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Abstract

Mediator removal from tissue (capillary blood compart-
ment, CABC) and transport to the central circulation (central
blood compartment, CEBC) must be effective. Effectiveness
through a passive mechanism seems unlikely as the surface
of CEBC (30 m?) is smaller than CABC (300 m?) whereby the
former will be a limiting factor in passive transport. Accord-
ing to studies, a high exchange volume can induce an 80-
fold increase in lymphatic flow. This results in displacement
(active transport) of mediators to CEBC. Recent studies have
shown that the delivered dose constitutes the mainstay of
continuous renal replacement therapy. However, these re-
sults are not likely to change the recommendation: 35 ml/
kg/h, adjusted for predilution, in septic acute kidney injury
(AKI). Recently, studies were focusing on global intensive
care unit AKI. In non-septic AKI, those studies show that 20-
25 ml/kg/h was optimal. The DO-RE-MI trial underscored the
importance of delivery which could be obtained by target-

ing doses between 5 and 10 ml/kg/h higher than prescribed.
Until the IVOIRE trial becomes available, septic AKl should be
treated by continuous veno-venous hemofiltration at 35 ml/
kg/h. In non-septic AKI, 25 ml/kg/h remains optimal.
Copyright © 2011 S. Karger AG, Basel

Introduction

Despite considerable progress in blood purification
therapies over the years, numerous questions remain.
Consequently, uncertainty persists among clinicians
about the mode and dose of hemofiltration therapy to be
used in patients with septic shock complicated by acute
kidney injury (AKI) [1, 2]. Septic shock remains a leading
cause of mortality in intensive care patients [3]. More-
over, mortality in sepsis-induced AKI is significantly
higher than in non-septic AKI [4-6]. While several mile-
stone studies in the last decade [7, 8] have shown that the
dose of therapy was of paramount importance regarding
mortality, more recent trials have challenged this concept
[9, 10]. It stands to reason that a critical minimum dose is
still desirable and that below this defined dose, mortality
will be affected [11, 12]. Furthermore, it seems theoreti-
cally reasonable to assume that effective removal of me-
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diators from the tissue, where they are harmful, and
transporting them to the central circulation must have a
positive effect. Effectiveness through a mere passive
transportation mechanism seems unlikely because the
surface area of the central blood compartment (CEBC;
+30 m?) is much smaller than that of the capillary blood
compartment (CABC; =300 m?) [13] whereby the former
will be the limiting factor in passive transport. When a
given passive technique is able to remove 40% of the me-
diators from the CEBC, this will represent only 4% re-
moval from the CABC [14-18]. It is therefore likely that
another active transportation mechanism will come into
play [13]. We will review the most recent insights regard-
ing the rationale and mechanisms of the ‘new active
transportation between two asymmetric compartments’
hypothesis [13]. We will also analyze the strengths and
the weaknesses of the so-called recent negative studies
regarding the dose of continuous renal replacement ther-
apy (CRRT) in critically ill patients.

New Active Transportation between Two
Asymmetric Compartments: Hypothesis and New
Insights into Rationale and Potential Mechanisms

Following clearance from the blood compartment,
both pro-mediators and mediators are removed at inter-
stitial and tissue levels until a so-called threshold point is
reached at which some pathways and cascades are stopped
(19, 20]. At this level, the interrupted cascades cease to
harm the tissues. Until recently, this mechanism was
thought to be entirely passive. As alluded to in the intro-
duction, an explanation for effectiveness based only on a
passive transportation mechanism is unsatisfactory. The
potential benefit of high-volume hemofiltration (HVHF)
and especially high-replacement volumes (3-5 liters/h) in
septic shock has repeatedly been emphasized [13, 15]. It
was thought, yet insufficiently understood, that the in-
creased removal of middle and large molecules by HVHF
enhanced immunomodulation during septic shock [19,
20]. However, it was only recently demonstrated that the
high-replacement volumes used during hemofiltration
could not only remove but also displace mediators
throughout the body [16, 21]. As demonstrated in several
studies, this technique can induce an up to 20- to 80-fold
increase in lymphatic flow [16-19, 21]. This can result in
a concomitant substantial drag and displacement of me-
diators and cytokines to the blood compartment where
they become available for removal. Thus, the use of high
volumes of replacement fluid might not only account for

