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Abstract

Sepsis and septic shock are the leading causes of acute renal failure, multiple organ system
dysfunction, and death in the intensive care unit. The pathogenesis of sepsis is complex and comprises
a mosaic of interconnected pathways. Several attempts to improve patient outcomes by targeting
specific components of this network have been unsuccessful. For these reasons, the ideal
immunomodulating strategy would be one that restores immunologic stability rather than blindly
inhibiting or stimulating one or another component of this complex network. Hence, the recent focus of
immunomodulatory therapy in sepsis has shifted to nonspecific methods of influencing the entire

inflammatory response without suppressing it.

Here, we discuss the various modalities of

extracorporeal blood purification, the existing evidence, and future prospects.
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Extracorporeal therapies designed to remove substances
from the circulation now include hemodialysis, hemofiltration,
hemoadsorption, plasma filtration, cell-based therapies, and
combinations of any of these. In recent years there have been
considerable advances in our understanding and technical
capabilities, but consensus over the optimal way and under
what conditions to use these therapies does not exist. In
general, these therapies have been adapted to sepsis from
nephrology-based therapy (hemodialysis for renal failure) or
from hematology-based therapy (plasma exchange for throm-
botic thrombocytopenic purpura).

Continuous renal replacement therapies

More than a decade ago, Gotloib and coworkers [1]
observed that renal replacement therapy could remove inflam-
matory mediators from the plasma of septic patients. Subse-
quently, Stein and coworkers [2] described an improvement
in hemodynamics associated with hemofiltration in the pig fol-
lowing administration of intravenous endotoxin. A short time
later these findings were confirmed by Grootendorst and
coworkers [3], who also found that the ultrafilirate removed

from endotoxemic animals produced hemodynamic instability
in healthy animals when it was infused intravenously [4]. At
about this time, Lee and coworkers [5] reported a survival
benefit associated with hemofiltration in septic pigs and
Bellomo and coworkers [6] showed that some of the ILs and
tumor necrosis factor (TNF) could be removed from the circu-
lation of humans with sepsis. With these advances, blood
purification as a treatment for human septic shock was born.

Since that time many technological advances have occurred,
along with substantial changes in our basic understanding of
sepsis and the inflammatory response. Modifications of exist-
ing technology and new approaches have created a vast
array of possible therapies to use or investigate.

‘Conventional’ continuous renal replacement therapy

The various modalities of continuous renal replacement
therapy (CRRT) differ in the kind of access (arteriovenous
versus veno-venous), mechanism of solute transport (convec-
tive versus diffusive), and location where the replacement
fluid enters the extracorporeal circuit (predilution versus post-

ARF = acute renal failure; CHFD = continuous high-flux dialysis; CRRT = continuous renal replacement therapy; CVVH = continuous veno-venous
hemofiltration; HVHF = high-volume hemofiltration; IL = interleukin; TNF = tumor necrosis factor.
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dilution). In arteriovenous circuits blood is driven by the
patient’s blood pressure through a filter, via an extracorporeal
circuit originating from an artery and terminating in a vein.
However, in a veno-venous circuit, blood is driven by a peri-
staltic pump module (with appropriate air bubble and pres-
sure monitors) through a filter via an extracorporeal circuit
originating and terminating in a vein. Arteriovenous circuits
carry all of the risks associated with arterial puncture (i.e.
thrombosis, bleeding, etc.) and are disadvantageous in that
the ultrafiltration and solute clearance are dependent on the
patient's blood pressure and their efficiency is unpredictable
[7]. For these reasons, veno-venous circuits using double-
lumen catheters are considered safer and more efficient, and
are now widely preferred in the management of renal failure.
Given that the system requirements are only greater with
immunomodaulation, arteriovenous systems have been aban-
doned in the treatment of sepsis.

