient level though, deviations from IBW are typically
due to accumulation of fluid and/or fat, neither of which
play a significant role in creatinine production. IBW asso-
ciated more strongly with CGR than measured body
weight, as we expected (r ¼ 0.45 versus 0.29). IBW was
lower than ABW in 96% of our patients, meaning that if
ABW was used CGR would appear to be even lower than
the values we measured. We followed net fluid balance
during the steady-state period, but did not identify a strong
relationship to CGR. This is likely due to our selection
criteria, as patients with significant fluid shifts would, all
else being equal, have a changing serum creatinine concen-
tration reflecting the changing volume of distribution of
creatinine, and thus not be included for analysis. Sensitivity
analyses using CGR calculated using ABW did not signifi-
cantly affect the performance of CGR as a predictor of
mortality.

CGR was lower in patients in whom our calculation of
CGR took place later during their hospital stay. This may

Table 3. CGR tertile and odds of inpatient mortalitya

Model Highest (n ¼ 35) Middle (n ¼ 34) Lowest (n ¼ 34) P

Events/no. at risk % 20/35 (57) 26/34 (76) 29/34 (85)
Unadjusted 1.00 2.12 (1.19–3.79) 4.52 (1.42–14.4) 0.01
Age and sex adjusted 1.00 2.34 (1.27–4.34) 5.50 (1.60–18.8) 0.01
Age, sex, race adjusted 1.00 2.39 (1.24–4.59) 5.70 (1.54–21.0) 0.01
Medical status, SOFA adjusted 1.00 2.23 (1.22–4.10) 4.99 (1.49–16.74) 0.01
Medical status, SOFA, LOS adjusted 1.00 3.60 (1.72–7.56) 12.97 (2.94–57.18) 0.001
Fully adjustedb 1.00 3.47 (1.57–7.67) 12.0 (2.47–58.7) 0.002

aValues are OR (95% CI), Highest ¼ 15 6 2 mg/kg/day, Middle ¼ 10 6 1 mg/kg/day and Lowest ¼ 6 6 2 mg/kg/day.
bAdjusted for age, sex, race, oncologic diagnosis, modified SOFA score, medical ICU status and hospital stay prior to measurement.

Table 4. Mutually adjusted associations of risk factors for in-hospital
mortality

Risk factor OR 95% CI P

Full multivariable model
Creatinine generation rate
(per 5 mg/kg/day less)

2.61 1.26–5.39 0.01

Medical patient 3.78 1.08–13.1 0.04
Modified SOFA score
(per each additional pt)

1.37 1.04–1.80 0.03

Diabetes 2.65 0.81–8.73 0.11
Black 1.23 0.32–4.72 0.76
Male sex 0.99 0.34–2.90 0.98
BMI (per 5 kg/m2 greater) 0.89 0.65–1.22 0.48
Age (per 10 years greater) 0.83 0.56–1.24 0.37
Oncologic diagnosis 0.57 0.12–2.74 0.49
Ventilated 0.14 0.02–1.05 0.06

Trivariate models
Medical patient 2.96 1.02–8.59 0.05
Modified SOFA score
(per each additional pt)

1.18 0.96–1.45 0.13

CGR (per 5 mg/kg/day less) 1.87 1.06–3.30 0.03

Medical patient 1.83 0.70–4.75 0.22
Vented 0.57 0.14–2.33 0.44
CGR (per 5 mg/kg/day less) 1.82 1.06–3.12 0.03

Medical patient 2.05 0.81–5.18 0.13
Oncologic diagnosis 0.95 0.22–3.99 0.95
CGR (per 5 mg/kg/day less) 1.81 1.04–3.18 0.04

Fig. 3. Creatinine concentration over time curves for a hypothetical 75 kg
male suffering from AKI with a 75% reduction in GFR at time 0. Legend
describes varying CGRs.
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Abstract
Background. Existing systems for grading severity of
acute kidney injury (AKI) rely on a change of serum
creatinine concentration over a defined time interval.
The rate of change in serum creatinine increases by de-
gree of reduction in glomerular filtration rate, but is mi-
tigated by low creatinine generation rate (CGR). Failure
to appreciate variation in CGR may lead to erroneous
conclusions regarding severity of AKI and distorted
predictions regarding patient outcomes based on AKI
severity.
Methods. Cohort study of 103 patients who received con-
tinuous venovenous hemodialysis (CVVHD) over a 2-year
period in a tertiary care hospital setting. Study participants
entered the cohort when they were anuric, receiving a
stable and uninterrupted dose of CVVHD with serum
creatinine in steady state. They were followed until hospital
discharge. CGR was measured based on dialyzate effluent
volume and effluent creatinine concentration (prospective
cohort) and via effluent volume and serum creatinine
concentration (retrospective cohort).
Results. CGR (mean 10.5, range 1.7–22.4 mg/kg/day) was
substantially lower in this patient population than what
would be predicted from existing equations. Correlates of
CGR in multivariable analysis included the length of
hospitalization prior to measurement and presence of an
oncologic diagnosis. Lower CGR was independently asso-
ciated with in-hospital mortality in unadjusted analysis and
after multivariable adjustment for measures of severity of
illness.
Conclusions. Grading systems for severity of AKI fail to
account for variation in CGR, limiting their ability to pre-
dict relevant outcomes. Calculation of CGR is superior to
other risk metrics in predicting hospital mortality in this
population.
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Introduction

Acute kidney injury (AKI) affects an estimated 4–5% of
hospital inpatients, and is a potentially devastating condi-
tion, with mortality rates approaching 20% [1]. Until
recently, the study of AKI was hampered by a lack of clear
consensus definitions. The Risk, Injury, Failure, Loss,
End-stage kidney disease (RIFLE) and subsequent Acute
Kidney Injury Network (AKIN) criteria for AKI severity
have ushered in a new era of AKI research [2, 3]. These
scoring systems define AKI by a change in serum creati-
nine concentration or reductions in urine output over a
defined time period. Urine output may be unreliable due
to inaccuracies in measurement and confounded by diuretic
usage [4, 5], while increases in serum creatinine concen-
tration depend not only on the degree of reduction of glo-
merular filtration rate (GFR) but also on the patients’
underlying creatinine generation rate (CGR)—with higher
CGR leading to more rapid increases in serum creatinine.
The CGR is itself dependent on the non-enzymatic hydrol-
ysis of creatine, which is produced primarily in the liver but
stored almost entirely in skeletal muscle. Progressive stages
of kidney injury in both the RIFLE and AKIN frameworks
predict mortality [4–10], but studies in stable outpatients
demonstrate that higher CGR independently associates with
better survival [11]. Similar findings have been published in
chronic hemodialysis patients [12]. Animal studies have
demonstrated acute reductions in CGR in the setting of sep-
sis [13]. As lower CGR would lead to assignment of lower
RIFLE or AKIN stages for any given level of GFR decre-
ment, heterogeneity in CGR may limit the ability of the
RIFLE and AKIN criteria to capture the true severity of
AKI and to accurately predict mortality. Few studies have
examined CGR in an acutely ill population, and none have
described its association with mortality [14–16].

Measurement of CGR in AKI is difficult for several
reasons. Patients are often not in steady state with regard
to serum creatinine, making urinary collections for creati-
nine excretion uninterpretable. In addition, unmeasurable
changes in the volume of distribution of creatinine may
occur due to fluid administration and accumulation [17].
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Urea!

•  Improved outcome with commencement at lower Urea in 
most but not all retrospective analyses. !
–  Ostermann NDT 2012!

!
•  < 36 mmol/L!
•  < 27 mmol/L!

•  < 29 mmol/L!
•  < 21 mmol/L!
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Urine Output!

•  Sustained oliguria or refractory fluid overload!

– < 500–600 mL/24 h!
•  Ostermann NDT 2012!

•  Fluid overload at commencement of RRT is 
associated with adverse outcomes!
–  Payen 2008 !

–  Bouchard 2009!
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Diuretics?!
•  Mehta et al. JAMA. 2002;288:53 !

•  4-center, retrospective analysis of patients referred for 

nephrology consults (1989 - 1995; n = 552)!

•  Prior diuretic use significantly increased risk of death or 

non-recovery of renal function (odds ratio 1.77; 95% CI 
1.14 - 2.76).!

•  Uchino et al. Crit Care Med. 2004;32:1669 –77!

•  52-center, 1743 ICU patients.!
•  No differences in mortality, or renal recovery!

•  Odds ratio 1.22 (p = 0.15) !

•  However, no benefit associated with diuretics.!
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STARRT-AKI – Standard RRT!

•  Standard RRT initiation The trial team will ask that the clinical team to 
consider RRT initiation if there are:!

•  Criteria for persistent AKI (serum creatinine has not declined by more 
than 50% from value recorded at time of eligibility) !

!

AND!

•  At least one of the following indications for RRT initiation:!
–  Serum potassium �6.0 mmol/L, or!
–  Serum bicarbonate � 10 mmol/L, or!
–  Evidence of severe respiratory failure, based on a PaO2/FiO2 <200 and bilateral 

infiltrates on the chest x-ray, or!
–  By 72 hours after randomization!
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STARRT-AKI - Entry!

•  Age � 18 years!
•  Admission to an intensive care unit!
•  Evidence of kidney dysfunction !

–  (creatinine � 100 µmol/L (women) or � 130 µmol/L (men))!

•  Evidence of severe AKI defined by at least 2 of the following 3 criteria:!
–  A 2-fold increase in serum creatinine during hospitalization or from a known pre-

hospitalization baseline!
–  Oliguria as defined by total urine output < 6 mL/kg over the preceding 12 hours!
–  Whole blood Neutrophil Gelatinase-Associated Lipocalin (NGAL) � 400ng/mL!

•  Likelihood that an absolute indication for RRT will not arise in the 
subsequent 24 hours !

•  Central venous pressure � 8 mmHg!
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Feature Articles

Impact of continuous venovenous hemofiltration on organ failure
during the early phase of severe sepsis: A randomized controlled
trial*

Didier Payen, MD, PhD; Joaquim Mateo, MD; Jean Marc Cavaillon, PhD; François Fraisse, MD;
Christian Floriot, MD; Eric Vicaut, MD, PhD; for the Hemofiltration and Sepsis Group of the Collège National
de Réanimation et de Médecine d’Urgence des Hôpitaux extra-Universitaires

Severe sepsis and septic shock
continue to pose a consider-
able challenge. Mortality and
morbidity remain high despite

increased understanding of the underly-
ing pathophysiology and advances in
technical support. Outcome relates to
sepsis severity, with death mainly occur-

ring from multiple organ failure during
the first week of evolution (1). Although
exact mechanisms linking infection, in-
flammation, and organ dysfunction are
not fully understood, it is generally ac-
cepted that organ failure results as a con-
sequence of a storm of inflammatory me-
diators and excessive cellular activation

(2). The Sepsis-Related Organ Failure As-
sessment (SOFA) score (3) measured
within the first 2 days of severe sepsis or
septic shock is predictive of day 28 mor-
tality (1). The recent demonstration of
outcome benefit from early circulatory
optimization (4) suggests that a “golden
window” exists for early interventions
that may limit organ failure progression
and reduce subsequent mortality. By con-
trast, late optimization, performed after
organ failure is now established, has no
beneficial effects, and may even be dele-
terious (5).

