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INTRODUCTION
Acute Kidney Injury (AKI) is a complex clinical entity characterised by
an abrupt decline in renal function. Definitions for AKI have only recently
been standardised in the form of Risk-Injury-Failure-Loss-End stage renal
disease (RIFLE) classification in 2004 followed by modifications by the
Acute Kidney Injury Network (AKIN) in 2007 1,2.  Despite standardised
definitions and technological advancements in medical and renal replacement
therapy (RRT) the morbidity and mortality in AKI remains unacceptably
high 1. The optimal management in these patients’ remains uncertain with
some debatable issues being timing of initiation of renal replacement
therapy (RRT), choice of modality (intermittent vs continuous) and
quantification of dialysis dosing in AKI 3. The problem is further
compounded by significant influence of other co-morbidities on outcomes
making it difficult to assess and compare various therapies. The dosing of
acute renal replacement therapy in AKI is an area of intense interest and
research and in this review we will focus on the concept of dialysis dosing
in AKI and studies looking at influence of dialysis dosing on patient
outcomes.

CONCEPT OF DIALYSIS DOSING IN AKI
• The uraemic state is characterised by the accumulation of small

and large solutes, protein bound substances and sequestered
solutes. Dialysis effectively removes small and middle molecular
solutes and corrects dyselectrolytemia/acid base and fluid
imbalances by adding solutes while achieving a net ultrafiltration.
Accordingly, the effect of dialysis can be quantified either by
measuring the clearance of solutes or by the fluid removed. The
clearance of solute may be measured either by blood based or
dialysate based kinetics. In patients with end stage renal failure
(ESRF), urea (a small solute) is an ideal clearance marker for
dialysis since it is easily removed by the dialyser and can be
readily measured in blood.  This further evolved into the concept
of Urea Kinetic Modelling (UKM). The dose of dialysis in ESRF
is invariably measured and quantified as Kt/V

urea 
(Kt/V) and it

has been linked with clinical outcomes in these patients. This has
resulted in extrapolation of Kt/V as a unit of expression of dialysis
dose in AKI as well. However, the existence of a steady state is
a fundamental assumption of formal UKM in ESRF patients.
Steady state assumes that patient is in a state of no net anabolism

or catabolism and has stabilized dry weight. Thus even if Kt/V is
similar in two patients dialysis dose might not be similar if they
have variable urea generation or volume status. In comparison
AKI is inherently a non-steady-state situation with typically
high rates of protein catabolism (>1.5 g/kg/day) and generally
large net nitrogen deficits (>5 g/day) 4. Another common
occurrence in critically ill patients is severe volume overload
resulting in overestimation total body water 4. In addition,
according to the regional blood flow model formulated by
Daugirdas and Schneditz5, urea disequilibrium during HD is
attributed to a mismatch between blood supply and urea content
in different body compartments. This mismatch may get
exaggerated in critically ill patients with AKI having shock and
requiring vasopressors. This makes extrapolation of urea kinetic
modelling (Kt/V) difficult in critically ill patients with AKI as in
these patients urea does not have single pool kinetics.  Various
models have thus been proposed to address to these drawbacks,
however almost all of these models have been derived in ESRF
patients and only validated in small sample of AKI patients.
Also some of these models also require repeated samplings making
them difficult to implement in day to day practice. Commonly
proposed models include equivalent renal urea clearance6, solute
reduction index7,8 and ionic dialysance9-13. However most of
these tests are either too cumbersome or require further studies
before they can be used on a routine basis in the setting of AKI.

DOSING BEYOND SMALL SOLUTE
CLEARANCE
There has been an increased interest in improving clearance of middle
molecules which include various pro-inflammatory cytokines with
techniques like high volume hemofiltration to potentially decrease
the high rates of mortality associated with AKI14. However no
significant trial has assessed the effect of these therapies on patient
outcomes and renal recovery to currently justify the inclusion of
middle molecule clearance in dialysis dosing in AKI. Ongoing IVOIRE
(hIgh Volume in Intensive CAre) trial looking at effect of high volume
hemofiltration on 28 day mortality in patients of septic shock with
AKI, might further clarify the role of these therapies 15.
Removal of fluid is also an important component of any renal
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replacement therapy and fluid status is increasingly been recognized
as an independent predictor mortality in AKI patients 14. However,
fluid removal by RRT and fluid status in AKI patients has not been
systematically evaluated in any of the trials and therefore is not
included in any of the current definitions of dialysis adequacy in
AKI.
It has also been suggested 16, that adequate removal of “very small
waste products” (sodium, potassium and hydrogen) should be main
determinant of adequacy of renal replacement in AKI since their
accumulation could be lethal. These parameters have never been
highlighted as markers of adequacy of renal replacement therapy in
AKI.

