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Abstract
Introduction: Cystatin C could be a relevant residual glomerular filtration rate marker during hemodialysis (HD), and a 
high cytokine plasma (p) rate is associated with an increase in mortality during sepsis. To the best of our knowledge, 
cytokines and cystatin C kinetics during and after HD during sepsis have never been studied. In this study, we 
described p cytokines and cystatin C variations during and after hemodialysis in septic-shock patients with acute 
kidney injury (AKI).

Methods: Ten patients, from two tertiary ICUs, with septic shock-related AKI, according to RIFLE class F, were studied. In 
this prospective observational study, blood samples were collected at the start, after 1 hour, 2 hours, and at the end of 
HD with a polymethymethacrylate (PMMA) hemodialyzer (D0, D1, D2, and endD), and 30, 60, 90, 120, and 180 min after 
HD (postD0.5, postD1, postD1.5, postD2, and postD3). We measured p interleukins (IL)-6, IL-8, IL-10, cystatin C, and 
albumin. Results are expressed as variations from D0 (mean ± SD).

Results: During HD, p[IL-6] did not vary significantly, whereas p[IL-8] and p[IL-10] reductions by D1 were 31.8 ± 21.2% 
and 36.3 ± 26%, respectively (P < 0.05 as compared with D0). At postD3, p[IL-8] and p[IL-10] returned to their initial 
values. p[Cystatin C] was significantly reduced from D1 to postD1, with a maximal reduction of 30 ± 6.7% on D2 (P < 
0.05). Norepinephrine infusion rate decreased from D0 to postD3 (0.65 ± 0.39 to 0.49 ± 0.37 μg/kg/min; P < 0.05).

Conclusions: HD allows a transient and selective decrease in p cytokines, which are known as being correlated with 
mortality during septic shock. Because of a significant decrease in p cystatin C during HD, this should not be 
considered as an accurate marker for residual glomerular filtration rate during septic acute renal failure when receiving 
HD with a PMMA hemodialyzer.

Introduction
Sepsis is the leading cause of acute kidney injury (AKI)
[1]. The combination of sepsis and acute renal failure is
associated with high mortality and morbidity [1]. AKI
treatment mostly requires renal-replacement therapy
(RRT). Two modalities of RRT are available in intensive-
care units: continuous RRT (CRRT) using venovenous
hemodiafiltration/hemofiltration or intermittent RRT
(IRRT) using hemodialysis.

Sepsis causes systemic inflammatory response syn-
drome (SIRS), mediated by many biologically active
inflammatory mediators (including cytokines like inter-
leukins) [2,3]. High plasma interleukin (IL) levels are
associated with increased mortality in human septic AKI
(that is, IL-6, IL-8, and IL-10) [4-8] and might contribute
to the pathogenesis of sepsis-related organ failure, includ-
ing AKI [2,9]. Unfortunately, therapies targeting particu-
lar components of the SIRS-associated cytokine network
have failed, probably because of the dynamic complexity
of SIRS [10-12]. New data suggested that RRT could
modulate SIRS via nonspecific extracorporeal removal of
cytokines: this has renewed interest in this mediator-
directed therapy [13,14].
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In contrary to CRRT, sparse information is available
concerning IRRT and cytokine levels during sepsis. Haase
et al. [15], in a preliminary study, suggested that the use of
hemodialyzers with high-molecular-weight cutoff mem-
branes may lead to significant removal of plasma cytok-
ines during hemodialysis. However, to the best of our
knowledge, data concerning the kinetics of plasma cytok-
ines after hemodialysis in sepsis patients with AKI are
dramatically lacking. In patients with chronic renal fail-
ure, IRRT is followed by a fast but mild increase in serum
urea or potassium levels during the first hour ("rebound"
phenomenon) [16,17]. Similarly, given the high level of
cytokine production in septic tissues, plasma cytokine
levels may dramatically vary after IRRT.

Estimation of residual glomerular filtration rate (rGFR)
in patients with AKI is also a major concern in the ICU.
Cystatin C is a better marker of GFR than is serum creati-
nine in chronic kidney disease, but its involvement in
ARF is still controversial [18,19]. Cystatin C is a middle-
mass molecule (≈13 kDa) that is not supposed to be
removed by the standard hemodialyzer. This characteris-
tic may be of interest when evaluating rGFR, and several
studies suggested that cystatin C could be used as an
rGFR marker during peritoneal dialysis and intermittent
hemodialysis [20,21]. As cytokines, plasma variations of
cystatin C during IRRT for septic shock-related acute
renal failure have not been studied. In this prospective
observational study, we assessed the per- and postdialysis
kinetic plasma levels of IL-6, IL-8, IL-10, cystatin C, and
albumin in ten patients with septic shock-related AKI
that required RRT.

