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Of critically ill patients admit-
ted to intensive care units
(ICUs), 5% to 6% develop
acute kidney injury (AKI) and

�70% of them require the application of
renal replacement therapy (RRT) (1). The
mortality rate for severe AKI has exceeded
50% over the last three decades and it rep-
resents an independent risk factor for mor-
tality of critically ill patients (2–5). Based
on the most recent RIFLE classification (a
mnemonic for the progression of risk of
renal dysfunction, injury to the kidney, fail-
ure of kidney function, loss of kidney func-
tion, and end-stage kidney disease), AKI
can be stratified into three classes depend-
ing on the degree of severity as assessed by
the extent of glomerular filtration rate loss

(6, 7). Current management depends on
the level of severity and includes optimiza-
tion of hemodynamics and fluid status,
avoidance of further renal insults, optimi-
zation of nutrition and, when appropriate,
the prescription of RRT. It also is apparent
that final outcome can be very different
among the groups of patients belonging to
different AKI severity strata.

Indications for RRT are generally clear
for some patients with a “failure” level of
AKI (e.g., anuria in the setting of septic
shock), while they may require careful as-
sessment in less severe situations (e.g., 12
hrs of oliguria in an 80-yr-old patient with
previous chronic renal dysfunction on the
day after surgery). Among the strategies to
improve patient outcome in AKI, optimiza-
tion of delivered treatment dose recently
has been addressed. This review will focus
on the concept of RRT dose, the meaning of
dose calculation, and finally the prescrip-
tion and delivery of RRT in the ICU based
on current knowledge and evidence.

The Dose of Treatment in Renal
Replacement Therapies

As with any other therapy adminis-
tered in the ICU, any kind of dialysis has

its “dosage.” This concept has to do with
restricting the “dose” term to the func-
tion of blood purification neglecting the
other functions of RRT, such as volume
control and restoration of homeostasis.
Thus, according to the conventional view,
the dose of RRT is a measure of the quan-
tity of blood purified of waste products
and toxins achieved by means of a blood
cleansing technique. Given that this
broad concept is too difficult to measure
and quantify, a more focused definition of
RRT dose describes the measure of the
elimination of a marker solute. This
marker solute should be reasonably rep-
resentative of all solutes that are other-
wise removed from blood by the kidney.
This premise has two major flaws: First,
the marker solute cannot and does not
represent all the solutes that accumulate
during AKI, because kinetics and volume
of distribution are different for each sol-
ute. Second, its removal during RRT is
not necessarily representative of the re-
moval of other solutes. This is true both
for end-stage renal failure and AKI. Nev-
ertheless, despite all of these limitations,
a significant body of data (8) suggests
that single-solute marker assessment of
dose of dialysis appears to have a clini-
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Acute kidney injury represents an independent risk of death in
the intensive care unit and significantly contributes to in-hospital
mortality. The only accepted treatment of severe acute kidney
injury so far is renal replacement therapy, which is not a caus-
ative therapy but rather a life-support treatment. Renal replace-
ment therapy can be performed by several different techniques:
intermittent hemodialysis, slow extended daily dialysis, peritoneal
dialysis, or continuous renal replacement therapy. There is con-
troversy about which technique should be used, which dosage
should be selected for each therapy, and whether the technique
and/or the dose of renal replacement therapy may impact survival
in critically ill patients. After a careful review of the recent
literature, definitive conclusions cannot be drawn: Trials are in
most cases underpowered and conducted over many years, in

which significant changes in the practice of acute dialytic tech-
niques have taken place. Other studies have described therapeu-
tic modalities requiring a high level of specific expertise in the
field and generally not easily reproducible in the routine practice.
While practitioners are waiting for the ultimate trial to be pub-
lished, we think it is worth reporting some broad concepts and
few suggestions for renal replacement therapy prescription de-
rived from current evidence and from the available experience.
(Crit Care Med 2008; 36[Suppl.]:S229–S237)
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cally meaningful relationship with pa-
tient outcome and, therefore, clinical
utility. In chronic kidney disease, urea
often has been used as a marker mole-
cule. In fact, in spite of its moderate tox-
icity, urea is the final product of protein
metabolism; its accumulation describes
the need for dialysis and its removal de-
scribes treatment efficiency. It is a small
molecule and its volume of distribution is
similar to total body water. It is not
bound to protein and it freely passes
through tissues and cell membranes.

The concept of RRT dose is part of the
required knowledge for a safe and effec-
tive delivery of therapy: As is the case for
antibiotics, vasopressors, anti-inflamma-
tory drugs, mechanical ventilation, etc.,
the administration of an extracorporeal
blood purification technique requires the
operators to know exactly how and how
much treatment should be prescribed
and delivered. The deep knowledge of the
used renal replacement technique may
contribute strongly to optimally tailoring
the treatment to each patient in terms of
schedules, effective treatment delivery,
and limitation of technical and clinical
complications. In spite of these consider-
ations, according to a recent survey on
practice patterns in different European
centers, a large percentage of operators
in the field of acute dialysis seem to be
uncertain on treatment prescription (9).

The amount (dose) of delivered RRT
can be described by various terms: effi-
ciency, intensity, frequency, and clinical
efficacy.

