
Introduction

Patients with septic shock have clinical and hemody-
namic evidence of increased oxygen delivery to meet
their metabolic demands [1, 2]. These compensatory
mechanisms of improvement in oxygen delivery include
increased oxygen-carrying capacity [2]. However, little
is known regarding erythropoiesis as a compensatory
mechanism for increased metabolic needs in septic

shock. Septic shock is associated with decreased tissue
perfusion and hypoxia, which may induce the expres-
sion of the erythropoietin (EPO) gene [3]. EPO produc-
tion is increased in the Hep 3B human hepatoma cell
line during hypoxia [4]. Interleukin (IL)-6 enhances hy-
poxia-induced EPO production in Hep 3B cells in a
dose-dependent manner, while IL-1 b, transforming
growth factor-b and tumor necrosis factor-a downregu-
late EPO production [5]. However, the association be-
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Abstract Objective: To find out
whether polymyxin B-immobilized
fiber (PMX-F) treatment affects the
clinical parameters and plasma con-
centrations of erythropoietin (EPO)
and interleukin (IL)-6.
Design: A prospective case series
study.
Setting: Intensive care unit of the
Department of Internal Medicine,
Misato Junshin Hospital, Saitama,
and Koto Hospital, Tokyo, Japan.
Patients: 17 consecutive patients
(10 men, 7 women; mean age
54.6 years) with clinically defined
septic shock and 20 healthy volun-
teers (12 men, 8 women; mean age
52.2 years).
Main results: Of the 17 patients with
septic shock, 9 (53 %) survived. The
systolic blood pressure increased
significantly from 78 ± 6 to 106 ±
8 mm Hg 2 h after PMX-F treatment
in patients with septic shock. Plasma
endotoxin levels decreased signifi-
cantly after treatment, from 40 ± 6
to 12 ± 4 pg/ml. The pretreatment
plasma concentrations of EPO and

IL-6 were significantly higher in the
8 nonsurviving patients with septic
shock (EPO: 400 ± 36 mlU/ml; IL-6:
6260 ± 1180 pg/ml) than in the 9 sur-
viving patients (EPO: 120 ± 22 mlU/
ml; IL-6: 680 ± 138 pg/ml) and the 20
control subjects (EPO, 12 ± 6 mlU/
ml; IL-6, 8 ± 2 pg/ml). Plasma con-
centrations of EPO and IL-6 in pa-
tients with septic shock decreased
significantly after PMX-F treatment
(EPO, nonsurviving: 320 ± 28 mlU/
ml, p < 0.05; survivors: 26 ± 8 mlU/
ml, p < 0.001; IL-6, nonsurviving:
3860 ± 840 pg/ml, p < 0.01; survi-
vors: 84 ± 20 pg/ml, p < 0.001).
Conclusions: Plasma concentrations
of EPO and IL-6 may be prognostic
indicators in patients with septic
shock: PMX-F treatment may be ef-
fective in reducing the plasma con-
centrations of EPO and IL-6 in pa-
tients with septic shock.
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tween EPO and IL-6 is not well known. We hypothe-
sized that patients with septic shock would have in-
creased plasma EPO and IL-6 concentrations for in-
creased metabolic needs.

Despite the efficacy of antibiotic treatment and sur-
gical procedures to remove the source of infection, sep-
tic shock remains lethal [6, 7]. Conventional therapies
including antibiotics for septic shock are not entirely ef-
fective, probably because these therapies do not reverse
the effects of the bacterial toxins already released into
the blood stream or the endogenous toxic mediators
produced by the host in response to these bacterial
toxins [8]. Recently, polymyxin B-immobilized fiber
(PMX-F) has been developed to remove endotoxin di-
rectly from the blood [9, 10]. Critical Network Group
in Japan summarized the effects of PMX-F treatment
in septic patients in multicenters as follows: (1) PMX-F
could adsorb and reduce circulating endotoxin; (2) re-
duction of endotoxin attenuated the septic findings; (3)
PMX-F treatment was more effective than the conven-
tional therapies in patients with sepsis [11±13]. We in-
vestigated in the present study the effects of PMX-F on
plasma concentrations of EPO and IL-6 in patients
with septic shock.