The term ‘diffusion’ describes a type of solute transport
across a semipermeable membrane generated by a concen-
tration gradient. The extent of diffusive clearance is deter-
mined by the molecular weight of the solute (or more
precisely by the Einstein—Stokes radius of the molecule), the
concentration gradient across the membrane, temperature,
and the membrane surface area, thickness and pore size.
Smaller solutes such as urea, creatinine, and electrolytes are
cleared efficiently by diffusion, and as a solute’s molecular
weight increases diffusivity decreases. During CRRT the
addition of countercurrent dialysate flow accomplishes diffu-
sive clearance by maximizing the concentration gradient
between blood and dialysate through the length of the mem-
brane. The term ‘convection’ describes a process in which
solutes are transported across a semipermeable membrane,
along with movement of solvent (ultrafiltration) that occurs in
response to a positive transmembrane pressure gradient.
Here, the clearance depends on the ultrafiltration rate and
sieving characteristics of the membrane and solute, and to a
lesser extent on the molecular size of the solute. Dialysis
membranes are further classified based on their ultrafiltration
coefficients into high-flux and low-flux membranes (i.e. for a
given transmembrane pressure gradient, high-flux membranes
have a higher filtration rate than do low-flux membranes).

There are few data to state convincingly that convective clear-
ance is better than diffusive clearance. However, studies
comparing convective clearance and diffusive clearance have
shown that middle-molecular-weight substances (peptides)
and large molecules such as vancomycin are better removed
by convection [8-10]. Some of the molecules implicated in
sepsis and multiple organ dysfunction fall into the middle-
molecular-weight range, and hence convective therapy may
serve as a useful adjunctive therapy in septic shock [9]. In
addition, convective treatments permit isotonic ultrafiltration,
whereas in diffusive treatments osmotic changes in plasma
may produce unwanted fluid shifts toward the intracellular
compartment.

The nomenclature of the CRRT modality depends on the type
of access (arteriovenous versus veno-venous) and the mech-
anism of solute clearance used. If the clearance is purely dif-
fusive then the term ‘hemodialysis’ is used, and if the
clearance is purely convective then the term ‘hemofiltration’ is
used. When both convective and diffusive clearances are
used, the term ‘hemodiafiltration’ is applied. Continuous
hemodiafiltration — a combination of convective and diffusive
clearance — is the most efficient CRRT modality. In modalities
that involve convective clearance, the ultrafiltrate produced
during membrane transit is replaced completely or in part
with a replacement solution to achieve volume control and
blood purification. Ultrafiltration in excess of replacement
results in patient weight loss [11]. The replacement fluid can
be infused either before the filter (predilution) or after the filter
(postdilution). The efficiency of postdilution CRRT is limited
by the maximum acceptable value of filtration fraction and by
the maximal blood flow that can be delivered by the access.
Conversely, predilution CRRT is not limited by filtration frac-
tion and therefore allows for higher ultrafiltration rates. This,
along with increased replacement fluid rate and a more
porous membrane, can enhance solute clearance. However,
at a given ultrafiltration rate, predilution results in reduced
solute clearance as compared with postdilution because of
dilution of solutes at blood entry into the filter. Hence, ultrafil-
tration must be relatively increased to maintain the same effi-
ciency of solute removal as is observed in postdilution mode
[12-14]. Although definitive evidence is lacking, predilution
fluid replacement also is believed to enhance filter patency
during CRRT and to reduce need for anticoagulation [15].

Along with a surge in proinflammatory mediators, there is a
parallel rise in anti-inflammatory substances in sepsis, which
creates a state of ‘immunoparalysis’ that is characterized by
immune effector cell (i.e. monocyte) dysfunction [16]. Both
the proinflammatory and anti-inflammatory cascades interact
with each other, and form a complex network that is con-
stantly trying to balance and restore immunologic homeosta-
sis [17]. Numerous therapies designed to intervene in the
proinflammatory cascade alone have failed to alter the
outcome of sepsis in recent years [18]. Hence, the recent
focus of immunomodulatory therapy in sepsis has shifted to
nonspecifically downregulating the entire inflammatory
response without suppressing it, perhaps by using extracor-
poreal blood purification techniques. The rationale for such a
strategy is that it would ‘autoregulate’ itself, such that as one
component of the response increases, so too would the
effect on that component [19].

Most of the immune mediators are water soluble and fall into
the middle-molecular-weight category [20] and hence can
theoretically be removed by a plasma water purification
system such as hemofiltration. Based on the above rationale
and observations, several investigators have studied the
effects of CRRT in animal models of sepsis and have demon-
strated some beneficial effects [21]. Subsequently, Kellum



and coworkers [9] demonstrated that, although convective
clearance (continuous veno-venous hemofiltration [CVVH])
was better than diffusion (continuous veno-venous hemodialy-
sis) in reducing plasma TNF, the mode of clearance did not
influence plasma concentrations of IL-6, IL-10, soluble
L-selectin, or endotoxin. However, in a small clinical trial of
early isovolemic CVVH at 21/hour, Cole and coworkers [22]
were unable to demonstrate any reduction in the circulating
concentrations of several cytokines and anaphylatoxins asso-
ciated with septic shock, or could they show improved organ
dysfunction following severe sepsis. Thus, the relative impact
of conventional CRRT on inflammatory molecules is probably
small and the impact on clinical outcomes uncertain. Hence,
conventional CRRT is currently not recommended as a
therapy for sepsis in patients without renal failure [14].

