
1. Introduction

Since the last decade, haemofiltration and

especially high volume haemofiltration has

rapidly evolved from a somewhat

experimental treatment towards a potentially

effective “adjunctive”therapy in severe

septic shock and especially refractory or

catecholamine resistant (hypodynamic) septic

shock (CRSS). Nevertheless, this approach

lacks prospective randomized studies (PRT’

S) evaluating the critical role of early

haemofiltration in sepsis. 

An important step forward which could be

called the “big bang”in term of haemo-

filtration [1] was the publication of a PRT in

patients with acute renal failure (ARF) [2].

Before this study [2], nobody believed that

haemofiltration could change the survival rate

in intensive care. Since that “big bang”, many

physicians consider that a “correctly dosed”

haemofiltration has the potential to change the

survival rate in intensive care. So the world of

haemofiltration in ICU is not a definitive

world, it is still in expansion ! Indeed, right

now, we have to try to define what will be the

exact dose needed in septic ARF. This dose

might well be “higher”than 35 ml/kg/h in the

septic ARF group as suggested by many

studies [2-5].

In order to challenge this hypothesis,

continuous dose  rather than pulse dose of

high volume haemofiltration(HVHF) will be

tested in ongoing or future randomized

studies. Since the “Vicenza”study [2] has

shown that 35 ml/kg/h was the best dose in

term of survival, while dealing with non septic

ARF in ICU,  several studies from different

groups have shown that, in septic ARF, a

higher dose might correlate with better
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survival [3-5]. This has also been shown in

some way by the study of the “Vicenza”group

but unfortunately not with a statistically

significant value [2].

New PRT’S have just started in Europe

like the IVOIRE (hIgh VOlume in Intensive

Care) study [6] and the RENAL study,

another large study looking more basically at

dose in non septic ARF in Australasia and is

led by the group of Rinaldo Bellomo in

Melbourne [7] as well as the ATN study led

by Paul Palevsky and colleagues in the USA,

also testing the importance of dose in the

treatment of ARF.  Nevertheless, “early goal-

directed haemofiltration therapy”like early

goal directed therapy [8] has to be studied in

our critically ill patients. Regarding this issue,

fewer studies mainly retrospective studies do

exist, but again the IVOIRE study [6] will

address this issue by studying septic patients

with acute renal injury according to the RIFLE

classification [9] rather than ARF which is

already late in the process anyway.

So, this review will focuse on the early

application and on the adequate dosing of

continuous HVHF in septic shock in order to

improve not only haemodynamics, but also

survival in this very severely ill cohort of

patients.

This could be called the “big bang of

haemofiltration” as one could never

anticipated the fact that an adequate dose of

haemofiltration could markedly influence the

survival rate in ICU while treating septic ARF

patients.

On top of the use of early and adequate

dose of haemofiltration in sepsis, an higher

dose could also provide a better renal

recovery rate and reduce the risk of chronic

dialysis dependency in these patients.

2. The “Big Bang”of Haemofiltration

The “big bang”of clinical haemofiltration

occured when the study of Claudio Ronco was

published in the Lancet in 2000 [2]. This

study was looking at  425 patients and

prospectively assessing three types of doses,

respectively 20, 35 and 45 ml/kg/h. Exchange

was exclusively realized in post-dilution in

order to maximize convection. The membrane

was also changed every 24 hours. This study

demonstrates that in non-septic ARF, a dose

of 35 ml/kg/h was correlated with the best

survival rate.This difference was statistically

significant. This can be expressed as a “big

bang”in term of haemofiltration [10]. Indeed,

before that study, nobody was really thinking

“realistically”that the world of haemofiltration

could ever change survival in intensive care.

Since that “big bang”, it is now believed by

many that the use of a “correctly dosed”

haemofiltration has the potential to change the

survival rate in intensive care patients. So the

world of haemofiltration in ICU is not a

definitive world, it is still in expansion !

Indeed, we have to try to define now what is

going to be the exact dose that we do need in

septic ARF. This dose will probably be

“higher”than 35 ml/kg/h in the septic ARF

group as suggested by many studies [4,5,11-

16].