Materials and methods
Setting and eligibility
This study was a prospective observational case series,
conducted from September 2007 to December 2008 in
the nephrologic and transplantation intensive care unit
(ICU) and the polyvalent ICU units at Toulouse Univer-
sity Hospital (France). To be included in the study,
patients had to reach the following criteria: (1) severe
sepsis or septic shock of <24 h, as defined by the criteria
of the American College of Chest Physicians/Society of
Critical Care Medicine Consensus Conference [22]; (2) a
need for renal-replacement therapy defined as Failure
according to the RIFLE criteria [23] (oliguria < 0.3 ml/kg/
h during 24 hours, or anuria during 12 hours, or threefold
increase in creatinemia); and (3) an age of older than 18
years. Exclusion criteria were as follows: pregnancy, pre-
vious chronic renal failure requiring hemodialysis, liver
cirrhosis, acute pancreatitis, organ transplantation, and/
or immunosuppressive therapy. As requested by our local
institutional research committee (Centre Hospitalier
Universitaire de Toulouse, Toulouse, France), after
approval, informed consent was obtained from each

patient's next of kin. This study was performed in accor-
dance with the Helsinki declaration.

The following data for all patients were recorded: age,
gender, diagnosis, SAPS 2, and SOFA scores at inclusion.
Biomarkers and treatments received were collected from
the start of HD, at the end of HD, and for 3 hours after the
end of HD. Arterial line and central venous catheters
allowed documentation of mean arterial pressure (MAP)
and drug infusions, respectively. Cardiac-output mea-
surements were obtained, if necessary, via transthoracic
echography or a Pulse-Indexed Continuous Cardiac Out-
put (PiCCo) monitor (Pulsion; Medical Systems AG,
Munich, Germany). Throughout the ICU hospitalization,
the patients were resuscitated, if needed, to reach hemo-
dynamic goals as recommended by the international
guidelines for septic shock and were under the responsi-
bility of an ICU-qualified senior physician [24]. Blood
cultures and specific bacterial samples were collected at
various times to specify the etiology of the infection. If
known, the site of infection was recorded. None of the
patients received enteral or parenteral nutrition before,
within, and for the 3 hours after dialysis. Supplements of
trace elements, water, and fat-soluble vitamins were
given. Continuous intravenous insulin therapy was deliv-
ered if necessary to achieve a normal glycemia (range, 1
to 1.5 g/L).

Protocol and intermittent renal-replacement therapy
D0 was considered to be the start of hemodialysis. Mean
arterial pressure (MAP), heart rate (HR), dobutamine
and/or norepinephrine dose, and fluid infusion were
recorded at D0, at every hour during hemodialysis (D1;
D2), at the end of HD (endD), and at 30, 60, 90, 120, and
180 minutes after completing HD (postD0.5, postD1,
postD1.5, postD2, and postD3, respectively). During
hemodialysis, conductivity, Kt, and dialysance were
recorded.

According to the literature, hemodynamic stability dur-
ing hemodialysis has been optimized by using several
methods: arterial- and venous-circuit simultaneous con-
nection, high conductivity, an ultrafiltration-free first
hour, circuit-to-body temperature difference of 2°C, and
high dialysate calcium concentration (1.75 mM) [25].

Blood flow was started at 250 ml/min and was
enhanced according to hemodynamic tolerance. Ultrafil-
tration was based on the individual patient's fluid status.
Duration of HD was 3 hours.

Vascular access for renal replacement was obtained by
using a double-lumen venous cannula (Hemoaccess 13 F,
25 cm, Hospal). An Integra generator was used for the
hemodialysis (Hospal; Gambro Renal Products, Antwerp,
Belgium). We used a polymethylmetacrylate (PMMA)
membrane: Filtrizer BK-1, 6F; Toray Industries, Tokyo,
Japan. The ability of the PMMA membrane to remove
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cytokines during both IRRT for chronic renal failure and
CRRT during septic AKI has been described [26,27]. The
PMMA dialyzer has been reported to adsorb proinflam-
matory cytokines or free light chains during multiple
myeloma and is specific insofar as it can remove proteins
by adsorption as well as permeation [28-30]. The extra-
corporeal circuit was anticoagulated with a continuous
unfractionated heparin infusion, with the anticoagulation
regimen adjusted to the individual patient's needs.

Biologic and cytokine analyses
Blood samples were collected in nonheparinized tubes
and were immediately centrifuged in the ICU at 4,000
rpm for 10 minutes (4°C). Plasma was subsequently
stored at -70°C until assayed. Cystatin C measurements
were obtained by using PETIA (particle-enhanced tur-
bidimetric immunoassay) with a cystatin C reagent (Cys
C Immunoparticles; Dako Inc., Glostrup, Denmark) on a
ABXPentra 400 chemistry analyzer (Horiba Medical,
Kyoto, Japan). Serum albumin concentrations were quan-
tified by nephelometry (Immage 800; Beckman Coulter,
Villepinte, France). Plasma (p) cytokine levels were mea-
sured with enzyme-linked immunosorbent assays (ELI-
SAs), according to the manufacturer's instructions (BD-
Biosciences, Le Pont De Claix, France).