High-volume hemofiltration

Wide variation exists in the manner in which CRRT is pre-
scribed worldwide. Although higher effluent flow rates are
sometimes prescribed in Europe and Australia, because of
the limitations of pump design, effluent flow rates during
CRRT in the USA have traditionally been restricted to 21/hour
or less. Recently, however, Ronco and coworkers [23]
showed that higher CRRT doses (35 ml/kg per min) improved
patient survival in acute renal failure (ARF) as compared with
conventional doses (20ml/kg per min), whereas further
increases in dose to 45ml/kg per min were not helpful.
Because sepsis is a major cause or complicating factor asso-
ciated with the development of ARF as well as mortality in
this population, it is intriguing to speculate that increased
inflammatory mediator removal with convection may have
played a role in improving survival. Confirmation of this
hypothesis awaits further large studies.

Although most of the inflammatory mediator molecules fall
into the middle-molecular-weight category and can theoret-
ically be removed by hemofiltration, they have very high
generation rates relative to uremic toxins. Thus, the inten-
sity of blood purification and the beneficial effects have
been relatively modest with the traditionally used effluent
flow rates of 1-21/hour (as used for management of ARF)
[9,22]. Subsequently, investigators seeking to achieve
‘adequate blood purification’ in sepsis hypothesized that
higher ultrafiltration rates would be necessary. Defined by
an ultrafiltration flow rate in excess of 35ml/kg per hour
and often as high as 75-120ml/kg per hour [15], high-
volume hemofiltration (HVHF) may be necessary to achieve
‘clinically meaningful' convective removal of inflammatory
mediators. To achieve HVHF, it is necessary to use a high
permeability membrane with a large surface area and
sieving coefficient close to 1 for a wide spectrum of molec-
ular weights.

Numerous in vitro and animal studies have shown that syn-
thetic filters used in hemofiltration can extract a wide array of
substances that are involved in sepsis to a certain degree
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[24]. Early studies conducted by Grootendorst and cowork-
ers [3,4] using porcine endotoxic models showed a major
attenuation of endotoxin-induced hypotension and an
improvement in cardiac performance with HVHF. Subsequent
animal studies also showed similar beneficial effects with
HVHF in endotoxic animal models [25,26]. These animal find-
ings subsequently triggered some interest in the potential
benefits of HVHF in human sepsis. HVHF has been shown to
improve hemodynamics, decrease vasopressor requirement
and perhaps improve survival in septic patients [27-30].
However, those studies were all done in either small number
of patients or were nonrandomized and uncontrolled. Despite
these early promising studies, larger trials looking at HVHF as
an adjunctive therapy in human sepsis are needed before
such therapy can be routinely advocated.

Continuous high-flux dialysis

Extending previous work on nomenclature for CRRT, the Defi-
nitions Workgroup for the Acute Dialysis Quality Initiative
defined continuous high-flux dialysis (CHFD) as a form of
CRRT that uses a highly permeable dialyzer with blood and
dialysate flowing countercurrent, and in which ultrafiltrate pro-
duction is controlled by blood pumps whereby there is a
balance of filtration and backfiltration, with ultrafiltrate pro-
duced in the proximal portion of the fibers and reinfused by
backfiltration in the distal portion of the fibers so that replace-
ment fluid is not required [15]. This technique has mainly been
developed to optimize the clearance of middle molecules
without compromising the clearance of urea nitrogen. Another
feature seen in some systems is an addition of a gravimetric
pump in the ultrafiltration/dialysate outflow limb. This regulates
both the net ultrafiltration rate and the dialysate outflow rate.
Once the patient’s dry weight has been reached, the circuit
may operate at zero net filtration using dialysate at varying flow
rates to provide back filtration in the distal limb of the circuit
equal in amount to the ultrafiltrate generated in the proximal
limb. In this mode, convective transport is therefore maintained
without any need for replacement fluids [31]. Since this tech-
nique combines convective and diffusive clearances, urea
clearances of up to 60l/day and middle molecule clearance
(specifically inulin) of up to 36 1/day have been demonstrated.