This has been also put in perspective in an

interesting review paper recently published

[17] highlighting all the potential of extra-

corporeal therapy regarding the wide

spectrum of molecules that could be removed,

ranging in theory from 500 up to 900,000

daltons when for instance using

plasmafiltration. Other outcome-dose studies

will also participate in the expansion of this
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initial “big bang”. Amongst those, IVOIRE [6],

RENAL [7] and ATN  will take the lead. The

IVOIRE study [6] will try to expand the

findings of the initial Ronco study [2] to the

septic ICU world. Indeed, we will include

more than 480 patients with septic shock plus

acute renal injury defined by the RIFLE

classification in ICU[9]. Allocation into the

two arms will be determined  by computerized

randomization. One group will receive 35

ml/kg/h versus 70 ml/kg/h in the other group.

This study will try to demonstrate that

“higher”dose (like 70 ml/kg/h) will further

improve the survival rate of septic ARF in ICU

respectively at 28,60 and 90 days after ICU

admission.

3. Animal models

Animal models have shown benefits in

term of survival when “early”and “strong”

haemofiltration dose was applied in septic

animal models.

Regarding animal models, early use of

haemofiltration has been really well applied in

many animal models. Indeed, most of the

earlier experimentations led by the so called

“godfather”of HVHF, Albert Grootendorst

[18-21] have most of the time used

haemofiltration before or just after the

injection of bolus or even infusion of

endotoxin.

It has been only in the late nineties with

the studies of Rogiers [22,23] and others,

that the investigators  start to wait about 6 to

12 hours before using HVHF and so

“allowing”the animal models to become

extremely ill, haemodynamically unstable and

with early multiple organ dysfunction

syndrome(MODS). By this way, the animal

model could “mimic”in some ways the clinical

situation. Only animal models that have been

submitted to the early application of HVHF

have shown to be very beneficial (and in some

ways with very impressive results) mainly by

the fact that additionally to early use, the

investigators have applied a very “stronger”

dose of HVHF. Indeed a recent study by

Honore and co-workers [24] has shown that

the “aggregation”of the last twelve studies in

the last ten years or so regarding animal

models revealed  that the “mean dose”used in

those experimentations was about 100

ml/kg/h whereas for humans (last thirteen

human studies or so) only 40 ml/kg/h was

effectively given. The most beneficial effects

of HVHF have been shown in these animal

models whereas the maximum delay between

the septic insult and the intervention was less

than 12 hours. This is totally different from

the clinical situation whereas the delay can be

rarely below 24 hours and/or even below 48

hours. The literature unravel that the animal

models have shown that not only a stronger

application of  dose was very important but

also that early application was the second

important condition as well to make the use of

haemofiltration in sepsis beneficial in terms of

haemodynamics and survival [25] (Table 1).

It has also been advocated that the best

response seen in the animal model was

obtained when the sepsis was intravascular as

opposed to extravascular or when sepsis was

“restricted”in an other more “confined”

compartment as for instance peritonitis. This

might explain why the use of high

permeability haemofiltration (HPHF) in a

sheep model of peritonitis described by

Rogiers [26] was not able to show any
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beneficial effect. Indeed, if we believe into the

“Mediator Delivery”hypothesis [27], we can

see that the absence of large intakes of fluids

in high permeability haemofiltration has a

major consequence : no increase of the

lymphatic flow. Indeed,this increased

lymphatic flow is in charge of “retrieving”

massive amounts of cytokines and mediators

from the interstitium and the tissue level back

to the blood compartment level making them

available for extra-renal removal. 

In that setting, it makes more sense  to

think that HVHF could be efficient in an acute

model of peritonitis as demonstrated by the

group of Rogiers et al [27] as well whereas

HPHF remains ineffective in that specific

setting of this particular study. It is also

known that, in this kind of animal model, the

cytokine pattern is very different from the

human situation because the pro-

inflammatory phase “duration”is much longer

in the animal setting and is not always

followed by an “immunoparalysis”secondary

phase. But more recently, what the animal

model has “brought to light”, is the use of

HVHF as a “prophylactic measure”in the

second phase of sepsis (the so-called

“ immunoparalysis” phase or the CARS

[Compensatory Anti-inflammatory Response

Syndrome] phase as explained by Roger

Bone) [28]. The group of Yekebas [29-31]

and the group of Lee [32] have worked to

modelize this “immunoparalysis”post-SIRS

(Systemic Inflammatory Response Syndrome).

Therefore, they induced traumatic

pancreatitis in healthy pigs. Haemofiltration

started 12 hours after pancreatic trauma but

before sepsis and shock state did occurred.

