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Purpose and aims
Defining the problem

Severe sepsis is an infection resulting in organ
dysfunction including circulatory, respiratory
and kidney failure. Untreated, the condition can
progress into septic shock with a mortality of
30-60%. The septic reaction is triggered by
bacterial substances, such as endotoxin, and is
maintained by inflammatory mediators of the
host e.g. cytokines. Acute kidney failure is a
common feature of septic multi organ failure
and the affected patients need support by con-
tinuous renal replacement therapy (CRRT) i.e.
dialysis and/or haemofiltration. This opens up a
possibility to dampen the septic reaction by si-
multaneously removing bacterial substances
and cytokines extracorporally.

The Oxiris® filter is a registered product for
CRRT already safely used in routine care. In in
vitro experiments, the Oxiris® filter has been

demonstrated to adsorb endotoxin and cy-
tokines. Compared to conventional filters this
may be advantageous in patients with severe
sepsis but neither decreased levels of endotoxin
and cytokines nor an improved outcome has
been demonstrated with clinical use.

Purpose

The long term purpose of the studies outlined
in the present research programme is to con-
tribute to improving the outcome of patients
with severe sepsis.

Specific aims

We want to determine if continuous renal re-
placement therapy with the Oxiris® filter is
beneficial in patients with severe sepsis. Before
outcome studies with overall end-points such as
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mortality or complications to sepsis can be per-
formed the following questions must be ad-
dressed:

Does use of the Oxiris® filter in patients
with severe sepsis decrease plasma levels
of endotoxin and/or cytokines more than
conventional filters?

Does use of the Oxiris® filter in patients
with severe sepsis improve hemodynam-
ics compared to conventional filters?

Does use of the Oxiris® filter in patients
with severe sepsis improve respiratory
function compared to conventional fil-
ters?

If the answer to one or more of these questions
is Yes we will proceed addressing the question:

Does use of the Oxiris® filter in patients
with severe sepsis improve survival com-
pared to conventional filters?

Survey of the field
Pathophysiology of sepsis

Sepsis, a complex clinical syndrome caused by
an infection with bacteria, viruses or fungi, is
triggered by microbial components such as en-
dotoxin (lipopolysaccharide, LPS). The patho-
physiology includes an overwhelming inflam-
matory host response, which can lead to the
development of multiple organ failure, result-
ing in mortality rates of up to 45 % (1). Sepsis
in conjunction with one or more failing organs
is called severe sepsis. Numerous trials have
been performed in order to improve outcome
with anti-inflammatory agents blocking the ac-
tion of inflammatory mediators released in sep-
sis e.g. cytokines such as tumor necrosis factor
(TNF)-a and interleukin (IL)-1 (2, 3). Although
promising in in vivo studies on experimental
animals the results have been disappointing in
the clinical setting (4). One reason could be
that the antagonists disturb the regulation of the

inflammatory response, thereby impairing the
immunological actions directed towards the
pathogens.

Blood purification

An attractive alternative approach is to reduce
the levels of the agents triggering and maintain-
ing the septic reaction. The overall concept of
such blood purification is to attenuate the
overwhelming systemic expression of pro- and
anti-inflammatory mediators. Subsequent
restoration of immune homeostasis is thought
to be able to improve outcome and survival.
Thus, the blood purification concept and thera-
pies have evolved toward the non-specific re-
moval of a broad spectrum of inflammatory
mediators, which can also include microbial
toxins (5). Extracorporeal removal of toxins
and cytokines has been achieved using two dif-
ferent principles:

1. Extracorporeal filtering
2. Extracorporeal hemoadsorption

1. Extracorporeal filtering

Kidney failure is prevalent in sepsis making up
severe sepsis. Around 5% of critically ill pa-
tients undergo continuous renal replacement
therapy because of acute kidney injury. This
therapy often includes dialysis but nowadays
usually also haemofiltration, both modalities
achieved with the same setup. In High-volume
haemofiltration (HVHF) an increased filtration
pressure and/or pore size of the filtration sieve
allows filtration of larger molecules such as
bacterial toxins and host-derived cytokines (5).
A recent Cochrane report suggested that there
are no adverse effects of HVHF. The authors
concluded, however, that there is insufficient
evidence to recommend the use of HVHF in
critically ill patients with severe sepsis and or
septic shock (6).
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2. Extracorporeal hemoadsorption

This technique utilizes the more or less selec-
tive affinity between bacterial toxins/cytokines
and resins attached to a membrane. Toxins and/
or cytokines in blood flowing by the membrane
are trapped and the blood is purified. This prin-
ciple is employed by the Toraymyxin® car-
tridge for removal of endotoxin by binding to
covalently bound polymyxin B resins in the
cartridge. In a small randomized controlled trial
of 64 septic shock patients published in JAMA
2009, Cruz and colleagues demonstrated a sig-
nificantly improved organ function in the group
treated with the cartridge (7). More important-
ly, 27-day mortality was significantly lower in
the treatment group.

