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1. Rationale “Revisited” Based Upon
Recent Publications

It has been advocated since the early
nineties [1,2] that the reduction of cytokines
in the blood compartment could in theory lead
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Fig. 1. The “Peak Concentration” Hypothesis.

to a reduction of mortality but this has been a
naive thinking as we do not exactly know the
pharmacodynamics and pharmacokinetics of
cytokines throughout the body which is
probably much more complicated of what we
thought before.

This had led up to now to three leading
theories and concepts. The Ronco and
Bellomo concept of “Peak concentration
hypothesis” [Fig.1]; In this theory, clinicians
are concentrating their efforts to remove from
the “blood compartment” mediators and
cytokines at the pro—inflammatory phase of
sepsis[3, 4, 5]. They hope that, by reducing
the amount of “free” cytokines, they can
decrease dramatically the level of ‘remote
organ (associated) damages” and
automatically as a consequence, the overall
“associated” death rate.

In this regard, we do not know already
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what will happen at the interstitial and tissue
level concerning mediators and cytokines
which are obviously the most important “part”
in term of consequences at tissue level. In
this setting, techniques that can remove more
rapidly and more substantially great amounts
of cytokines or mediators are privileged.
Amongst those, a large place has been given
to high volume and very high volume
haemofiltration and quite a lot “hybrid”
therapies encompassing from Thigh
permeability haemofiltration (HPHF) [6],
super high flux haemofiltration (SHFHF) [7],
hemo—adsorption [8] or coupled filtration and
adsorption (CPFA) [9] and any other types of
adsorption using physical or chemical forces
rather than driving forces as used normally in
haemofiltration derived techniques.

«

Regarding also this issue, ‘semantics’ is
very crucial. Indeed, it can be argued that the
term “aDsorption” is probably not the right
term because blood is not flooding through a
semi—permeable membrane and it is not the
‘net effect” of convection forces plus oncotic
forces that result in the passage of mediators
through this kind of device. In that type of
device, it is more appropriated to use the term
“aBsorption” as chemical and physical forces
are really engaged in that setting. So, we
should be very careful about the use of the
appropriate terms when describing this kind
of techniques [10]. Indeed, through
membrane separation is only occurring with
“aDsorption”.

The second concept is called the
“Threshold immunomodulation hypothesis”
[Fig.2] and has been called by anglo—saxons
authors the “Honore concept” [11,12]. In this
concept the view of the system is much more
dynamic. Indeed, when removal is occurring at
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the blood compartment side, we can see in
some experiments that the level at the
interstitial side (and also at the tissue side) is
also changed and, because we are removing
not only mediators but also pro—mediators,
some pathways are really “stopped” when
enough pro—mediators have been removed by
this technique. At this point, the cascade is
blocked and when reached, is called the
‘threshold point”. Indeed at this level, the
cascade is lost and no further harm can be
done to the tissue of the organism. But
obviously, it is difficult to know when this
point is reached once we do apply high
volume haemofiltration at the clinical level.
But what we do know, is that we can improve
haemodynamics and survival in some patients
and this is shown by various studies using
high volume haemofiltration without any
significant drop of mediators inside the blood
compartment itself [13,14,15]. This effect is
obtained without any dramatic fall in plasma
cytokine level because where the cytokine or
mediators level should fall, is at the tissue
level (where they do harm) and not
specifically at the blood compartment level.
Nevertheless we do not know the exact
which high
haemofiltration can increase the flow of

mechanism by volume
mediators and cytokines between the
interstitial compartment and the blood
compartment (and back to the blood side).
Before the end of the year 2005, we do know
whether this “missing step” is perhaps well
explained by the last theory and/or concept.
The third theory and concept is called the
“Mediator delivery hypothesis” [Fig.3] and
has been called the “Alexander concept” by
several authors[16]. In this theory, the use of
high volume haemofiltration and especially
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Fig. 2. The “Threshold Modulation” Hypothesis.

high intakes of incoming fluids (3 to 5
litters/hour) is able to increase the lymphatic
flow by 20 to 40 folds even more especially
for mediators and cytokines lymphatic flow
(drag). This has been demonstrated in several
papers [17,18,19] and is obviously extremely
important. Thus, the use of exchange fluid
might be very important (and not only
extraction) in order to increase the flow of
lymphatic transport between the interstitial
tissue and the blood compartment.

