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Objective. The use of polymyxin B-immobilized fiber (PMX-F) treatment has been demonstrated to reduce chemical mediators of
sepsis. The objective of the present study was to evaluate the effects of PMX-F treatment in patients with sepsis.

Methods. The design of this study was prospective. Between January 1997 and April 2002, 314 patients were treated for severe
sepsis or septic organ failure. Of these patients, 206 were treated by PMX-F hemoperfusion, during which standard supportive care
was continued without alieration. The remaining 108 patients were treated by conventional means. Serum levels of mediators—
including endoioxin, interleukin-6, tumor necrosis factor-a, soluble interleukin-2 receptor, endothelin-1, and platelet factor-4—were
measured before and immediately after PMX-F treatment.

Results. The post-trearment 2-week survival rate was 69% in the PMX-F treatment group and 36% in the conventional treatment
group (p<0.01). In the PMX-F treatment group, the sepsis severity score, the Goris score for the number of failed organs, and the
Acuze Physiology and Chronic Health Evaluation (APACHE) I score in sunivors were significantly less than those in non-survivors
(p < 0.01). In the survivors, all mediators were significantly decreased after PMX-F treatment (p < 0.01); however, there were no sig-
nificant changes in the mediators in non-survivors.

Conclusion. These data suggest that PMX-F hemoperfusion is superior to conventional treatment in patients with sepsis and s

effective in reducing endotoxin and blood inflammation mediators in surviving septic patients.

epsis is a common cause of
admission to intensive care
units, probably because of the
severity of illness of hospitalized
patients and the persistently high inci-
dence of nosocomial infections.! A
central event in the pathophysiologic
cascade of sepsis is the excessive sys-
temic release of proinflammatory
cytokines in response to a microbial
invasion.? Attenuating the systemic
effects of these mediators is a logical
goal of adjuvant therapy in sepsis.
However, the effectiveness of treat-
ments targeting single mediators dur-
ing established sepsis has been disap-
pointing.*’ Danner et al.‘ reported the
importance of reducing plasma endo-
toxin levels {0 achieve a good outcome
for septic patients, but did not men-

tion any correlation with clinical
parameters. Recently, the polymyxin
B-immobilized fiber (PMX-F) cartridge
has been used clinically as one thera-
peutic intervention against sepsis.” We
reported previously in small-scale
studies** that PMX-F treatment was, in
fact, effective in patients with sepsis.
The aim of the present study was
1o conduct a relatively large clinical
trial to assess the value of PMX-F
treatment for sepsis. We evaluated
changes of various parameters as a
response to direct hemoperfusion in
patients with severe sepsis.

PATIENTS AND METHODS
Srudy Design

The design of the swudy was
prospective. Between January 1997
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and April 2002, 314 septic patients
were admitted to our hospitals or, in
some cases, to intensive care units if
they were already hospitalized at
the time sepsis developed. Conven-
tional treatments, including resusci-
tation, antibiotics, and organ sup-
port, were continued and remained
unchanged. The PMX-F regimen
was given to patients who were
confirmed to have an infection or
positive results of a plasma endo-
toxin assay, and who demonsirated
the systemic inflammatory response
syndrome (SIRS) and at least 1
organ failure.*

Multiple organ failure (MOF) was
diagnosed according to the MOF diag-
nostic criteria proposed by Goris et
al.¥ Impairments of the kidney, liver,




respiratory system, central nervous
system, cardiovascular system,
coagulation, and the gastrointesti-
nal system were estimated by the
Goris definition.” The severity of
infection was judged according 1o
the seplic severily scores (SSS)."
The severity of the critical illness
was evaluated by the number of
failed organs, the Acute Physiology
and Chronic Health Evaluation
(APACHE) 11, and the Goris score.
Patients younger than 18 years or
older than 85 years were excluded.”
Informed consent was obtained
from each patient or from responsi-
ble family members.