Efficiency of RRT is represented by the
concept of instantaneous clearance (K);
i.e., the volume of blood cleared of a
given solute over a given time. It is gen-
erally expressed as volume over time: mL/
min, mL/hr, L/hr, L/24 hrs, etc. K does
not reflect the overall solute removal rate
(mass transfer), but rather its value nor-
malized by the serum concentration:
Even when K remains stable over time,
the removal rate will vary if the blood
levels of the reference molecule change.
During RRT, K depends on solute molec-
ular size and diffusivity, transport modal-
ity (convection or diffusion), and circuit
operational characteristics such as blood
flow rate (Qb), ultrafiltration rate (Qf),
dialysate flow rate (Qd), and membrane
and hemodialyzer type and size. Qb pre-
scription mainly is dependent on vascular
access and characteristics of utilized ma-
chines. In diffusion, K tends to correlate
with Qb for small solutes unless mem-
brane surface area or dialysate flow rates

represent limiting factors. During diffu-
sive techniques, when Qd/Qb ratio is
�0.3 it can be estimated that dialysate
will not be completely saturated by dif-
fusing solutes. In the absence of a uni-
versal marker, urea and creatinine are
generally used to guide treatment dose.
During convective techniques, for solutes
with a sieving coefficient (SC) close to 1,
efficiency is described by Qf that equals
K. Qf is strictly linked to Qb because of
the hemoconcentration and the growing
importance of oncotic pressure displayed
in conditions of high Qf or low Qb. This
link is described by the term filtration
fraction (the fraction of plasma water that
is removed from blood by ultrafiltration);
it is recommended to keep Qf � (0.2 �
Qb). During ultrafiltration, the driving
pressure jams solutes, such as urea and
creatinine, against the membrane and
into the pores, depending on membrane
SC for that molecule. SC expresses a di-
mensionless value and is estimated by the
ratio of the concentration of the solutes
in the filtrate divided by that in the
plasma water or blood. A SC of 1 (as is the
case for urea and creatinine) describes
complete permeability, while a value of 0
reflects complete rejection. Solute mo-
lecular size, protein binding, and filter
porosity are the major determinants of
SC. The K during convection is measured
by the product of Qf � SC. Thus, there is
a linear relationship between K and Qf,
the SC being the changing variable for
different solutes. During diffusion, an an-
alog linear relationship depends on dif-
fusibility of a solute across the mem-
brane. As a rough estimate, we showed
that during continuous slow efficiency
treatments, urea K can be considered as a
direct expression of Qf and Qd (10).

K normally can be used to compare
the efficiency of different treatments, but
it does not reflect the overall dose nor can
it be used to compare treatments with
different duration and schedules. For ex-
ample, K is typically higher in intermit-
tent hemodialysis (IHD) than in contin-
uous renal replacement therapy (CRRT)
and slow extended daily dialysis (SLED).
This is not surprising, because K repre-
sents only the instantaneous efficiency of
the system. However, mass removal may
be greater during SLED or CRRT due to a
longer duration and a higher product
clearance over time. For this reason, the
information about the time span during
which K is delivered is fundamental to
describe the effective dose of dialysis (in-
tensity).

Intensity of RRT can be defined by
the product of clearance � time (Kt:
mL/min � 24 hrs, L/hr � 4 hrs, etc.).
Kt is more useful than K in comparing
various RRTs. Nevertheless, equal Kt
products may lead to different results if
K is large and t is small or if K is small
and t is large. In the first case, the mass
transfer of the solute among different
compartments of the body is important.
If the mass transfer is lower than K, a
disequilibrium will form among com-
partments and the volume cleared by
the treatment will be low (sometimes
confined to the blood space). Thus, at
similar Kt values, the possibility that
intercompartmental equilibrium oc-
curs always is more likely in treatments
with large t (e.g., in SLED compared
with IHD) (Fig. 1).

Furthermore, the product Kt does not
take into account the size of the patient
and the pool of solute that needs to be
cleared. This requires the dimension of
efficacy, which includes a normalization
of the volume cleared by the volume of
distribution of the marker molecule in
the studied patient.

Efficacy of RRT is the effective outcome
resulting from the administration of a
given treatment dose to a given patient. It
can be described as a fractional clearance of
a given solute (Kt/V), where V is the volume
of distribution of the marker molecule in
the body. Kt/V is a dimensionless number
(e.g., 50 mL/min � 24 hrs/45 L � 3 L/hr �
24 hrs/45 L � 72 L/45 L � 1.6) and it is an
established measure of dialysis dose corre-
lating with medium term (several years)
survival in chronic hemodialysis patients
(11–14). Urea typically is used as a
marker molecule in end-stage kidney
disease to guide treatment dose; the
volume of distribution of urea (VUREA) is
generally considered as equal to patient total
body water, which is 60% of patient body
weight, and a Kt/VUREA of �1.2 is currently
recommended for IHD treatments. How-
ever, Kt/VUREA application to patients
with AKI has not been validated rigor-
ously owing to a major uncertainty about
VUREA estimation. Some authors have
suggested expressing dose as K indexed to
patient body weight as an operative mea-
sure of daily CRRT. It is now suggested to
deliver at least 35 mL/hr/kg � 24 hrs (15–
17). If the simplification discussed above
(K � mL/hr � Qf or Qd) can be considered
acceptable, this CRRT dose may be ex-
pressed in a 70-kg patient as about 2500
mL/hr or 60L/day of continuous veno-
venous hemofiltration (CVVH) (Qf � kg �
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24 hrs) or CVVHD (Qd � kg � 24 hrs).
Interestingly, applying Kt/VUREA dose as-
sessment methodology in such a 70-kg pa-
tient, the dosage of 35 mL/hr/kg � 24 hrs
would be equivalent to a Kt/V of 1.4.