We can now understand why high flow
haemofiltration is able to increase
dramatically the lymphatic transport from
tissue and interstitial space including
cytokines and mediators back to the blood
compartment in order to be potentially
removed afterwards.

So in comparison, high permeability
haemofiltration is able to remove maybe
‘larger” amounts of mediators and cytokines
in the blood compartment but is not able to
increase lymphatic flow and, as a
consequence, is not able to remove some very
crucial cytokines and mediators at the

interstitial and at the tissue level side (where
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Fig. 3. The “ Mediator Delivery” Hypothesis.

they do harm). Therefore, this can explain
that some very recent studies using high
permeability haemofiltration in sepsis have
been shown not to be effective to improve
haemodynamics and survival in septic acute
animal models like in the last Rogiers’ study
recently presented [20].

As a consequence, clinicians should be
aware of this new insights regarding rationale
of extra—corporeal removal in severe septic
shock in order to choose the best option
regarding the use of an adjunctive treatment
for severe septic shock at the bedside.

2. Future of HPHF and Increased Filter
Porosity: “Increase” may not be
(always) equal to “Improvement”

Regarding mediators and despite the
increased complexity of the rationale, one
should think that increasing the filter porosity
could be a good option [21]. Indeed, many
mediators have a greater molecular weight
and could be eliminated by using more
sophisticated techniques as HPHF, SHFHF
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and hemo—adsorption. Those techniques are
able to remove more substantial amounts and
perhaps greater mediators but the question

«

remains: to remove in the right
compartment” obviously. Also, the risk is to
loose many important nutrients, hormones,
drugs and especially antibiotics and many
unknown metabolites. So, investigators have
tried to use hybrid techniques that can utilize
at the same time the advantages of different
techniques without having to support their
drawbacks. Indeed, CPFA and Cascade
Haemofiltration (CCHF) [22] are able to
retrieve large amounts and large molecules
without taking the risk of loosing important
nutrients because part of the so—called
“purified” blood is going back to the patient.

Concerning filter porosity, if we “stick” to
hybrid techniques as CCHF and CPFA and, if
a significant part of this so—called “purified”
blood is going back to the patients, they would
be no really “theoretical limits” as nothing
important should be losted and only target
molecules should be adsorbed. Along these
lines, we can see, that a complete neglected
domain exist right now as HVHF and derived
techniques are seeking molecules below 45
kDa and plasmafiltration is seeking molecules
around 900 kDa[23].

As a consequence, the entire world of
molecules between these two limits is really
neglected and clinicians (and as well
investigators) should pay much more attention
to it. So, we need to extend the limits widely
of our targets if we can guarantee that all the
“purified” blood will go back to the patient
“eluding” the potential risk of loosing many
important blood components.

3. Clinical implications for the
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intensivist in 2006 regarding the use
of ECT in Sepsis as Adjunctive
Therapy

Regarding the use of ECT in sepsis as an
adjunctive therapy in intensive care
nowadays, we can say that we need to apply
widely the 35 ml/kg/h “rule” in our respective
intensive care units as recent unpublished
surveys have shown that less than 20% of the
units (at least in continental Europe) are
applying those.

A recent “position” paper published by an
ADQI (Acute Dialysis Quality Initiative) group
has underlined that HVHF could be used by
clinicians in catecholamine resistant septic
shock (CRSS) (Level V Evidence and Grade E
Recommendation) [24]. The same position
paper of the ADQI did also widely support the
extended use of the 35 ml/kg/h ‘rule” with a
Level II Evidence and a Grade C
Recommendation[24].

In classical hyperdynamic septic shock and
especially ICU acute septic renal failure or
ICU acute septic renal injury (according to the
RIFLE classification), we are eagerly waiting
the results of several “outcome dose” studies
in ICU.