Patients

We selected 206 septic patients for
PMX-F hemoperfusion. The re-
maining 108 patients received
various conventional treatiments
including antibiotic therapy, ad-
ministration of gamma globulin
and vasopressors such as cate-
cholamines, and hemodynamic
monitoring. The conventional
treatment group served as histori-
cal controls; however, the severity
of sepsis in this group was slightly
less than in the PMX-F treatment
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Table I. Underlying conditions of the PMX-F
, and conventional treatment groups.

neoplasm

collagen disease
diabetes

renal disease

liver disease
cardiovascular disease
respiratory disease
CNS disease
postoperation

trauma

PMX-F Conventional
Treatment Treatment
= 206) {n = 108}
46 32
28 14
44 30
36 15
26 18
76 45
62 30
38 14
G8 44
38 22

CNS: central nervous system; PMX-F: polymyxin B-iminobilized fiber.
The numbers shown represent the nurnber of patients, some of whom had more than

1 underlying condition.

group. The patients were randormn-
ly divided into the two groups.

Methods

In the present study, the conven-
tional treatment group did not
receive hemoperfusion. The PMX-

PMX-F Conventional

Treatment Treatment

(n = 206) {n = 108)
age (years) 62.8 £ 12.9 66.4 + 14.3
sex (male/female) 132/74 67/41
endotoxin detected 82%* 76%
culture-positive 82% 80%
MOF 92%" 84%
failed organs (number) 42 1+ 0.9 36 07
SSS 53.5 =+ 8.5 50.4 + 8.3
APACHE 1] score 246 + 6.8 24.0 % 53

MOF: multiple organ failure; SSS: septic severity score; APACHE: Acute Physiology
and Chronic Health Evaluation
*p<0.05 (PMX-F treatment group vs. conventional treatinent group}
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F treatment methodology and the
hemoperfusion column used heave
been described previously.** PMX-
F therapy was performed twice
within a 24-hour interval, as pre-
viously reported.** Access to the
circulation for direct hemoperfu-
sion with PMX-F was obtained via
a double-lumen catheter {Arrow
International, Inc., Reading, PA,
U.S.A.) inserted into the femoral
vein by Seldinger’s method. In
patients undergoing hemoperfu-
sion, we used a shunt access for
the PMX-F treatment. Direct
hemoperfusion was carried out for
2 hours at 2 flow rate of 100
ml/min, as reported previously.**

The survival rate, improve-
ment in the Goris score, and the
number of failed organs were
assessed 2 weeks after the treat-
ment.” Various parameters were
monitored before and immediate-
ly after direct hemoperfusion.
Body temperature, blood pres-
sure, heart rate, and the Pa0:/Fi0:
ratio were also recorded.

Blood endotoxin levels were




determined by an “endospecy” test
(Seikagaku Xogyo, Tokyo, Japan;
normal upper limit, 10 pg/ml; sen-
siuvity, 0.003 EU/ml [1 pg/mil =
0.0029 EU]). Plasma interleukin
(11)-6 levels were measured by an
enzyme-linked immunosorbent
assay (Quantikine, R&D Sysiems,
Minneapolis, MN, U.S.A.; normal
upper IL-6 limit, 10 pg/ml). The
TNF-u assay kit was from Amer-
sham (Buckinghamshire, U.X.; nor-
mal upper limit, 5.0 pg/ml). The
serum soluble IL-2 receptor assay
kit was from T Cell Science (Cam-
bridge, MA, U.S.A.; normal upper
limit, 450 U/ml). The plasma
platelet factor (PF-4) assay kit was
from Diagnostic Stago (Asnieres,
France; normal upper limit, 20
ng/ml). Plasma endothelin-1 was
assayed by radioimmunoassay
using polyclonal anti-rabbit anti-
body (Pe- ninsula Lab, Belmont,
CA, U.S.A.; normal upper limit,
2.3 pg/ml).