Other authors suggested a prescrip-
tion based on patient body surface area
(18), or on metabolic requirements based
on urea generation rate and catabolic
state of the single patient (19). It has
been shown, however, that during con-
tinuous therapy a K �2 L/hr almost def-
initely will be insufficient in an adult
critically ill patient (20).

Some important caveats should be
considered. The major shortcoming of
the traditional solute marker–based ap-
proach to dialysis dose in AKI lies well
beyond the question of which method-
ologic application of solute kinetics is
better to approach. In patients with AKI,
the majority of whom are in intensive
care, a solute-limited concept of dialysis

dose may have grossly inappropriate re-
sults. In critically ill patients, a more
holistic approach to dose of therapy
should be made. This includes control of
acid base, toxicity, potassium, magne-
sium, calcium and phosphate, intra- and
extravascular volume, and temperature,
and the avoidance of unwanted side ef-
fects associated with the delivery of solute
control. These aspects depend on type of
treatment and its dose, and they are not
currently addressed by any measure of
treatment delivery. Nevertheless, they
should be considered when discussing
the appropriate prescription of RRT and
its adequacy. In fact, it is likely that pa-
tients die more often from incorrect in-
travascular volume control than hypera-
zotemia. It has been shown, for example,
that restoring an adequate water content
in small children is the main independent
variable for outcome prediction (21, 22).
This concept is much more important in

small critically ill patients, in which a
relatively larger amount of fluid (in per-
cent of body weight) must be adminis-
tered to deliver an adequate amount of
drug infusion, parenteral/enteral nutri-
tion, and blood derivatives. Furthermore,
unlike in the field of chronic hemodialy-
sis, in which small details may result in
significant differences of delivered dose,
in the setting of AKI only major changes
in prescription (e.g., changing from ev-
ery-other-day to daily dialysis while
prescribing the same Kt/V) can really
lead to “different” treatment dose deliv-
ery. Light adjustments such as pre-
scribing a Kt/V of 1.2 vs. 1.0 can be
criticized as easily falling within the
delivery calculation error and not nec-
essarily representing a reliable change
in dose delivery. Accuracy therefore is
another important issue in measuring
effective treatment delivery.

Adequate RRT Dose: Does It
Exist?

Despite all of the uncertainty sur-
rounding its meaning and the gross
shortcomings related to its accuracy in
patients with AKI, the idea that there may
be an optimal dose of treatment obviously
has a great impact on intensivists and
operators in this field. This is likely due
to practical reasons (“How should I set
the machine?”) and to the evidence
from end-stage renal disease, in which a
minimum dose (Kt/V 1.2 thrice weekly)
is indicated as adequate (13). The opti-
mistic hypothesis that higher doses of
dialysis may be beneficial in critically ill
patients with AKI must be considered
by analogy and investigated. Several re-
ports exist in the literature dealing with
this issue.

Dr. Brause and colleagues (23), using
CVVH, found that higher Kt/V values (0.8
vs. 0.53) were correlated with improved
uremic control and acid-base balance. No
clinically important outcome was af-
fected. Investigators from the Cleveland
clinic (24, 25) retrospectively evaluated
844 patients with AKI requiring CRRT or
IHD over a 7-yr period. They found that,
when patients were stratified for disease
severity, that dialysis dose did not affect
outcome in patients with very high or
very low severity scores, but did correlate
with survival in patients with intermedi-
ate degrees of illness. A mean Kt/V �1.0
was associated with increased survival.
This study, of course was retrospective
with a clear post hoc selection bias. Al-
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Figure 1. Schematic representation of solute kinetics with different intercompartmental transmittance
(Kc) in treatments with different levels of instantaneous clearance (K). Upper left, with high efficiency
and low Kc, though the high clearance is maintained for the entire length of the treatment, the low
Kc produces a rapid decrease of the solute concentration in blood and mass removed will be limited
and tending to a plateau in the second part of the session. In this case, the solution for a better efficacy
will be to increase the frequency of treatments (e.g., daily rather than thrice weekly). Upper right, low
Kc and low clearance result in low removal rates. The only solution for improving efficacy is to
increase treatment time. Bottom left, this is the ideal condition of high Kc and high K. In this case,
K can be further increased to improve efficacy until a Kc limitation is displayed. Bottom right, this is
a typical condition of continuous renal replacement therapy (low K) and a small molecular weight
solute (high Kc). The solution will be to maximize treatment length and possibly to achieve a higher
clearance.
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though their validity is less than ideal,
these observations endure as benchmarks
in the absence of more solid data.