DIALYSIS DOSE AND PATIENT
OUTCOMES IN AKI
A number of studies starting from the initial experience Korean and Vietnam
wars suggested improved outcomes  in AKI patients when the intermittent
hemodialysis (iHD) was delivered either in an ‘early’ (initiated when
BUN <100-150 mg/dl) or in ‘intensive’ manner (prescribed to maintain
serum creatinine < 5 mg/dl) 17. These encouraging early observations are
however diluted by the methodological shortcomings and non-
representativeness of this cohort in present day scenario. Controversy
still exists in defining ‘adequate dose’ of RRT in AKI and benefit if any of
intensive RRT.
In table 1 we have listed important trials looking at the effect of dose of
dialysis on patient outcomes in AKI. As can be seen most of the studies
have been single centre studies, conducted on predominantly ICU patients
using varying RRT techniques and markers for dialysis adequacy.
In intermittent hemodialysis or hybrid techniques duration and

frequency of therapy and the clearance of dialyzer used are factors which
determine the dosage. Only 2 studies have been done which have evaluated
systematically the role of these modalities in AKI. In 2002, Schiffl et al 3

assigned a total of 160 patients with acute renal failure in alternative order
to receive daily ‘high’ (average single pool Kt/V of 0.92 delivered 6.2
times/week) or alternate day ‘low’ (average single pool Kt/V of 0.94
delivered 3.2 times/week) intermittent hemodialysis. The study showed
a reduction in 28-day mortality from 46% with alternate-day dialysis to
28% with daily dialysis. However this study was subject to large variations
in delivered dose and a time averaged BUN of 104 mg/dl in low dose group
indicates inadequate dialysis. More recently Hannover trial 18 compared
mortality and renal recovery of patients with AKI receiving either standard
or intensified dose of extended dialysis therapy (SLED) in an intensive
care unit setting. A total of 156 patients with AKI requiring renal
replacement therapy were randomly assigned to receive standard dialysis
(dosed to maintain plasma urea levels between 120 and 150 mg/dl) or
intensified dialysis (dosed to maintain plasma urea levels <90 mg/dl).
High-flux polysulphone dialysers (F60S, 1.3 m2, Fresenius Medical Care)
were used for all treatments. No differences between intensified and
standard treatment were seen for survival by Day 14 (70.4% versus
70.7%) or Day 28 (55.6% versus 61.3%), or for renal recovery amongst
the survivors by Day 28 (60.0% versus 63.0%).
Most of the other studies have looked at various forms of continuous
renal replacement therapy (CRRT). The prescription of dose of CRRT is
usually expressed in terms of effluent per kilogram of body weight per
unit of time (UFR) as sieving coefficient for small molecule is unity in
CRRT. The efficiency of the CRRT depends also upon the type of
therapy used, site of replacement fluid infusion (pre or post-filter) and
dialyzer clotting. The first systematic study was a single centre trial by

