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Abstract Purpose: We compared
hemodynamic and biological effects of
the Cascade system, which uses very
high volume hemofiltration (HVHF)
(120 mL kg~" h™"), with those of
usual care in patients with septic shock.
Methods: Multicenter, prospective,
randomized, open-label trial in three
intensive care units (ICU). Adults with
septic shock with administration of
epinephrine/norepinephrine were eli-
gible. Patients were randomized to
usual care plus HVHF (Cascade
group), or usual care alone (control
group). Primary end point was the

number of catecholamine-free days up
to 28 days after randomization. Sec-
ondary end points were number of days
free of mechanical ventilation, renal
replacement therapy (RRT) or ICU up
to 90 days, and 7-, 28-, and 90-day
mortality. Results: We included 60
patients (29 Cascade, 31 usual care).
Baseline characteristics were compa-
rable. Median number of
catecholamine-free days was 22 [IQR
11-23] vs 20 [0-25] for Cascade vs
control; there was no significant dif-
ference even after adjustment. There
was no significant difference in num-
ber of mechanical ventilation-free
days or ICU requirement. Median
number of RRT-free days was 85
[46-90] vs 74 [0-90] for Cascade vs
control groups, p = 0.42. By multi-
variate analysis, the number of RRT-
free days was significantly higher in
the Cascade group (up to 25 days
higher after adjustment). There was no
difference in mortality at 7, 28, or

90 days. Conclusion: Very HVHF
using the Cascade system can safely be
used in patients presenting with septic
shock, but it was not associated with a
reduction in the need for cate-
cholamines during the first 28 days.
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Introduction

Despite considerable progress in our understanding of the
pathophysiology of septic shock, septic shock remains
associated with a high mortality rate, ranging from 30 to
50 % [1-4]. Hemofiltration is widely used to manage
renal failure, but most controlled trials have not shown a
clinically significant and sustained effect on either cyto-
kine removal or overall survival, even with high volume
hemofiltration (above the dose of 35 mL kg*1 hh [5, 6].
Very high volume hemofiltration (HVHF) (above
100 mL kg~' h™") is a new concept for blood purification
developed to attenuate the overwhelming systemic over-
flow of pro- and anti-inflammatory mediators released at
the early phase of sepsis [7].

Journois et al. were among the first to study very
HVHF as a blood purification technique in humans [8].
Very HVHF has been shown to be effective in ischemia—
reperfusion syndrome (mimicking sepsis) [5, 6] or in
adults resuscitated after an out-of-hospital cardiac arrest
[5, 6, 9]. Using very HVHF (150 mL kg_1 h™!) with a
high flux membrane, Grootendorst et al. showed an
improvement in right ventricular function and cardiac
performance in a porcine model of septic shock [10].
Findings suggest that high and middle molecular weight
substance removal might be beneficial. However these
techniques are labor intensive, require large quantities of
substitution fluid, and result in undesired removal of
significant amounts of vital low molecular weight sub-
stances (nutrients, trace elements, antibiotics) [11, 12].

A new hemofiltration system called Cascade (Gambro
Industries, France) has been developed to perform very
HVHF (120 mL kg_] h~!) without these drawbacks. The
system is designed to achieve a high removal rate for
middle and high molecular weight substances. The
removal rate of low molecular weight substances is
equivalent  to currently used RRT  doses
(20 mL kg~' h™") and requires limited consumption of
substitution fluid compared to HVHF. The basic princi-
ples of the system are described in more detail in the
“Methods” section below. This technique has been shown
to be feasible and safe in an experimental porcine model
of septic shock [12].

In the present study, we evaluated the hemodynamic
and biological effects of the Cascade system in patients
with septic shock and compared them to those of usual
care.

Methods
Study design

This study was a multicenter, prospective, randomized,
open-label trial conducted in three intensive care units

(ICUs) that compared the Cascade system to usual care in
patients with septic shock.

The study protocol was approved by the Ethics
Committee of the Pitié-Salpétricre Hospital, Paris,
France and Agence Nationale de Sécurité du Médica-
ment et des Produits de Santé (ANSM). The study was
registered with ClinicalTrials.gov under the number
NCT00922870.