Daily IHD was associated with im-
proved outcome in a recent trial in which
it was compared with alternate-day dial-
ysis (26). Daily hemodialysis resulted in
significantly improved survival (72% vs.
54%; p � .01), better control of uremia,
fewer hypotensive episodes, and more
rapid resolution of AKI. However, several
limitations affected this study: Sicker, he-
modynamically unstable patients were
excluded and underwent CRRT, instead.
Also, it appears that patients receiving
conventional IHD were underdialyzed.
Furthermore, alternate-day dialysis was
associated with significant differences in
fluid removal and dialysis-associated hy-
potension, suggesting that other aspects
of dose beyond solute control (such as
inadequate and episodic volume control)
may have explained the findings. These
observations suggest that further studies
should be undertaken to assess the effect
of dose of IHD on outcome.

In a randomized, controlled trial of
CRRT dose, CVVH at 35 mL/hr/kg or 45
mL/hr/kg was associated with improved
survival when compared with 20 mL/
hr/kg in 425 critically ill patients with
AKI (15). Many technical and/or clinical
problems, however, can make it difficult,
in routine practice, to apply such strict
protocol by pure postdilution hemofiltra-
tion. A survey of several units worldwide
found that very few units deliver this in-
tensive CRRT regimen. According to Dr.
Uchino and colleagues (27), median un-
adjusted CRRT dose was 2000 mL/hr and
the corrected dose was 20.4 mL/hr/kg.
Only 11.7% of patients were treated with
a corrected dose of �35 mL/kg/hr. Fi-
nally, in the study conducted by Dr.
Ronco and colleagues (15), the technique
of CRRT was CVVH with postdilution,
whereas current practice includes a vari-
ety of techniques in addition to CVVH,
such as CVVHD and continuous veno-
venous hemodiafiltration (CVVHDF).
Equally important is the observation that
this study was conducted over 6 yrs in a
single center, that uremic control was not
reported, that the study was unblinded,
that the frequency of sepsis was low com-
pared with the typical populations reported
to develop AKI in the world (1), and that its
final outcome was 14-day mortality and not
the accepted 28-day or 90-day mortality
typically used in ICU trials. Nevertheless,
although the external validity of this study
remains untested, the 35 mL/kg/hr has

been widely accepted worldwide and prac-
tice has changed to match this target in
many centers.

Another prospective randomized trial
conducted by Dr. Bouman and colleagues
(28) assigned patients to three intensity
groups: early high-volume hemofiltration
(72–96 L/24 hrs), early low-volume he-
mofiltration (24–36 L/24 hrs), and late
low-volume hemofiltration (24–36 L/24
hrs). These investigators found no differ-
ence in terms of renal recovery or 28-day
mortality. Unfortunately, prescribed
doses were not standardized by weight,
making the potential variability in RRT
dose large. Furthermore, the number of
patients was small, making the study in-
sufficiently powered and the frequency of
sepsis too low compared with the typical
populations reported to develop AKI in
the world.

Recently, Dr. Saudan and colleagues
(16) screened 371 patients with AKI
treated with CRRT and enrolled 206 of
them in a two-arm study: 102 to CVVH
and 104 to CVVHDF. They prescribed 25
mL/hr/kg ultrafiltration in the CVVH
group and 24 mL/hr/kg in the CVVHDF
group; patients on CVVHDF were pre-
scribed an adjunctive mean dialysis dose
of 18 mL/hr/kg. The CVVHDF patients
had significantly higher mean urea and
creatinine reduction ratios 48 hrs after
the initiation of continuous RRT than did
the CVVH patients (50% vs. 40%, p �
.009, and 46% vs. 38%, p � .014, respec-
tively). Survival rates at 28 days and 90
days were higher with CVVHDF than with
CVVH. Like previous trials, this study is
underpowered; furthermore, it confounds
the effects of dose and technique by add-
ing dialysis to filtration. Nevertheless,
pooled results from the last four studies
(15, 16, 26, 28) seem to indicate a very
large effect on survival in favor of aug-
mented dosing (29). Although these data
may still not be definitive, the best evi-
dence to date supports the use of �35
mL/hr/kg for CVVH or CVVHDF, or 1.2
Kt/V daily IHD.

Another fundamental aspect of RRT,
significantly affecting the meaning itself
of dose, is the relation between pre-
scribed and actually delivered therapy in
patients with AKI. Delivery of prescribed
dose can be limited by technical problems
such as access recirculation, poor blood
flows with temporary venous catheters,
membrane clotting, machine malfunc-
tion, long times required for bags, and/or
circuit substitution. Clinical issues such
as hypotension and vasopressors require-

ments can be responsible for solute dis-
equilibrium within tissues and organs.
These aspects are particularly evident
during IHD, less so during SLED, and
even less so during CRRT. Treatment in-
terruptions due to patient need for sur-
gery or other diagnostic procedures also
should be considered. In this case, IHD
may result in a more efficient delivered/
prescribed ratio.