New Insights into Septic AKI

actual extraction but also for stimulation of lymphatic
transport between the interstitium, tissue compartments
and blood, although these are known to be asymmetric.
Once the mediators enter the lymphatic system, they be-
come available for removal both at the CEBC side and by
the liver and the reticuloendothelial system. The latter act
as a buffer absorbing huge quantities of mediators during
a storm and releasing them in the aftermath to make
them available for removal by hemofiltration at a later
stage [22, 23]. Obviously, confirmation of this new work-
ing hypothesis would necessitate several experiments —
which are underway - incorporating the latest technol-
ogy regarding nuclear imaging technique for effective
tracing of mediators during their journey from the tissues
through the lymphatic circulation into the CEBC [22].
Another more invasive procedure would be the catheter-
ization of the thoracic duct to collect lymphatic fluid for
direct measurement of mediator levels as was previously
performed in severe acute pancreatitis [24]. A feasible al-
ternative might be the measurement of indirect variables
of reduced activity of tissue mediators such as markers of
apoptosis and oxidative stress, in particular in inflamma-
tory cells [25]. In septic rats, Kellum et al. [26] studied the
effect of hemofiltration on liver production of mediators
through nuclear factor (NF)-«kB production. Application
of hemofiltration improved not only hemodynamics but
also survival. This experiment also highlighted that he-
mofiltration not only reduced mediator blood levels but
also hepatic mediator production. The exact mechanism
of this upstream downregulating effect remains to be elu-
cidated. Nevertheless, measurement of NF-kB produc-
tion might also be considered as an indirect tool to esti-
mate the reduction of pro-mediator production induced
by hemofiltration-related immunomodulation. An in
vivo implementation of this technique, however, would
require systematic liver biopsy which is a too invasive
procedure in critically ill patients.

New Therapeutic Target Defined within the Latest
Findings

A recently published study by Kellum et al. [27] on cy-
tokine levels in sepsis and septic shock (the so-called Ge-
netic and Inflammatory Markers of Sepsis (GenIMS)
Study) shows results that could challenge the timing of
initiation of hemofiltration. This study in nearly 2,000
patients hospitalized for community-acquired pneumo-
nia [27] evaluated the pro- and anti-inflammatory bal-
ance by measuring the ratio of interleukin-6 (IL-6/Pro-)
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over interleukin-10 (IL-10/Anti-). Subsequent analysis
was performed to determine if a defined profile of this
ratio predicted evolution of community-acquired pneu-
monia to sepsis, septic shock and eventually death. Of all
included patients, 31% developed severe sepsis and 26%
exhibited high circulating levels of cytokines. The high-
est risk of death was found to be correlated with a high
ratio of pro- and anti-inflammatory levels of cytokines
(p<0.001). Based on these findings, a hemofiltration tech-
nique lowering the levels of pro- and anti-inflammatory
cytokines and thus modulating the cytokine profile so
that immune homeostasis is restored, could conceivably
improve survival. Initiation of hemofiltration would then
prove beneficial regardless of the phase (either hyper-in-
flammation or immuno-paralysis) of the septic process
[28], although delay could still be detrimental [11, 22].