Study population

All patients diagnosed with either community-acquired or
nosocomial septic shock, as defined by the American
College of Chest Physicians/Society of Critical Care
Medicine criteria [13], were screened. Inclusion criteria
focused on two major points: septic shock diagnosed by
the medical staff and administration of epinephrine and/or
norepinephrine (namely above 0.27 pg kg~' min~") after
adequate fluid resuscitation for more than 120 min but
less than 24 h. To be included, patients had to be aged at
least 18 and at most 85 years old with a real body weight
below 120 kg, without contraindication to heparin coag-
ulation, and without thrombocytopenia (below 50 x 10°/
L) or neutrophils below 0.5 x 10°/L. Patients meeting
these criteria were eligible for inclusion, irrespective of
their renal function. Informed consent was obtained from
either the patient or their next of kin before inclusion in
the study.

Exclusion criteria were need for catecholamines for
more than 24 h and admission to the ICU more than
7 days previously. Patients who could not be treated for
48 h or those with cardiac arrest without recovery of
cardiac and neurological functions were not included.
Patients with limited autonomy in daily life, those
included in another study (within 28 days), pregnant
patients, patients under legal guardianship, those treated
for cancer or hematological malignancy, those treated
with immunosuppressors or steroids (excluding hydro-
cortisone), and patients immunocompromized by
immunological disease were also considered ineligible for
this study.

End points

The primary end point was the number of catecholamine-
free days (epinephrine or norepinephrine at any dose,
dopamine at least 5 pg kg~' min~', dobutamine at least
5 pug kg™' min~') at day 28 after randomization. Sec-
ondary end points comprised the number of patients on
norepinephrine and median dose of norepinephrine during
the first 72 h, mean relative variation in catecholamine
dose between 0 and 72 h [defined as (catecholamine dose
at 72 h—catecholamine dose at 0 h)/catecholamine dose
at 0 h)], the number of days without mechanical
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ventilation up to 90 days, without renal replacement
therapy (RRT) (for acute renal failure) up to 90 days, and
without ICU requirement up to 90 days, and survival at
72 h, and at 7, 28, and 90 days.

Randomization

Randomization was performed using a randomization
table kept at the sponsor’s office with sealed envelopes
sent to the study investigators containing the group to
which the patient was assigned. Patients were assigned
to either (1) usual care plus hemofiltration using the
Cascade method or (2) usual care in accordance with
current guidelines for the management of septic shock
[14, 15].

Hemofiltration using the Cascade method

The Cascade system has been developed to perform very
HVHF (120 mL kg_l h™!) without the drawbacks of
usual HVHF. The system is based on the use of two
hemofilters with different cutoffs. The first hemofilter
filters blood through a conventional membrane (cutoff in
the range of 30—40 kDa). This first ultrafiltrate is refil-
tered through a second membrane with a lower cutoff
(15 kDa). This second ultrafiltrate (100 mL kg~' h™') is
reinjected into the blood circuit upstream of the first
hemofilter. High and middle molecular weight molecules
are retained by the second membrane and are concen-
trated in a limited volume of fluid effluent
(20 mL kg_l hh (Fig. 1). Depletion of low molecular
weight molecules is thereby limited and consumption of
substitution fluids is decreased. Cascade hemofiltration
was started after a brief period of optimization and then
continued for 48 h with a maximum of six circuit
changes.

A commercial monitor (Prismaflex, Gambro Lundia
AB, Sweden) was used with an external add-on device
(Gambro Industries, France) to perform treatment. A
more detailed description of the system is provided in the
online supplement.

Usual care

Usual care was based on the recommendations of the
Surviving Sepsis Campaign for severe sepsis, with some
minor adaptations in order to standardize the clinical care
given by the participating centers [14, 15]. There were no
specific recommendations regarding the reasons to initiate
RRT. Each center had the possibility to initiate hemofil-
tration according to usual practice, if required [14, 15].
Target mean arterial blood pressure was 65 mmHg or
over [15].

Data collection

Senior physicians and research nurses in the participating
ICUs collected data daily. Data were entered into a dedi-
cated case-report form. The age and sex of each patient
were recorded. The severity of illness was evaluated on the
first ICU day using the Simplified Acute Physiology Score
(SAPS III) [16] and during the first 24 h after onset of
septic shock with the Sequential Organ Failure Assessment
(SOFA) score [17]. Treatments in ICU were recorded.