They waited about twelve hours and, after

this time, bacterial translocation occurred and

very fulminant peritonitis and intravascular

sepsis occurred inducing a shock state in

these pigs. By comparing different settings of

haemofiltration, especially low dose(20

ml/kg/h) plus adsorption and HVHF at the rate

of 100 ml/kg/hours, the authors were able to

demonstrate that the “prophylactic use”of

HVHF (100 ml/kg/h) was able to reduce the

immunoparalysis “level”and the subsequent

risk of secondary infection and, ultimately, the

death rate. So, for the first time, HVHF was

able to show that it could work not only on the

pro-inflammatory phase but also on the

secondary “immunoparalysis”phase per se as

a prophylactic measure.

Still after all this, transposition of these

findings to the human setting is even more

difficult because most of the animal models

used a so-called “hypodynamic”septic shock

[33]. It is only in the last few years that

researchers are really challenging the so-

called hyperdynamic septic shock concept,

which is much closer to the human situation.

Researchers like Rogiers [34] or other

groups [35] have nicely shown that this

option was really feasible.

4. Human studies

One of the greatest remaining problems

with human studies (and especially the

mechanistic studies) is the fact that the

number of patients is very “limited”resulting

from the high cost of the technique. What is

important in these human studies, is to

understand that HVHF applied at a continuous

dose of 96 hours can be compared in some

ways to Activated Protein C (APC) [36, 37].

Obviously, we can not rely on  the same
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“level”of evidence as we can for APC. 

Anyway, HVHF like APC can have a

“pleiotropic”action on sepsis in the human

setting. Indeed, it can interfere with the pro-

inflammatory phase and by decreasing the

so-called pro-inflammatory phase, it can

potentially reduce the “unbound”part of

cytokines and reducing the so-called

corresponding “remote organ  associated”

damages [38,39].

As a second point, it can also alter and

reduce some cardiovascular compounds (in

the blood compartment) that  are

responsible for the “shock state”in the

human situation. Indeed, endothelin-I can

be removed and is held responsible for the

early pulmonary hypertension in sepsis,

where as endocannabinoids are responsible

for the vasoplegia and myodepressant factor

responsible for the cardiodepression seen in

sepsis [40, 41, 42]. All these factors can be

easily removed by HVHF.

At as a third point, HVHF can also alter the

clotting system in the way that it can

decrease PAI (Platelet activating Inhibitor) -

1 and by this way  eventually reduce the level

of diffuse intravascular coagulopathy (DIC)

[43]. It is effectively well known that the

level of PAI-1 is correlated in sepsis with a

increased APACHE II score and as well an

higher mortality rate [44]. 

As a fourth type of action, it has been

shown many times in animals that HVHF can

reduce the risk of “immunoparalysis”post-

sepsis and the subsequent risk of nosocomial

or secondary infection [29-32].

As a fifth type of action, it has been shown

also that HVHF can reduce the level of

“inflammatory cell apoptosis”occurring during

sepsis as it can extract caspase-3 products

range within  a molecular weight of about

35,000 daltons and some products as well of

the caspase-8 pathways which are heavily

involved in the setting of inflammatory cell

apoptosis especially in macrophages and

neutrophils [45].

Also, we do know that the clinical studies

are not reproducing by far the mean 100

ml/kg/h amount of exchange that has been

realized in animal models (only 40 ml/kg/h

versus 100 ml/kg/h  in human studies) [24]. 

As a consequence, many anticipated

effects seen in animal models can never been

reproduced in human settings related to the

use of inadequate low doses of HVHF.( Fig.1 )

What we do know  is that, there is a huge

variability between clinical trials concerning

the range of doses applied. It can vary for 1 to

15 in term of dose [24] when we aggregate

all the recent studies. 

If we decided to show that haemofiltration

can be considered as a medication in ICU, it

has to be adapted to the body weight but it

has also to be adapted to the severity of

illness of  ICU patients. Indeed, if we have to

deal with a non-septic ARF, perhaps a lower

dose will be optimal. On the contrary, if we do

have to deal with septic ARF than we might

need a higher dose as close to to 50 or 70

ml/kg/h. From the data that we have right

now, we can say that in CRSS-(or refractory

hypodynamic septic shock), the use of pulse

HVHF (PHVHF) running at about 100 ml/kg/h

during  4 consecutive hours (and then back at

35 ml/kg/h) is an important adjunctive

treatment that can really increase

dramatically the survival (Table 2) on these

severely il l patients as compared with

classical treatment [4,5,14,15]. The

monocentric study of Oudemans Van Straaten
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[3] which was realized with a cohort design of