Because of its simplicity and efficiency
in taking over for the failing kidney, con-
tinuous venovenous hemofiltration (CVVH)
is widely used to manage renal failure (6).
However, CVVH is frequently delayed for
several days until sufficiently abnormal
plasma variables develop to motivate the
initiation of renal replacement therapy.
In addition to the classic indications for
renal support, such as azotemia, fluid
overload, acidosis, and hyperkalemia,
some experimental and clinical studies
suggest a potential benefit through mod-

Objective: The impact of continuous venovenous hemofiltration
on sepsis-induced multiple organ failure severity is controversial.
We sought to assess the effect of early application of hemofiltra-
tion on the degree of organ dysfunction and plasma cytokine
levels in patients with severe sepsis or septic shock.

Design: Prospective, randomized, open, multicenter study set-
ting, 12 French intensive care units.

Patients: A total of 80 patients were enrolled within 24 hours
of development of the first organ failure related to a new septic
insult.

Interventions: Patients were randomized to group 1 (HF), who
received hemofiltration (25 mL/kg/hr) for a 96-hour period, or
group 2 (C) who were managed conventionally.

Measurements and Main Results: The primary end point was
the number, severity, and duration of organ failures during 14
days, as evaluated by the Sepsis-Related Organ Failure Assess-

ment score, on an intention-to-treat analysis. Strict guidelines
were provided to perform continuous hemofiltration under the
same conditions and bearing the same objectives in all centers.
Because of inclusion stagnation, the trial was discontinued after
an interim analysis by which time 76 patients had been random-
ized. The number and severity of organ failures were significantly
higher in the HF group (p < 0.05). No modifications in plasma
cytokine levels could be detected.

Conclusion: These data suggest that early application of stan-
dard continuous venovenous hemofiltration is deleterious in se-
vere sepsis and septic shock. This study does not rule out an
effect of high-volume hemofiltration (>35 mL/kg/hr) on the
course of sepsis. (Crit Care Med 2009; 37:803–810)

KEY WORDS: septic shock; hemofiltration; cytokines; organ
failure
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RRT for All? "
Pre-emptive treatment!

period. Furthermore, the goals for resus-
citation achieved in both groups were ap-
propriate, albeit with a greater intensity
when using supportive techniques in the
CVVH group. The dose-ranging study

from Ronco et al (13), suggestive of im-
proved outcomes when using ultrafiltrate
rates of 35 mL/kg/hr, had not been pub-
lished before the design of our protocol
which targeted a flow rate of approxi-
mately 25 mL/kg/hr. Because our trial did
not focus on renal support, dose ranging
might have had a more limited impact on

the measured variables. However, Cole et
al (16) clearly demonstrated that among
patients with septic shock, the dose of
norepinephrine needed to reach the tar-
get blood pressure was significantly less
in patients treated with high-volume he-
mofiltration (6 L/hr) than during conven-
tional hemofiltration (1 L/hr). However,
this study was not designed to draw con-
clusions about outcome.

Regular filter membrane changing
might have limited any time-related per-
formance deterioration during the 96-
hour study period. Finally, any heteroge-
neity in technical performance between
intensive care units was negligible, as no
severe adverse events related to CVVH
were observed and this was applied early
(mean 22 hours) during the course of
severe sepsis.

The clinical use of hemofiltration to
limit inflammation, already suggested by
experimental data (17), gained even more
credibility after the study from Honore et
al (14) in which high-volume hemofiltra-
tion rescued 45% of patients in refractory
septic shock, despite a catastrophic pre-
dicted mortality. The technique required
to achieve such a goal may differ from the
standard procedure in relation to hemo-
filtration volume, the use of high perme-
ability membranes, or special circuits and
cartridges to adsorb molecules of inflam-
mation (10, 16, 18–23). Several small tri-
als have shown the superiority of high-
permeability membranes in terms of
vasopressor reduction (24), restoration of
mononuclear cell proliferation, and at-
tenuation of polymorphonuclear neutro-
phil phagocytosis (7, 25–28).

For the primary end point, we used
the well-established SOFA score (3) to
assess any potential benefit of CVVH on
organ failure. The day-to-day use of this
score for such a purpose has recently
been validated as a prognostic tool in
severe sepsis (1). Application of CVVH
delayed the organ failure improvement
that we observed in the control group
(p ! 0.001) (figure not shown). The time
concordance between the absence in or-
gan failure improvement and application
of hemofiltration suggests a direct rela-
tionship between CVVH and prolongation
of organ failure. The absence of any ben-
efit of classic hemofiltration to limit or-
gan failure and remove mediators has
been suggested by a small phase II trial in
patients with severe sepsis or septic shock
(29). They did not observe any benefit at
48 hours of hemofiltration using a 2-L
hourly exchange. Our two groups have

Figure 2. Kaplan-Meier curves for time to wors-
ening of the Sepsis-Related Organ Failure Assess-
ment (SOFA) score. The hemofiltration (HF)
group showed a more rapid deterioration com-
pared with the control (C) group (log-rank test:
"2 # 8.73; p ! 0.01).

Figure 3. Kaplan-Meier curves for time to death
during the observation period (14 days). Log-
rank test: "2 # 2.638; p # 0.104. C, control; HF,
hemofiltration.

Figure 4. A, Kaplan-Meier curves for time to
weaning from mechanical ventilation. Weaning
took a significantly longer time in the hemofil-
tration (HF) group (log-rank test: "2 # 4.19; p #
0.04). B, Kaplan-Meier curves for time to wean-
ing of catecholamines. Time to weaning was sig-
nificantly longer in the HF group (log-rank test
"2 # 3.9; p # 0.048). C, control.

Table 3. Intervention and support intensity

HF Group (n # 37) Control Group (n # 39) p

Arterial catheter, n (%) 31 (83.7) 30 (76.9) NS
Central catheter, n (%) 34 (94.4) 36 (92.3) NS
Pulmonary artery catheter, n (%) 18 (48.6) 16 (41) NS
Mechanical ventilation, n (%) 35 (94.5) 36 (92.3) NS
Vasopressors, n (%)
Dopamine, n (%) 9 (25) 14 (36) NS
Dobutamine, n (%) 9 (25) 10 (26) NS
Epinephrine, n (%) 5 (14) 6 (15) NS
Norepinephrine, n (%) 24 (39) 21 (54) NS
Steroids 1 (3) 2 (5) NS
Antibiotics 100% 100% NS

HF, hemofiltration; NS, not significant.
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Nephrol Dial Transplant (2012) 27: 947–952
doi: 10.1093/ndt/gfr501
Advance Access publication 8 September 2011

Original Articles

Severe acute kidney injury not treated with renal replacement therapy:
characteristics and outcome
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Abstract
Background. Only a proportion of critically ill patients with
severe [RIFLE (Risk, Injury, Failure, Loss, End-stage renal
disease) criteria, class-F] acute kidney injury (AKI) appear to
receive renal replacement therapy (RRT). The aim of this
study was to study the characteristics and outcome of pa-
tients with severe (RIFLE-F) AKI who did not receive RRT.
Methods. We identified all consecutive patients admitted
to our institution that developed RIFLE-F AKI by creati-
nine criteria over a 3-year period and did not receive RRT,
and compared their characteristics and outcomes with those
of RIFLE-F RRT-treated patients.
Results. Within the study period, 20 126 patients were
admitted to our institution for >24 h. Among them, 2949
were admitted to the intensive care unit (ICU) and 195
developed RIFLE-F AKI. Of these, 90 received RRT
(RRT patients) and 105 did not (no-RRT patients). Com-
pared with RRT patients, no-RRT patients were similar in
terms of age, gender and ward of origin. However, they had
a shorter median ICU stay (2.7 versus 7.9 days; P< 0.001),
required less mechanical ventilation (56.2 versus 70%;
P < 0.05) and had a lower mean Acute Physiology and
Chronic Health Evaluation III score (82.7 versus 86.7; P <
0.05). The two main reasons these patients did not receive
RRT were limitations of medical therapy (LOMT) orders in
41 (39%) cases and expected renal functional improve-
ment in 59 (56.2%). Mortality in no-RRT patients was
58.1% compared with 55.5% in the RRT group (P ¼
0.72). After exclusion of LOMT patients, the mortality of
the no-RRT group, although lower than that of the RRT
group, remained high (30.5 versus 55%; P < 0.001). Most
of these deaths occurred after ICU discharge and appeared
secondary to underlying chronic diseases or recurrence of
the initial insult.
Conclusions. After exclusion of LOMT patients, about a
third of critically ill patients with severe (RIFLE-F) AKI
did not receive RRT. A third of these patients died in
hospital. The timing of the deaths and their underlying
causes do not suggest that a broader application of RRT
would have changed patient outcomes.

Keywords: acute kidney injury; epidemiology; renal replacement
therapy; RIFLE score

Introduction

Acute kidney injury (AKI) in critically ill patients is
common and associated with morbidity and mortality [1].
When severe, it is often associated with major physio-
logical derangements and may require control by means
of renal replacement therapy (RRT). However, outside of
life-threatening hyperkalemia, it is still unclear which AKI
patients should receive RRT.

RRT is associated with complications, high costs, great
complexity of care and an increased workload for the nursing
staff. Thus, the question of which patients should be treated
with RRT and at what levels of azotemia has important im-
plications. Despite several studies [2–4] suggesting that early
intervention might improve outcome, there is insufficient
evidence to guide practice. Although the Risk, Injury, Fail-
ure, Loss, End-stage renal disease (RIFLE) criteria has never
been validated as a trigger to initiate therapy, one might
expect that a significant proportion of patients with the high-
est severity of functional loss (RIFLE-F criteria) would re-
ceive RRT [5–10]. Instead, as shown by Hoste et al. [9], only
a minority do receive this therapy. Little is known about these
‘untreated’ patients, their characteristics and their outcome.
Accordingly, we performed a retrospective study in our in-
stitution in order to characterize such patients, understand
why they did not receive RRT and describe their outcome.

Materials and methods

The need for informed consent was waived because the study required no
intervention and was not in breach of privacy or anonymity. The study was
approved by the Austin Hospital Human Research Ethics Committee.

Hospital

The Austin health is an 800-bed teaching hospital including 400 acute
beds. The intensive care unit (ICU) contains 20 beds and operates accord-
ing to a closed model, where only ICU physicians can prescribe therapy.

! The Author 2011. Published by Oxford University Press on behalf of ERA-EDTA. All rights reserved.
For Permissions, please e-mail: journals.permissions@oup.com
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APACHE III scores and required less mechanical ventilation.
As expected, on average, they did better than RRT-treated
patients in terms of ICU length of stay and, after exclusion of
LOMT patients, in terms of in-hospital mortality.