There is very limited data on the use of CHFD as a mode of
blood purification in human sepsis. Lonneman and coworkers
[32] compared the effects of standard CVVH with CHFD on
ex vivo induced whole blood production of TNF and inhibitory
TNF soluble receptor typel in 12 patients with sepsis and
ARF. That study showed an increase in TNF production with
time during CHFD as compared with CVVH and a significant
increase in soluble receptor concentration in the dialysate
during CHFD.

Hemo-adsorption

Although uncontrolled clinical studies of HVHF suggest that
hemodynamic variables and even survival might be improved
[30], the optimal flow rate to achieve ‘adequate’ clearance of
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inflammatory mediators has yet to be determined. Further-
more, the application of HVHF routinely in humans raises sub-
stantial organizational, technical, and financial issues.
Removal rates and clearances of the different inflammatory
cytokines (e.g. TNF, IL-1, etc.) are limited by poor membrane
passage and may be further reduced over time as the mem-
brane becomes ‘fouled’ by plasma proteins. However, there is
also evidence that clearance of mediators by hemofiltration
may be due more to adsorption of mediators to the mem-
brane, although convective clearance is still partly responsi-
ble [33,34].

Hence, in the quest to achieve higher mediator clearance,
newer membranes/devices with higher porosity and adsorp-
tive capacity have been tried. ‘Hemoperfusion’ is a technique
in which a sorbent is placed in direct contact with blood in an
extracorporeal circuit. Nonspecific adsorbents, typically char-
coal and resins, attract solutes through a variety of forces,
including hydrophobic interactions, ionic (or electrostatic)
attraction, hydrogen bonding, and van der Waals interactions.
By manipulating the porous structure of solid phase sorbents,
it is possible to increase the selectivity of nonspecific adsor-
bents for particular solutes. In this case, solute molecules are
separated according to their size and by their ability to pene-
trate the porous network of the sorbent material [35]. The
adsorptive capacity for resins and charcoals is often quite
high, in excess of 500 m?/g adsorbent. Until recently, poor
biocompatibility, as evidenced by thrombocytopenia and neu-
tropenia [36], was the major clinical limitation of these materi-
als. Newer resin adsorbents appear to have resolved this
issue with the addition of a biocompatible coating [37]. In
view of the high-molecular-weight adsorption characteristics
of sorbents, it is possible to target larger molecules that
exceed the molecular weight cutoff of synthetic high-flux dial-
ysis membranes. This makes sorbents potentially ideal for
intervention in sepsis. Sorbents have been applied in different
treatment modalities, including hemoperfusion and hemoper-
fusion coupled with hemodialysis or with plasma filtration. The
choice of modality is based mainly on the properties of the
sorbent and the technique used.

In Gram-negative sepsis, lipopolysaccharide and its frag-
ments are instrumental in the initiation and perpetuation of the
inflammatory response. Therefore, earlier extracorporeal
devices were designed to remove the inciting stimulus (i.e.
endotoxin). Attempts have been made to remove endotoxin
from the circulation using polymyxin-B-immobilized fiber and
charcoal hemoperfusion. Hemoperfusion with polymyxin-B-
bound sepharose, immobilized with fiber, has been shown to
have positive effects in an animal model of normotensive
sepsis [38]. Subsequently, human studies have demon-
strated that treatment with polymyxin-B-immobilized fiber
reduces plasma levels of endotoxin, thrombomodulin, TNF
release, and endothelin-1 levels in septic shock [39,40]. In a
pilot study (n=16), Aoki and coworkers [41] showed that
hemoperfusion with polymyxin-B-immobilized fiber signifi-

cantly decreased endotoxin levels after 2 hours of direct
hemoperfusion. Those investigators also showed that the
hyperdynamic, high cardiac output state returned to normal
levels after treatment, and in patients with arterial systolic
pressure below 100mmHg the pressure increased signifi-
cantly from the pretreatment level. Fever was also alleviated
by this therapy and did not return until the day after treatment.
Nonetheless, no randomized controlled studies yet exist to
support the effectiveness of this strategy in managing sepsis.
Various other sorbents have been designed and used for
blood purification, but are currently in the clinical testing
phase. One such system is the molecular adsorbent regener-
ating system device, which employs a polysulfone high-per-
meability dialyzer with albumin on the dialysate side to aid
transfer of protein-bound toxins across the membranes [42].
This system has mainly been used in the treatment of hepatic
encephalopathy and fulminant hepatic failure, and good clini-
cal studies in septic patients are lacking at the present time.