Measurements and statistics
Continuous variables during and after dialysis were com-
pared by using Friedman nonparametric tests. If signifi-
cant, the Dunn post hoc test was applied. Univariate
analysis of D0 data from survivors and nonsurvivors was
performed by using the nonparametric Mann-Whitney
test. Cytokines, albuminemia, and cystatin C were
expressed as relative concentration from baseline value
(D0). Results are expressed as mean ± standard deviation.
A P value < 0.05 was considered statistically significant.
The data were analyzed by using GraphPad Prism (ver-
sion 4 2005; Graphpad Software Inc., San Diego, CA,
USA).

Results
Patients and hemodialysis
Ten patients with septic shock in whom AKI developed
were enrolled in this study. Their main demographic and
clinical data at baseline are summarized in Tables 1 and 2.

In brief, intermittent hemodialysis was not deleterious
to their hemodynamics, as suggested by the stability of
MAP (see Figure 1a). A significant decrease was observed
in the norepinephrine infusion rate during the 6 hours of
the study (0.65 ± 0.39 vs. 0.49 ± 0.37 μg/kg/min; P < 0.01;
Figure 1b). Fluid loading between D0 and endD, and
between endD and postD3 was 75 ± 169 and 125 ± 143
ml, respectively. This low fluid intake during IRRT is
explained by the mixed venous oxygen saturation (SvO2)

being high at D0 (77.2 ± 10.3 mm Hg) after previous ade-
quate resuscitation. Atrial fibrillation (AF) was apparent
in four patients at D0. AF resolved in one patient at
postD1, but persisted in the other three despite hemody-
namic improvement.

Only one patient required 1,900 ml of ultrafiltration.
Conductivity at D0 was 146 ± 0.43 mEq/L. Mean
dialysance and Kt were 152 ± 17 and 28 ± 4.8, respectively.
The urea-reduction fraction was 48.5% (P < 0.003; Figure
1c).

Last, in-hospital mortality was 60%. Also, at D0, no dif-
ference was noted between survivors and nonsurvivors
according to plasma IL-6, IL-8, and IL-10 levels and other
biologic characteristics (data not shown).

Cytokines, albumin, and cystatin C kinetics
At D0, the plasma concentrations of IL-6, IL-8, and IL-10
were 840 ± 540, 666 ± 586, and 178 ± 173 pg/ml. Interleu-
kins, cystatin C, and albuminemia plasma concentrations
are expressed as variations from the baseline value (D0)
(Figures 2 and 3).

Table 1: Characteristics of patients

Characteristics Data

Age (years) 67.40 ± 7.21

Sex ratio (F/M) 3/7

SAPS 2 at D0 79.11 ± 4.73

SOFA at D0 14.6 ± 0.8

Mechanical ventilation 9/10

Norepinephrine 10/10

Dobutamine 1/10

In-hospital mortality (%) 60

Infectious disease: localization

Pulmonary 5/10

Peritoneal 3/10

Cutaneous 2/10

Urologic 1/10

Bilirubinemia at D0 (mg/L) 19.9 ± 19.1

Factor V at D0 (%) 64.2 ± 24.1

CRP at D0 (mg/L) 240.8 ± 103.9

Leukocytes at D0 (cells/μl) 23,981 ± 13,726

Hemoglobinemia at D0 (g/L) 10.9 ± 0.38

p[IL-6] at D0 (pg/ml) 840 ± 539

p[IL-8] at D0 (pg/ml) 724 ± 572

p[IL-l0] at D0 (pg/ml) 178 ± 173

F, female; IL, interleukin; M, male; SAPS 2, Simplified Acute 
Physiology Score; SOFA, Sequential Organ Failure score.
Values expressed as mean ± standard deviation.
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During HD, p[IL-6] did not vary significantly, whereas
p[IL-8] decreased with hemodialysis, followed by a pro-
gressive increase from endD to postD3. At D1, endD, and
postD3, p[IL-8] was 68.2 ± 21.2 (vs. D0, P < 0.05), 71.1 ±
21.7, and 96.3 ± 35.3%, respectively.

After a maximal decrease at D1, p[IL-10] increased
between D2 and postD1.5. The p[IL-10] at D1, endD, and
postD3 was 63.7 ± 26, 83.3 ± 68.7 (vs. D0, P < 0.05), and
83.3 ± 55.6%, respectively (see Figure 2).

p[Cystatin C] was significantly reduced from D1 to
postD1 with a maximal reduction of 30 ± 6.7% at D2 (vs.
D0, P < 0.05), whereas no modification of albuminemia
occurred within the study period (P = ns; see Figure 3a,
b).