Blood samples (4.5 mL, Barrier BD Vacutainer Sys-
tems, Beckton Dickinson, Plymouth, UK) were drawn at 0,
3, 6, 12, 24, 36, 48, and 72 h, centrifugated and cooled
(4 °C), and stored at —20 °C for 4 h then at —80 °C for
later analysis. For the Cascade group, the start of filtration
treatment was designated O h, whereas for the control
group, 0 h was defined as the time of randomization. Blood
gases, lactates, bicarbonate, and electrolyte analyses were
performed. In addition, for the Cascade group, samples of
the effluent were also taken at 30 min and at 6, 12, 24, 36,
and 48 h in order to identify which middle weight sub-
stances were eliminated by the Cascade filtration.

Cytokine measurements

The concentrations of IL-6, IL-8, IL-10, and TNF-alpha
in the plasma samples were quantified using a Milliplex
MAP Human Cytokine/Chemokine Panel (# HCYTO-
MAG-60 K, Millipore, Billerica, MA, USA). The assays
were performed according to the manufacturer’s instruc-
tions. Standards and samples were analyzed on a
LuminexR® apparatus (Bio-Plex 200, BioRad, Miinchen,
Germany) using the BioPlex Manager Software (Version
5, BioRad, Hercules, CA, USA). Cytokines are expressed
in picograms per milliliter.

Amino acid measurements

Free amino acid concentrations in plasma and hemofiltrate
were determined using an automated amino acid analyzer,
namely Jeol Aminotac 500 (Tokyo, Japan). The analysis
was based on ion exchange chromatographic separation
followed by ninhydrin detection (see supplementary online
data for details). Data acquisition and calculations were
made using the Jeol Workstation software. Amino acid
results are expressed in micromoles per liter.

Adverse events (AE)

AE were recorded throughout the study and then summa-
rized according to severity and resolution status. The number
and percentage of patients experiencing at least one adverse
event were analyzed. In any given category, subjects were
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Fig. 1 Simplified schematic diagram of the Cascade treatment

only counted once. Safety was evaluated by recording the
number of hypotension episodes (below 65 mmHg) per
patient in each group; electrolyte imbalance, and course of
plasma potassium, sodium, chloride, lactate, bicarbonate,
creatinine, and albumin levels, and amino acids loss.

Statistical analysis

We calculated that 60 patients were needed to detect an
improvement of 2 days of hemodynamic stability (cate-
cholamine-free days) in the Cascade group, with o = 0.05
and f§ = 0.05, and assuming a standard deviation (SD) of
2 days for the primary end point. All analyses were per-
formed according to the intention-to-treat principle.

Continuous variables are described as median with
interquartile range [IQR] or as mean =+ standard devia-
tion when normally distributed. Categorical variables are
described as number (percentage). Survival probabilities
were described using the Kaplan—Meier method.

The Student’s ¢ test or the non-parametric Mann—
Whitney test was used for continuous variables and the >
or Fisher’s exact tests for categorical variables, as
appropriate. Variables with p < 0.15 by univariate anal-
ysis were included in the multivariable analyses, which
was stratified by center.

Efficacy end points

The number of catecholamine-free days in the first
28 days following randomization was compared using a

Mann—-Whitney test. Adjustment for imbalanced covari-
ates was performed using linear regression, after log-
transformation of the dependant variable. In case of death,
patients were considered to have received catecholamines
between the date of death and day 28. The number of
days without mechanical ventilation, without RRT, and
without need for ICU up to 90 days were analyzed in the
same way. For survival analysis, baseline date corre-
sponded to the date of randomization. Patients alive at
90 days were censored. Survival probabilities were
compared using the log-rank test. A Cox proportional
hazards model was used to adjust the Cascade filtration
effect for imbalanced characteristics. The risk of early
death was analyzed using the Weibull function and the
Peto—Turnbull test in order to take into account interval
censored data (i.e., when the exact date of the event is not
known, but is contained between two dates, i.e., within an
interval). Kinetics of cytokines were described and com-
pared between the two groups using appropriate tests.

All statistical analyses were performed using SAS ver-
sion 9.4 (SAS Institute Inc., Cary, NC, USA). A p value less
than 0.05 was considered statistically significant.

