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Abstract
Background: Direct hemoperfusion with a polymyxin B
(PMX) often produces improvement in patients with sepsis
caused by bacteria other than those classified as gramnegative. The aim of the present study is to clarify the
therapeutic effects of PMX in patients with sepsis caused by
bacteria other than gram-negative bacteria.
Methods and Findings: We enrolled 41 patients with severe
sepsis including various other diseases, which were treated
with PMX. We evaluated the improvement in blood
pressure, vasopressor requirement, respiratory condition,
Sequential Organ Failure Assessment (SOFA), inotropic
score, and serum biochemical markers before and after
PMX therapy. PMX therapy improved inotropic scores (14.3
to 8.4, p0.01) and small decrease partial SOFA scores (2.8 to
2.1, p0.01). We compared hemodynamic scores between
patients with gram-negative bacteria (GN group) and nongram-negative bacteria (non-GN group). Changes in blood
pressure, inotropic score and partial SOFA scores by PMX
therapy showed no significant differences between the GN
and non-GN groups (p = 0.26, p = 0.11 and p = 0.3,
respectively). Furthermore, we compared the 28-day
mortality between GN and non-GN groups. As a result,
there is no significant deference. (p = 0.85).
Conclusion: PMX therapy is effective to improve
hemodynamic status of septic patients not only with gramnegative but with non-gram-negative bacteria. Main
limitation is that the sample size was relatively small and
the study was performed in a single center.
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Introduction
Direct hemoperfusion (DHP) with a polymyixin-B (PMX)
column is used for patients with sepsis caused by gram-negative
bacteria. This treatment is thought to be useful for removing
endotoxins from the circulation: endotoxins mainly consist of
lipopolysaccharides from the outer membrane component of
gram-negative bacteria. PMX (Toray industries, Tokyo, Japan) has
been commercially available in Japan since 1993. PMX therapy
has been considered effective for patients with sepsis,
particularly those with septic shock [1]. Although the column
has been used worldwide, it remains unclear whether the
therapy is significantly effective compared to other conventional
treatments and what favorable effects it has on patients.
Conclusions about the effect of PMX therapy are
controversial. Tani reported that the mean levels of plasma
endotoxin were significantly reduced by PMX therapy [2]. There
are reports mentioning that PMX therapy improved blood
pressure (BP) and the ratio of the partial pressure of arterial
oxygen to the fraction of inspired oxygen (the PaO2/FiO2 ratio)
[3-4]. Cruz reviewed that the therapy appears to have favorable
effects on mean arterial pressure (MAP), reduced dopamine use,
improved the PaO2/FiO2 ratio, and lowered patient mortality
[5]. Further, there are a few randomized control trials (RCTs),
suggesting the therapeutic benefits of this therapy. Patients
treated with PMX demonstrated significant increases in cardiac
index, left ventricular stroke work index, and oxygen delivery
index compared with those without the treatment, whereas no
significant improvements were observed between the groups in
organ dysfunction as assessed by the Sequential Organ Failure
Assessment (SOFA) [6]. Another report showed that there were
significant differences between the two groups in MAP, the
PaO2/FiO2 ratio, and vasopressor requirement, resulting in
significant improvement of SOFA scores at 72 h after PMX
therapy [7]. Inconsistent with these studies, a meta-analysis
shows that there was no significant improvement in all-cause
mortality at 28 days after the treatment [8]. However, there is a
conflicting report that PMX therapy has beneficial effects on all-
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cause mortality [9]. In Japan, PMX therapy has been approved as
one of treatment covered by the national insurance coverage,
causing difficulty in performing RCTs. Using a retrospective
cohort study design, we examined whether PMX therapy has
some clinical benefits and whether PMX has therapeutic effects
on sepsis caused by non-gram-negative bacteria. We believe our
study extends some additional knowledge in this field.