Amongst those ongoing studies regarding
appropriate dose of haemofiltration in
critically ill septic acute renal failure, we need
to underline the IVOIRE study (IVOIRE Stand
for hIgh VOlume in Intensive caRE) [25] This
ongoing study will potentially give us very
important insights for the future, regarding
the exact dose to use in subgroups of septic
patients with acute renal injury. The IVOIRE
study will include more than 480 patients with
septic shock plus acute renal injury defined
by the RIFLE classification in ICU. Allocation
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into the two groups 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 acute renal
failure in ICU. As the Ronco study [5] has
already allude to with the 45 ml/kg/h
subgroup whereas the septic sub—population
had a better survival although the non septic
one did not improve further.

4. Conclusions

Clinicians should be aware of this new
insights regarding rationale of extra-—
corporeal removal in severe septic shock in
order to choose the best option regarding the
use of an adjunctive treatment for severe
septic shock at the clinical level. Indeed,
exchange volume is not only important for
removal of mediators but also for
displacement of mediators throughout the
body [26,27,28]. Membrane porosity or
system complexity can never replace systems
that are just using high exchange rates of
volume with simple membrane separation
technology.

As a final note, we can see that the world
of haemofiltration and associated hybrid
therapies is still evolving rapidly. Not only the
investigator but also the clinician should be
aware about the recent advances as several
ongoing “dose outcome” studies may change
profoundly our daily practice. The expansion
and the odyssey of the haemofiltration
universe continues.
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Abbreviation

ADQI: Acute dialysis quality initiative
CCHF: Cascade haemofiltration

CPFA: Coupled filtration and adsorption
CRSS: Catecholamine resistant septic shock
ECR: Extra—corporeal removal

ECT: Extra—corporeal therapy

HPHEF: High permeability haemofiltration
HVHEF: High volume haemofiltration
SHFHF: Super high flux haemofiltration

References

1. Damas P, Canivet JL, de Groote D, Vrindts Y, Albert
A, Franchimont P, et al. Sepsis and serum cytokines
concentrations. Crit Care Med 1997;25:405-12.

2. Casey LC, Balk RA, Bone RC. Plasma cytokine and
endotoxin levels correlate with survival in patients
with the sepsis syndrome. Ann Intern 1993;119:771-8.

3. Ronco C, Tetta C, Mariano F, Wratten ML, Bonello
M, Bellomo R. Interpreting the mechanism of
continuous renal replacement therapy in sepsis. The
peak concentration hypothesis. Artif Organs
2003;27:792-801.

4. Ronco C, Bellomo R. Acute renal failure and multiple
organ dysfunction in the ICU : from renal
replacement therapy (RRT) to multiple organ support
therapy (MOST). Int J Artif Organs 2002;733-47.

5.Ronco C, Ricci Z, Bellomo R. Importance of
increased ultrafiltration volume and impact on
mortality : sepsis and cytokine story and the role for
CVVH. EDTRA ERCA J 2002;2:13-8.

6. Lee PA, Weger G, Pryor RW, Matson JR. Effects of
filter pore size on efficacy of continuous arterio-
venous haemofiltration therapy for staphylococcus
aureus-induced septicaemia in immature swine. Crit
Care Med 1998;26:730-7.

7.Lee WC, Uchino S, Fealy N, Baldwin I,



86

Panagiotopoulos S, Goehl H, Morgera S, Neumayer
HH, Bellomo R. Super high flux hemodialysis at high
dialysate flows : an ex vivo assessment. Int J Artif
Organs 2004;27:24-8.

8. Honoré PM, Matson JR. Hemofiltration, adsorption,
sieving and the challenge of sepsis therapy design.
Review. Crit Care 2002;6:394-6.

9.Bellomo R, Tetta C, Ronco C. Coupled plasma
filtration adsorption. Intensive Care Med
2003;29:1222-8.

10. Bellomo R, Honore PM, Matson JR, Ronco C,
Winchester J. Extracorporeal blood treatment (EBT)
methods in SIRS/Sepsis. Consensus statement.
ADQI III Conference.Electronic Supplement
Material. www.adqi.net (2005).

11. Honoré PM, Joannes-Boyau O. High volume
hemofiltration (HVHF) in sepsis: a comprehensive
review of rationale, clinical applicability, potential
indications and recommendations for future research.
Int J Artif Organs 2004;27:1077-82.

12. Honoré PM, Matson JR. Extracorporeal removal for
sepsis : acting at the tissue level ? the beginning of a
new era for this treatment modality in septic shock.
Crit Care Med 2004;32:896-7.