Table 1: Clinical Trials looking at dose of renal replacement therapy in Acute kidney injury.
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Ronco et al 19. It was randomized controlled trial (RCT) including 425
critically ill patients treated with post-dilution continuous venovenous
hemofiltration (CVVH) in 3 doses of UFR 20, 35 or 45 ml/kg/hr. There
was reduction in mortality from 59% to around 43% when UFR was
increased from 20 to e”35 ml/kg/hr. Bouman et al 20 in 2 centres from the
Netherlands randomly assigned 106 patients to 3 different regimens of
post-dilution CVVH characterized by ‘early high volume’ (UFR e”3L/hr
started routinely within 12 hr of enrolment), ‘early low volume’ (UFR 1-
1.5 L/hr started routinely within 12 hr of enrolment) and ‘late low volume’
(UFR 1-1.5 L/hr started when clinically indicated). Survival in this study
was not influenced by dose or timing of the RRT. Saudan et al 21 in another
single centre RCT assigned 206 patients to predilution CVVH or continuous
venovenous hemodiafiltration (CVVHDF). Patients on CVVHDF therapy
had received a mean dose of 42 mL/kg/h with better survival than CVVH
patients, who received a mean dose of 25 mL/kg/h. In another single centre
RCT Tolwani et al 22 assigned 200 critically ill patients with AKI to
receive CVVHDF with pre-filter replacement fluid at an UFR of either 35
ml/kg/h (high dosage) or 20 ml/kg/h (standard dosage). There were no
differences in ICU survival (p=0.47), hospital survival (p=0.56), or renal
recovery at either ICU discharge (p=0.17) or hospital discharge (p=0.75)
between the treatment arms. 2 recent multi-centric RCTs deserve a special
mention. The VA/NIH Acute Renal Failure Trial Network Study (ATN
Study) 23 was designed to assess whether there was a benefit of delivering
more intensive RRT in critically ill patients. This was a multicenter,
prospective, randomized, parallel-group trial of two strategies for RRT in
critically ill patients with AKI. Patients with AKI clinically consistent
with acute tubular necrosis and requiring RRT, as well as failure of one or
more nonrenal organ systems were included. In both treatment groups,
patients underwent intermittent hemodialysis when they were
hemodynamically stable (SOFA cardiovascular score of 0 to 2) and
underwent continuous venovenous hemodiafiltration or sustained low-
efficiency dialysis when they were hemodynamically unstable (SOFA
cardiovascular score of 3 to 4). Patients were allowed to be shifted from
modality to the other as per SOFA scoring. In the intensive RRT strategy,
IHD and SLED was provided six times per week and CVVHDF was
dosed to provide a total effluent flow rate of 35 mL/kg/hr. In the
conventional RRT strategy, IHD and SLED was provided three times per
week and CVVHDF was dosed to provide a total effluent flow rate of 20
mL/kg/hr. The assigned therapy was provided for up to 28 days after
randomization or until recovery of kidney function, discharge from acute
care, withdrawal of life-sustaining therapy, or death. 1124 patients were
randomly assigned to a treatment group: 563 to the intensive treatment
strategy and 561 to the less-intensive treatment strategy. There were no
significant differences in mortality, rate of recovery of kidney function,
duration of renal-replacement therapy, or evolution of non-renal organ
failure. In the other multicenter RENAL study, Bellomo et al 24 randomized
critically ill AKI patients to two different doses of  CVVHDF ‘lower
intensity group’ (UFR 25 mL/kg/h, n=743) and ‘higher intensity group’
(UFR 40 mL/kg/h, n=721). They also included patients who had pre-
existing CKD. Between the two groups they did not find a difference in
primary outcome (mortality at 90 days) or any of the secondary outcomes
(including mortality within 28 days, ICU and in-hospital deaths) across
all the pre-specified patient sub-groups.
All of the above trials reviewed differ from each other in study design,
patient recruitment and RRT associated issues like modality chosen,
prescribed and delivered dose etc. One factor which also needs to be
factored is the timing of initiation of RRT, which has not been assessed in
any of the studies 14.  It might be reasonable to assume that though a
critical dose of dialysis is essential for better survival the exact value of
same is undecided. However from the various trials available it would be
reasonable to presume that RRT dose should be targeted to prescribe at

least a single pool Kt/V of 1.4 and an effulent volume of 25ml/kg/hr.

CONCLUSIONS
Increasing interest in RRT quantification in AKI has lead to use of
methods of quantification originally meant for ESRF patients. We
should appreciate the difference between the patient and therapy
characteristics in setting of AKI and select appropriate target measures
for these patients. Importantly the delivered dose of RRT should be
measured in each session to counter the difference between prescribed
and delivered dose. Though the exact dose of such therapies is
controversial the physician should focus on altering the technique to
best meet the changing needs of the patient like the acid-base,
electrolytes, volume and hemodynamic status.
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