Materials and methods

Patients

We studied 17 patients with septic shock (aged 23 to 81 years,
mean 54.6 years) and 20 normal healthy volunteers (aged 20 to
70 years, mean 52.2 years). Severe sepsis was diagnosed according
to the criteria of Bone et al. [14]: (a) systolic blood pressure
< 90 mm Hg, (b) tachycardia (> 90/min), (c) tachypnea (> 20/
min), (d) temperature > 38.5 or < 36.0�C, (e) leukocytosis
(> 12 000/ml) or leukopenia (< 3500/ml), and (f) specific organ fail-
ure. We determined the daily Acute Physiology and Chronic
Health Evaluation (APACHE) II score, which is based on 12 bio-
logical parameters, in addition to age and chronic organ systemic
failure [15]. Patients in the present study had symptoms of sepsis
and either had an APACHE II score > 16 or fulfilled five of nine
APACHE II sepsis criteria. All patients were entered into the
study within 24 h of meeting these criteria. We included 4 patients
with acute renal failure and 7 patients with liver injury. None of
the subjects was taking steroids, immunosuppressive agents, or
nonsteroidal anti-inflammatory agents. All patients with sepsis
had an identified focus of infection and/or a positive result in the
blood endotoxin assay and had failed to respond to various con-
ventional therapies. Since all patients had already been treated
with antibiotics, the causative bacteria could not be identified in
some patients. Gram-negative bacteria were detected in 12 pa-
tients (Escherichia coli. 7, Pseudomonas aeruginosa 3, Klebsiella
pneumoniae 2) and gram-positive bacteria in 2 patients (MRSA 1,
Staphylococcus aureus 1). No bacterial growth was identified in
3 patients. Conventional therapies were not changed during
PMX-F therapy except to decrease them as appropriate.

Hemoperfusion with PMX-F

We initiated PMX-F therapy when patients with septic shock did
not respond to conventional therapies for 5 days as previously
described [16]. A double-lumen catheter (Arrow International,
Reading, Penna., USA) was inserted into the femoral vein by Sel-
dinger's method. Direct hemoperfusion with PMX-F (Toraymyxin,
Toray Medical, Tokyo, Japan) was performed for 2 h at a flow rate
of 80 to 100 ml/min through a venovenous catheter. Patients re-
ceived two courses of treatment. The time interval between the
two courses was 24 h. PMX-F and the hemoperfusion column
have been described previously [9, 10].

Plasma concentrations of endotoxin, EPO, and IL-6

Heparinized blood samples (6 ml) were collected before and after
PMX-F treatment and assayed for endotoxin by the Endospecy
method [10]. The normal upper limit of the plasma endotoxin level
is 9.8 pg/ml. The plasma concentration of EPO before and after
treatment in patients with septic shock and in normal volunteers
was measured by an enzyme-linked immunosorbent assay (ELI-
SA) (Quantikine IVD, R & D Systems, Minneapolis, Minn.,
USA). This assay is highly specific and can detect EPO concentra-
tions as low as 0.25 mlU/ml [17]. The normal upper limit of EPO
concentration is 25 mlU/ml. The plasma IL-6 concentration was
also measured by an ELISA (Quantikine Human IL-6 Immunoas-
say, R & D Systems). This assay can detect concentrations of IL-6
as low as 7 pg/ml. The normal upper limit of IL-6 concentration is
10 pg/ml.

Statistical analysis

Results are expressed as the mean ± SEM. Differences in mean va-
lue among more than two groups were assessed by the Kruskal-
Wallis test. The difference in median values was examined by Wil-
coxon's signed rank test for paired subjects. A level of p < 0.05
was accepted as statistically significant.

Results

In the septic shock group, 9 (53 %) of 17 patients sur-
vived. All the survivors were discharged within 30 days
after PMX-F therapy from our hospital. The systolic
blood pressure increased significantly 2 h after comple-
tion of PMX-F therapy (78 ± 6 vs 106 ± 8 mm Hg, p <
0.01). The heart rate showed no marked statistical
change during hemoperfusion. The mean body tem-
perature was 38.8 ± 0.3 �C before treatment, which de-
creased to 38.3 ± 0.3 �C immediately after the first treat-
ment (p < 0.05) and decreased to 37.9 ± 0.3 �C after the
second treatment (p < 0.01). These data are summar-
ized in Table 1. The mean APACHE II score was
23.2 ± 1.1 on admission. This score improved from
24.0 ± 1.2 before PMX-F treatment to 10.8 ± 0.6 a week
after treatment. There was a strong correlation between
patient outcome and APACHE II score (mortality,
p < 0.001; length of stay, p < 0.001; number of days on
the ventilator, p < 0.001). The mean concentration of
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endotoxin decreased significantly after two courses of
PMX-F treatment (pretreatment, 40 ± 6 pg/ml, first
treatment, 19 ± 6 pg/ml, p < 0.01; second treatment,
12 ± 4 pg/ml, p < 0.01) (Fig.1). The endotoxin level in
normal healthy volunteers was < 9.8 pg/ml (4.6 ±
1.2 pg/ml).