These patients did not receive RRT because of LOMT
orders or because, despite the important increase in serum
creatinine concentration, their metabolic disturbances were
not considered sufficient to require RRT and/or recovery
was expected to occur within hours or days. Although a ma-
jority of these patients eventually regained their renal func-
tion, 30% of them did not survive to hospital discharge. All
these deaths, however, occurred>7 days after ICU admission
and were not directly related to complications of AKI.

Comparison with previous studies

To the best of our knowledge, no previous publication has
studied the characteristics and outcome of patients with
severe AKI that did not receive RRT.

We report a very high mortality rate (56.9% overall and
55.5% for RRT patients) overall which is consistent with
the mortality reported in the major recently published tri-
als of RRT [12, 13] and epidemiological studies [1, 14]. In
the data presented by Hoste et al. [15], the overall mortal-
ity for RIFLE-F patients was 26.3%. However, the pa-
tients included in their study were younger (62.1 versus
66 years old in the present study) had a lower average
APACHE III score (56 versus 84.6 in this study) and were
mainly surgical (63.9 versus 42.1% in our series). These
three factors are known to be associated with decreased
in-hospital mortality. Finally, only 14.2% of the patients
reported in their study received RRT versus 46.4% in our
study, suggesting a combination of different selection cri-
teria for RRT and different levels of illness severity.

Clinical significance

This study describes, for the first time, characteristics,
reasons for non-treatment and outcome of a significant
subpopulation of critically ill patients with AKI. As com-
pared with patients treated with RRT, these patients had very
similar baseline characteristics and were very similar in num-
ber. Thus, they represented 3% of all ICU admissions.
However, these patients were not a uniform group and could
be divided into two major categories: (1) those considered
likely to achieve early recovery and (2) those with LOMT
orders. While it is very difficult to evaluate the appropriate-
ness of LOMT orders in this setting, a comparison can be
made between the RRT group and no-RRT group for pa-
tients assessed as requiring active treatment (but not RRT).

As expected, the patients not requiring RRT had a lower
mortality, a shorter ICU stay and, in most cases, recovered
their renal function to a creatinine concentration within 40%
of their baseline. Despite being a less severely ill group, they
had a high in-hospital mortality raising the question of
whether a more aggressive approach (possibly including
the use of RRT) would have changed their outcome. How-
ever, the fact that most deaths occurred after recovery of
renal function, after ICU discharge and mostly appeared
secondary to underlying chronic diseases or recurrence of
the initial insult suggests that RRT would not have changed
their prognosis. This finding is consistent with the findings of

Table 2. Clinical conditions triggering AKIa

Overall RRT All no-RRT Pb
No-RRT without
LOMT Pc

n 195 90 105 60
Sepsis 75 26 (28.9%) 49 (46.7%)b 0.01 26 (43.3%) 0.07
Cardiogenic shock 30 9 (10.0%) 21 (20.0%) 0.06 8 (13.3%) 0.53
Major non-cardiac surgeries 18 8 (8.9%) 10 (9.5%) 0.89 9 (15%) 0.24
Cardiac surgery 15 10 (11.1%) 5 (4.8%) 0.16 5 (8.3%) 0.58
Hemorrhagic shock 4 2 (2.2%) 2 (1.9%) 0.87 2 (3.3%) 0.68
Hepatorenal syndrome 18 12 (13.3%) 6 (5.7%) 0.06 1 (1.7%) 0.01
Obstructive 3 0 (0%) 3 (2.9%) 0.11 3 (5.0%) 0.06
Primary renal 10 9 (10%) 1 (1.0%)c 0.004 0 (0%)c 0.01
Drugs/toxins/metabolic 7 3 (3.3%) 4 (3.8%) 0.59 4 (6.7%) 0.29
Unknown 15 11 (12.2%) 4 (3.8%)b 0.03 2 (3.3%) 0.06

aChi-square of Fisher exact test as appropriate.
bP for the comparison with the RRT group.
cP for the comparison with the RRT group.

Fig. 2. Kaplan–Meier survival curve. RRT group versus no-RRT group
after exclusion of patients with LOMT orders (log-rank test, P ¼ 0.001).

950 A.G. Schneider et al.
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Abstract
Critically ill patients whose course is complicated by acute kidney
injury often receive renal replacement therapy (RRT). For these
patients, initiation of RRT results in a considerable escalation in
both the complexity and associated cost of care. While RRT is
extensively used in clinical practice, there remains uncertainty
about the ideal circumstances of when to initiate RRT and for what
indications. The process of deciding when to initiate RRT in
critically ill patients is complex and is influenced by numerous
factors, including patient-specific and clinician-specific factors and
those related to local organizational/logistical issues. Studies have
shown marked variation between clinicians, and across institutions
and countries. As a consequence, analysis of ideal circumstances
under which to initiate RRT is challenging. Recognizing this limita-
tion, we review the available data and propose a clinical algorithm
to aid in the decision for RRT initiation in critically ill adult patients.
The algorithm incorporates several patient-specific factors, based
on evidence when available, that may decisively influence when to
initiate RRT. The objective of this algorithm is to provide a starting
point to guide clinicians on when to initiate RRT in critically ill adult
patients. In addition, the proposed algorithm is intended to provide
a foundation for prospective evaluation and the development of a
broad consensus on when to initiate RRT in critically ill patients.

Introduction
Acute kidney injury (AKI) is a well-recognized complication of
critical illness with an important impact on morbidity, mortality
and health resource utilization [1-5]. Renal replacement
therapy (RRT) is often required and represents a substantial
escalation in the complexity and cost of care for critically ill
patients with AKI [4]. Despite its extensive use in clinical
practice, there is uncertainty about the optimal time and
indications for initiation of RRT in the ICU [6]. Clearly, the
process involved in deciding when to initiate RRT in critically
ill adult patients is complex and can be influenced by
numerous factors, including patient-specific and clinician-

specific factors and those related to organizational/logistical
issues (Table 1). Indeed, studies have shown marked varia-
tion of practice between clinicians, and across institutions
and countries [7,8].

An evaluation of timing of RRT initiation has been the focus of
a number of clinical studies. These have recently been sum-
marized in a systematic review and meta-analysis [6,9-13].
Most of these studies have been small, retrospective or
secondary analyses, and have arbitrarily dichotomized the
study population into ‘early’ or ‘late’ RRT initiation based on
biochemical criteria, urine output criteria, or by ‘door-to-
dialysis’ time [14]. The meta-analysis by Seabra and
colleagues [12] also included five randomized trials. A pooled
analysis from these trials showed a non-statistically significant
trend towards reduced mortality with earlier initiation of RRT
(relative risk 0.64; 95% confidence interval (CI), 0.40 to 1.05,
P = 0.08). However, this pooled analysis only included data
from 270 patients, thus limiting its statistical power.
Accordingly, this limits the inferences about timing of RRT
initiation and prohibits a simple translation of such data easily
to the bedside to guide clinical management. While large
prospective studies are urgently needed, the currently
available data would indicate a potential benefit associated
with earlier initiation of RRT for those patients where RRT is
likely to be needed in terms of both survival and recovery of
kidney function [12,15].

Currently, there exists no broad consensus to guide clinicians
on this important issue. In fact, RRT initiation has been
repeatedly identified as a research priority [16-18].
Accordingly, we have developed an opinion-based clinical
algorithm to aid in the decision on when to consider initiation
of RRT in critically ill patients (Figure 1). The algorithm gives a
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of RRT in critically ill patients with AKI. It emphasizes the
importance of regular assessments of the patient’s condition
and general trends instead of absolute serum biochemical
values or stages of AKI, including RIFLE or AKIN catego-
ries (Figure 1). The main message is that the criteria for RRT
should be individualized based on the existing dynamic con-
ditions rather than absolute values. The aim should be to
utilize RRT to support organ function and prevent complica-
tions. It is also important to acknowledge that there may be
patients with a futile prognosis in whom RRT would not be
appropriate and where withholding RRT constitutes good
end-of-life care [37]. This algorithm does not address aspects
of management of RRT, including modality and dose, and
also does not refer to non-renal indications, including extrac-
orporeal blood purification to facilitate drug or toxin removal.

Discussion

AKI in critically ill patients manifests itself with varying
degrees of uraemia, fluid accumulation, acid–base disturb-
ance, physiologic derangement and non-renal dysfunction
and often has as variable course. The question when to start
RRT remains difficult to answer and practice is variable [2].
At present, there is little data to accurately distinguish in
advance between the injured kidney that will need extrac-
orporeal support and one that retains capacity for sponta-
neous recovery. Studies in the literature confirm that serum
creatinine, serum urea and urine output were the most com-
monly used parameters to trigger RRT with varying cut-off
values. However, their value is limited due to the fact that
they are not renal specific. Serum creatinine levels depend

on renal function but also on non-renal factors like age,
muscle bulk and volume of distribution [38]. In the early
phase of AKI, significant decreases in GFR can occur with-
out any major changes in serum creatinine [39]. Further-
more, serum creatinine values may also be affected by the
laboratory technologies used for measurement [40].

Urea is formed by the hepatic metabolism of amino acids
and excreted primarily by glomerular filtration. Serum con-
centrations may vary as a result of changes in urea produc-
tion and tubular urea reabsorption without changes in GFR.
Both increased amino acid metabolism (i.e. in the context
of a gastrointestinal bleed, enhanced tissue breakdown or
high-protein diet) and increased tubular reabsorption dur-
ing hypovolaemic states can lead to increased serum urea
levels without changes in renal function.

The described literature shows that individual stages of
AKI are not adequate in identifying the optimal time for
RRT either. The RIFLE and AKIN classifications are scor-
ing systems which were developed to grade prognosis of
AKI [36, 41]. Although they correlate with mortality at the
cohort level, they were never intended to predict the need
for RRT. Furthermore, the same RIFLE stage encompasses
a 2- to 3-fold creatinine change from baseline and poten-
tially classifies patients with substantially different renal
functions in the same stage. In a prospective observational
study including data of 234 patients from six ICUs in Can-
ada, Bagshaw et al. [2] showed no difference in mortality
when timing of RRT was stratified by RIFLE class at the
time of initiation of RRT. Hospital mortality of patients
who started RRT at RIFLE—Risk, Injury and Failure
was 83, 52.1 and 50.8%, respectively, P ¼ 0.31.

The usefulness of urine criteria for the definition of AKI
has been debated widely [42–45]. Proponents argue that
urine output often portends renal dysfunction in critical
care patients before changes in serum creatinine. In con-
trast, critics argue that urine output is affected by volume
status, intrinsic levels of anti-diuretic hormone, presence of
obstruction and use of diuretics. Also, urine output criteria
can only be accurately assessed in patients with a urinary
catheter. Despite this, there is increasing evidence that a
urine output of <500 to 600 mL/24 h should be viewed as
an ominous sign and trigger an evaluation of the indications
for RRT. Furthermore, oliguria is closely correlated with
fluid accumulation. Recent data suggest that fluid overload
of >10% of body weight is an independent risk factor for
mortality in AKI [30]. Consequently, it may be appropriate
to consider starting RRT prior to fluid accumulation reach-
ing a threshold of 10% of body weight.