The effects of PMX-F on the
severity of sepsis and MOF (SSS,
Goris score, and APACHE 11 score)
were compared prior to and 2
weeks after treatment.

PorymyxiN B-ImmoBiLizED FIBER HEMOPERFUSION

Ta’ble lll. Infection sites in patients with sepsis.

PMX-F Conventional

Treatment Treatment

{(n = 206) (n = 108)
respiratory system 70 38
abdominal cavity 45 28
urinary tract 28 10
bile tract 18 7
cardiovascular system 18 6
central nervous system 5
wound 4
others 12 10

The nurnbers shown represent the number of patients.

Statistical Analysis

Statistical analysis was done using
the Mantel-Haenszel test.' Data are
expressed as the mean + SD. A sta-
tistical analysis was done with
regard to survival rate in the PMX-F
group vs. the conventional group 2
weeks post-treatment. The values
obtained before and after treatment
were analyzed using Wilcoxon's
nonparametric t-test in those cases
in which there was correspondence

PMX-F Conventional
Treatment Treatment
(n = 206) (n = 108)
E. coli 56 (27%) 22 (20%)
K. pneumonia 32 (16%) 14 (13%)
P. aeruginosa 84 (41%) 32 (30%)
B. cepacia 34 (17%) 15 (14%)
P. vulgaris 28 (14%) 10 (9%)
E. cloacae 38 (18%) 22 (20%)
H. influenza 16 (8%) 4 (4%)
P. mirabillis 32 (16%) 16 (15%)
Candida 22 (11%) 10 (9%)
Gram-positive bacteria 42 (20%) 20 (19%)
*Combined infections were detected in some patients, The nurnbers shown represent the
number (and percentage) of patients.
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1o pre-treatrnent values. A p-value of
< 0.05 was considered significant.

RESULTS

As shown in Table ], the underlying
conditions were varied and multiple.
Patient characteristics are shown in
Table I, and infection sites are shown
in Table II. Table IV shows the organ-
isms that caused the infections.

Survival rates 2 and 4 weeks after
PMX-F wreatment were 69.4% and
68.0%, respectively. Those after
conventional treatment were 36.1%
and 32.4%, respectively (PMX-F
group vs. conventional treatment,
p <0.01). The Goris score improved
significantly, from 6.1 + 1.4 10 3.4
+ 0.6 (p<0.01) 2 weeks after PMX-
F treatment. The number of failed
organs also improved, from 4.2 %
091022 = 0.6 (p<0.01).

Data for survivors and non-sur-
vivors at 2 weeks after PMX-F treat-
ment are shown in Table V. The
changes in blood pressure, hean
rate, body temperature, and the
PaQ:/Fi0Q: ratio in survivors and non-
survivors are shown in Figure 1.

In the survivors, blood pressure
was significantly increased (p < 0.01),
heart rate was significanty decreased
(p < 0.05), body temperature was sig-
nificantly decreased (p<0.01}, and
the Pa0./FiQ: ratio was significanily




increased (p<001). In non-sur-
vivors, these parameters showed lit-
e change.

Blood mediator levels of endotox-
in, 1L-6, TNF-«, endothelin-1, solu-
ble IL-2 receptor, and PF-4 before
and zfter PMX-F weatments were
compared between survivors and
non-survivors. All mediators were
significantly improved in survivors
after PMX-F treatment (p<0.01)
(Figure 2). By contrast, these media-
tors showed little change after PMX-
F treatment in non-survivors.

DISCUSSION
In the present study, we found that
plasma endotoxin adsorption with
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Table V. Disease severity and survival
outcome 2 weeks after PMX-F treatment.