Results
Patient characteristics
From May 2009 to November 2012, 60 patients were

included in the study; 31 in the control group and 29 in
the Cascade group. The baseline characteristics of the
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Table 1 Baseline characteristics of the study population (Cascade study)

All (n = 60) Control (n = 31) Cascade (n = 29) p value
Age, median [IQR] 66.6 [58.8-78.3] 67.0 [59.2-77.1] 64.5 [57.5-79.1] 0.801
Male sex, n (%) 42 (70.0) 20 (64.5) 22 (75.9) 0.338
BMI, median [IQR] 25.1 [22.6-30.1] 24.2 [21.7-30.1] 26.5 [24.4-30.5] 0.200
SAPS III at admission 74 [68-84] 73 [68-83] 76 [68-89] 0.529
SOFA randomization day 12 [10-14] 11 [9-14] 13 [11-15] 0.093
Medical admissions 59 (98.3) 30 (96.8) 29 (100.0) 1
Community-acquired infection 50 (83.3) 26 (83.9) 24 (82.8) 0.908
Nosocomial infection 10 (16.7) 5 (16.1) 5(17.2)
Comorbidities
Creatinine > ULN 10 (16.7) 5 (16.1) 5(17.2) 1
Angina pectoris or infarction 11 (18.3) 5 (16.1) 6 (20.7) 0.648
Heart failure 10 (16.7) 7 (22.6) 3 (10.3) 0.302
Cerebrovascular injury 4.(6.7) 2 (6.5) 2 (6.9) 1
Neurological/muscular disease 9 (15.0) 4 (12.9) 5(7.2) 0.727
COPD 16 (26.7) 11 (35.5) 5(17.2) 0.110
Cancer 14 (23.3) 9 (29) 5(17.2) 0.257
Diabetes w/o insulin therapy 6 (10.0) 4 (12.9) 2(6.9) 0.672
Diabetes with insulin therapy 5(8.3) 4 (12.9) 1 (3.5 0.355
Cirrhosis 6 (10.0) 2 (6.5) 4 (13.8) 0.417
Infection characteristics
Site of infection, n (%)
Lung 44 (73.3) 23 (74.2) 21 (72.4) 0.876
Abdomen 8 (13.3) 4 (12.9) 4 (13.8) 1
Kidneys/urinary tract 12 (20.0) 5 (16.1) 7(24.1) 0.438
Catheter 2 (3.3) 2 (6.5) 0 0.492
Other or unknown 7 4 3 0.45
Adequate antibiotic therapy 53 (89.8) 28 (93.3) 25 (86.2) 0.424

ULN upper limit of normal, COPD chronic obstructive pulmonary disease, w/o without

study population are shown in Table 1. The two groups
were comparable in terms of age, gender, comorbidities,
sepsis etiology, baseline SAPS III, and SOFA at admis-
sion (Table 1).

The median time between randomization and Cascade
treatment initiation was 3.0 h [IQR 2.5-4.3]. Details of
Cascade treatment administration are given in the sup-
plementary online data appendix 1.

Primary end point

Overall, the median number of catecholamine-free days
during the first 28 days was 28 days [IQR 2-25]
(Table 2). There was no significant difference between
the Cascade group (20 days [IQR 0-25]) and the control
group (22 days [IQR 11-23]; p = 0.78) in bivariate
analysis. Adjustment for SOFA, Gram-negative bacilli
infection, and previous COPD did not change this result
(data not shown).

Secondary outcomes
The median relative variation in catecholamine doses

between 0 and 72 h did not differ significantly between
treatment groups (0.85 [IQR —0.05 to 1.00] for control

group and 0.83 [IQR 0-1.00] for the Cascade group,
p = 0.69—supplementary file, appendices 2 and 3). This
result was confirmed by multivariate analysis.

The median number of days without mechanical
ventilation up to 90 days was 70 [IQR 0-85] and did not
significantly differ between the control group (72 days
[IQR 0-85]) and the Cascade group (68 days [IQR
16-83], p = 0.66) by multivariate analysis (Table 2).

Fourteen patients in the control group required RRT,
and the median time to initiation of RRT was 3 h [IQR
3-15]. In the Cascade group, 14 patients required addi-
tional RRT after the end of treatment with the Cascade
system, p < 0.0001. The median number of days without
RRT up to 90 days was 84 days [IQR 1-90] and did not
differ significantly between groups (74 days [IQR 0-90]
vs 85 days [IQR 46-90] Control vs Cascade respectively,
p = 0.42) in the bivariate model. By multivariate analy-
sis, there was a significantly higher number of days
without RRT in the Cascade group (22 days more without
RRT in the Cascade group after adjustment for SOFA
score, Gram-negative bacilli, and breathing disorders
(22.33, 95 % CI 0.51-44.1, p = 0.045).