One of the techniques of hemo-adsorption is to separate the
plasma from the blood using a plasma filter and then passing
the filtered plasma through a synthetic resin cartridge, ulti-
mately returning it to the blood. A second filter can be added
to remove excess fluid and low-molecular-weight toxins. The
use of a more open membrane (plasmafilter) coupled with
adsorption may increase the adsorptive capacity of the
system and achieve higher nonspecific clearance of inflam-
matory mediators [43]. Tetta and coworkers demonstrated
both significant removal of both proinflammatory and anti-
inflammatory mediators [44] and improved survival [45] using
this technique in an animal model of sepsis. Subsequently, in
a recent pilot study Ronco and coworkers [46] documented
important physiologic benefits (hemodynamic stability and
monocyte responsiveness) using this technique in septic
patients. Using hemoperfusion with a different sorbent
(CytoSorb™), in a lethal animal model of lipopolysaccharide-
induced shock we recently demonstrated improved hemo-
dynamics and survival time, along with significant decreases
in plasma IL-6 and IL-10 levels, using hemoadsorption [47].

The above studies support a role for broad-spectrum hemo-
adsorption of multiple inflammatory substances to augment
the management of sepsis. These therapies offer new
promise in the field of immunomodulation because they are
both broad-spectrum (removing both proinflammatory and
anti-inflammatory substances) and self-regulating (they
remove substances in relation to their circulating concentra-
tions) [48]. Broad-spectrum adsorption offers significant
advantages over hemofiltration and is simpler to apply than
plasmapheresis. Currently, extensive preclinical work is being
undertaken to define the duration of therapy with sorbents,
the timing of application, and device design [35].

Plasma therapies in critically ill patients

Although the terms ‘plasmapheresis’ and ‘plasma exchange’
are commonly used synonymously, the two techniques differ



in important ways. Plasmapheresis is a two-step process in
which first the separation of blood into its components (cells
and plasma) is accomplished, by means of a centrifugal pump
or filter. Then, the separated plasma is allowed to flow along
column(s) containing different adsorbents, allowing the selec-
tive removal of components, and the processed plasma is
reinfused back to the patient. Hence, in plasmapheresis no
(or minimal) replacement fluids are necessary. By contrast,
plasma exchange is a single-step process in which blood is
separated into plasma and cells similarly using centrifugation
pumps or a filter, and the cells are returned back to the
patient while the plasma is replaced with either donor plasma
or albumin [49]. Replacing volume lost with fresh frozen
plasma is also done to replete any factor(s) (immunoglobu-
lins, etc.) necessary to restore homeostasis and often to
correct the underlying disorder for which the plasma therapy
was done in the first place (e.g. thrombotic thrombocytopenic
purpura). Plasma filiration has advantages over centrifugal
plasma exchange in that it is less expensive and can be per-
formed with the same machines as are used for CRRT.

Like other extracorporeal blood purification techniques,
plasma therapies have been tried in the treatment of sepsis.
Early animal studies done to evaluate efficacy in altering the
inflammatory response have provided conflicting results
[60-52]. In early human studies, plasma exchange has been
shown to reduce effectively the plasma concentrations of
various sepsis mediators [53-55]. However, wide variation
exists in the pattern of mediator removal. For example, in a
study conducted by Gardlund and coworkers [54], plasma
exchange therapy in septic patients decreased the plasma
levels of TNF but not of other cytokines. In contrast, Reeves
and coworkers [66] showed that a wide variety of acute
phase proteins and complement fragment C, can effectively
be removed by plasma exchange therapy in septic patients.
However, in that study plasmafiltration did not influence mean
concentrations of IL-6, granulocyte colony-stimulating factor,
thromboxane B,, total white cell count, neutrophil count, or
platelet count. There was also no improvement in survival with
plasmafiltration in that study.