Recent Positive Studies Regarding Blood
Purification for AKl in ICU Patients

A landmark study on dosing of blood purification in
the intensive care unit (ICU) was published by Ronco et
al. [7]. This prospective randomized controlled study in-
cluding 425 ICU patients with AKI compared 3 doses of
therapy: 20, 35 and 45 ml/kg/h. Survival in the 35- and
45-ml/kg/h group was significantly higher than in the
20-ml/kg/h group with a difference of nearly 20% and p
values of 0.0007 and 0.0013, respectively. Furthermore,
survivors in the 35- and 45-ml/kg/h groups had a signif-
icantly lower baseline urea than non-survivors, suggest-
ing that timing determined study outcome [7, 29]. This
study also set the standard for use of a high-volume tech-
nique in septic patients since increasing the volume of
treatment from 35 to 45 ml/kg/h improved outcome in
this subgroup, suggesting that septic AKI should be han-
dled differently [7, 28, 29]. In general, hemofiltration was
put forward as a viable therapeutic intervention in the
ICU. The volume of treatment could not only be tailored
for body weight but also for severity and type of illness
(e.g. septic vs. non-septic AKI). Finally, the authors stud-
ied renal recovery and indeed the percentage of complete
renal recovery was 95, 92 and 90%, respectively, suggest-
ing that dosing might determine an ultimate improve-
ment in kidney function. The findings of this pivotal
study were confirmed by Saudan et al. [8]. In a prospec-
tive randomized study, these authors compared 2 groups
of ICU patients with AKI treated either with continuous
veno-venous hemofiltration (CVVH) alone at a dose of
25 ml/kg/h or with continuous veno-venous hemodiafil-
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tration (CVVHDF) at a dose of 25 ml/kg/h in CVVH plus
a supplemental dose of CVVHDF of 18 ml/kg/h, giving a
total dose of 42 ml/kg/h, which is comparable to the 35-
ml/kg/h dose in the Ronco study [7]. The 28-day survival
rate was 39% in the 25-ml/kg/h group and 59% in the 42-
ml/kg/h group (p <0.03). Renal recovery was 71 and 78%,
respectively, again suggesting that a higher dose was cor-
related with more renal improvement. Similarly, a pro-
spective randomized study by Schiffl et al. [30] compar-
ing extended daily dialysis (EDD) with every-other-day
4-hour dialysis (EOD) in ICU patients with AKI found a
mortality rate at the end of dialysis treatment of 28% in
the EDD and 46% in the EOD group. Kidney function
normalized also much faster in the EDD group suggest-
ing that dosing, regardless of the technique used, signifi-
cantly affected renal recovery [31]. As mentioned earlier,
a number of observational studies [32-34] using higher
fluid replacement in CVVH seems to demonstrate an
additional beneficial effect of this strategy on survival,
although methodological shortcomings must be con-
sidered. Recently, a South American group headed by
Cornejo et al. [35] performed a similar observational
study using protocol-directed HVHF (85 ml/kg/h for 6-
8 h) in 20 septic patients with multiple organ dysfunction
syndrome and obtained comparable results. They created
an algorithm based on international guidelines for sepsis
treatment and incorporated intermittent HVHF (100 ml/
kg/h for a single 12-hour period) as a salvage therapy for
patients with refractory septic shock [35]. Despite being
single-centered, non-randomized, and uncontrolled,
these studies all produced similar results proving at least
that HVHF can be delivered safely. Consequently, they
stated that in hemodynamically unstable patients with
AKI in need of therapy, CRRT should be preferred.