Discussion
Inside and outside the hospital, severe sepsis and septic
shock remain challenging for practitioners, given their
high mortality, often related to multiple organ failure,
including renal loss of function [1]. High plasma IL-6, IL-
8, and IL-10 levels have recently been associated with
increased mortality in human sepsis-related ARF [31].
According to the concept of "peak concentration," inten-
sivists try to decrease all circulating mediators at high
plasma concentrations, including pro- and antiinflamma-
tory molecules [32]. Hemofiltration (CRRT) is supposed
to be the best way to remove cytokines compared with
hemodialysis (IRRT), which is based mainly on diffusion.
Thus, the efficiency of plasma cytokines removal has
mostly been assessed during CRRT. To our knowledge,
only one trial has described the kinetics of plasma cytok-
ines during IRRT for septic shock-related AKI [15], and

data concerning plasma cytokine levels after hemodialy-
sis are lacking.

In our study, we observed that for IRRT, membranes
that leak proteins only partially and transiently decreased
plasma IL-8 and IL-10, although not IL-6 levels. In our
ten patients, plasma IL-8 and IL-10 decreased rapidly
(before D2) and significantly after the beginning of IRRT
(see Figure 2). Interestingly, plasma IL-10 levels started to
increase before the end of hemodialysis. We did not ana-
lyze the effluent and the membrane, but we suggest that
dramatic coating of the membrane with IL-10 (and other
middle-mass proteins) had occurred. This coating could
have led to the early decrease in the adsorptive properties
of the PMMA membrane. As IL-10 is larger than IL-8 (19
vs. 8 kDa, respectively), its removal from the PMMA
membrane is probably based mainly on adsorption. In a
recent study, Nakada et al. have shown prolonged
cytokine elimination during CRRT when using a PMMA-
based hemodialyzer, but the extent of adsorption and
convection clearance were not clarified [26]. In another
way, other molecules, which might have participated in
the generation of IL-8 and IL-10, could have been
removed. Their removal, rather than having a direct
effect on cytokines, might have been responsible for our
findings. Finally, a high level of IL-6 or IL-10 generation
that was sufficient to exceed removal might have been
partially responsible for the lack of cytokine elimination.
However, two findings argue against this hypothesis:
plasma IL-6 did not increase after IRRT, and the ratio
between plasma cytokines (especially IL-8) and cystatin
C levels suggests a weight-dependent removal. Cystatin C
production is constant, and its variations are almost inde-

Table 2: Characteristics of patients at D0, endD, and post-D3

Characteristics D0 EndD Post-D3

Cystatin C (mg/L) 3.73 ± 1.17 2.65 ± 0.74a 3.25 ± 0.94

Urea (mM) 28.8 ± 10.7 14.8 ± 6.3a 17.4 ± 7.3

Creatinemia (μM) 399 ± 148 230 ± 74 257 ± 83

Bicarbonatemia (mM) 15.7 ± 4 22.9 ± 1.8a 21.7 ± 4a

Albuminemia (g/L) 18.8 ± 4.5 19.9 ± 5.3a 17.7 ± 5.1

Norepinephrine rate (μg/kg/min) 0.65 ± 0.12 0.57 ± 0.38 0.49 ± 0.37

MAP (mm Hg) 80.1 ± 13.7 80.7 ± 10.8 81 ± 16.4

Heart rate (beats/min) 110 ± 20 113 ± 19 103 ± 17

Urinary output (ml/h) 17 ± 14.9 15 ± 12 24.5 ± 17.8

Lactatemia (mM) 3.2 ± 1.8 2.4 ± 1.5

pH 7.27 ± 0.08 7.39 ± 0.05b

SvO2 (%) 77.2 ± 10.3 77.9 ± 12

MAP, mean arterial pressure; SvO2, mixed venous oxygen saturation. Results are expressed as the mean ± standard deviation. aP < 0.05 versus 
D0 (Friedman test). bP < 0.05 versus D0 (Wilcoxon signed-rank test).
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pendent of sepsis [18]. Altogether, these data suggest that
clearance of IL-6 and IL-10 was absent and transient,
respectively.