In a prospective observational trial (30)
it has been clearly showed that down-time
(amount of hours spent off active treat-
ment) adversely affects azotemic control;
a significant correlation between down-
time and creatinine levels was found (p �
.0001). According to these authors, the
down-time should be �8 hrs per day to
maintain creatinine and urea concentra-
tions with our operative setting (2 L/hr of
ultrafiltration); for example, if one pre-
scribed an ultrafiltration rate of 35 mL/
hr/kg, only 23 mL/hr/kg would be deliv-
ered if down-time is 8 hrs/day. Dr.
Evanson and colleagues (31) found that a
high patient weight, male sex, and low
blood flow were limiting factors affecting
IHD administration, and that about 70%
of dialysis delivered a Kt/V of �1.2. A
retrospective study by Dr. Venkataraman
and colleagues (32) also showed that,
similarly, patients receive only 67% of
prescribed CRRT therapy. Of note, in the
CVVH dose trial (15), all patients
achieved �85% of the prescribed dose.
To obtain this goal, compensation for in-
terruptions in treatment due to ICU pro-
cedures was made by increasing effluent
flow rates in the subsequent hours. In a
recent prospective trial, in which CRRT
prescribed/delivered ratio was monitored,
an average 10.7% (p � .05) reduction of
therapy delivery was found, when com-
pared with prescribed dose (10). This de-
livery reduction sometimes was caused by
an estimation error resulting from the
use of a dose calculator computer pro-
gram, but more often was caused by the
short operative treatment time compared
with that prescribed.

These observations underline that
RRT prescriptions for AKI patients in the
ICU should be monitored closely if one
wishes to ensure adequate delivery of pre-
scribed dose and, importantly, to avoid
underdialysis.

RRT Dose Delivery: Continuous,
Intermittent, Hybrid

According to recent international sur-
veys on clinical practice patterns, 80% of
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centers administer CRRT, 17% use inter-
mittent RRT (IRRT), and a very few apply
peritoneal dialysis (1, 27, 33). Interest-
ingly, in many centers intermittent tech-
niques are utilized together with contin-
uous ones, thus suggesting the possibility
of multiple prescriptions and practices
(9). Nonetheless, after years of debate, the
scientific literature is not able to draw
conclusions on which delivery modality is
more appropriate to impact clinical out-
comes. Many papers have been published
on this issue and they must be analyzed
critically.

From the point of view of a small
solute clearance– based dose, the RRT
modality that provides more dialysis
seems to favorably impact the outcome.
Thus, the central issue is the definition of
“more dialysis” and ultimately of treat-
ment dose. If the critical parameter is
metabolic control, an acceptable mean
blood urea nitrogen level of 60 mg/dL,
easily obtainable in a 100-kg patient with
a 2 L/hr CVVH, may be very difficult to
reach even by intensive IHD regimens
(34). Thus, once again we should con-
sider that urea kinetics is just one of the
parameters to be used to define treatment
dose, while other solutes, water kinetics,
and homeostasis control with possible
immunomodulation are further elements
to consider. For example, in addition to
the benefits specifically pertaining to the
kinetics of solute removal, increased RRT
frequency results in decreased ultrafiltra-
tion requirements per treatment. The
avoidance of volume swings related to
rapid ultrafiltration rates also may repre-
sent another element of dose in which
comparability is difficult. In such circum-
stances, in fact, not only are the patient
results clinically stable, but less compart-
mentalization due to cardiopulmonary
recirculation is observed, resulting in
higher mean blood levels of solutes and
higher solute removal at similar clear-
ance values.

Many randomized controlled trials
comparing intermittent and continuos
RRT so far have provided only conflicting
and puzzling results. Basing on scientific
evidence, the Surviving Sepsis Campaign
guidelines for management of severe sep-
sis and septic shock (17) recently con-
cluded that CVVH and IHD should be
considered equivalent during AKI. A large
comparative trial randomized 166 criti-
cally ill patients with AKI to either CRRT
or IHD (35). The authors found that the
CRRT population, despite randomization,
had significantly greater severity of ill-

ness scores. Furthermore, despite better
control of azotemia and a greater likeli-
hood of achieving the desired fluid bal-
ance, CRRT had increased mortality. A
smaller trial by the Cleveland clinic
group (36) also failed to find a difference
in outcome between one therapy and an-
other. A meta-analysis of 13 studies con-
ducted by Dr. Kellum and colleagues (37)
concluded that, after stratification of
1400 patients according to disease sever-
ity, CRRT was associated with a signifi-
cant decrease in the risk of death when
similar patients were compared. The au-
thors confirmed that a large, carefully
controlled, randomized clinical trial
should be undertaken. Another meta-
analysis (38) found no difference between
the two techniques.

Recently, the Program to Improve
Care in Acute Renal Disease group con-
ducted a retrospective trial and compared
the outcomes of different RRT modalities
in 368 patients (CRRT, n � 206 vs. IHD,
n � 192) (39). Within the cohort, CRRT
in comparison to IHD was associated with
a significantly higher relative risk for
mortality. The authors state that these
data provide no evidence for a survival
benefit afforded by CRRT. However, the
authors admit that patients with CRRT
were significantly sicker and that the re-
sults could reflect residual confounding
by severity of illness. Furthermore, they
state that a randomized clinical trial
should be conducted “excluding patients
with severe hypotension and hemody-
namic instability, who may be poor can-
didates for traditional IHD.” Probably,
this sort of trial would not be of clinical
relevance among critically ill patients.