Independent of the specific mediators removed, plasma
exchange therapy has been shown to be associated with
improvement in hemodynamic variables in some clinical
studies [67-59]. However, all of those studies were limited in
that they studied small numbers of patients and were uncon-
trolled. In septic patients (n=12), Berlot and coworkers [59]
showed that the cardiac index improved significantly after
plasma exchange therapy (aimed at removing the full volume
of plasma). Interestingly, this improvement in cardiac index
was not associated with any changes in preload or afterload.
However, the improvement in hemodynamic variables was
transient and had no effect on the outcome of these patients.
Furthermore, patients in the study received plasma replace-
ment, and hence it is difficult to infer whether these changes
in hemodynamic variables were due to removal of mediators
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or due to the replacement substances present in the donor
plasma. In patients with septic shock, Ronco and coworkers
[46] showed that coupled plasmafiltration—adsorption com-
bined with hemodialysis was associated with improvement in
hemodynamics and leukocyte responsiveness as compared
with treatment with continuous veno-venous hemodiafiltration.
Finally, in a recent retrospective observational study (n=7),
Ataman and coworkers [60] failed to demonstrate any signifi-
cant improvement in cardiovascular parameters (heart rate
and mean arterial pressure) during the first 24 hours after
plasmapheresis.

In a retrospective study looking at outcomes in patients with
sepsis treated with plasma exchange therapy, Barzilay and
coworkers [61] showed that patients treated with hemodiafil-
tration associated with plasma exchange had a better survival
than did patients treated with conventional hemofiltration or
hemodiafiltration without any plasma exchange therapy.
Patients who did not receive any blood purification therapy
(control group) had the worst outcome. However, that retro-
spective study has numerous study design limitations (i.e. it
was nonrandomized, underpowered, and the different treat-
ment groups were not comparable to each other). Subse-
quently, in another nonrandomized study, 19 septic patients
who underwent CVVH combined with plasmapheresis were
compared with 24 patients who had been treated for their
sepsis without any blood purification technique [62].
Although in that study the treatment group had an overall
lower mortality than did the control group (42.1% versus
45.8%), the primary organ failure rates were higher in the
treatment group.

Some authors have argued that plasma therapies are most
likely to be effective when they are applied after early stabi-
lization of shock and perhaps when targeting thrombotic
microangiopathy rather than cytokines [63]. Most recently,
Busund and colleagues [64] used partial plasma exchange
therapy and showed a tendency toward improve outcome in
adult patients with septic shock. Finally, in a preliminary
report, Nguyen and colleagues [65] reported that children
with thrombocytopenia (platelet count <100 000/mm3)-asso-
ciated multiple organ failure had reduced or absent von Willi-
brand factor cleaving protease activity, along with markedly
increased plasminogen activator inhibitor-1 activity, both of
which were reversed by plasma exchange therapy. These
patients required a median of 11 days of plasma exchange to
reverse their multiple organ failure. These findings suggest
that prolonged plasma exchange may be required to reverse
the thrombotic microangiopathy of thrombocytopenia-associ-
ated sepsis as well. Hence, outcomes with plasma exchange
therapy may also be related to duration of treatment and the
presence of underlying thrombotic microangiopathy. Thus,
based on the limited and conflicting data available, it is diffi-
cult to know whether plasma exchange will be useful in the
management of sepsis, either alone or in combination with
other forms of blood purification. These techniques are also
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more cumbersome and costly than other forms of extracorpo-
real blood purification (i.e. HVHF and hemo-adsorption).
However, the results of recent studies, especially those in
patients with sepsis-associated thrombotic microangiopathy,
argue in favor of larger clinical trials.

Conclusion

Although this wider approach to blood purification in sepsis
seems logical, promising and opens new perspectives, many
questions still remain unanswered, including the timing, dura-
tion, and frequency of these therapies in the clinical setting.
However, for now one can safely conclude that these tech-
niques are usually well tolerated and are effective in clearing
‘mediators’ of sepsis from the plasma, often improving physio-
logic parameters. Large multicenter trials evaluating their effi-
cacy to improve clinical outcomes (i.e. mortality or organ
failure), rather than surrogate markers such as plasma media-
tor clearance or transient improvement in physiologic vari-
ables, are required to define the precise role of these
therapies in the management of sepsis. Given the available
data to date, we speculate that immunomodulation using
either HVHF or hemo-adsorption, or both, will be most useful
in the early stages of severe sepsis and septic shock when
high levels of inflammatory mediators appear in the circula-
tion, whereas plasma therapies will be most useful later in the
course of illness when thrombotic microangiopathy and
endothelial injury begin to immerge. The most effective blood
purification strategy may be the careful deployment of both of
these therapies at right time.
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