As mentioned earlier, the kinetics of plasmatic cytokine
levels after IRRT in patients with septic shock-related
ARF have not been previously reported. Given the large
amount of cytokines produced during sepsis, we hypoth-
esize that cytokines may also be affected by the rebound
phenomenon of small molecules (that is, urea and potas-
sium), which occurs within the first hour after intermit-
tent dialysis for chronic renal failure [16]. In brief, the
rebound phenomenon is related to the shift of soluble
molecules from tissues to the intravascular compartment
through a concentration gradient until a new equilibrium

occurred. Cytokines are heavier and less diffusive mole-
cules than urea or potassium; thus, this rebound could
reflect a cytokine concentrations gradient between tissue
and vascular compartments that appeared during hemo-
dialysis. After HD, a progressive release of cytokines from
dialysis-induced hypoperfused tissue to the intravascular
compartment may occur until a new equilibrium is
reached. In these ten patients, we observed an upward
trend (but not significant) of p[IL-8] and p[IL-10] (+15.2
and +10.45%, respectively) within the first 90 minutes
after hemodialysis. Of note, the interindividual plasmatic
cytokines variability may have hampered these data from
reaching significance, and thus from revealing a statisti-
cally significant cytokine rebound. Nevertheless, we

Figure 1 Hemodynamic, urea, and kalemia variations during and after hemodialysis. Mean arterial pressure (a) and norepinephrine infusion 
rate (b) at the start (D0), the end (endD), and 3 hours (postD3) after hemodialysis. Values are expressed as mean ± SEM. Urea (c) and kalemia (d) at the 
start, the end, 1 hour, and 3 hours after hemodialysis, D0, end D (clear), postD1 and postD2 (dark), respectively. Values are expressed in boxplots. *P < 
0.05; Friedman test.
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observed that all the cytokines we tested for returned to
baseline values after postD3, highlighting for the first
time the transient effect of hemodialysis on plasma
cytokine concentration.

In our study, we showed that plasma cystatin C was sig-
nificantly decreased during hemodialysis when using a
PMMA membrane, with a maximal reduction of 30%,
almost equal to IL-10. This decrease in cystatin C is
mostly explained by its molecular mass of about 13 kDa
and the in vivo filtration cutoff of the BK-1,6 F mem-
brane, estimated at 20 kDa (data provided by the manu-
facturer). This finding, which should be confirmed by
further studies, highlights the inability of cystatin C to
assess rGFR in patients with ARF treated with a PMMA
hemodialyzer.

Mortality was high (60%) but correlated with disease
severity. We used previously described IRRT modalities
adapted to hypotensive patients [25]. Herein, although
our study was not designed to analyze clinic features, we

did not identify any worsening of hemodynamic parame-
ters (MAP, HR, NE infusion, SvO2) during HD (see Figure
1a, b). Moreover, amounts of NE infused at postD3 were
significantly decreased versus D0 (P < 0.01, Figure 1b),
without any significant fluid-loading challenge. Cytokine
removal is thought to be the major component of the
beneficial effect of RRT in sepsis, but, in our study,
improvement of hemodynamic status was not correlated
with cytokine reduction [33-35]. This last observation is
in agreement with a study conducted by Klouch et al.
[36], in which hemodynamic improvement during CRRT
was not correlated with TNF-α and IL-6 removal.

Conclusions
Our results, which should be confirmed in larger cohort,
strongly suggest that intermittent hemodialysis with
PMMA-based membranes decreases plasma IL-8 and IL-
10 concentrations (in contrast to IL-6). Moreover, we
showed for the first time that only 3 hours after IRRT,

Figure 2 Cytokine variations during hemodialysis. Plasma level of IL-6 (a), lL-8 (b), and IL-10 (c). Results are expressed in percentage of value at D0 
during (clear) and after (dark) hemodialysis as mean ± SEM. *P < 0.05 versus D0. Friedman test.
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cytokine concentrations revert to baseline levels after an
initial rebound. These results highlight that IRRT is not
associated with prolonged plasma cytokine reductions
during septic shock. Finally, as the plasma cystatin C level
is reduced during IRRT, it is probably not a valid residual
GFR marker during septic ARF requiring IRRT.

Key messages
• Cystatin C is not an accurate residual glomerular fil-
tration rate marker, as the cystatin C plasma value is 
reduced during hemodialysis with a PMMA-based 
membrane.

• Hemodialysis with a PMMA-based membrane 
decreases IL-8 and IL-10 (but not IL-6) plasma levels 
in septic shock patients.
• The decrease in IL-8 and IL-10 plasma levels is tran-
sient, as 3 hours after hemodialysis, plasma IL-8 and 
IL-10 levels have reverted to baseline values.