Dr. Vinsonneau and colleagues (40)
recently conducted a large, prospective,
randomized, multicenter study in 21 ICUs
over a 3.5-yr period. The primary end point
was the 60-day mortality following the ran-
domization of 360 patients with acute renal
failure to either CVVHDF or IHD in centers
that were familiar with both techniques.
The eligibility criteria changed after 8
months because the inclusion rate was
too low. No difference in 28, 60 (CV-
VHDF, 33% vs. IHD, 32%), and 90-day
mortality between the two groups was
found, and the authors concluded that all
patients with acute renal failure as part of
multiple-organ dysfunction syndrome
can be treated with IHD. The study was
well conducted and, at the moment, it is
the best example of a randomized, con-
trolled study effectively comparing the
two techniques. Nonetheless, the study

started �7 yrs ago, during which time
the practices in both CVVHDF and IHD
have changed considerably. As stated by
Dr. Vinsonneau and colleagues, this may
have led to changes in investigator prac-
tices during the study period, particularly
with respect to the delivered dose of renal
support. This possibility, however, is hard
to verify given that the investigators, by
protocol, started therapy with “initial
standardized settings” then adapted these
settings to meet individual patient re-
quirements to obtain the metabolic con-
trol objectives. Interestingly, the mor-
tality decreased in the IHD arm of the
study over the time of recruitment,
which reflected a change in practice
toward an increase in dialysis prescrip-
tion. Given the lack of control regard-
ing the dosage in both arms of the
study, definitive conclusions are hard to
make regarding treatment. As men-
tioned in the accompanying editorial
(41), the question of which treatment is
better is influenced by the nature of the
task. CRRT may be better in terms of
total water and solute removal over 24
hrs and hemodynamic tolerance, but
IHD can remove much more water and
solute per hour and it does not require
continuous anticoagulation nor com-
plete patient immobilization.

However, the problem is not to
achieve high efficiency in short time;
we know we can (e.g., in chronic pa-
tients). It is to achieve the best blood
purification and homeostasis restora-
tion with the lowest possible rate of
complications. Furthermore, the ad-
vantages of continuous therapies are
largely supported when it is adminis-
tered without prolonged interruptions,
but that is often not the case. Again, the
study by Dr. Vinsonneau and colleagues
unfortunately does not provide this in-
formation. Finally, considering this as a
negative trial, if it is true that all pa-
tients with acute renal failure as part of
multiple-organ dysfunction syndrome
can be treated with IHD, this means
that they also can be safely treated by
CVVHDF.

Other reports have drawn similar con-
clusions (42, 43). One of the common key
points of these recent trials can be con-
sidered, however, that IHD has become
safer and more efficacious with contem-
porary dialytic techniques. Furthermore,
a liberal and extended use of CRRT may
have become less safe and/or efficacious
than previously considered or expected.
Over the past two decades, technical ad-
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vances in the delivery of IHD have dra-
matically decreased the propensity of IHD
to cause intradialytic hypotension. These
advances include the introduction of vol-
ume-controlled dialysis machines, the
routine use of biocompatible synthetic
dialysis membranes, the use of bicarbon-
ate-based dialysate, and the delivery of
higher doses of dialysis. Dr. Schortgen
and colleagues (44) demonstrated that
there was a lower rate of hemodynamic
instability and better outcomes after im-
plementation of a clinical practice algo-
rithm designed to improve hemodynamic
tolerance to IHD. Recommendations in-
cluded priming the dialysis circuit with
isotonic saline, setting dialysate sodium
concentration at �145 mmol/L, discon-
tinuing vasodilator therapy, and setting
dialysate temperature to below 37°C.
Thus, the original rationale for the widely
held assumption that CRRT is a superior
therapy may have dissipated over time.

On the other hand, we may speculate
that similar advances have occurred in
the field of CRRT. Bicarbonate-based re-
placement fluids are available today in
conjunction with effective fluid balancing
control systems. The operator interface
has improved enormously and the prac-
tice of high volume hemofiltration, once
the monopoly of specialized centers, is
becoming routine in many nephrological
and intensive care units. In our unit for
example, the most recent technologies
for IHD and CRRT coexist and patients
are treated with both techniques depend-
ing on the specific needs and targets for
prescription (Fig. 2).

In conclusion, the question of superi-
ority of a modality for renal support may
be artificial. In routine clinical practice,
as designed by the Vinsonneau protocol, a
change from one approach to another
seems reasonable when clinical status
changes (e.g., from CRRT to IHD when
hemodynamics improve or patient is ex-
tubated and vice versa), even if this com-
mon sense approach has never been scien-
tifically validated. Randomizing patients to
receive one therapy or the other regardless
of the conditions may yield results that are
difficult to generalize to clinical practice.
About 10 yrs ago, a similar passionate de-
bate on ventilation weaning strategies
(pressure support ventilation vs. T-piece
spontaneous ventilation vs. continuous
pressure airway pressure vs. synchronized
intermittent mandatory ventilation) was
ongoing. The scientific community finally
agreed that it is difficult to select one
method over another and that the manner

in which the mode of weaning is applied
may have a greater effect on the likelihood
of weaning than the mode itself (45).