Methods
Patients
We enrolled 41 patients with sepsis receiving PMX therapy at
our center between 2007 and 2012. We obtained the patient
information from the electronic clinical records of the center.
The data before 2006 could not be collected precisely because
paper records were used before the introduction of electronic
records. Therefore, we obtained all the PMX records, which have
been performed in our center since 2007. The criteria of the
American College of Chest Physicians/Society of Critical Care
Medicine Consensus Conference were used for the diagnosis of
sepsis [10]. Most participants were suspected to have infection
with gram-negative bacteria. In many cases, PMX was
performed before the results of the bacterial culture because of
participants’ serious conditions. Some patients had infection
with gram-positive or other bacteria, but we did not exclude
these patients because PMX therapy was extensively performed
and our aim was to examine the clinical effectiveness of PMX
therapy for septic shock caused by any type of bacteria. Before
starting the study, we obtained approval by the ethical
committee of Tokyo Women’s Medical University. Patients or
important members of family provided written given informed
consent before entry of the present study.

PMX therapy
DHP was performed using a PMX-coated column, PMX 05-R
(Toray, Tokyo, Japan). Each treatment was performed once for
each patient with 2-3 h sessions and 50-100 mL/min of blood
flow. In several patients, we performed the therapy for 2
consecutive days with the expectation of better
prognosis.Nafamostat mesilate was used as the anti-coagulant,
which has been used in patients with hemorrhagic conditions in
Japan. Temporary catheter was used for vascular access in most
patients except those with already present vascular access such
as arterial-venous fistula.

Data collection and endpoint
Clinical histories and laboratory data were retrospectively
collected from hospital records. Primary endpoints were BP,
vasopressor requirement (based on inotropic and partial SOFA
scores), the PaO2/ FiO2 ratio, conventional SOFA scores and
serum biomarkers for systemic inflammation [C-reactive protein
(CRP) and white blood cell (WBC)] and 28-day mortality.The
inotropic score calculated as follows [11-12].
Inotropic score = (dopamine dose × 1) + (dobutamine dose ×
100) + (noradrenaline dose × 100) + (phenylephrine dose × 100)

2

Vasopressors agents are expressed in μg/kg/min. The
inotropic score is useful for evaluating the total requirements of
vasopressors and the effectiveness of the treatment among
various patients [7].
The conventional SOFA score consists of six categories to
evaluate multiple organ failure of septic patient [13]. Since
cardiovascular category score is thought the most important
factor to exacerbate severity of the SOFA score, we employed
cardiovascular score of SOFA score alone, defined as partial
SOFA score (pSOFA), which was used in the previous report
[14-16]. We think that two different scores, pSOFA and inotropic
score, could enable us to evaluate requirement of vasopressors
more precisely. BP was measured hourly during PMX therapy
using a mercury sphygmomanometer. Because, as observed
from clinical records, serum endotoxin levels were not measured
in any patients, we excluded these from one of the endpoints.
We examined the laboratory data at baseline and at 72-h after
PMX therapy. For patients who died within 72 h from the
initiation of therapy, the last collectable data were used for
evaluation.

Statistical analysis
Clinical parameters are expressed as mean ± standard
deviation. Normally distributed variables were compared using
the Student’s t-test and abnormally distributed variables using
the Mann-Whitney U-test. Duration of survival was compared
using log-rank test. A p-value of 0.05 was considered statistically
significant. Data were analysed with JMP version 11.

Results
The participants consisted of 32 males and 9 females (age
range, 19-100 years) (Table 1). Four patients were diagnosed
with Escherichia coli infection. E. coli was the most common
gram-negative bacteria detected from the bacterial cultures of
peripheral blood samples but accounted for only 9.5% of the
total bacteria. Microbiological analyses showed various bacterial
infection in the patients, for whom bacterial cultures were
obtained prior to or during PMX therapy. Gram-negative
bacteria were detected in 13 patients (31.7%). Approximately
half of the patients showed negative results for bacterial
recovery, suggesting that PMX therapy was performed in
patients without sepsis or that bacterial recovery was
unsuccessful in some cases of sepsis. Another reason may be
that PMX therapy was performed for many patients before
obtaining the microbiological results because the conditions of
the patients warranted immediate treatment. Norepinephrine/
epinephrine and dopamine were used in 71% of the patients
and dobutamine in 27% at the initiation of PMX therapy.
Table 1: Baseline characteristics of PMX-treated patients.
n = 41
Male : Female (%)