Abbreviations
AKI: acute kidney injury; D: dialysis; ELISA: enzyme-linked immunosorbent
assay; endD: end of dialysis; HD: hemodialysis; HR: heart rate; ICU: intensive care
unit; IL: interleukin; IRRT/CRRT: intermittent/continuous renal-replacement
therapy; MAP: mean arterial pressure; NE: norepinephrine; p: plasma; PETIA:
particle-enhanced turbidimetric immunoassay; PiCCo: pulse-indexed continu-
ous cardiac output; PMMA: polymethymethacrylate; postD: after dialysis; rGFR:
residual glomerular filtration rate; SAPS 2: Simplified Acute Physiology Score;

Figure 3 Protein variations during and after hemodialysis. Cystatin C (a) and albumin (b) variations during (clear) and after (dark) hemodialysis. 
Results are expressed in percentage of value at D0 as mean ± SEM. (c) Ratio of percentage of value at D0 of IL-6, IL-8, and IL-10 versus cystatin C. IL-6 
(about 26 kDa), IL-8 (about 8 kDa), cystatin C (about 13 kDa), IL-10 (about 19 kDa), and albumin (about 68.5 kDa). *P < 0.05 versus D0; Friedman test.
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SIRS: systemic inflammatory response syndrome; SOFA: Sequential Organ Fail-
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Competing interests
The authors declare that they have no competing interests.

Authors' contributions
NM, LL, and MBN designed the study. NM and LL coordinated the study. NM
was responsible for patient recruitment, blood sample collection, and data
acquisition. NM and LL were involved in the interpretation of the data and
manuscript drafting. AJ performed cystatin C dosing. OC, NK, VM, JMC, and LR
reviewed the manuscript. All authors read and approved the final manuscript.

Acknowledgements
The authors thank Dr Puissant and the Immunology department of Rangueil 
for cytokines and albumin dosages and Dr Faguer for corrections. Part of this 
work was presented at the International Symposium of Intensive Care and 
Emergency Medicine in Brussels, March 24 through 27, 2009. This study was 
supported by a grant from TORAY Industries for financing the enzyme-linked 
immunosorbent assays.

Author Details
1Anesthesia and Intensive Care Unit Department, GRCB 48, Purpan University 
Hospital, Place du Dr Baylac, TSA 40031, 31059 Toulouse Cedex 9, France, 
2Department of Nephrology, Dialysis and Transplantation, Intensive Care Unit, 
Rangueil University Hospital, 1 Avenue Jean Poulhès, TSA 50032, 31059 
Toulouse Cedex 9, France and 3Department of Clinical Physiology, Rangueil 
University Hospital, 1 Avenue Jean Poulhès, TSA 50032, 31059 Toulouse Cedex 
9, France

References
1. Uchino S, Kellum JA, Bellomo R, Doig GS, Morimatsu H, Morgera S, Schetz 

M, Tan I, Bouman C, Macedo E, Gibney N, Tolwani A, Ronco C: Acute renal 
failure in critically ill patients: a multinational, multicenter study.  JAMA 
2005, 294:813-818.

2. Hotchkiss RS, Karl IE: The pathophysiology and treatment of sepsis.  N 
Engl J Med 2003, 348:138-150.

3. Cohen J: The immunopathogenesis of sepsis.  Nature 2002, 420:885-891.
4. Clermont G, Acker CG, Angus DC, Sirio CA, Pinsky MR, Johnson JP: Renal 

failure in the ICU: comparison of the impact of acute renal failure and 
end-stage renal disease on ICU outcomes.  Kidney Int 2002, 62:986-996.

5. Simmons EM, Himmelfarb J, Sezer MT, Chertow GM, Mehta RL, Paganini 
EP, Soroko S, Freedman S, Becker K, Spratt D, Shyr Y, Ikizler TA: Plasma 
cytokine levels predict mortality in patients with acute renal failure.  
Kidney Int 2004, 65:1357-1365.

6. Kellum JA, Kong L, Fink MP, Weissfeld LA, Yealy DM, Pinsky MR, Fine J, 
Krichevsky A, Delude RL, Angus DC: Understanding the inflammatory 
cytokine response in pneumonia and sepsis: results of the Genetic and 
Inflammatory Markers of Sepsis (GenIMS) Study.  Arch Intern Med 2007, 
167:1655-1663.

7. Oberholzer A, Souza SM, Tschoeke SK, Oberholzer C, Abouhamze A, 
Pribble JP, Moldawer LL: Plasma cytokine measurements augment 
prognostic scores as indicators of outcome in patients with severe 
sepsis.  Shock 2005, 23:488-493.

8. van Dissel JT, van Langevelde P, Westendorp RG, Kwappenberg K, Frolich 
M: Anti-inflammatory cytokine profile and mortality in febrile patients.  
Lancet 1998, 351:950-953.

9. Schmidt C, Hocherl K, Schweda F, Bucher M: Proinflammatory cytokines 
cause down-regulation of renal chloride entry pathways during sepsis.  
Crit Care Med 2007, 35:2110-2119.

10. Ziegler EJ, Fisher CJ Jr, Sprung CL, Straube RC, Sadoff JC, Foulke GE, Wortel 
CH, Fink MP, Dellinger RP, Teng NN, et al.: Treatment of gram-negative 
bacteremia and septic shock with HA-1A human monoclonal antibody 
against endotoxin: a randomized, double-blind, placebo-controlled 
trial: the HA-1A Sepsis Study Group.  N Engl J Med 1991, 324:429-436.