Finally, the design of future trials
should include as the primary outcome
other parameters than mortality. Re-
cently, the Beginning Ending Renal Sup-
port Therapy study group reported the
results of a prospective observational
study on a large worldwide cohort of 54
centers with 1,258 patients treated with
RRT for AKI. CRRT was the most com-
mon initial modality used (1,002 patients,
80.0%), followed by IRRT (212 patients,
16.9%), and peritoneal dialysis/slow con-
tinuous ultrafiltration (40 patients, 3.1%)
(33). Patients treated first with CRRT re-
quired vasopressor drugs and mechanical
ventilation more frequently compared
with those receiving IRRT. Unadjusted
hospital survival was lower (35.8% vs.
51.9%; p � .0001). However, unadjusted
dialysis independence at hospital dis-
charge was higher after CRRT (85.5% vs.
66.2%; p � .0001). Multivariable logistic
regression showed that choice of CRRT
was not an independent predictor of hos-
pital survival or dialysis-free hospital sur-
vival. However, the choice of CRRT was a
predictor of dialysis independence at hos-
pital discharge among survivors (odds ra-
tio [OR], 3.333; 95% confidence interval

[CI], 1.845–6.024; p � .0001). The choice
of CRRT as initial therapy probably is not
a predictor of hospital survival or dialysis-
free hospital survival, but is an indepen-
dent predictor of renal recovery among
survivors.

Similar results were presented by
other authors. In a randomized con-
trolled trial, Dr. Mehta and colleagues
(35) reported that initial CRRT was asso-
ciated with a significantly higher rate of
complete renal recovery than IRRT in the
subgroup of surviving patients who re-
ceived an adequate trial of therapy with-
out crossover (CRRT, 92.3% vs. IRRT,
59.4%; p � .01). Dr. Bell and colleagues
(46) showed that within 1102 patients
surviving 90 days after inclusion in the
cohort, 944 (85.7%) were treated with
CRRT and 158 (14.3%) were treated with
IHD. Seventy-eight patients (8.3%; CI,
6.6 –10.2) never recovered their renal
function in the CRRT group. The propor-
tion was significantly higher among IHD
patients, in which 26 subjects or 16.5%
(CI, 11.0 –23.2) developed need for
chronic dialysis. Again, analyzing a
smaller cohort, Dr. Jacka and colleagues
(47) reviewed the records of 116 patients
undergoing RRT and realized that renal
recovery was significantly more frequent
among patients initially treated with
CRRT (21/24 vs. 5/14; p � .0003).

Hybrid techniques have arrived during
the last years as a feasible compromise
solution to this eternal dispute. They
have been given a variety of names, such
as SLED, sustained low-efficiency dialysis
(48), prolonged daily intermittent RRT
(49), extended daily dialysis (50), or sim-
ply extended dialysis (51), depending on
variations in schedule and type of solute
removal (convective or diffusive). Theo-
retically speaking, the purpose of such
therapy would be the optimization of the
advantages offered by either CRRT and
IHD, including efficient solute removal
with minimum solute disequilibrium, re-
duced ultrafiltration rate with hemody-
namic stability, an optimized delivered to
prescribed ratio, low anticoagulant needs,
diminished cost of therapy delivery, effi-
ciency of resource use, and improved pa-
tient mobility. These initial case series
have shown the feasibility and high clear-
ances potentially associated with such ap-
proaches. A single short-term, single-
center trial comparing hybrid therapies
to CRRT has shown satisfying results in
terms of dose delivery and hemodynamic
stability (52). Recently, Dr. Baldwin and
colleagues (52) randomized 16 patients to

Figure 2. The latest machines for continuous
renal replacement therapy (left) and intermittent
hemodialysis (right) are utilized simultaneously
in a critical care nephrology unit, demonstrating
the need for flexible treatment and a possible
rapid shift of patients from one treatment to the
other.
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3 consecutive days of treatment with ei-
ther CVVH (8) or extended daily dialysis
with filtration (8) and compared small-
solute, electrolyte, and acid-base control.
They did not find significant differences
between the two therapies for urea or
creatinine levels over 3 days. All electro-
lyte derangements before treatment were
corrected as a result of treatment, except
for one patient in the CVVH group who
developed hypophosphatemia (0.54
mmol/L) at 72 hrs. After 3 days of treat-
ment, there was a mild but persistent
metabolic acidosis in the extended daily
dialysis with filtration group compared
with the CVVH group.

It is now possible to generate ultra-
pure replacement fluid and administer it
in the ICU with a lower cost than CRRT,
in greater amounts and for shorter peri-
ods of time. Hemofiltration may be com-
bined with diffusion, or pure diffusion
can be selected at any chosen clearance
for a period of time that can encompass
the day shift with its maximum staff
availability or the night shift. Thus, the
choices are now almost limitless: 3 or 4
hrs of IHD with standard settings or
CRRT at 35 mL/kg/hr of effluent flow rate
can be selected. SLED at blood and dia-
lysate flow rates of 150 mL/min for 8 hrs
during the day or SLED for 12 hrs over-
night can be considered as an alternative.
Otherwise, why not combine CRRT for
the first 2 or 3 days when the patient is in
the hyperacute phase with SLED thereaf-
ter as recovery takes place?

Going back to the lessons learned in
ventilation therapy, the modes of RRT are
beginning to resemble the modes of me-
chanical ventilation with ventilator set-
tings seamlessly being changed to fit into
the therapeutic goals and patient needs
and phases of illness. Stereotyped ap-
proaches to ventilation are anachronistic
and inappropriately try to fit the patient
into a fixed therapy rather than tailoring
the therapy to the patient. In the same
vein, RRT should be adjusted to fulfill the
needs of the patient.