Based on data in the literature, the decision to start RRT
should be based on the general severity of illness, presence
of oliguria and fluid overload, the number and types of
failed non-renal organs, the risk of further organ failure
and whether the patient is recovering or deteriorating [46]
(http://www.renal.org/clinical/GuidelinesSection/Acute-
KidneyInjury.aspx). Patients with AKI vary widely in
their clinical course even if the underlying severity of
the renal injury may be the same. In patients with AKI
and severe multi-organ dysfunction, RRT may be of ben-
efit when started early to maintain metabolic and volume
homeostasis and to prevent further deterioration. Simi-
larly, patients with severe fluid overload and inadequate

Fig. 1. Algorithm to guide decision when to start RRT. MAP, mean
arterial blood pressure. *Diagnosis of AKI based on the AKIN classifica-
tion [36].
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(AKI) in the intensive care unit (ICU), there is no accepted
consensus on the optimal indications and timing.
Methods. The aim of this paper is to identify optimal trig-
gers for RRT in critically ill patients with AKI.
Results. We examined data from 2 randomized controlled
trials, 2 prospective studies and 13 retrospective trials and
found large variation in the different parameters and cut-
offs for initiation of RRT. No single biochemical parameter
was adequate to define the optimal indication and time to
commence RRT. Degree of fluid overload, oliguria and
associated non-renal organ failure appeared to be more
appropriate parameters for initiation of RRT. We propose
a clinical algorithm based on regular assessment of the
patient’s condition and trends in these parameters. It is
intended to aid the process of deciding when to start
RRT in critically ill adult patients with AKI.
Conclusion. Available evidence suggests that the decision
when to start RRT in critically ill patients with AKI should
be based on trends in the patient’s severity of illness, pres-
ence of oliguria and fluid overload and associated non-renal
organ failure rather than specific serum creatinine or urea
values.
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Introduction

Renal replacement therapy (RRT) is a key component of
modern critical care. Although RRT was established >20
years ago, clinical practice is variable [1, 2]. Several fun-
damental clinical aspects remain uncertain, including opti-
mal indication and timing.

In the setting of chronic kidney disease, the European
Best Practice Guidelines recommend starting chronic RRT
when a patient with an estimated glomerular filtration rate
(GFR) of <15 mL/min/1.73m2 has symptoms or signs of

uraemia, fluid overload or malnutrition in spite of medical
therapy or before estimated GFR has fallen to <6 mL/min/
1.73m2 in an asymptomatic patient [3]. The situation is very
different for patients with acute kidney injury (AKI) where
RRT is generally viewed as a type of organ support aimed at
achieving metabolic homeostasis and preventing fluid over-
load and new organ failure. These benefits of RRT must
be balanced by potential harm, including risks related to
central venous access, infections and anticoagulation [4].

There are several absolute indications where initiation of
RRT is considered life saving, i.e. severe hyperkalaemia
with cardiac compromise, life-threatening metabolic acido-
sis or uraemic pericarditis. However, these conditions are
not commonly encountered [2]. Although RRT should be
started before the onset of any serious complications of
uraemia, the optimal indications and triggers remain un-
clear. Data from the Randomized Evaluation of Normal
versus Augmented Level (RENAL) Replacement Therapy
study which compared 2 different doses of continuous veno-
venous haemofiltration (CVVH) in critically ill intensive
care unit (ICU) patients with AKI showed that 60% of
patients had severe oedema when RRT was started, and 40
–50% of patients had either a serum creatinine>300 lmol/L
(>3.4 mg/dl) or serum urea >25 mmol/L (>70 mg/dl) [5].
Eight per cent of patients were hyperkalaemic (serum
K1 >6.5 mmol/L) at the time of RRT.

Studies aimed at determining the optimal time for starting
RRT have evaluated various arbitrary cut-offs for serum
creatinine, serum urea or urine output, fluid balance, time
from ICU admission or duration of AKI and often differ-
entiated between ‘early’ and ‘late’ RRT [6–22] (Table 1).
Three meta-analyses concluded that earlier institution of
RRT in critically ill patients with AKI might be associated
with a survival benefit [23–25]. However, the studies were
heterogenous and of variable quality with a paucity of
randomized controlled trials (RCTs). Potential benefits of
earlier initiation are attributable to more rapid metabolic/
uraemic control and more effective prevention and manage-
ment of fluid overload [26]. Some data also suggest that
RRT before the onset of severe AKI may attenuate kid-
ney-specific and non-kidney organ injury from acidaemia,
uraemia, fluid overload and systemic inflammation and
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Starting RRT!
•  Start in anticipation of Absolute Indications!
•  Consider severity and likely course of patient’s 

illness!

•  Oliguria is better than biochemistry (500ml/d)!
•  Anticipate and avoid fluid overload with early RRT if 

necessary!
•  You can use diuretics to modify Fluid Balance but this 

should not delay RRT !
•  If diuretics are given then Serum Urea may be a 

trigger for RRT in the absence of oliguria (>25??)!
•  Can hold off if ‘all is well’!
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Dose of RRT - Questions!

•  How low can you go?!

•  Can too much be bad for you? !

•  Does one size fit all?!
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Dose studies for AKI!
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Comparison of patient outcomes 
Patients in the RENAL study were at lower risk of 
death than patients in the ATN trial (45% had died at 
90 days in the RENAL study versus 53% at 60 days in the 
ATN study). In addition, patients in the RENAL study 
were over twice as likely to be alive and off dialysis at 
28 days (54% versus 26%). These differences may well be 
accounted for by differences in case-mix and the lower 

threshold for the initiation of RRT in the RENAL study,62 
but are sufficient to suggest that a detailed examina-
tion of the findings is needed. Compared with patients 
in the ATN study, patients in the RENAL study had a 
somewhat lower incidence of sepsis and lower rates of 
mechanical ventilation, but were older and required 
more vaso pressors. As mentioned previously, illness 
severity scores (APACHE II and APACHE III) in both 
studies were compar able. However, the ATN study 
excluded patients with a baseline serum creatinine level 
>174 μmol/l, whereas only the presence of end-stage 
renal disease excluded enrollment in the RENAL study. 
Thus, only the RENAL study included patients with 
stage 4 chronic kidney disease (CKD). Patients with pre-
existing advanced CKD are more likely to develop AKI 
requiring RRT for less severe disease and are therefore 
at lower risk of mortality than patients who experience 
AKI with no prior history of CKD.63 On the other hand, 
patients with pre-existing advanced CKD are at increased 
risk of dialysis dependence after AKI.22,63,64

The RENAL study specified indications for commence-
ment of RRT whereas the ATN study left the decision as to 
when to commence RRT—and thus study eligibility—up 
to the physician. In the ATN study, therapy was also com-
menced much later in relation to ICU admission (median 
6.7 days in the ATN study versus 2.1 days in the RENAL 
study). However, urea levels before first RRT treatment 
were similar in the ATN and RENAL studies, and >60% of 
patients in the ATN study had received some form of non-
trial RRT in the 24 h prior to randomiza tion and initiation 
of study treatment, whereas no patients in the RENAL 
study received pre-randomization RRT. Outcomes in the 
RENAL study may also have been artificially improved by 
the inclusion of a few patients whose renal function recov-
ered rapidly and might have survived without RRT. On 
the other hand, the results might reflect a genuine advan-
tage of a prompter initiation of RRT and increased use of 
continuous treatment. Further examina tion of these two 
studies offers some support for the wider use of CRRT. 

Recovery of renal function 
The most striking difference in outcomes between the 
RENAL and ATN studies is the rate of renal recovery. 
At 28 days, 45% of survivors in the ATN study were still 
dependant on RRT compared with only 13% of survi-
vors in the RENAL study. Similarly, 25% of survivors 
in ATN remained on RRT at 60 days compared with 
only 6% in RENAL at 90 days, representing an almost 
fivefold differ ence in renal recovery. Disparities of this 
magnitude suggest that significant differences in factors 
causally related to recovery of renal function are likely to 
exist between the studies. Such differences may be in the 
patient populations, the treatments administered, or both. 
Again, the inclusion in the RENAL study of some patients 
with less severe underlying renal dysfunction, who might 
have escaped treatment if more conservative indications 
for RRT had been in place, might account for some of the 
observed differences in renal recovery between the studies. 
Against this idea, the recruitment of patients with more 
severe CKD in the RENAL study (Table 3) should have 

Table 3 | Comparison of patient populations in VA/NIH ATN17 and RENAL18 studies

Characteristic VA/NIH ATN study RENAL study

n 1,124 1,508

Age (years) 59.7 64.5

Male (%) 70.6 64.6

Weight (kg) 84.1 80.7

CKD classi!cation (%)*
0–2
3a
3b
4
5

61.0
21.1
11.0
Excluded
Excluded

68.6
9.7
10.4
11.3
Excluded

Sepsis (%) 63.0 47.9

Mechanical ventilation (%) 80.6 73.9

Illness severity score APACHE II:  
26.4‡

APACHE III: 
102.4‡

Total SOFA score (respiratory, cardiovascular, liver, 
coagulation)

7.55 7.40

Modalities of RRT CVVHDF, SLEDD  
or IHD

CVVHDF

RRT prior to randomization (%) 64.3|| 0¶

Commenced on CRRT (%) 69.7 100

CRRT mode Pre-dilution 
CVVHDF

Post-dilution 
CVVHDF

CRRT high-dose ef"uent target (ml/kg per h) 35 40

CRRT low-dose ef"uent target (ml/kg per h) 20 25

Time from ICU admission to !rst study RRT (days) 6.7 2.1

Urea concentration prior to !rst RRT (mmol/l) 23.8 24.2

Achieved dose with high-dose CRRT (ml/kg per h) 27.1§ 33.4

Achieved dose with low-dose CRRT (ml/kg per h) 17.5§ 22

Duration of study RRT in ICU (days) 13.1 6.1

Daily urea level on high-dose CRRT (mmol/l) 11.7 12.7

Daily urea level on low-dose CRRT (mmol/l) 16.8 15.9

Daily "uid balance on therapy (ml) +130 –20

Mortality at day 60 (%) 52.5 NR

Mortality at day 90 (%) NR 44.7

Survivors dependant on RRT at day 28 (%) 45.2 13.3

Survivors dependant on RRT at day 60 (%) 24.6 NR

Survivors dependant on RRT at day 90 (%) NR 5.6

Values are mean values unless otherwise stated. *Where baseline renal function was not available, 
patients are assumed to have normal baseline renal function. ‡Over a large population of patients, mean 
APACHE III score is approximately equivalent to four times the APACHE II score;71 thus, mean illness 
severity in the RENAL study (APACHE III: 102.4) is similar to that in the ATN study (APACHE II: 26.4). §Dose 
corrected for pre-dilution at median blood flow and replacement rates. ||Only patients who had undergone 
<2 sessions of IHD or SLEDD or <24 h CRRT were included. ¶Patients with prior RRT excluded. 
Abbreviations: CKD, chronic kidney disease; CRRT, continuous renal replacement therapy; CVVHDF, 
continuous venovenous hemodiafiltration; IHD, intermittent hemodialysis; NR, not reported; RENAL, 
Randomized Evaluation of Normal versus Augmented Level Renal Replacement Therapy; RRT, renal 
replacement therapy; SLEDD, slow extended-duration dialysis; SOFA, sequential organ failure assessment; 
VA/NIH ATN, Veterans Affairs/National Institutes of Health Acute Renal Failure Trial Network.
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Comparison of patient outcomes 
Patients in the RENAL study were at lower risk of 
death than patients in the ATN trial (45% had died at 
90 days in the RENAL study versus 53% at 60 days in the 
ATN study). In addition, patients in the RENAL study 
were over twice as likely to be alive and off dialysis at 
28 days (54% versus 26%). These differences may well be 
accounted for by differences in case-mix and the lower 