11. Fisher CJ Jr, Agosti JM, Opal SM, Lowry SF, Balk RA, Sadoff JC, Abraham E, 
Schein RM, Benjamin E: Treatment of septic shock with the tumor 

necrosis factor receptor:Fc fusion protein: the Soluble TNF Receptor 
Sepsis Study Group.  N Engl J Med 1996, 334:1697-1702.

12. Warren HS: Strategies for the treatment of sepsis.  N Engl J Med 1997, 
336:952-953.

13. De Vriese AS, Vanholder RC, Pascual M, Lameire NH, Colardyn FA: Can 
inflammatory cytokines be removed efficiently by continuous renal 
replacement therapies?  Intensive Care Med 1999, 25:903-910.

14. Honore PM, Jamez J, Wauthier M, Lee PA, Dugernier T, Pirenne B, Hanique 
G, Matson JR: Prospective evaluation of short-term, high-volume 
isovolemic hemofiltration on the hemodynamic course and outcome 
in patients with intractable circulatory failure resulting from septic 
shock.  Crit Care Med 2000, 28:3581-3587.

15. Haase M, Bellomo R, Baldwin I, Haase-Fielitz A, Fealy N, Davenport P, 
Morgera S, Goehl H, Storr M, Boyce N, Neumayer HH: Hemodialysis 
membrane with a high-molecular-weight cutoff and cytokine levels in 
sepsis complicated by acute renal failure: a phase 1 randomized trial.  
Am J Kidney Dis 2007, 50:296-304.

16. Leblanc M, Charbonneau R, Lalumiere G, Cartier P, Deziel C: Postdialysis 
urea rebound: determinants and influence on dialysis delivery in 
chronic hemodialysis patients.  Am J Kidney Dis 1996, 27:253-261.

17. Alloatti S, Molino A, Manes M, Bosticardo GM: Urea rebound and 
effectively delivered dialysis dose.  Nephrol Dial Transplant 1998, 
13(Suppl 6):25-30.

18. Filler G, Bokenkamp A, Hofmann W, Le Bricon T, Martinez-Bru C, Grubb A: 
Cystatin C as a marker of GFR: history, indications, and future research.  
Clin Biochem 2005, 38:1-8.

19. Trof RJ, Di Maggio F, Leemreis J, Groeneveld AB: Biomarkers of acute 
renal injury and renal failure.  Shock 2006, 26:245-253.

20. Mulay A, Biyani M, Akbari A: Cystatin C and residual renal function in 
patients on peritoneal dialysis.  Am J Kidney Dis 2008, 52:194-195. author 
reply, 195-196

21. Hoek FJ, Korevaar JC, Dekker FW, Boeschoten EW, Krediet RT: Estimation 
of residual glomerular filtration rate in dialysis patients from the 
plasma cystatin C level.  Nephrol Dial Transplant 2007, 22:1633-1638.

22. Bone RC, Balk RA, Cerra FB, Dellinger RP, Fein AM, Knaus WA, Schein RM, 
Sibbald WJ: Definitions for sepsis and organ failure and guidelines for 
the use of innovative therapies in sepsis: The ACCP/SCCM Consensus 
Conference Committee: American College of Chest Physicians/Society 
of Critical Care Medicine.  Chest 1992, 101:1644-1655.

23. Bellomo R, Ronco C, Kellum JA, Mehta RL, Palevsky P: Acute renal failure: 
definition, outcome measures, animal models, fluid therapy and 
information technology needs: the Second International Consensus 
Conference of the Acute Dialysis Quality Initiative (ADQI) Group.  Crit 
Care 2004, 8:R204-R212.

24. Dellinger RP, Carlet JM, Masur H, Gerlach H, Calandra T, Cohen J, Gea-
Banacloche J, Keh D, Marshall JC, Parker MM, Ramsay G, Zimmerman JL, 
Vincent JL, Levy MM: Surviving sepsis campaign guidelines for 
management of severe sepsis and septic shock.  Intensive Care Med 
2004, 30:536-555.

25. Schortgen F, Soubrier N, Delclaux C, Thuong M, Girou E, Brun-Buisson C, 
Lemaire F, Brochard L: Hemodynamic tolerance of intermittent 
hemodialysis in critically ill patients: usefulness of practice guidelines.  
Am J Respir Crit Care Med 2000, 162:197-202.

26. Nakada TA, Oda S, Matsuda K, Sadahiro T, Nakamura M, Abe R, Hirasawa H: 
Continuous hemodiafiltration with PMMA Hemofilter in the treatment 
of patients with septic shock.  Mol Med 2008, 14:257-263.