Update on Recent Negative Trials in AKI in Critically
11l Patients

Since the previous studies were promising, the results
of larger randomized controlled clinical trials on dosing
and timing of renal replacement therapy (RRT) were ea-
gerly awaited. The VA/NIH study compared 2 different
doses of CRRT (20 vs. 35 ml/kg/h) as well as 2 different
intensities of intermittent RRT, depending on the hemo-
dynamic status of the patient [9]. The study failed to dem-
onstrate that intensive renal support in critically ill pa-
tients with AKI decreased mortality, enhanced recovery
ofkidney function, or reduced the rate of non-renal organ
failure as compared to less intensive therapy. However,
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the study was criticized [11, 12], notably concerning the
supposed 35-ml/kg/h dose of CVVH in the intensive
treatment group. This group was split into a 18-ml/kg/h
dialysis dose (1,500 ml/h) and a 17-ml/kg/h convection
dose, accounting for an actual dose of roughly 15 ml/kg/h
(when considering the pre-dilution instead of full post-
dilution modality). Additionally, the patients were en-
rolled and treated relatively late during their course of
illness as compared to other studies (after a mean of 7
days in the ICU and 10 days in hospital). It is also worth
noting that more than 65% of the patients received either
intermittent hemodialysis or sustained low-efficiency di-
alysis treatment within 24 h prior to randomization. A
Swedish study, definitely more suited to address timing
in RRT, demonstrated the importance of the initial ther-
apy on the renal recovery rate following AKI in ICU pa-
tients [36]. In the same vein, a recent review highlighted
that the delay in timing in the VA/NIH (ATN) trial [9],
most probably accounted for the high rate of dialysis de-
pendency [37]. A study in 12 French ICUs evaluated the
impact of early hemofiltration [38] on organ dysfunction,
plasma cytokines and mortality. The study was designed
and initiated in the late 1990s before the publication of
the Ronco data [7] which explains why the dose of hemo-
filtration was fixed (2 liters/h) and not adapted to body
weight. Of the 80 patients enrolled, 76 entered the study
protocol. Patients with severe sepsis or septic shock with-
out any form of kidney dysfunction were included to re-
ceive hemofiltration within the first 24 h following initial
organ failure. The included septic patients did not suffer
any form of acute kidney dysfunction when hemofiltra-
tion was initiated. Randomization was performed be-
tween either hemofiltration on top of standard sepsis
treatment or standard sepsis treatment alone. As body
weight approached 80 kg, the final dose was approxi-
mately 25 ml/kg/h, thus largely below the 35 ml/kg/h giv-
en in the Ronco study [7]. The primary objective was to
evaluate the number, severity and duration of organ fail-
ures on day 14 using the Sepsis (Related) Organ Failure
Assessment (SOFA) score. The study was ended prema-
turely due to insufficient inclusion but also because the
number and severity of organ failures was significantly
higher in the hemofiltration as compared to the control
group. Nevertheless, mortality between groups was not
significantly different at any time despite a trend in favor
of the control group. In conclusion, initiation of hemofil-
tration (at least with a dose of 25 ml/kg/h) in ‘classic’ hy-
perdynamic septic shock without AKI did not offer any
survival benefit unless septic shock becomes refractory.
Whether the same applies for a dose of 35 ml/kg/h re-
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mains to be answered. In the recent Randomized Evalu-
ation of Normal versus Augmented Level (RENAL) study
[10], 1,508 critically ill patients with AKI were random-
ized to receive a CVVHDF dose of either 25 or 40 ml/
kg/h. No difference in 90-day mortality, the primary end-
point of the study, was observed between the two groups.
Although randomized and extremely well conducted by
leading experts in the field, a few criticisms can be made.
First, 50% of the dose was applied in diffusion, reducing
the convection dose to only 20 ml/kg/h in the higher in-
tensity group, which is significantly below the 35 ml/kg/h
used in the Ronco study [7]. Second, the study was de-
signed to study global AKI. Both septic and non-septic
AKI patients were studied, thus precluding dose evalua-
tion in ‘pure’ septic or septic shock patients with AKI [39].
Interestingly, the almost exclusive use of CRRT in com-
bination with the early timing in this trial reduced the
rate of dialysis dependency by 50% when compared to the
NIH study [9, 40]. Based on the findings of the RENAL
trial, it can be stated that a dose of 25 ml/kg/h might be
sufficient for treatment of non-septic AKI.

Potential Impact of High Cut-Off Membranes in
Future Sepsis Trials

A number of years ago, a pilot trial studied the perfor-
mance of high cut-off membranes in septic patients with
AKI [41]. Thirty patients were randomized to treatment
with either a high cut-off membrane (HCO) (£60 kD) or
with a classic cut-off membrane (35 kD). In the HCO
group, a significant reduction in noradrenaline dose (p <
0.0002) and a tenfold increase (p <0.0001) in clearance of
IL-6 and IL-Ra was observed as compared to the classic
membrane group.