threshold for the initiation of RRT in the RENAL study,62 
but are sufficient to suggest that a detailed examina-
tion of the findings is needed. Compared with patients 
in the ATN study, patients in the RENAL study had a 
somewhat lower incidence of sepsis and lower rates of 
mechanical ventilation, but were older and required 
more vaso pressors. As mentioned previously, illness 
severity scores (APACHE II and APACHE III) in both 
studies were compar able. However, the ATN study 
excluded patients with a baseline serum creatinine level 
>174 μmol/l, whereas only the presence of end-stage 
renal disease excluded enrollment in the RENAL study. 
Thus, only the RENAL study included patients with 
stage 4 chronic kidney disease (CKD). Patients with pre-
existing advanced CKD are more likely to develop AKI 
requiring RRT for less severe disease and are therefore 
at lower risk of mortality than patients who experience 
AKI with no prior history of CKD.63 On the other hand, 
patients with pre-existing advanced CKD are at increased 
risk of dialysis dependence after AKI.22,63,64

The RENAL study specified indications for commence-
ment of RRT whereas the ATN study left the decision as to 
when to commence RRT—and thus study eligibility—up 
to the physician. In the ATN study, therapy was also com-
menced much later in relation to ICU admission (median 
6.7 days in the ATN study versus 2.1 days in the RENAL 
study). However, urea levels before first RRT treatment 
were similar in the ATN and RENAL studies, and >60% of 
patients in the ATN study had received some form of non-
trial RRT in the 24 h prior to randomiza tion and initiation 
of study treatment, whereas no patients in the RENAL 
study received pre-randomization RRT. Outcomes in the 
RENAL study may also have been artificially improved by 
the inclusion of a few patients whose renal function recov-
ered rapidly and might have survived without RRT. On 
the other hand, the results might reflect a genuine advan-
tage of a prompter initiation of RRT and increased use of 
continuous treatment. Further examina tion of these two 
studies offers some support for the wider use of CRRT. 

Recovery of renal function 
The most striking difference in outcomes between the 
RENAL and ATN studies is the rate of renal recovery. 
At 28 days, 45% of survivors in the ATN study were still 
dependant on RRT compared with only 13% of survi-
vors in the RENAL study. Similarly, 25% of survivors 
in ATN remained on RRT at 60 days compared with 
only 6% in RENAL at 90 days, representing an almost 
fivefold differ ence in renal recovery. Disparities of this 
magnitude suggest that significant differences in factors 
causally related to recovery of renal function are likely to 
exist between the studies. Such differences may be in the 
patient populations, the treatments administered, or both. 
Again, the inclusion in the RENAL study of some patients 
with less severe underlying renal dysfunction, who might 
have escaped treatment if more conservative indications 
for RRT had been in place, might account for some of the 
observed differences in renal recovery between the studies. 
Against this idea, the recruitment of patients with more 
severe CKD in the RENAL study (Table 3) should have 

Table 3 | Comparison of patient populations in VA/NIH ATN17 and RENAL18 studies

Characteristic VA/NIH ATN study RENAL study

n 1,124 1,508

Age (years) 59.7 64.5

Male (%) 70.6 64.6

Weight (kg) 84.1 80.7

CKD classi!cation (%)*
0–2
3a
3b
4
5

61.0
21.1
11.0
Excluded
Excluded

68.6
9.7
10.4
11.3
Excluded

Sepsis (%) 63.0 47.9

Mechanical ventilation (%) 80.6 73.9

Illness severity score APACHE II:  
26.4‡

APACHE III: 
102.4‡

Total SOFA score (respiratory, cardiovascular, liver, 
coagulation)

7.55 7.40

Modalities of RRT CVVHDF, SLEDD  
or IHD

CVVHDF

RRT prior to randomization (%) 64.3|| 0¶

Commenced on CRRT (%) 69.7 100

CRRT mode Pre-dilution 
CVVHDF

Post-dilution 
CVVHDF

CRRT high-dose ef"uent target (ml/kg per h) 35 40

CRRT low-dose ef"uent target (ml/kg per h) 20 25

Time from ICU admission to !rst study RRT (days) 6.7 2.1

Urea concentration prior to !rst RRT (mmol/l) 23.8 24.2

Achieved dose with high-dose CRRT (ml/kg per h) 27.1§ 33.4

Achieved dose with low-dose CRRT (ml/kg per h) 17.5§ 22

Duration of study RRT in ICU (days) 13.1 6.1

Daily urea level on high-dose CRRT (mmol/l) 11.7 12.7

Daily urea level on low-dose CRRT (mmol/l) 16.8 15.9

Daily "uid balance on therapy (ml) +130 –20

Mortality at day 60 (%) 52.5 NR

Mortality at day 90 (%) NR 44.7

Survivors dependant on RRT at day 28 (%) 45.2 13.3

Survivors dependant on RRT at day 60 (%) 24.6 NR

Survivors dependant on RRT at day 90 (%) NR 5.6

Values are mean values unless otherwise stated. *Where baseline renal function was not available, 
patients are assumed to have normal baseline renal function. ‡Over a large population of patients, mean 
APACHE III score is approximately equivalent to four times the APACHE II score;71 thus, mean illness 
severity in the RENAL study (APACHE III: 102.4) is similar to that in the ATN study (APACHE II: 26.4). §Dose 
corrected for pre-dilution at median blood flow and replacement rates. ||Only patients who had undergone 
<2 sessions of IHD or SLEDD or <24 h CRRT were included. ¶Patients with prior RRT excluded. 
Abbreviations: CKD, chronic kidney disease; CRRT, continuous renal replacement therapy; CVVHDF, 
continuous venovenous hemodiafiltration; IHD, intermittent hemodialysis; NR, not reported; RENAL, 
Randomized Evaluation of Normal versus Augmented Level Renal Replacement Therapy; RRT, renal 
replacement therapy; SLEDD, slow extended-duration dialysis; SOFA, sequential organ failure assessment; 
VA/NIH ATN, Veterans Affairs/National Institutes of Health Acute Renal Failure Trial Network.
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Dose – I Don’t Care!
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Dose-response!

? 

? 
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What is dose?!

•  Urea and small molecule clearance!

•  Only measures one aspect of RRT!

•  Effluent flow rate approximates a Urea 
clearance or ‘quasi GFR’ measure for CRRT!

•  Dose response relationship?!
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How low can you go?!

•  Where is the inflection 
point of the D-R curve? 

 
•  What is the relationship 

between prescribed and 
delivered dose in trials 
and the real world? 

 
•  How do we ensure high 

quality CRRT is 
delivered? 
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Effect of the Hemodialysis Prescription on Patient Morbidity — Report from the National 
Cooperative Dialysis Study     N Engl J Med 1981; 305:1176-1181 

What happens if you give very little RRT?!

Higher dose longer sessions 

Higher dose shorter sessions 

Lower dose shorter sessions 

Lower dose longer sessions 
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Weekly Std(Kt/V) 2.1 ~ 11ml/min clearance 
 
~ 9 ml/kg/hr 

Time

Urea

peak

time 
average

Time

Urea

peak
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~15ml/kg/hr ~9ml/kg/hr 
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Dealing with weight?!

•  ATN!
–  EXCLUDED bw >120kg!

–  Effluent flow rate in each group will be based upon pre-
morbid body weight. In obese patients (>30% above ideal 
body weight) calculations will be based on adjusted body 
weight, calculated as ideal body weight plus 25% of the 
difference between ideal and actual weight. "
!

•  RENAL!
–  EXCLUDED body weight is <60 kg or >100kg"
!
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“You can’t always "
get what you want” "

!– even in an RCT!
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RENAL Study doses achieved!
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Can you have too much 
of a good thing?!

•  Even 35ml/kg/hr will probably only achieve a CKD 
stage 4 GFR equivalent.!

•  CRRT isn’t native renal function.!
–  No tubular function!

•  Abrupt changes in solutes and electrolytes may be 
harmful.!
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Adverse Effects in RENAL/ATN!
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IHD in AKI - KDIGO!

•  5.6.2:  We suggest using CRRT, rather than standard intermittent 
RRT, for hemodynamically unstable patients. (2B) !

•  5.6.3:  We suggest using CRRT, rather than intermittent RRT, for 
AKI patients with acute brain injury or other causes of increased 
intracranial pressure or generalized brain edema. (2B) !

•  5.8.3:  We recommend delivering a Kt/V of 3.9 
per week when using intermittent or extended 
RRT in AKI. (1A) !
– Based on ATN Study low dose with x3/wk IHD!
–  I disagree with this recommendation!
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IHD for AKI in ATN Study!

•  Median net fluid balance during the ATN trial was +130 ml 
per day over the first 14 days!
–  To achieve this fluid balance using IHD, around 2 L of ultrafiltration 

was required per session!
–  This indicaties that many patients experienced a considerable degree 

of pre-dialysis fluid accumulation. !

•  Isolated ultrafiltration was required for fluid overload in a 
number of patients receiving less-intensive therapy in the 
ATN study (219/561 patients)!