The pretreatment plasma EPO concentrations was
significantly higher in the 8 nonsurviving patients with
septic shock (400 ± 36 mlU/ml) than in the 9 surviving
patients (120 ± 22 mlU/ml, p < 0.01) (Fig. 2). The plas-
ma EPO concentration was also significantly higher in
surviving patients with septic shock than in healthy vo-
lunteers (12 ± 6 mlU/ml, p < 0.01).

The pretreatment plasma IL-6 concentration was sig-
nificantly higher in nonsurviving patients with septic
shock (6260 ± 1180 pg/ml) than in surviving patients
(680 ± 138 pg/ml, p < 0.001) (Fig. 2). The plasma IL-6
concentration was also significantly higher in surviving
patients with septic shock than in control subjects
(8 ± 2 pg/ml, p < 0.001). PMX-F treatment significantly

reduced the plasma EPO concentration in patients with
septic shock (nonsurviving: first treatment 340 ±
32 mlU/ml, p < 0.05, second treatment 320 ± 28 mlU/
ml, p < 0.05; survivors: first treatment 48 ± 12 mlU/ml,
p < 0.01, second treatment 26 ± 8 mlU/ml, p < 0.001).
PMX-F treatment also significantly reduced the plasma
IL-6 concentration (nonsurviving: first treatment
4480 ± 920 pg/ml, p < 0.01, second treatment 3860 ±
840 pg/ml, p < 0.01; survivors: first treatment 180 ±
36 pg/ml, p < 0.001, second treatment 84 ± 20 pg/ml,
p < 0.001).

Discussion

Plasma concentrations of EPO and IL-6 were increased
in patients with septic shock and were markedly re-
duced after PMX-F treatment. Endotoxin triggers
many adverse systemic reactions and can cause serious
sequelae in patients with septic shock. In septic shock,
activated neutrophils adhere to the vascular endothe-
lium, and the production of chemical mediators, includ-
ing active oxygen species and proteases, causes tissue
damage which then progresses to multiple organ da-
mage [18]. Little is known about the role of erythropoi-
esis as a compensatory mechanism for increased meta-
bolic needs in septic shock.

A major physiological mechanism by which mam-
mals respond to hypoxia is through stimulation of ery-
thropoiesis, which results in an increased blood oxy-
gen-carrying capacity [19]. EPO is a circulating hor-
mone that governs the rate of red blood cell production
and thus the oxygen-carrying capacity of blood. Several
organs including kidney, liver, brain, testis, lung, spleen,
and placenta have been shown to express EPO [20]. Cir-
culating levels of EPO may increase up to 1000-fold in
response to hypoxia [21]. Production of EPO was in-
creased by a reduction of blood oxygen availability
which arose from reduced arterial oxygen tension
(PO2) [22]. We recognized that PO2 levels in patients
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Pretreatment First treatment Second treatment

**

* *

Blood pressure (mmHg) 78 ± 6 92 ± 10 106 ± 8

NS

NS NS

Heart rate (bpm) 126 ± 18 122 ± 14 120 ± 12

**

* *

Body temperature (�C) 38.8 ± 0.3 38.3 ± 0.3 37.9 ± 0.3

Table 1

* p < 0.05, ** p < 0.01

Fig.1 Plasma endotoxin levels before and after the first and the
second PMX-F treatment in patients with septic shock and in nor-
mal healthy volunteers. * p < 0.05; ** p < 0.01; *** p < 0.001



with septic shock (64 ± 12 mm Hg) were significantly
lower than those in healthy controls (102 ± 16 mm Hg)
(p < 0.01) (data not shown). Hypoxia may be associated
with an increased plasma EPO concentration in patients
with septic shock [2]. We have previously reported that
the brain in depressed patients may be in a hypoxic state
and that increased EPO concentrations in the cere-
brospinal fluid may limit the damage to neurons associ-
ated with hypoxia [23]. Recent studies have shown that
the plasma concentration of EPO is higher in patients
with septic shock than in normal individuals [2, 24].