The preliminary results of the recently completed
High Cut-Off Sepsis study (HICOSS) were presented at
the 10th World Federation of Societies of Intensive and
Critical Care Meeting in Florence [42]. This study ran-
domized 120 patients with septic shock and AKI to either
a conventional membrane or an HCO membrane (cut-off
of 60 kD). Patients were treated for 5 consecutive days in
CVVHD mode. The study was stopped prematurely after
enrolment of only 81 patients due to a lack of difference
in 28-day mortality (31% for the HCO group and 33% for
the conventional group). No difference was seen in vaso-
pressor need, duration of mechanical ventilation, or du-
ration of ICU stay. No difference in albumin levels was
found between the 2 groups, suggesting that the HCO
membrane is safe for clinical use. It should be emphasized
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that the study was performed using CVVHD, thus pre-
cluding the observation of synergy between HVHF and
high-permeability hemofiltration (HPHF). The CVVH
mode, however, seems to be efficient for removal of me-
diators and cytokines. Indeed, in an ex vivo study [43],
blood from healthy volunteers was spiked with endotoxin
and then exposed to a 100-kD HCO filter at a dose of 16.6
ml/kg/h or to the same filter at a dose of 80 ml/kg/h.
Clearance of cytokines was nearly 10-fold higher (statisti-
cally significant) in the mixed HCO and HVHF group
demonstrating synergy between HVHF and HPHF [43].

The future of HCO membranes in sepsis, in spite of the
recent negative study (HICOSS), could still be of interest
as potential synergies could be founded by mixing HVHF
and HPHF together and also by combining HCO with
highly adsorptive membranes.

Therefore, studies should go on with combinations of
techniques. Very recent reports have been encouraging
especially in non-traumatic and traumatic rhabdomyoly-
sis in ICU patients [44].

What Could Be the Future in Blood Purification?

Before entering those considerations, we have to spend
some time on definitions regarding HVHF and, according
to several groups of experts including ours [45], continu-
ous high-volume treatment with 50-70 ml/kg/h 24 h/day
and intermittent HVHF with brief, very-high-volume
treatment at 100-120 ml/kg/h for a short period of 4-8 h,
followed by conventional CVVH [45]. This latter strategy
is also called ‘pulse HVHF’ and this concept was initially
developed by Brendolan et al. [46]. This definition is also
consistent with the proceedings of the 2001 Melbourne
Critical Care Nephrology Conference where HVHF was
defined as ultrafiltration flow rates of >50 ml/kg/h and
very high HVHF for ultrafiltration flow rates of >100 ml/
kg/h [47]. This initial consensus definition of HVHF was
called latter by some experts as “The Pardubice’ definition
of HVHEF in reference to the initial working party [45]. In
the early 2000s, it was also decided to universally use mil-
liliter per kilogram per hour as the unit to express the ul-
trafiltration flow rate [47]. However, for other experts, the
use of slightly lower ultrafiltration rates was already con-
sidered as HVHF. Indeed, the Acute Dialysis Quality Ini-
tiative workgroup defines HVHF as >35 ml/kg/h [48]. The
definition was then referred to by some experts as the New
York definition of HVHE. We would like to state that in
2011, we are sticking on the pulse-HVHF definition of the
Melbourne Pardubice approach with runs of 100-120 ml/
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kg/h for a period of 4-8 h. Regarding continuous HVHF,
we are now more in line with the so-called New York ap-
proach with a dose of >35 ml/kg/h. While many large ran-
domized trials investigating hemofiltration dose in AKI
patients have been completed, one remains that compares
HVHEF with standard CVVH in septic AKI. The IVOIRE
study (hIgh VOlume in Intensive caRE) aims to compare
treatment with CVVH at 35 versus 70 ml/kg/h in septic
AKT for a period of 96 h [49-51]. The 96-hour period was
based on the findings of the PROWESS study. As early
treatment initiation was shown to be associated with im-
proved survival, it was decided to start therapy at the
RIFLE classification injury level [52]. Though the first pa-
tient was randomized by the end of November 2005, most
centers joined in mid 2006. The overall primary objective
of this study was to assess the effect of early high-volume
CVVH (70 ml/kg/h) on the 28-day mortality rate in pa-
tients with septic shock complicated by acute renal insuf-
ficiency. Secondary objectives included evaluation of the
effect of hemofiltration on morbidity, hemodynamic pa-
rameters, dose and duration of catecholamine treatment,
resolution of organ failure, duration of mechanical ventila-
tion and ICU stay, extravascular lung water volume, and
mortality at 96 h, 60 and 90 days. The IVOIRE study was
arandomized multicenter clinical trial designed as a supe-
riority trial, aiming to detect a reduction of at least 15% in
mortality rate. A sample size of 240 patients in each arm
was calculated to obtain >80% power to detect such effect
atan o of 0.5. Patients were treated in accordance with cur-
rent evidence-based guidelines.