The Alteco® LPS Adsorber is a device working
according to a similar principle. In a series of
septic shock cases, it was observed that treat-
ment with the adsorber was associated with a
reduced need for pressor administration and
organ function improved (8). No results from
any study aimed at evaluating mortality have as
yet been published.

The Oxiris® filter

Conventional filters for continuous dialysis/
haemofiltration, such as AN 69 and AN 69 ST,
binds low molecular weight polypeptides in-
cluding some cytokines. Frequent change of
filters every three hours to avoid saturation
have been demonstrated to result in lower lev-
els of IL-6, IL-10 and IL-18 as well as in-
creased hemodynamic stability in patients with
septic shock (9). The Oxiris filter is a further
development displaying higher biocompatibili-
ty including less activation of the contact sys-
tem and a heparin coating. In addition, the
Oxiris® filter binds endotoxin and clearance of
TNF-a, IL-1ra, IL-1B and IL-10 from human
blood in vitro is greater than with AN 69 (10).

In an in vivo study on anaesthetized pigs chal-
lenged with live Pseudomonas aeruginosa,
treatment with Oxiris® filter decreases circulat-
ing endotoxin and IL-1B levels and reduces
need for fluids compared to treatment with AN
69 (10). Importantly, signs of metabolic acido-
sis as well as lactate levels were improved indi-
cating reversal of the pseudomonas-induced
septic shock. The decrease in endotoxin levels
was, however, transient despite continuous use
of the Oxiris® filter suggesting rapid saturation
of its endotoxin-scavenging capability. This
leaves an important issue to be dealt with: How
often must the Oxiris® filter be changed in or-
der to retain its adsorptive function?

Despite absence of clinical studies, the Oxiris®
filter has gained widespread use and there have
been no safety issues. Still, there is uncertainty
weather the treatment is actually effective. The
present project aims at relieving this uncertain-

ty.

Project description
Theory

If we in a first study can demonstrate that use
of the Orixis® filter in sepsis patients reduces
endotoxin levels, cytokine levels or improves
sepsis-induced failing circulation or respiration,
this will be proof of concept of a second ran-
domized controlled outcome study evaluating
the effect of Oxiris® treatment on sepsis com-
plications and mortality.

Study population

Patients >18 years, both genders, severe sepsis
or septic shock, acute kidney failure.

Inclusion criteria

Patients admitted to intensive care unit
(ICU) of age >18 years with decision
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based on the clinical situation of the
patient taken by the physician in charge
that continuous renal replacement ther-
apy will be started

AND
* Vasoconstrictor and volume dependent
septic shock with known Gram-negative
infectious agent in blood culture
OR

Vasoconstrictor and volume dependent
septic shock suspected to be caused by
a Gram-negative agent and with posi-
tive plasma endotoxin test

Exclusion criteria

* Infected with Hepatitis B or C or HIV
* Dependence on dialysis treatment be-
fore the actual ICU episode

Method

A randomized cross-over design will be used.
Patients will be included after informed consent
of patient or next of kin. Patients who recover
will be informed again and if consent is not ob-
tained the patient will be excluded. Eight pa-
tients will be randomized to CRRT with a con-
ventional AN 69 M150 filter for 24 hours fol-
lowed by Oxiris® filter for another 24 hours.
Another eight patients will be randomized first
to obtain treatment with Oxiris® filter for 24
hours followed by AN 69 M150 filter for an-
other 24 hours.

Arterial blood samples will be drawn at start
and then 1, 3, 8, 16 and 24 hours after the start
of each filter, and analyzed for endotoxin (EAA
assay), TNF-a, IL-1pB, IL-6 and IL-10 (ELISA)
levels. Standard blood tests will be analyzed

simultaneously. Data concerning mode and set-
tings of CRRT, heart rate, blood pressure, med-
ication, data concerning ventilatory support and
pathogen will be registered.