mainly cardiac surgery patients with oliguria

at the time of inclusion did show us that the

patient subgroup which had the best

improvement (in term of observed versus

expected mortality) was the septic subgroup

of patients in this specific study. The

technique used at the time was intermittent

haemofiltration at a dose of 60 ml/kg/h. Since

several “positive” trials dealing with CRSS

have been published [4,5, 14,15], it is almost

accepted now in the “haemofiltration ICU

world”that when dealing with catecholamine

resistant septic shock (CRSS), a short-term

procedure applying a very “high dose”should

be the preferred procedure whereas in

comparison, for classical hyperdynamic septic

shock with acute renal injury, a continuous

moderate high dose(during 96 hours) might

be the ideal choice in order to achieve a dose

of 50 up 70 ml/kg/h(for 96 hours). Indeed, in

this setting we do need to work upon the

“pleiotropical background”and mainly against

the immunoparalysis “post-septic insult”

showed by many papers and especially by

Yekebas and Lee [29-32].

Pulse high volume has been shown to be

still very effective in septic shock as recently

outlined in the literature [46,47]. Those

studies confirmed the initial findings of

Honore and co-workers [4,5,14,15].

They also showed that the threshold dose

needed to improve patients with septic ARF

was about 45 ml/kg/h as suggested by Ronco

[2] and Piccinni [47]. At last, recent studies

have also shown that in CRSS but this time

hyperdynamic, HVHF might be a salvage

therapy if a protocol guided approache is used

[48].

5. Recommendations for Clinical
Practice, Future Research, HVHF
Evolving Technology  and Drug
Adaptation during Haemofiltration

Regarding recommendations for clinical

practice : CRSS either hypodynamic [4,5,14,15]

or hyperdynamic [48] could be seen as an

indication (Level V evidence and Grade E

Recommendation) for experienced clinicians

in the field of HVHF.

Septic shock with ARF should receive a

renal replacement dose of at least 35

ml/kg/h(Level II evidence and Grade C

Recommendation). Despite the numerous

studies published and the ongoing IVOIRE

study [6], there are no sufficient “hard data

on board”yet to support a “higher”extended

dose in this condition. This is true for other

potential indications, such as septic shock

with or without renal failure or injury or even

sepsis and SIRS (with or without failure or

injury). in the case of SIRS induced by  out-

of-hospital cardiac arrests [49], the existing

data are to scarce to allow guidelines yet.

Regarding recommendations for future

research concerning CRSS, it will be very

difficult in this case to apply a PRT’S and we

should stick to available data or perform small

bi-centric randomized studies.

Evaluating hyperdynamic septic shock

patients, more numerous larger prospective

randomized studies are needed, to detect

potential interference with APC. Indeed, this

potential interference should deserve more

attention since the molecular weight of the

APC (55,000 daltons) creates the theoretical

possibility that the membrane during HVHF

can adsorb the drug. Yet the risk is really

minimal.
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Nevertheless we have to think also about

possible synergy between HVHF and APC as

shown by experimental work completed by

the group of Rogiers [50]. Regarding Sepsis

and SIRS, the aim is stil l to reduce

immunoparalysis showed by various animal

studies (Level II evidence). For this type of

patient, who do need more mechanistic

studies evaluating the potential risk of the

technique that has to be balanced with

anticipated beneficial effects. In many cases,

short-term procedure will not be the ideal

technique in those patients because to reduce

“immunoparalysis”as we do know , a “long

standing”technique like for instance 96 hours

will be required. 

What should be the best “environment”for

future researches? A first condition should be

to develop a “safer”technique which should

be more efficient in order to increase the

“clinical”operability, a “safer”applicability

and as well a better “clinical”effectiveness. A

second condition should be to develop a

greater understanding of mechanisms of

sepsis and SIRS in order to identify the

“molecular”as well the “proteinomics”targets

for HVHF. 

We have to ensure better design of new

HVHF technology rather than modification of

already existing technology, in order to meet

the specific “needs”of controlling and

restoring the immune homeostasis in sepsis

and SIRS. The third condition is to

appropriately design (and with a suitable
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Table 3. Studies for renal recovery and renal vs. septic dose: Higher dose vs. lower dose

Year Design
No of

patients
Interventions Groups

Main
Outcome

Survival
Level of
evidence

Study
First
author

Jackamy et al.