The coordinating team of the IVOIRE trial conducted
two preliminary pilot studies [53, 54]. The choice of he-
mofiltration volume in the control group (35 ml/kg/h)
was motivated by the latest literature recommendations
applied to intensive care in the early 2000s. As no data ex-
ist favoring a specific treatment volume, the choice for the
high-volume group (70 ml/kg/h) was made by consensus,
based on both intensive care practices using the latest
techniques and round tables with experts in the field. The
duration of treatment (96 h) was motivated by the experi-
ence of the team and pilot studies which were conducted
over similar time intervals. Duration corresponds with
the critical period of septic shock when treatment is
thought to have the highest impact on survival and is con-
form with the duration of sepsis treatments in current
studies. Block randomization was used through access of
a dedicated website. Data on loss of trace elements, vita-
mins, amino acids and other nutrients, and also on apop-
tosis, oxidative stress, renal repair capacity index, cyto-
kines and mediators, and antibiotic pharmacokinetics are
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being collected as part of this study. By the end of Decem-
ber 2009, more than 140 patients had been randomized
with more than 45 subjects enrolled in the last 12 months.
The statistical analysis was initially perform and com-
pleted between the two groups but had to be reevaluated
as one group was significantly sicker than the other and
thus a new analysis is still in progress. The expected mor-
tality of the actually enrolled patients according to three
severity scoring systems (SOFA, SAPS II and LOD) was
68%, whereas the observed mortality at 28 days was 39%
and at 90 days only 51%. This observed global mortality
is much lower than expected and proves that the HVHF
technique is safe and that early initiation (at injury level)
may improve survival. Future analysis will learn whether
a >70-ml/kg/h dose is beneficial in septic shock compli-
cated by AKI plus three organ failures. More details on
the study can be found on the NCT website [49]. Other
recent studies must be mentioned. The EUPHAS (Early
Use of Polymyxin B Hemoperfusion in Abdominal Sep-
sis) study investigated the impact of polymyxin B hemo-
perfusion (PMX) on hemodynamics, SOFA score and
mortality in 64 patients with abdominal sepsis requiring
urgent laparotomy [55]. The patients were randomized
into a PMX or a control group. After adjustment for dif-
ferences in initial SOFA scores, the group treated with
PMX showed significant improvement in hemodynamics
and mortality at 28 days. This selected group of patients
exhibited no signs of renal injury. The study received sev-
eral criticisms because of the low number of patients, the
early termination and also the power of the study itself
[56, 57]. Therefore, two large randomized studies have
been launched on the same topic but with different study
schemes in the USA and France. The DO-RE-MI study
(Dose Response Multicenter International Collaborative
Initiative) incorporated over 30 ICUs in 8 countries [58].
This study was observational, cross-sectional and uncon-
trolled. Its primary objective was to study the effect of
CRRT dose. Of 15,200 ICU patients, 553 had AKI and
were treated with CRRT or intermittent renal replace-
ment therapy. No difference was found in mortality be-
tween the <35-ml/kg/h group versus the >35-ml/kg/h
group. Patients receiving a dose of >35 ml/kg/h also had
a shorter duration of mechanical ventilation and ICU
length of stay. An important finding of this study was that
the delivered dose was significantly lower than the pre-
scribed dose. The difference amounted to approximately
8 ml/kg/h suggesting prescription of about 5-10 ml more
than the targeted dose. Major future challenges for blood
purification will be the exact timing of initiation during
AKI [59, 60] as well as a better delineation of the type of
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AKI [61, 62]. Very recently, attention has also been fo-
cused on potential side effects due to the undesired loss of
vital substances which could eventually be circumvented
by the recently described hybrid techniques, such as cou-
pled plasma filtration and adsorption (CPFA) and cascade
hemofiltration (CCHF). Only target molecules within a
relatively strict range of molecular weights are adsorbed
and treated blood is returned to the patient. Indeed, CPFA
improves blood pressure and restores immune function
in patients with severe sepsis and multi-organ dysfunc-
tion but failed so far to improve survival in large random-
ized studies [63]. Regarding CCHF in an animal model of
septic shock, CCHF was superior to HVHF regarding
hemodynamics. We do have data regarding mortality.
Implementation at the bedside might be complicated
and labor-intensive [64]. Although randomized and con-
trolled with a positive significant impact on survival, the
study of Busund et al. [65] was criticized due to the rela-
tively low number of patients, its being monocentric and
perhaps underpowered [66]. Two other large randomized
trials were also negative [66]. Finally, there are recent re-
ports regarding high adsorptive membranes, such as the
study by Rimmelé et al. [67], especially with a combined
system of membranes, that are able to run with a CRRT
system but also able to eliminate endotoxin. Indeed, in
their animal model, they were able to show a better hemo-
dynamic improvement as compared to classic CRRT. In-
deed, a full scale of new-generation membranes has
emerged that focuses on endotoxin adsorption (Toray-
myxin®, Toray™ or Oxiris®, Gambro™) or specific im-
muno-adsorption (Prosorba®, Fresenius™). Preliminary
results are promising [67], and future large randomized
controlled trials are being prepared [68]. Other promising
experimental approaches with combined hybrid tech-
niques are currently being investigated after interesting
initial report regarding rescue therapy [69].