32 (78) : 9 (22)

Mean age (years old) (range)

69.0 (19 – 100)

Bacteriology (%)
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Escherichia coli

4 (9.5)

Bactrroides fragilis

2 (4.8)

Acinetobactor baumannii

2 (4.8)

Serratia marcescens

1 (2.3)

Klebsiella pneumonae

1 (2.3)

Enterobactor aerogenes

1 (2.3)

Streptococcus agalactiae

1 (2.3)

Neisseria meningitides

1 (2.3)

Enterococcus faecalis

1 (2.3)

None

20 (47.6)

Unknown

6 (14.3)

Use of vasopressor (%)
Norepinephrine / epinephrine

30 (71)

Dopamine

30 (71)

Dobutamine

11 (27)

Baseline organ dysfunction (%)
Cardiac

17 (41)

Hepatic

6 (15)

Renal

32 (76)

Diabetes

17 (41)

Table 2 shows the causes of sepsis or bacteremia. The most
common cause of bacteremia was gastrointestinal perforation,
which was observed in 11 patients (26.2%). The second was
infection from insufficient sutures and pneumonia, which was
observed in 5 patients (11.9%). In our center, PMX therapy was
performed in patients with various causes of sepsis.
Table 2: Causes of sepsis or bacteremia.
No. (%)
Gastrointestinal perforation

11 (26.2)

Insufficient suture

5 (11.9)

Pneumonia

5 (11.9)

Liver abscess

4 (9.5)

Cholangitis

3 (7.1)

Pyelonephritis

2 (4.8)

Ileus

1 (2.4)

Suppurative arthritis

1 (2.4)

Phlegmon

1 (2.4)

Cyst of kidney

1 (2.4)

Phlebitis

1 (2.4)

Unknown

6 (14.3)

Next we compared clinical effects of PMX therapy (Table 3).
PMX therapy significantly increased the average systolic BP from
106.0 mmHg to 115.2 mmHg (p = 0.03). The inotropic score
significantly decreased from 14.3 to 8.4 (p<0.01) and the partial
SOFA score also decreased from 2.8 to 2.1 (p<0.01). Although
the percentage of dobutamine use increased from 7% to 27%,
the percentage of norepinephrine/epinephrine and dopamine
use decreased from 71% to 46% and from 71% to 66%,
respectively. Vasopressors were stopped in four patients at 72 h
after the treatment. This suggests that PMX therapy had a
beneficial effect in reducing vasopressor use without any
relation with the bacterial type or cause of sepsis. In our study,
there was no significant improvement in the conventional SOFA
score (p = 0.76), PaO2/FiO2 ratio (p = 0.18), and circulating
markers of systemic inflammation (p = 0.97 for WBC and p =
0.36 for CRP).
Table 3: Hemodynamic status before and at 72 h after PMX. Data
are expressed as mean ± SD. SOFA score, sequential organ failure
assessment score; pSOFA score, partial SOFA score; PaO2/FiO2,
ratio of partial pressure arterial oxygen and fraction of inspired
oxygen; WBC, peripheral white blood cell; CRP, C-reactive
protein.
Before
treatment

the

the

p

Blood pressure (mmHg)

106.2 ± 21.2

115.2 ± 28.1

0.03

Inotropic score

14.3 ± 10.7

8.4 ± 10.2

<0.01

pSOFA score

2.8 ± 1.3

2.1 ± 1.5

<0.01

SOFA score

11.4 ± 3.4

11.6 ± 4.6

0.76

PaO2/FiO2 (mmHg)