CONCLUSIONS

As concluded by the Acute Dialysis
Quality Initiative workgroup in 2001 (53,
54), delivered clearance should be moni-
tored during all renal supportive thera-
pies. No recommendations can be made
for specific dialysis dosing for patients
with specific diseases at this time. A min-
imum dose of RRT, however, needs to be
delivered for AKI: the best evidence to

date supports the use of �35 mL/hr/kg
for CVVH, CVVHD, or CVVHDF, or 1.2
Kt/V daily IHD. It also should be recom-
mended that the prescription should ex-
ceed the calculated “adequate” dose be-
cause of the known gap between
prescription and delivery. Given that the
spectrum of RRT has expanded from peri-
toneal dialysis and IHD alone approxi-
mately 25 yrs ago to the full spectrum of
therapy from standard IRRT to high-
volume CRRT, physicians ultimately may
choose to take a much more flexible ap-
proach to RRT and RRT dose. Beyond such
observations, a solute-based approach to
the concept of dose seems too restrictive,
although operatively relatively simple and,
by analogy with end-stage renal failure, po-
tentially linked to outcome. The dose/
outcome domain map definitely is gov-
erned by several factors, including the type
of therapy and the severity of the patient. As
described in Figure 3, we may speculate
that, as in any biological phenomenon in
which two variables are correlated, there is
an initial area of steep correlation between
dose of RRT and patient outcome. Starting
at the point at which zero dose or no ther-
apy has 100% negative outcome, an area
defined as “dose dependent,” any small in-
crease in dose will result in improved out-
comes. This will be true until further in-
creases in dose will not result in better
outcomes and the curve will present a pla-
teau. This region will be defined as “dose
independent” or “practice dependent” or

“severity dependent.” In fact, beyond the
breaking point of the curve, survival will
not be affected by an increase in treatment
dose but rather by the level of severity of
the patient’s medical conditions or by the
number of combined measures put in
place. Today, the breaking point for CRRT
is at 35 mL/kg/hr in the normal population;
however, if a septic population is analyzed,
the breaking point may move up and the
level of plateau may rise to 45 mL/kg/hr or
even more.

The level of the plateau will then be
defined by other elements beyond treat-
ment dose. In critically ill patients with
AKI, these other dimensions of adequacy
of RRT remain largely unexplored, but
they are likely to be important for the
final outcome. Future studies should fo-
cus on other aspects of dose (control of
volume, acid base, toxicity, etc.) and as-
sess their potential link with outcome.

Some of these questions already are
being tested and the results likely will
soon influence the field of RRT. The Dose
Response Multicentre International col-
laboration (55) currently is seeking to
address the issue of how practice patterns
are currently chosen and performed. This
is an observational, multicenter study
conducted in ICUs. The primary aim is to
study the delivered dose of dialysis, which
will then be compared with ICU mortal-
ity, 28-day mortality, hospital mortality,
ICU length of stay, and number of days of
mechanical ventilation. It is hoped that
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Figure 3. The dose/outcome domain map. Left, small improvements in treatment dose result in
significant improvement in outcome. This is defined as the “dose dependent” region. Right, the curve
reaches a plateau at which increased doses do not result in outcome improvements; the level of plateau
can be influenced by the severity of illness or the treatment techniques utilized.
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this international collaboration will pro-
vide a clearer picture of how RRT is cho-
sen, prescribed, and delivered, and how
such delivery may affect outcome. In No-
vember 2003, the Acute Renal Failure
Trial Network initiated a multicenter,
prospective, randomized, parallel-group
trial of an intensive dose strategy vs. a
conventional dose strategy of renal re-
placement therapy for the treatment of
AKI caused by acute tubular necrosis in
critically ill patients (56). The planned
total enrollment is 1164 patients at 27
institutions during 3 yrs to achieve a
power of 0.90 to detect a reduction in
mortality from 55% to 45% based on
renal replacement therapy dose. Patients
will be randomized according to a 2 � 2
design to either receive IHD or CRRT.
The patients randomized to intermittent
therapy will then be randomized to either
conventional every-other-day IHD or
SLED. Patients randomized to CRRT also
will be randomized to one of two different
doses: 20 or 35 mL/kg/hr of effluent. This
design is intended to deliver data on both
a comparison between intermittent ther-
apy and CRRT as well as one between
“low” and “high” dose of RRT, regardless
of treatment modality. The Australian
and New Zealand Intensive Care Group
also has recently been funded to conduct
a multicenter, randomized, controlled
trial of CRRT dose in critically ill patients
with acute renal failure (56). The study
will randomize 1,500 patients in 35 Aus-
tralian and New Zealand ICUs to receive
either postdilution CVVHDF at 25 mL/
kg/hr or at 40 mL/kg/hr of effluent. This
study will assume a conservative 90-day
mortality rate of 60% in the control
group and it is projected to have 90%
power of detecting an 8.5% absolute re-
duction from a 90-day mortality of 60%
to 51.5%. Thus, given that these studies
are under way, it is likely that in the near
future two large, randomized, controlled
trials assessing the impact of RRT dose in
AKI will be available to better inform
clinical practice.
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