The number of days without need for ICU up to
90 days was 69 days [IQR 0-83] and did not differ sig-
nificantly between groups (70 [IQR 0-82] vs 69 days
[IQR 0-83], control vs Cascade, p = 0.92). Adjustment
did not change this result.
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Table 2 Primary and secondary outcomes in the control and Cascade groups

All (n = 60) Control (n = 31) Cascade (n = 29) p value

Catecholamine-free days up to 28 days 28 [2-25] 22 [11-23] 20 [0-25] 0.78
Mechanical ventilation-free days up to 90 days 70 [0-85] 72 [0-85] 68 [16-83] 0.66
RRT-free days up to 90 days 84 [1-90] 74 [0-90] 85 [46-90] 0.42
ICU-free days up to 90 days 69 [0-83] 70 [0-82] 69 [0-83] 0.92
Death rate

7 days 15 (25.0) 9 (29.0) 6 (20.7) 0.456
28 days 16 (26.7) 10 (32.3) 6 (20.7) 0.311
90 days 26 (43.3) 15 (48.4) 11 (37.9) 0.414

By multivariate analysis, after adjustment for SOFA
score, Gram-negative bacilli, and breathing disorders, the
risk of death at 72 h was significantly lower in the Cas-
cade group compared to the control group [hazard ratio
(HR) 0.22 (95 % CI 0.05-0.95), p = 0.043]. There was
no significant difference in the rate of death at 7, 28, and
90 days between groups (Table 2; Fig. 2).

Tolerance and side effects

The median number of hypotensive episodes tended to be
slightly higher in the Cascade group (median 2, IQR 1-4)
than in control group (median 1, IQR 0-3; p = 0.05), but
the difference was no longer significant by multivariable
analysis. The doses of intravenous fluid therapy used did
not significantly differ between groups (p = 0.60) and
tended to decrease over time (p = 0.05). Among 35
adverse events, 34 (97.1 %) were not linked to treatment.
There was no significant difference in the rate of events
between groups (16 vs 18 for control versus Cascade
group, p = 0.18). Details of the adverse events are given
in the supplementary file, appendix 6.

Kaplan-Meier survival estimates
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Fig. 2 Cumulative survival probabilities in each group at 90 days

Electrolyte depletion

Potassium, sodium, chlorides, bicarbonates, and albumin
levels did not differ between the treatment groups (sup-
plementary online data, appendix 4). Similarly, although
cytokine levels (IL-6, IL-8, IL-10, TNFa) decreased sig-
nificantly over time, there was no difference between
groups, except for IL-8, which decreased more rapidly in
the Cascade group (Fig. 3). Lastly, the relative variation
of amino acids between 0 and 48 h did not significantly
differ between groups, except for 3-methylhistidine
(supplementary online data, appendix 5).

Discussion

In this prospective, multicenter, randomized, controlled
phase 3 study, the use of very HVHF (120 mL kg™' h™")
in patients presenting with septic shock did not reduce the
length of use of catecholamines.

A recently published systematic review of the litera-
ture [18] included three randomized studies [19-21] that
evaluated very HVHF (50-120 mL kg™' h™") in severe
sepsis and septic shock patients with acute kidney failure.
Two of these studies [19, 20] demonstrated results similar
to ours. Conversely, Boussekey et al. [21] demonstrated a
more rapid decrease in noradrenaline doses after 24 h of
hemofiltration in the very HVHF group as compared to
the low-volume hemofiltration group. However, the
number of subjects included in the study was limited
(n =19).

Previous reports of animal models [10, 22-25] and
clinical studies [8, 9, 26] showed predominantly positive
results, but our study did not replicate these findings. This
discrepancy may be explained by the use of different
hemofiltration techniques, as well as heterogeneity
between the populations included.

In this study, cytokine levels (IL-6, IL-8, IL-10,
TNFo) decreased significantly over time in both groups
independently of treatment group (except for IL-8). Pre-
vious studies have shown an early reduction in cytokine
levels after initiation of hemofiltration, followed by a
return to baseline levels within hours [27, 28]. To explain
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this result, Honoré’s “threshold immunomodulation
hypothesis” proposes a more dynamic view, whereby
cytokine removal from the blood compartment leads to
removal of cytokines at the tissue level through equili-
bration of their concentrations between these two
compartments [29]. This theory is interesting because it
affects cytokines at the tissue level, which is where
cytokines may mediate a harmful effect. It also explains
why several studies assessing blood purification tech-
niques have observed improved outcomes without
modification of cytokine blood concentrations, since
cytokines from the tissues replace those removed from the
blood [30]. Other authors have put forward alternative
explanations for the lack of effect on cytokine levels. For
example, it has been hypothesized that tempering the
cytokine peak by removing the cytokines from the blood
during the early phase of sepsis could reduce inflamma-
tion, limit organ damage, and as a result decrease the
incidence of multiorgan failure syndrome. This is the so-
called peak concentration hypothesis advanced by Ronco
and Bellomo [31].