13. Honoré PM, Jamez J, Wauthier M, Dugernier T.
Prospective evaluation of short-time high volume
isovolemic hemofiltration on the haemodynamic
course and outcome of patients with refractory septic
shock. Crit Care Nephrol 1998;90:87-99.

14. Honoré PM, Jamez J, Wittebole X, Wauthier M.
Influence of high volume haemofiltration on the
haemodynamic course and outcome of patients with
refractory septic shock. Retrospective study of 15
consecutives cases. Blood Purif 1997;15:135-6.

15. Klouche K, Cavadore P, Portales P, Clot J, Canaud
B, Beraud J.

hemofiltration improves hemodynamic in septic

Continuous veno-venous

shock with acute renal failure without modifying
TNF-? and IL-6 plasma concentrations. J Nephrol
2002;15:150-7.

BB K BITEE 5525% 258 2006

16. Di Carlo JV, Alexander SR. Hemofiltration for
cytokine-driven illness : the mediator delivery
hypothesis. Int J Artifi Organs 2005;28:777-86.

17. Olszewski WL. The lymphatic system in body
homeostasis: physiological condition lymph fat rest.
Biol 2003;1:11-21.

18. Onarherim H, Missavage E, Gunther RA, Kramer
GC, Reed RK, Laurent TC. Marked increase of
plasma hyaluronan after major thermal injury and
infusion therapy. J Surg Res 1991 Mar;50(3):259-65.

19. Wasserman K, Mayerson HS. Dynamics of lymph
and plasma protein and exchange. Cardiologia
1952;21:296-307.

20. Rogiers P. High volume haemofiltration: high
volume, high permeability: which target. Abstract
presented at the IV th ERTIC meeting in Nice ? 24-
25 November 2005. France.

21. Honore PM, Zydney AL, Matson JR. High volume
and high permeability haemofiltration in sepsis. The
evidences and the key issues. Care Crit III 2003;3:69-
76. Review.

22. Valbonesi M, Carlier P, Icone A, Accorsi P, Borberg
H, Schreiner T, ef al. Cascade filtration: a new filter
for secondary filtration--a multicentric study. Int J
Artif Organs 2004 Jun;27(6):513-5.

23.Matson JR, Zydney RL, Honoré PM. Blood
filtration: New opportunities and the implications on
system biology. Crit Care Resusc 2004;6:209-18.

24. Bellomo R, Honoré PM, Matson JR, Ronco C,
Winchester J. Extracorporeal blood treatment (EBT)
methods in SIRS/Sepsis. Consensus statement.
Position paper. ADQI III Conference. Int J Artif
Organs 2005;28:450-8.

25. Honoré PM, Joannes-Boyau O. The IVOIRE Study:
Impact of High Volume Haemofiltration in Early
Septic Schock with Acute Renal Injury:A
prospective multicentric randomized study. Design
presented for the Stoutenbeek Award of the 18 th
Annual Congress of ESICM Society. Berlin 10-13
October 2004. Principal Investigator: Joannes-Boyau



Rationale of Extra—Corporeal Removal in Sepsis and SIRS

26.

27.

28.

0. and Co-Principal Investigator: Honoré PM-
Ongoing Study.

Joannes-Boyau O, Honoré PM, Boer W.
Hemofiltration: the case for removal of sepsis
mediators from where they do harm. Crit Care Med
2006;34:2244-6.

Honoré PM, Jamez J, Wauthier M, Lee PA,
Dugernier Th, Pirenne B, Hanique G,Matson JR.
Prospective evaluation of short term high volume
isovolemic haemofiltration on the haemodynamic
course and outcome in patients with intractable
circulatory failure resulting from septic shock. Crit
Care Med 2000;28:1-3587. (First featured article of
that issue).

Honoré PM, Joannes-Boyau O, Meurson L , Boer
W, Piette V, Galloy AC, Janvier G. The Big Bang of
Haemofiltration: the beginning of a new era in the
third Millennium for extra-corporeal blood
purification ! Review Paper. International Journal of
Artificial organs 2006. Int J Artif Organs
2006;29:649-59.

87