•  37% of intermittent hemodialysis sessions were complicated 
by hypotension. !
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Shiffl et al. N Engl J Med. 2002;346:305-10.
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Bouchard Kidney Int 2009;76:422-7. 
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~15ml/kg/hr ~9ml/kg/hr 
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Comparison of patient outcomes 
Patients in the RENAL study were at lower risk of 
death than patients in the ATN trial (45% had died at 
90 days in the RENAL study versus 53% at 60 days in the 
ATN study). In addition, patients in the RENAL study 
were over twice as likely to be alive and off dialysis at 
28 days (54% versus 26%). These differences may well be 
accounted for by differences in case-mix and the lower 

threshold for the initiation of RRT in the RENAL study,62 
but are sufficient to suggest that a detailed examina-
tion of the findings is needed. Compared with patients 
in the ATN study, patients in the RENAL study had a 
somewhat lower incidence of sepsis and lower rates of 
mechanical ventilation, but were older and required 
more vaso pressors. As mentioned previously, illness 
severity scores (APACHE II and APACHE III) in both 
studies were compar able. However, the ATN study 
excluded patients with a baseline serum creatinine level 
>174 μmol/l, whereas only the presence of end-stage 
renal disease excluded enrollment in the RENAL study. 
Thus, only the RENAL study included patients with 
stage 4 chronic kidney disease (CKD). Patients with pre-
existing advanced CKD are more likely to develop AKI 
requiring RRT for less severe disease and are therefore 
at lower risk of mortality than patients who experience 
AKI with no prior history of CKD.63 On the other hand, 
patients with pre-existing advanced CKD are at increased 
risk of dialysis dependence after AKI.22,63,64

The RENAL study specified indications for commence-
ment of RRT whereas the ATN study left the decision as to 
when to commence RRT—and thus study eligibility—up 
to the physician. In the ATN study, therapy was also com-
menced much later in relation to ICU admission (median 
6.7 days in the ATN study versus 2.1 days in the RENAL 
study). However, urea levels before first RRT treatment 
were similar in the ATN and RENAL studies, and >60% of 
patients in the ATN study had received some form of non-
trial RRT in the 24 h prior to randomiza tion and initiation 
of study treatment, whereas no patients in the RENAL 
study received pre-randomization RRT. Outcomes in the 
RENAL study may also have been artificially improved by 
the inclusion of a few patients whose renal function recov-
ered rapidly and might have survived without RRT. On 
the other hand, the results might reflect a genuine advan-
tage of a prompter initiation of RRT and increased use of 
continuous treatment. Further examina tion of these two 
studies offers some support for the wider use of CRRT. 

Recovery of renal function 
The most striking difference in outcomes between the 
RENAL and ATN studies is the rate of renal recovery. 
At 28 days, 45% of survivors in the ATN study were still 
dependant on RRT compared with only 13% of survi-
vors in the RENAL study. Similarly, 25% of survivors 
in ATN remained on RRT at 60 days compared with 
only 6% in RENAL at 90 days, representing an almost 
fivefold differ ence in renal recovery. Disparities of this 
magnitude suggest that significant differences in factors 
causally related to recovery of renal function are likely to 
exist between the studies. Such differences may be in the 
patient populations, the treatments administered, or both. 
Again, the inclusion in the RENAL study of some patients 
with less severe underlying renal dysfunction, who might 
have escaped treatment if more conservative indications 
for RRT had been in place, might account for some of the 
observed differences in renal recovery between the studies. 
Against this idea, the recruitment of patients with more 
severe CKD in the RENAL study (Table 3) should have 

Table 3 | Comparison of patient populations in VA/NIH ATN17 and RENAL18 studies

Characteristic VA/NIH ATN study RENAL study

n 1,124 1,508

Age (years) 59.7 64.5

Male (%) 70.6 64.6

Weight (kg) 84.1 80.7

CKD classi!cation (%)*
0–2
3a
3b
4
5

61.0
21.1
11.0
Excluded
Excluded

68.6
9.7
10.4
11.3
Excluded

Sepsis (%) 63.0 47.9

Mechanical ventilation (%) 80.6 73.9

Illness severity score APACHE II:  
26.4‡

APACHE III: 
102.4‡

Total SOFA score (respiratory, cardiovascular, liver, 
coagulation)

7.55 7.40

Modalities of RRT CVVHDF, SLEDD  
or IHD

CVVHDF

RRT prior to randomization (%) 64.3|| 0¶

Commenced on CRRT (%) 69.7 100

CRRT mode Pre-dilution 
CVVHDF

Post-dilution 
CVVHDF

CRRT high-dose ef"uent target (ml/kg per h) 35 40

CRRT low-dose ef"uent target (ml/kg per h) 20 25

Time from ICU admission to !rst study RRT (days) 6.7 2.1

Urea concentration prior to !rst RRT (mmol/l) 23.8 24.2

Achieved dose with high-dose CRRT (ml/kg per h) 27.1§ 33.4

Achieved dose with low-dose CRRT (ml/kg per h) 17.5§ 22

Duration of study RRT in ICU (days) 13.1 6.1

Daily urea level on high-dose CRRT (mmol/l) 11.7 12.7

Daily urea level on low-dose CRRT (mmol/l) 16.8 15.9

Daily "uid balance on therapy (ml) +130 –20

Mortality at day 60 (%) 52.5 NR

Mortality at day 90 (%) NR 44.7

Survivors dependant on RRT at day 28 (%) 45.2 13.3

Survivors dependant on RRT at day 60 (%) 24.6 NR

Survivors dependant on RRT at day 90 (%) NR 5.6

Values are mean values unless otherwise stated. *Where baseline renal function was not available, 
patients are assumed to have normal baseline renal function. ‡Over a large population of patients, mean 
APACHE III score is approximately equivalent to four times the APACHE II score;71 thus, mean illness 
severity in the RENAL study (APACHE III: 102.4) is similar to that in the ATN study (APACHE II: 26.4). §Dose 
corrected for pre-dilution at median blood flow and replacement rates. ||Only patients who had undergone 
<2 sessions of IHD or SLEDD or <24 h CRRT were included. ¶Patients with prior RRT excluded. 
Abbreviations: CKD, chronic kidney disease; CRRT, continuous renal replacement therapy; CVVHDF, 
continuous venovenous hemodiafiltration; IHD, intermittent hemodialysis; NR, not reported; RENAL, 
Randomized Evaluation of Normal versus Augmented Level Renal Replacement Therapy; RRT, renal 
replacement therapy; SLEDD, slow extended-duration dialysis; SOFA, sequential organ failure assessment; 
VA/NIH ATN, Veterans Affairs/National Institutes of Health Acute Renal Failure Trial Network.
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70% of patients in ATN study had IHD in ICU at some stage 
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IHD in AKI!

•  Do CRRT in haemodynamically unstable!!
•  Daily treatment if evidence of intra-dialytic 

instability or large fluid removal requirements!
•  Dosing based of salt and water balance more 

than Urea!

•  Risk reduction in renal recovery !
–  development of CKD!
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This discrepancy might come from the
small sample size of the study by Wu et al,
as they found significant differences in
urea and creatinine between successful
weaning and failed weaning from RRT in
their univariate analysis. Nevertheless,
the predictive ability of creatinine seems
to be small (area under the ROC curve
!0.7). This is probably because creati-
nine is lowered by the therapy itself and
its value is not related to renal recovery.

We have found that CKD is a strong
negative predictor of successful discon-
tinuation of CRRT (odds ratio, 0.534). Wu
et al also found that the frequency of CKD
was higher in the failed discontinuation
group (56.7%) compared with the suc-
cessful discontinuation group (42.4%),
although this difference was not statisti-
cally significant (p " .27) possibly due to
the small sample size. Also, urine output
and creatinine level had a stronger asso-
ciation with successful discontinuation of
CRRT compared with CKD (Table 4). This
observation suggests that, although CKD
is an important predictor of successful
discontinuation of CRRT, acute variables
are likely more important predictors.

Although there were several variables
(Table 4) that predicted successful dis-
continuation of CRRT, only urine output
and serum creatinine concentration were
measured at the time CRRT was stopped.
For mechanical ventilation, many tech-
niques/parameters before extubation
have been reported as useful in predicting
successful weaning: vital capacity, nega-
tive inspiratory force, rapid shallow
breathing index, spontaneous breathing
trial, and cuff leak test (30). Further stud-
ies are needed to identify other parame-
ters, which might assist in correctly pre-
dicting successful discontinuation of
CRRT.

This study has several limitations.
First, centers chose to participate in this
study. It is likely, therefore, that there
was a self-selection bias toward centers
with a particular interest in AKI and its
management. These centers might have

managed more AKI patients, treated
them more aggressively, made decisions
for discontinuing CRRT in different ways
and produced different outcomes com-
pared with other institutions. Second,
this is an observational study, not a ran-
domized controlled trial. Physicians
made decisions to discontinue CRRT ac-
cording to clinical judgment, not stan-
dard predefined criteria. Some CRRT
might have been electively switched to
IRRT. However, data were collected in 23
countries and this is the first study as-
sessing the current practice of discontin-
uation of CRRT in the world. As such, it
provides the first available glimpse of
global practice and outcomes. Finally, it
remains unclear whether a better ability
to predict successful cessation of CRRT
can translate into improved patient-
centered outcomes. Also, our findings for
the prediction, especially the threshold of
urine volume, have not been validated in
another external data set. More work is
needed to address these issues.

CONCLUSIONS

In summary, for the first time, we
have reported the current practice of dis-
continuing CRRT in a multinational set-
ting. We found that urine output at the
time of initial cessation of CRRT was the
most important predictor of successful
discontinuation. Diuretics usage, how-
ever, negatively affected the predictive
ability of urine output. Although a lower
creatinine concentration was also related
to successful discontinuation of CRRT, its
predictive ability was low. Prospective
studies are needed to test the success rate
of an approach to discontinuation of
CRRT based on the urine output cutoff
identified in this study.
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Table 4. Multivariate logistic regression analysis for successful discontinuation of continuous renal
replacement therapy

Odds Ratio (95% CI) p

Urine output, 100 mL/day 1.078 (1.049–1.108) !.0001
Urine output increased 3.097 (1.873–5.121) !.0001
Creatinine, #mol/L 0.996 (0.994–0.998) .0005
Chronic kidney disease 0.534 (0.338–0.844) .0072
First CRRT period, days 0.969 (0.947–0.993) .010

CI, confidence interval; CRRT, continuous renal replacement therapy.
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Approximately 6% of critically
ill patients develop severe
acute kidney injury (AKI) and
4% are treated with renal re-

placement therapy (RRT) (1). Because of
hemodynamic stability and steady solute
control, continuous RRT (CRRT) is often

the preferred choice over intermittent
RRT (IRRT) in the intensive care unit
(ICU) (2–4).

Although both CRRT and mechanical
ventilation are common organ support
therapies in the ICU, there is a gap be-
tween the two therapies in terms of

amount and quality of evidence. For me-
chanical ventilation, there are multiple
international epidemiologic studies (5–
7), multicenter randomized trials (8–10),
and several international consensus
guidelines (11–13). For CRRT, on the
other hand, there has been only one in-
ternational epidemiologic study (1) and
one consensus set of guidelines (14), al-
though the number of multicenter ran-
domized trials is increasing (15, 16).
Therefore, when conducting CRRT, phy-
sicians currently have to make decisions
about patient care with limited informa-
tion. In particular, there are negligible
data about the process of discontinuation
of CRRT. This lack of evidence is different
from the field of mechanical ventilation,
where many studies dealing with the pro-
cess of “weaning” from mechanical ven-
tilation have been conducted (17–19).