In contrast, an older study conducted by Journois et al.
in children undergoing cardiac surgery showed a reduc-
tion of cytokine plasma levels with high volume
hemofiltration (100 mL kg~' h™') [8]. Among the sec-
ondary objectives, only the number of days of RRT (from
randomization up to 90 days) was significantly reduced in
a multivariate model integrating SOFA score, presence of
Gram-negative bacilli infections, and respiratory disor-
ders. During sepsis, inflammatory mediators derived from
pathogens and activated immune cells alert the immune

system, and this may induce the inflammation cascade
[32]. Our working hypothesis was that the Cascade sys-
tem could limit the effects of inflammation and its
deleterious consequences at the systemic level.

The Cascade system did not influence mortality at 7,
28, or 90 days. Previous prospective, controlled, and
randomized studies in severe sepsis and septic shock
patients that evaluated HVHF and very HVHF failed to
show a statistically significant reduction in mortality and
dialysis dependence at discharge from ICU [19-21].
However, there were several differences between these
studies and our study reported here. Firstly, in the previ-
ous reports, the control group underwent hemofiltration at
doses of 25 and 30 mL kg~' h™' because all patients
included presented with acute kidney injury. Secondly,
the prescribed effluent rate was 55-85 mL kg~' h™', and
two of the studies were single-center studies [19, 21].
Lastly, no specific dosages of small molecules were per-
formed, except in the IVOIRE study, where electrolytes,
antibiotics, and amino acids were dosed [20]. Nonethe-
less, despite being uncontrolled and thus limited in their
ability to draw strong conclusions, at least six studies
have reported significant reductions in mortality rates
with HVHF compared to predicted mortality [33—-38].

Our study showed that Cascade hemofiltration did not
lead to significant loss of amino acids (among the 26
dosed) compared to the control group (except for
3-methylhistidine). Furthermore, natremia, kalemia,
chloremia, and albuminemia were not significantly
affected by the Cascade system. This is the only study in
recent years to dose electrolytes and amino acids [19-21].
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We also failed to observed a significant difference in
the number of hypotension episodes or in the quantity of
vascular filling used between the two groups, contrary to
the findings of the VA/NIH study [39], where the inten-
sive RRT group demonstrated significantly more
hypotension and the need for more catecholamines.

This study has several strongpoints, including a
homogenous population of septic shock patients, absence
of serious events, and absence of electrolyte disorders and
amino acid loss. However, it also has some limitations.
Firstly, this study has a limited sample size (n = 60) and
likely suffered from a lack of power. Indeed, the sample
size for the study was calculated on the basis of an
expected standard deviation of 2 days in the duration of
catecholamine treatment. However, this was substantially
lower than what the actual standard deviation turned out
to be (9 days in the Cascade group and 11 in the control
group), resulting in a loss of power. Secondly, the open-
label design is associated with inherent bias, since the
patients’ treatment status was known. In addition, there
was no standardized protocol for catecholamine with-
drawal or vasopressor titration (other than MAP greater
than 65 mmHg). Furthermore, there were no standardized
indications for initiation of RRT, except the usual indi-
cations for emergency situations, namely hyperkalemia
greater than 6.5 mmol/L, metabolic acidosis with pH
below 7.15 and acute pulmonary edema. In the control
group, patients underwent RRT with the usual systems
used in the participating center’s routine practice. Third,
no systematic dosage of antibiotics was performed.
Fourth, only a selected panel of cytokines were dosed.

Lastly, acute renal failure could not be taken into account
in the multivariable analysis, since hemofiltration was
initiated immediately in the Cascade group.

Conclusion

Very HVHF using the Cascade system can be safely used
to purify blood in patients presenting with septic shock,
but it was not associated in our study with a reduction in
the need for catecholamines during the first 28 days of
septic shock. Further development and investigations are
warranted to confirm its efficiency in reducing the
inflammatory process.
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