Conclusions and Recommendations for the ICU
Clinician at the Bedside

Effective removal of mediators from the tissue, where
they are harmful, and transporting them to the central
circulation must have a positive effect. Effectiveness
through a mere passive transportation mechanism seems
unlikely because the surface area of the CEBC (£30 m?)
is much smaller than that of the CABC (+300 m?) where-
by the former will be the limiting factor in passive trans-
port. It is therefore likely that another active transporta-
tion mechanism will come into play.
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As demonstrated in septic animals and humans, a high
volume of exchange (3-5 liters) can induce an up to 20- to
80-fold increase in lymphatic flow. This can result in a
concomitant substantial drag and displacement of media-
tors and cytokines to the blood compartment where they
become available for removal. Optimization of the deliv-
ered dose definitely has a role to play. Actually, an ultra-
filtration rate of around 35 ml/kg/h, with adjustment for
predilution, should be recommended for the septic patient
with AKI. The VA/NIH has too many limitations to have
the power to change this recommendation and the
RENAL study was not designed to specifically assess the
septic AKI population. Nevertheless, both together are
giving a strong signal that a target dose of 20-25 ml/kg/h
is associated with the best survival. Nevertheless, the mes-
sage has to be refined as such for clinicians at the bedside.
A continuous technique, preferably a pure CVVH mode,

is recommended in septic AKI and even more in septic
shock patients with AKI. The DO-RE-MI study has shown
that the effective delivered dose is of crucial importance
and targeting a prescribed dose of 5-10 ml higher than the
calculated dose is a prerequisite. As demonstrated in the
RENAL study, 25 ml/kg/h should be the target dose in
non-septic AKI. Again, the caveats learnt from the DO-
RE-MI study imply that the targeted dose should be above
the calculated one. Preliminary results from the IVOIRE
study demonstrate that HVHF is safe and that early inter-
vention at the injury level of kidney dysfunction may be
warranted. Further analysis will reveal whether a dose of
>35 ml/kg/h is beneficial in septic shock complicated by
AKI and three other organ failures. Of note, the RENAL
study has shown that the use of a continuous technique
will dramatically reduce the risk of end-stage kidney in-
jury with dialysis dependency.
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