Power analysis based on a previous study on
extracorporeal endotoxin removal in sepsis pa-
tients (8) suggested that if the material is ana-
lyzed with Student’s paired t-test with a = 0.05,
a power above 0.8 will be obtained with 13 pa-
tients. To compensate for exclusion, 16 patients
will be included. The cross-over design will
compensate for any change in endotoxin and/or
cytokine levels with time.

Time schedule

This first part of the study will be conducted at
a single center and inclusion will start August
2015 and hopefully be completed 1% year later.
Results will be published within a year after
completing the inclusion.

Statistics

Primary endpoint
Levels of endotoxin and cytokines will be
compared using Student’s paired t-test on AUC
values for each 24-hour period. If the data does
not follow a Gaussian distribution Wilcoxon
signed-rank test will be used.

Changes over time will be analyzed using two-
way repeated measures ANOVA.

Secondary endpoints
Please see primary endpoints.

Power analysis

Expected mean differences in endotoxin levels
including standard deviation was based on data
from a previous study on extracorporeal endo-
toxin removal in sepsis patients (reference: Ala-
Kokko TI, Laurila J, Koskenkari J. Blood Purif.
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2011; 32(4): 303-9). Power analysis suggested
that if the material is analyzed with Student’s
paired t-test with o = 0.05, a power above 0.8
will be obtained with 13 patients. To compen-
sate for exclusion, 16 patients will be included.
The cross-over design will compensate for any
change in endotoxin and/or cytokine levels
with time.

Ethics

Ethics Board Approval obtained by Regional
Research Ethics Board in Lund, Sweden, 7th
May 2013.

Adverse events reporting

The patients are located in an intensive care
unit. oXiris filters are already at present includ-
ed among the treatment options available to the
physician in charge of the patient. During the
study period there will always be one member
(clinically experienced ICU physician) of the
study personnel on call. If a suspicion arises of
an Adverse Event this person will be called to
the bedside to evaluate and participate in the
scenario. In addition regular ICU staff will be
present. This ensures that a report can be sent
to Baxter within 24 hours.

Project organization

The study will be managed at the investigators’
own department which harbors a suitable in-
frastructure including two intensive care units
with established routines for CRRT (in Lund
and Malmo, respectively), access to the help of
a research nurse and well equipped laboratory
facilities.

Dr. Ingrid Berkestedst is a skilled clinician with
previous experience in clinical intensive care
research including cytokine measurements in
sepsis.

Dr. Marcus Broman is a renowned intensivist
with previous scientific production within the
field of CRRT.

Prof. Mikael Bodelsson is a specialist of in-
flammatory activation and endotoxin-related
mechanisms in sepsis.

The project is investigator initiated.

Significance

Severe sepsis and sepsis with failing circulation
that does not respond to fluid treatment, septic
shock, is a major killer in Intensive Care Units
with mortality rates ranging from 30 to 60 %.
Despite increased knowledge of relevant
pathophysiology, treatment is still restricted to
antibiotics and support of failing vital organ
function such as ventilator therapy. Recent re-
sults suggesting that extracorporeal scavenging
of endotoxin can reduce mortality, at least in
sepsis caused by Gram-negative bacteria, may
prove to be a breakthrough (7). Establishment
of the required extracorporeal circuit is, how-
ever, cumbersome in hospitals absent of cardio-
thoracic surgery.

CRRT is today standard of care for intensive
care patients with failing kidney function. The
Oxiris® membrane set up is a convenient alter-
native to conventional membranes for CRRT.
The cytokine and endotoxin binding properties
of the membrane surface suggests that it may
be as effective as alternative extracorporeal en-
dotoxin scavengers. Advantages include simul-
taneous CRRT, often needed in these patients,
as well as a high level of patient safety due to
established routines for bedside handling. This
has made the Oxiris® membrane already a
popular choice for CRRT in sepsis patients al-
though several issues need to be addressed:
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there is uncertainty weather the treatment
is actually effective in removing cy-
tokines and/or endotoxin in patients

there is uncertainty as to when the mem-
brane gets saturated with cytokines and/
or endotoxin calling for change to a fresh
filter

These problems will be resolved by the out-
lined study generating information needed to
in detail design the second study to answer the
question:

¢ Does CRRT with Oxiris® filter reduce
mortality of sepsis and/or reduce compli-
cations to sepsis in surviving patients?

Dissemination

A manuscript with the results of the study will
be prepared and submitted to a scientific jour-
nal in the intensive care field within 6 month
after the last patient has completed the 48-hour
CRRT treatment, i.e. during the 2nd half of
2017. Meeting abstracts may be submitted with
the same time schedule.
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