An increased plasma IL-6 concentration is correlated
with mortality in patients with septic shock [2, 25, 26].
IL-6 upregulates EPO expression in a dose-dependent
and specific fashion in the Hep 3B cell line [2] and may
enhance EPO expression in patients with septic shock.
Exogenously administered IL-6 has been shown to in-
duce erythropoiesis in vivo [27]. Some investigators
have reported that IL-6 proved to inhibit EPO produc-
tion in isolated perfused rat kidney [28]. However, the
mechanisms by which IL-6 alters EPO expression have
not been elucidated. Recently, Abel et al. [24] have re-
ported that increasingly high EPO levels are a negative
prognostic indicator in septic patients, as has been es-
tablished for increasing IL-6 levels and APACHE II
scores.

Recently, many different antiendotoxin strategies
have been investigated. Unfortunately, to date, none of
these therapies has been shown to be consistently bene-
ficial in reducing the morbidity and mortality of sepsis
[29]. The lack of clinical success with these novel thera-
pies had led to a renewed interest in extracorporeal
therapies to decrease circulating mediators of sepsis
[30]. Hemoperfusion with PMX-F is a newly developed
treatment for septic shock [9, 10]. We previously report-

ed that PMX-F reduced levels of humoral mediators in
patients with septic shock [31]. The adsorption of endo-
toxin from blood improves the survival rate in animals
and humans with endotoxin shock [9, 10]. The findings
in the present study indicate that endotoxins were actu-
ally removed by PMX-F treatment. This treatment
markedly alleviated the symptoms of sepsis syndrome.
Recently, Shoji et al. [32] have summarized the differ-
ence in survival rates between patients who received
PMX-F treatment and those who received conventional
therapies without PMX-F treatment (control group).
Despite higher severity of illness in the PMX-F treated
group, the survival rate of the PMX-F treated group
was higher than that of the control group. Kodama et
al. [33] reported that PMX-F therapy reduced morbidity
and improved several parameters in septic patients in
multicenter studies. Before PMX-F column was com-
mercially available, routine potent antibiotics and inten-
sive supportive care including catecholamines were gi-
ven to 30 patients with septic shock in our hospital; 24
of the 30 patients died (mortality was 80 %). However,
randomized, double-blinded studies with many patients
who meet a strict set of criteria for inclusion will be re-
quired. In the preliminary studies, we determined plas-
ma EPO and IL-6 levels in 7 septic patients who re-
ceived conventional therapies without hemoperfusion.
Plasma EPO and IL-6 concentrations showed little
change between pretreatment (EPO 340 ± 40 mlU/ml,
IL-6 3860 ± 640 pg/ml) and posttreatment (EPO 320 ±
30 mlU/ml, IL-6 3680 ± 820 pg/ml) in these patients
(data not shown). These data may suggest that PMX-F
specifically removed these substances. In addition, 6 pa-
tients with septic shock were treated with direct hemo-
perfusion (DHP) without PMX-F. DHP without PMX-
F did not affect circulating EPO and L-6 concentrations

1275

Fig.2 Effect of PMX-F treat-
ment on plasma concentrations
of EPO A and IL-6 B in 8 non-
surviving patients and 9 surviv-
ing patients with septic shock
before a and after b PMX-F
treatment and in 20 normal
healthy volunteers. EPO:
* p < 0.05; ** p < 0.01;
*** p < 0.001; IL-6: # p < 0.01;
#,# p < 0.001



(pretreatment: EPO 380 ± 30 mlU/ml, IL-6 3480 ±
580 pg/ml, posttreatment: EPO 348 ± 40 mlU/ml, IL-6
3260 ± 480 pg/ml).

In the present study, the pretreatment plasma EPO
concentration was significantly higher in nonsurvivors
than in survivors of septic shock, and PMX-F caused a
greater reduction in the EPO concentration in survivors
than in nonsurvivors. These results indicate that an ele-

vated plasma EPO concentration may be a negative
prognostic indicator in patients with septic shock.
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