27. Galli F, Benedetti S, Floridi A, Canestrari F, Piroddi M, Buoncristiani E, 
Buoncristiani U: Glycoxidation and inflammatory markers in patients on 
treatment with PMMA-based protein-leaking dialyzers.  Kidney Int 2005, 
67:750-759.

28. Ishikawa I, Chikazawa Y, Sato K, Nakagawa M, Imamura H, Hayama S, 
Yamaya H, Asaka M, Tomosugi N, Yokoyama H, Matsumoto K: Proteomic 
analysis of serum, outflow dialysate and adsorbed protein onto dialysis 
membranes (polysulfone and PMMA) during hemodialysis treatment 
using SELDI-TOF-MS.  Am J Nephrol 2006, 26:372-380.

29. Aucella F, Vigilante M, Gesuete A, Maruccio G, Specchio A, Gesualdo L: 
Uraemic itching: do polymethylmethacrylate dialysis membranes play 
a role?  Nephrol Dial Transplant 2007, 22(Suppl 5):v8-v12.

30. Hutchison CA, Cockwell P, Reid S, Chandler K, Mead GP, Harrison J, 
Hattersley J, Evans ND, Chappell MJ, Cook M, Goehl H, Storr M, Bradwell 
AR: Efficient removal of immunoglobulin free light chains by 

Received: 11 November 2009 Revised: 30 March 2010 
Accepted: 14 June 2010 Published: 14 June 2010
This article is available from: http://ccforum.com/content/14/3/R115© 2010 Mayeur et al.; licensee BioMed Central Ltd. This is an open access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.Critical Care 2010, 14:R115

http://ccforum.com/content/14/3/R115
http://creativecommons.org/licenses/by/2.0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16106006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12519925
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12490963
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12164882
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15086475
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17698689
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15897799
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9734942
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17855824
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1988827
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8637514
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9070479
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10501744
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11098957
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17660031
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8659502
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9719200
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15607309
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16912649
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18589221
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17403704
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1303622
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15312219
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14997291
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10903241
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18327291
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15673326
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16873993
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17586845


Mayeur et al. Critical Care 2010, 14:R115
http://ccforum.com/content/14/3/R115

Page 9 of 9
hemodialysis for multiple myeloma: in vitro and in vivo studies.  J Am 
Soc Nephrol 2007, 18:886-895.

31. Bozza FA, Salluh JI, Japiassu AM, Soares M, Assis EF, Gomes RN, Bozza MT, 
Castro-Faria-Neto HC, Bozza PT: Cytokine profiles as markers of disease 
severity in sepsis: a multiplex analysis.  Crit Care 2007, 11:R49.

32. Ronco C, Brendolan A, Bellomo R: Online monitoring in continuous renal 
replacement therapies.  Kidney Int Suppl 1999:S8-14.

33. Stein B, Pfenninger E, Grunert A, Schmitz JE, Hudde M: Influence of 
continuous haemofiltration on haemodynamics and central blood 
volume in experimental endotoxic shock.  Intensive Care Med 1990, 
16:494-499.

34. Grootendorst AF, van Bommel EF, van der Hoven B, van Leengoed LA, van 
Osta AL: High volume hemofiltration improves right ventricular 
function in endotoxin-induced shock in the pig.  Intensive Care Med 
1992, 18:235-240.

35. Heering P, Morgera S, Schmitz FJ, Schmitz G, Willers R, Schultheiss HP, 
Strauer BE, Grabensee B: Cytokine removal and cardiovascular 
hemodynamics in septic patients with continuous venovenous 
hemofiltration.  Intensive Care Med 1997, 23:288-296.

36. Klouche K, Cavadore P, Portales P, Clot J, Canaud B, Beraud JJ: Continuous 
veno-venous hemofiltration improves hemodynamics in septic shock 
with acute renal failure without modifying TNFalpha and IL6 plasma 
concentrations.  J Nephrol 2002, 15:150-157.

doi: 10.1186/cc9064
Cite this article as: Mayeur et al., Kinetics of plasmatic cytokines and cystatin 
C during and after hemodialysis in septic shock-related acute renal failure 
Critical Care 2010, 14:R115

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17229909
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17448250
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10560797
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2286729
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1430589
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9083231
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12018631

	Abstract
	Introduction:
	Methods:
	Results:
	Conclusions:
	Introduction
	Materials and methods
	Setting and eligibility
	Protocol and intermittent renal-replacement therapy
	Biologic and cytokine analyses
	Measurements and statistics

	Results
	Patients and hemodialysis
	Cytokines, albumin, and cystatin C kinetics

	Discussion
	Conclusions
	Key messages
	Abbreviations
	Competing interests
	Authors' contributions
	Acknowledgements
	Author Details
	References