Survivors Non-Survivors

{n = 143) n = 63)
SSS 48.6 = B.5 61.7 = §8*
Goris score 52 4 1.7 7.6 £ 1.9
failed organs (number) 3.9 =+ 09 5509
APACHE I score 25.2 £ 3.2 26.8 = 5.4°

*p< 0.0 (survivors vs. non-sunivors)

polymyxin B has a beneficial effect
on the outcome and symploms of
patients with severe sepsis when
compared with conventional ireat-
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Figure 1. Levels of clinical parameters before and immediately after PMX-F
trearment in survivors and non-survivors. *p<0.05, **p <0.01 (before vs. after);
'p <0.05, 'p <0.01 (survivors vs. non-survivors)
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ment. An improvement in both the
Goris score and the number of
failed organs was apparent after 2
weeks in all patients who survived
more than 2 weeks.

The mechanisms underlying the
efficacy of endotoxin adsorption in
patients with severe sepsis are still
unclear. In small-scale studies, many
investigators have reported that sev-
eral mediators play pivotal roles in
sepsis or its progression 10 MOF.***
In the present study, blood IL-6,
TNF-u, endothelin-1, soluble IL-2
receptor, and PF-4 levels before
treatment were significantly higher
in non-survivors than in survivors;
while PMX-F treatment reduced
these levels in survivors, it did not in
non-survivors. The influence of
rapid reduction in plasma endotox-
ins may be found not only in mono-
cytes, lymphocytes, and platelets,
but in the endothelium as well.

TNF-a has a major proinflamma-
tory role in the pathogenesis of sep-
sis and MOF, stimulates the produc-
tion of many other pro-inflammato-
ry and anti-inflammatory mediators,
and is the first cytokine to be
released systemically." IL-6, which
has been found consistently in the
circulation of septic patients,® is a
pleiotropic cytokine with potent bio-
logical effects encompassing stimu-
lation of B- and T-lymphocytes, and
plasma IL-6 levels have been found
to closely correlate with the severity
and outcome of sepsis.*

Endothelin-1 has an important
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Figure 2. Levels of various mediators before and immediately after PMX-F treatment in survivors and non-survivors.

*p <0.05, **p<0.01 (before vs. after);

'p<0.08, "p<0.01, *p <0.001 (survivors vs. non-survivors)

role in modulating immune and
hemodynamic events. Recently, we
reported that endothelin-1 may play
pathophysiological roles in the pro-
gression of heart failure.* Some
investigators have reporied that
increased levels of endothelin-1 are
associated with a poor outcome in
sepsis syndrome.'*'* Brauner et al.”
reported that endothelin-1 is an
early and sensitive predictor of mor-
lality, and that very early detlermi-
nation of TNF-a and endothelin-1 in

sepsis may help to identify patients
al higher risk for an adverse out-
come. We showed in the present
study that plasma endothelin-] Jev-
els are increased in septic patients
and that PMX-F treatment reduced
these levels in survivors but not in
NORN-SUFVivOIs.

The soluble IL-2 receptor is
released into body fluids mosty from
T- and B-lymphocytes that seem to
have an ancillary role in the patho-
genesis of sepsis.” Our present data
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lead us to agree with the previous
suggestion that determination of 1L-2
receptor levels has diagnostic and
prognostic values in a redundant
clinical course of patients with sep-
sis."” PMX-F treatment was effective
in reducing soluble IL-2 receptor lev-
els in survivors.

Platelet activalion has been esti-
mated by measuring increases in
plasma levels of platelet a-granule
proteins including PF-4. Our pres-
ent data imply that piateiets were



activated in patients with sepsis.
The increased PF-4 levels may not
only be indicators of platelet activa-
tion, but may play further roles in
septic shock syndrome. Sepsis
causes various activation reactions,
including blood coagulation and
fibrinolysis, in addition to platelet
activation.

CONCLUSION

In summary, our current results indi-
cate thal seplic patients treated with
PM3-F have a better chance of sur-
vival than do patients treated with
conventional methods. Blood endo-
toxin could be one of the therapeutic
targets for the treatment of sepsis.
Plasma endotoxin reduction by PMX-
F treatment correlated with a reduc-
tion in the various mediators in sur-
viving septic patients whose endo-
toxins were adequately removed.
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