The BEST Kidney (Beginning and
Ending Supportive Therapy for the Kid-

Objectives: To describe current practice for the discontinua-
tion of continuous renal replacement therapy in a multinational
setting and to identify variables associated with successful dis-
continuation. The approach to discontinue continuous renal re-
placement therapy may affect patient outcomes. However, there
is lack of information on how and under what conditions contin-
uous renal replacement therapy is discontinued.

Design: Post hoc analysis of a prospective observational study.
Setting: Fifty-four intensive care units in 23 countries.
Patients: Five hundred twenty-nine patients (52.6%) who sur-

vived initial therapy among 1006 patients treated with continuous
renal replacement therapy.

Interventions: None.
Measurements and Main Results: Three hundred thirteen pa-

tients were removed successfully from continuous renal replace-
ment therapy and did not require any renal replacement therapy
for at least 7 days and were classified as the “success” group and
the rest (216 patients) were classified as the “repeat-RRT” (renal
replacement therapy) group. Patients in the “success” group had
lower hospital mortality (28.5% vs. 42.7%, p < .0001) compared
with patients in the “repeat-RRT” group. They also had lower
creatinine and urea concentrations and a higher urine output at

the time of stopping continuous renal replacement therapy. Mul-
tivariate logistic regression analysis for successful discontinua-
tion of continuous renal replacement therapy identified urine
output (during the 24 hrs before stopping continuous renal re-
placement therapy: odds ratio, 1.078 per 100 mL/day increase)
and creatinine (odds ratio, 0.996 per !mol/L increase) as signif-
icant predictors of successful cessation. The area under the
receiver operating characteristic curve to predict successful dis-
continuation of continuous renal replacement therapy was 0.808
for urine output and 0.635 for creatinine. The predictive ability of
urine output was negatively affected by the use of diuretics (area
under the receiver operating characteristic curve, 0.671 with
diuretics and 0.845 without diuretics).

Conclusions: We report on the current practice of discontinu-
ing continuous renal replacement therapy in a multinational set-
ting. Urine output at the time of initial cessation of continuous
renal replacement therapy was the most important predictor of
successful discontinuation, especially if occurring without the
administration of diuretics. (Crit Care Med 2009; 37:2576–2582)

KEY WORDS: acute renal failure; critical illness; continuous renal
replacement therapy; epidemiology; hemofiltration; intensive care
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0.671(0.585– 0.750) with diuretics and
0.845 (0.799–0.883) without diuretics. In
the latter ROC curve, a urine output of 436
mL/day without diuretics had the highest
sensitivity and specificity. Therefore, the
cutoff point of 400 mL/day was chosen to
calculate the sensitivity, specificity, positive
predictive value, negative predictive value
and accuracy, which were 46.5%, 80.9%,
80.9%, 76.5%, and 78.6%, respectively. For
patients receiving diuretics, a urine output
of 2330 mL had the highest sensitivity and
specificity and its positive predictive value
(threshold of 2300 mL/day) was 87.9%.

DISCUSSION

In this study, for the first time, we
assessed the worldwide practice for dis-
continuation of CRRT in the ICU. We
found that approximately 50% of patients

treated with CRRT in the ICU had their
CRRT stopped, as decided by their attend-
ing physician. We also found that urine
output at cessation of CRRT was the most
important predictor of successful discon-
tinuation of CRRT. However, its predic-
tive ability was affected negatively by the
administration of diuretics.

Patients whose CRRT was discontin-
ued successfully had better outcome than
patients who needed to be retreated with
RRT. The success group had hospital
mortality of 28.5%, significantly lower
than the repeat-RRT group (42.7%) (p !
.0001). Patients who require CRRT for
AKI have been reported to have a mortal-
ity "60% (26). Our findings suggest that,
once they recover renal function enough
to be free from RRT, most patients sur-
vive to hospital discharge. When discon-

tinuation of mechanical ventilation fails,
patients often require immediate reintu-
bation and/or prolonged mechanical ven-
tilation. These have been reported to be
significantly correlated with higher mor-
tality and morbidity (27, 28). Our study
shows that this is also the case for CRRT.
It is uncertain whether failure of discon-
tinuation of mechanical ventilation or
need for CRRT is just a marker of severity
of disease or whether failure itself causes
harm to patients. A period without renal
support might cause fluid overload, elec-
trolyte abnormalities, and increased ure-
mia. Therefore, it might be better to try
to avoid a failed attempt at discontinua-
tion of CRRT in the same way one should
seek to avoid a failed extubation.

The only study previously reported in
the literature for discontinuation of RRT
was conducted by Wu et al (29). Among
304 patients treated with IRRT in their
unit, 94 patients (30.9%) did not require
RRT for "5 days and 64 of them were free
from RRT for "30 days. The independent
factors for restarting RRT within 30 days
were: longer duration of RRT, higher Se-
quential Organ Failure Assessment score,
oliguria (!100 mL in 8 hrs), and age "65
yrs. There are several differences between
their study and ours: number of centers
and patients included (94 patients in a
single center vs. 529 patients in 54 cen-
ters), patient characteristics (postsurgical
patients only vs. general ICU patients),
mode of RRT (IRRT vs. CRRT), inclusion
criteria (patients free from dialysis for "5
days vs. all patients whose CRRT was dis-
continued), and the definition of success-
ful discontinuation ("30 days vs. "7
days).

Despite these differences between the
two studies, urine output at discontinua-
tion of RRT was found to be an important
predictor of successful discontinuation in
both studies. Diuretics administration,
however, negatively affected the predic-
tive ability of urine output. This finding is
not surprising because diuretics only in-
crease urine output but not glomerular
filtration rate. Nonetheless, if patients
make "400 mL/day of urine without di-
uretics or "2300 mL/day with diuretics,
they seem to have a "80% chance of
successful discontinuation of CRRT. This
finding is likely to be of practical utility to
clinicians. However, it needs to be tested
prospectively in future studies.

Creatinine at discontinuation of CRRT
was also found to be a significant variable
in our study. This finding is different
from that in the study by Wu et al (29).

Figure 2. Outcome of patients who required prolonged renal replacement therapy (RRT). CRRT,
continuous renal replacement therapy.

Figure 3. Impact of diuretics use on predictive ability of urine output. The area under the receiver
operating characteristics curve of urine output for successful discontinuation of continuous renal
replacement therapy was 0.671 (0.585–0.750) with diuretics and 0.845 (0.799–0.883) without diuret-
ics. Urine output of 436 mL/day for patients without diuretics and of 2330 mL for those with diuretics
had the highest accuracy.
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which was shown by a significantly
higher Sequential Organ Failure Assess-
ment score and mean noradrenaline dose
in the furosemide group measured on the
day of study inclusion. In addition, diabe-
tes was, although not significantly, more
frequent in the furosemide group. Two
patients of the furosemide group showed
long-term dialysis dependency vs. none
in the placebo group. These two dialysis
dependent patients did not make a statis-
tical significant difference. As such, this
study shows that the use of furosemide in
the recovery phase of ARF was not asso-
ciated with more frequent or faster renal
recovery. The nonsignificant increase in
unfavorable outcome can be explained by
the older and sicker patients in the furo-
semide group.

Furosemide, as far as we observed, did
not lead to obvious adverse events. Furo-
semide may increase serum sodium con-
centration, but in this study, the in-
creased urinary sodium and water
excretion did not lead to hypernatremia.
Our infusion policy was chosen to pre-
vent hypernatremia. Other studies did
show a relation of furosemide with tran-
sient tinnitus and deafness (11). We tried
to prevent ototoxicity by cessation of fu-
rosemide infusion when urinary produc-
tion was !400 mL/day. However, ototox-
icity as a potentially by adverse event was
in fact not measured in this study.

Furosemide was studied before in the
early phases of developing kidney failure
but a clear benefit has not been shown
yet. There is no clinical or experimental
evidence that the drug may stimulate
growth-factor-induced tubular cells rep-
lication, leading to a shorter duration of
renal failure or more frequent renal re-
covery. Nevertheless, 67% of intensive
care and nephrology physicians used fu-
rosemide in the management of ARF as
was shown by a recent survey to the use
of furosemide in acute kidney failure
(16). The same survey showed that furo-
semide was used by 34% of the physicians
in the recovery phase of ARF (16). The
main reason to give furosemide was to
promote fluid excretion and to treat or
prevent pulmonary edema. This study is
the first to determine the potential use of
furosemide during recovery of acute kid-
ney failure. Promoting fluid excretion
and prevention of pulmonary edema were
not end points of this study. In contrast,
we infused volume to prevent hypovole-
mia. It is uncertain whether relative hy-
povolemia, in case furosemide is used
without concomitant infusion for the ex-
cretion of water excess, will affect kidney
function in the recovery phase of ARF.

We have focused on clinical outcomes
such as short- and long-term dialysis de-
pendency but the study flowchart in-
cluded creatinine clearance (above 30

mL/min) for the decision to stop the
study medication. Creatinine clearance is
not an accurate measurement of glomer-
ular filtration rate but was taken as an
end point for practical reasons. In the
follow-up of the patients, none of the
patients with a creatinine clearance above
30 mL/min needed additional renal re-
placement therapy during ICU treatment
or after ICU discharge. As such, creati-
nine clearance appeared to be a good pre-
dictor for renal recovery.

One of the pitfalls of this study is the
relatively small sample size. Small sam-
ples increase the chance that results are
obtained by imbalances of groups. In this
study, the furosemide-treated group had
a higher age and severity of disease mea-
sured by Sequential Organ Failure As-
sessment scores, which may explain that
two patients did not show recovery of
renal function. Conversely, it seems un-
likely that potential beneficial effects of
furosemide are overlooked because of the
complete lack of improvement for any
end point that was studied. Lactate mea-
surements to stratify the patients might
have been useful for the comparison of
groups. However, lactate measurements
were not part of the study protocol.

Hyperchloremia, which may impair
renal, function because of the infusion
policy did not occur more frequently in
either group (Table 3). The fluid balances
between both study groups show that
both groups were equally hydrated. The
infusion policy, aiming to prevent hypo-
volemia and prerenal azothemia, created
a situation in which excretion of volume
to reduce edema was not permitted dur-
ing the study episode. The survey shows
that in the recovery phase clinicians do
use furosemide for treatment of (pulmo-
nary) edema. Whether that practice inter-
feres with renal recovery was not studied
here. Still, the study addresses a clinically
relevant issue, which is faced by intensiv-
ists daily.

CONCLUSION

Furosemide by continuous infusion in
the recovery phase of hemofiltration-
dependent acute kidney failure did in-
crease urinary volume and sodium excre-
tion but did not lead to a shorter duration
of renal failure or more frequent renal
recovery.
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Figure 2. Kaplan-Meier diagram for renal recovery for both study groups. The y-axis starts below 1.0
because of patients who appeared to have a creatinine clearance above 30 mL/min at the start of the
study medication.
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T he incidence of acute renal
failure (ARF) in patients with
severe sepsis or septic shock
is 16% to 51% (1). ARF in

patients with multiple-organ dysfunction
syndrome is associated with a mortality of
50% to 70% (2). A substantial percentage of
multiple-organ dysfunction syndrome pa-
tients with ARF require renal replacement
therapy (3). Whether in that case intermit-

tent or continuous renal replacement ther-
apy (CRRT) should be given is addressed by
several studies (4–6).