Manns B et al.

Best Ⅲ Study

Schiffl et al.

2005

2003

2005

2002

Retrospective 

Study

Retrospective 

Cohort Study

Data Collection

Epidemiological Study

Prospective 

Randomized Study

116

261

1260

74

74

Renal Recovery

Cost of Acute

Renal Failure

Type of CRRT

DHD

AHD

CRRT=87%

Recovery IHD=37.5%

Recovery

CRRT=Non

Renal Recovery

CRRT>75%

Recovery IHD=60%

DHD = 9 days

of Renal Recovery

Better 

Recovery in

CRRT

Better Renal

Recovery CRRT

Better Renal

Recovery CRRT

Quicker

Recovery of

Renal Function

Not Affected

Not Affected

Not Affected

DHD = 76%

AHD = 22%

Ⅳ

Ⅳ

Ⅲ

Ⅱ

(1) Jacka My et al. Can J Anesth 2005;52:327-332
(2) Manns B et al. Crit Care Med 2003;31:644-646
(3) Best III Study. Unpublished Data 2004.
(4) Schiffl et al. N Engl J Med 2002;34:305-310



power), a trial of HVHF that can be conducted

to test the clinical effectiveness of this

therapy in patients with SIRS and/or sepsis.

And the very last condition should be to

ensure that this trial should be conducted with

indexing  the dose to body size and paying

more attention to controlling (and analyzing)

the effects of time delay between the onset of

SIRS or sepsis and HVHF initiation in order to

better define the duration of treatment as well

the appropriate initiation window.

6. Conclusions 

The so-called “big bang”of haemofiltration

has taught us that haemofiltration was not a

definitive world. It was demonstrated by the

Lancet trial in  2000 [2] that it is a world in

expansion. Since we are aware of this “big

bang phenomenon”concerning non-septic

ARF in ICU, we are now trying to define what

should be the exact dose for continuous

haemofiltration in septic ARF.

HVHF can stil l be seen as a potent

immunomodulatory treatment in sepsis or

SIRS. Since the Mediator Delivery Hypothesis

has been unravel [27], we do know, that not

only the extraction is important but also the

exchanged amount of fluids and so the intake

of fluids per se that can increase dramatically

the lymphatic flow up to 20 to 40 folds. As a

consequence, circulatory cytokines are no

longer valuable players perhaps except for

very severe CRSS[51,52] and now, what is

important is the crucial relationship between

immunological changes at the tissue level

(where mediators do harm), haemodynamic

modifications and survival. A last point is

obviously the possible synergism in term of

therapy between APC and HVHF as both

treatments do have a lot of similarities in

terms of pleiotropical  effects and so, indeed

recent research work has shown that synergy

is possible between these two therapies.

Nevertheless, we still need many more

studies to define very well what is it the exact

role (and the exact impact on survival) of

HVHF and especially in hyperdynamic septic

shock without acute renal injury. 

Indeed, “Higher doses”of treatment  may

be also important whatever the choice of the

initial therapy could be as it is able to

influence the rate of secondary  chronic

dialysis “dependency”or conversely the rate

of renal recovery [53,54] as shown also by

the work of Schiffl [55] and a somewhat

recent study of Ronco [56] (Table 3). 

So, in other words, the “costeffectiveness”

for continuous haemofiltration therapy when

compared to intemittent techniques may be

changing very quickly as time goes on. The

expansion and the odyssey of the

haemofiltration universe continues.

Abbreviations

APC: Activated protein C

ARF: Acute renal failure

CARS: Compensatory anti-inflammatory

response syndrome

CAVH: Continuous arteriovenous

haemofiltration

CRSS: Catecholamine resistant septic shock

CVVH: Continuous venovenous

haemofiltration

HPHF: High permeability haemofiltration

HVHF: High volume haemofiltration

IHD: intermittent haemodialysis

LVCVVH: Low volume continuous venovenous
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haemofiltration

MODS: Multiple organ dysfunction syndrome

MVCVVH: Moerate volume continuous

venovenous haemofiltration

PHVHF: Pulse high volume haemofiltration

PRT: Prospective randomized trial

SIRS: Systemic inflammatory response

syndrome

VHVHF: Very high volume haemofiltration
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