Which patients with ARF will regain
urine output and renal function and at
what time remains unpredictable. The
proportion of patients who remain dialy-
sis dependent varies in the literature be-
tween 1% and 16% (7–10). Little is
known about the proper time to withdraw
CRRT and how to proceed in the recovery
phase of ARF. During CRRT, many pa-
tients show oliguria or anuria. Because of
that, physicians may be tempted to give
diuretics when CRRT ends. Continuous
infusion of a loop diuretic, such as furo-
semide, is the most logical choice to in-
crease urine production (11). The dimin-
ished capacity to concentrate urine after
ARF may necessitate a higher urinary vol-
ume to increase clearance. In addition,
loop diuretics can lower oxygen demand
in the medullary thick ascending limb
and they are capable of reducing the se-
verity of ARF in animal studies (12, 13).

However, in critically ill patients, loop di-
uretics do not prevent the progression from
early kidney failure to more advanced
stages of ARF (11). In a meta-analysis, loop
diuretics did reduce the duration of renal
replacement therapy in ARF but critically
ill patients were poorly represented in these
studies (11). Furthermore, the use of furo-
semide may be associated with increased
mortality (14). This observational study
may suffer from statistical flaws and is,
therefore, debated by others (15).

The role of loop diuretics in the recov-
ery phase of ARF in critically ill patients
with multiple-organ failure is poorly
studied. Despite this lack of data, a large
multicenter study showed that in the
overall management of ARF diuretics are
used by 67% of the intensive care and
nephrology clinicians (16). Thirty-four
percent of them used diuretics in the
recovery phase of ARF (16).

On the basis of these considerations,
we studied the effect of continuous furo-
semide infusion when compared with pla-
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Objective: To study the potential beneficial role of furosemide
in resolving renal failure after hemofiltration in mechanically
ventilated critically ill patients.

Design: Single-center randomized, double blind, placebo-con-
trolled study.

Setting: A 13-bed mixed intensive care unit (ICU) in a teaching
hospital.

Patients: Patients who had been treated with continuous veno-
venous hemofiltration were included.

Interventions: After the end of continuous venovenous hemofiltra-
tion, the urine of the first 4 hours was collected for measuring creatinine
clearance. Patients were subsequently randomized for furosemide (0.5
mg/kg/hr) or placebo by continuous infusion. To prevent hypovolemia,
the rate of fluid infusion was adapted every hour and was set as the
urinary production of the previous hour.

Measurements and Main Results: End points were renal re-
covery (creatinine clearance more than 30 mL/min or stable
serum creatinine without renal replacement therapy) in the ICU

and in the hospital. Seventy-two patients were included and 71
were eligible for the analysis. The 36 furosemide-treated patients
had a significantly increased urinary volume compared with the
35 placebo-treated patients (median 247 mL/hr (interquartile
range [IQR] 774 mL/hr) vs. 117 mL/hr (IQR 158 mL/hr), p ! 0.003)
and greater sodium excretion (median 73 mmol/L (IQR 48) vs. 37
(IQR 48) mmol/L, p ! 0.001). In the furosemide group 25 patients
and in the placebo group 27 patients showed recovery of renal
function at ICU discharge (p ! 0.46). Two patients of the furo-
semide group needed long-term dialysis dependency (p ! 0.23).

Conclusion: Furosemide by continuous infusion in the recovery
phase of hemofiltration-dependent acute kidney failure did in-
crease urinary volume and sodium excretion but did not lead to a
shorter duration of renal failure or more frequent renal recovery.
(Crit Care Med 2009; 37:533–538)

KEY WORDS: furosemide; acute renal failure; hemofiltration; re-
covery; critically ill; mechanical ventilation
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W. Peter Kingma, MD; Michaël A. Kuiper, MD, PhD, FCCP, FCCM

T he incidence of acute renal
failure (ARF) in patients with
severe sepsis or septic shock
is 16% to 51% (1). ARF in

patients with multiple-organ dysfunction
syndrome is associated with a mortality of
50% to 70% (2). A substantial percentage of
multiple-organ dysfunction syndrome pa-
tients with ARF require renal replacement
therapy (3). Whether in that case intermit-

tent or continuous renal replacement ther-
apy (CRRT) should be given is addressed by
several studies (4–6).

Which patients with ARF will regain
urine output and renal function and at
what time remains unpredictable. The
proportion of patients who remain dialy-
sis dependent varies in the literature be-
tween 1% and 16% (7–10). Little is
known about the proper time to withdraw
CRRT and how to proceed in the recovery
phase of ARF. During CRRT, many pa-
tients show oliguria or anuria. Because of
that, physicians may be tempted to give
diuretics when CRRT ends. Continuous
infusion of a loop diuretic, such as furo-
semide, is the most logical choice to in-
crease urine production (11). The dimin-
ished capacity to concentrate urine after
ARF may necessitate a higher urinary vol-
ume to increase clearance. In addition,
loop diuretics can lower oxygen demand
in the medullary thick ascending limb
and they are capable of reducing the se-
verity of ARF in animal studies (12, 13).

However, in critically ill patients, loop di-
uretics do not prevent the progression from
early kidney failure to more advanced
stages of ARF (11). In a meta-analysis, loop
diuretics did reduce the duration of renal
replacement therapy in ARF but critically
ill patients were poorly represented in these
studies (11). Furthermore, the use of furo-
semide may be associated with increased
mortality (14). This observational study
may suffer from statistical flaws and is,
therefore, debated by others (15).

The role of loop diuretics in the recov-
ery phase of ARF in critically ill patients
with multiple-organ failure is poorly
studied. Despite this lack of data, a large
multicenter study showed that in the
overall management of ARF diuretics are
used by 67% of the intensive care and
nephrology clinicians (16). Thirty-four
percent of them used diuretics in the
recovery phase of ARF (16).

On the basis of these considerations,
we studied the effect of continuous furo-
semide infusion when compared with pla-

*See also p. 761.
From the Department of Intensive Care (PHJvdV, MK),

Onze Lieve Vrouwe Gasthuis, Amsterdam, The Netherlands;
and Department of Intensive Care, (PHJvdV, ECB, MK, MZ,
JdR, RTG, PHME, WPK, MAK) Medical Center Leeuwarden,
Amsterdam, The Netherlands.

Clinical Trials # NCT00298454; the study was not
commercially funded.

The authors have not disclosed any potential con-
flicts of interest.

For information regarding this article, E-mail:
phjvdvoort@chello.nl

Copyright © 2009 by the Society of Critical Care
Medicine and Lippincott Williams & Wilkins

DOI: 10.1097/CCM.0b013e318195424d

Objective: To study the potential beneficial role of furosemide
in resolving renal failure after hemofiltration in mechanically
ventilated critically ill patients.

Design: Single-center randomized, double blind, placebo-con-
trolled study.

Setting: A 13-bed mixed intensive care unit (ICU) in a teaching
hospital.

Patients: Patients who had been treated with continuous veno-
venous hemofiltration were included.

Interventions: After the end of continuous venovenous hemofiltra-
tion, the urine of the first 4 hours was collected for measuring creatinine
clearance. Patients were subsequently randomized for furosemide (0.5
mg/kg/hr) or placebo by continuous infusion. To prevent hypovolemia,
the rate of fluid infusion was adapted every hour and was set as the
urinary production of the previous hour.

Measurements and Main Results: End points were renal re-
covery (creatinine clearance more than 30 mL/min or stable
serum creatinine without renal replacement therapy) in the ICU

and in the hospital. Seventy-two patients were included and 71
were eligible for the analysis. The 36 furosemide-treated patients
had a significantly increased urinary volume compared with the
35 placebo-treated patients (median 247 mL/hr (interquartile
range [IQR] 774 mL/hr) vs. 117 mL/hr (IQR 158 mL/hr), p ! 0.003)
and greater sodium excretion (median 73 mmol/L (IQR 48) vs. 37
(IQR 48) mmol/L, p ! 0.001). In the furosemide group 25 patients
and in the placebo group 27 patients showed recovery of renal
function at ICU discharge (p ! 0.46). Two patients of the furo-
semide group needed long-term dialysis dependency (p ! 0.23).

Conclusion: Furosemide by continuous infusion in the recovery
phase of hemofiltration-dependent acute kidney failure did in-
crease urinary volume and sodium excretion but did not lead to a
shorter duration of renal failure or more frequent renal recovery.
(Crit Care Med 2009; 37:533–538)

KEY WORDS: furosemide; acute renal failure; hemofiltration; re-
covery; critically ill; mechanical ventilation

533Crit Care Med 2009 Vol. 37, No. 2



   
  A

K
I A

ca
de

m
y 

- R
R

T 
In

di
ca

tio
ns

 &
 D

os
e 

London Acute Kidney Network
AKI academy
Course directors Andrew Davenport, Chris Laing (UCL Centre for Nephrology Royal Free and Marlies Ostermann (Departments of Critical Care and Nephrology, Guy’s and St Thomas’s Hospital

Ipsum in consectetuer 
Proin in sapien. Proin in 
sapien. Fusce urna magna 
neque egeuat vita con-
sectetuer Proin in sapien. 
Proin in sapien. Fusce 
urna magna egeuat.

Proin in sapien 
Fusce urna magna neque 
egeuat vita consectetuer 
in sapien. Fusce urna 
magna neque egeuat vitae 
lorem ipsum dolor urna 
magna

Consectetuer in  
In consectetuer Proin in 
sapien. Proin in sapien. 
Fusce urna magna neque. 
Fusce urna magna neque 
egeuat vitae lorem ipsum 
dolor urna magna.

14 November 2012
University Hall
8 pm
Lorem ipsum dolor. Fusce urna 
magna neque vita.

Faculty: Mervyn Singer, Andrew Lewington, Mervyn Singer, Robert Unwin, David Treacher, John 
Prowle, Julia Wendon, Taryn Pile, David Nicol, Suren Kanagasundaram, Miet Schetz, Bill Clark, Lui 
Forni, Chris Kirwan, Julia Wendon, Alan Salama, Marlies Ostermann, Ganesh Suntharalingam,Chris 
Laing, Andrew Davenport

Recovery!

•  Easy!!
•  Try if UO > ~500ml/day and improving!
•  Avoid diuretics!

– At least as a decision making tool!

•  Recovering Patient !
–  avoid secondary injury!
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Summary!
•  Start promptly but in response to clinical indicators!

–  Urine output and fluid overload +/- Urea!

•  Give a dose of > 20ml/kg/hr CRRT to replicate 
results seen in high quality clinical trials – !
–  Leeway to avoid under-dosing!
–  No evidence to support higher doses in unselected 

patients!

–  Appropriate weight!
–  Inflection point of DR curve not clearly defined!

•  If using IHD consider need for daily Tx!
•  Stop if adequate unassisted diuresis!