248.7 ± 101.7

275.4 ± 113.6

0.18

WBC (x 103/mL)

12.6 ± 11.1

12.5 ± 6.8

0.97

CRP (mg/dL)

14.9 ± 10.0

16.9 ± 9.9

0.36

Further, we compared decreasing doses of vasopressors
between patients with gram-negative bacteria (the GN group)
and non-gram-negative bacteria (the non-GN group). The GN
group consisted of 13 patients, whereas the non-GN group
consisted of 29 patients. PMX therapy significantly improved the
inotropic and pSOFA scores in both groups (Table 4). Next, we
calculated these scores before and after PMX therapy and
compared them between the two groups. Changes in BP, the
inotropic score, and the pSOFA scores showed no significant
differences between the GN and non-GN groups (p = 0.26, p =
0.11 and p = 0.3, respectively).
Table 4: Comparison between gram-negative bacteremia (GN)
and non-gram-negative bacteremia (nonGN) groups. Data are
expressed as mean ± SD. BP, blood pressure; PMX, polymyixin-B
therapy; pSOFA score, partial sequential organ failure
assessment score.
GN ( n = 12)
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BP before PMX

95.5 ± 18.9

110.0 ± 21.4

0.04

BP after PMX

112.2 ± 37.2

116.6 ± 23.3

0.32

∆BP

-14.7 ± 38.6

-6.6 ± 18.1

0.26

17.8 ± 10.7

12.6 ± 10.6

0.08

Inotropic score after PMX

9.0 ± 7.3

8.5 ± 11.3

0.44

∆inotropic score

8.7 ± 9.7

4.1 ± 8.8

0.11

pSOFA score before PMX

3.1 ± 0.6

2.6 ± 1.5

0.18

pSOFA score after PMX

2.3 ± 1.4

2.0 ± 1.5

0.67

∆pSOFA score

0.8 ± 1.0

0.6 ± 1.0

0.30

Inotropic
PMX

score

before

The 28-day mortality also showed no significant differences
between the GN and non-GN groups (p = 0.85) (Figure 1). PMX
therapy was effective in improving hemodynamic scores in the
GN and non-GN groups. This suggests that PMX therapy is useful
in improving hemodynamic status in patients with bacteremia
caused both by gram-negative and non-gram-negative bacteria.
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Figure 1: Estimation of Survival Rate According to Treatment
Group.

Discussion
The new findings of the present study are that PMX therapy is
useful in improving hemodynamic status in patients with
bacteremia caused both by gram-negative and non-gramnegative bacteria, and that lowering vasopressor use also
resulted in the improvement of hemodynamic scores, which we
employed two different measurements, the inotropic and pSOFA
scores. Cruz conducted an RCT in 64 patients and showed that
PMX lowered vasopressor requirement, the PaO2/FiO2 ratio,
and SOFA and inotropic scores at 72 h after the treatment [7].
The mean BP and SOFA score at baseline was worse in Cruz’s
study compared with the present study. This suggested that the
population of our study had a relatively better health condition
than that of Cruz’s study and that the differences in overall
health led to different results; however, both studies
consistently showed that PMX has a beneficial effect on these

4

scores. However, different severities of sepsis may cause minor
differences in results, such as the improvement in the
conventional SOFA scores. Another study also showed favorable
effects of PMX therapy on BP, vasopressor use, and cardiac
parameters [6]. A systemic review mentioned that PMX
improves MAP and decreases vasopressor use [5]. Taken
together, it is strongly possible that PMX has beneficial effects
on cardiac functions in conjunction with improvement in BP.
The most common bacteria in the present study were E. coli,
gram-negative bacteria, but some cultures showed growth of
gram-positive bacterium. Theoretically, the removal of
endotoxins from the circulation is thought to be the primary
target of PMX in the treatment of sepsis [2,17]. Further, no
significant difference was observed in circulating endotoxin
levels after treatment with PMX [18]. This suggests that PMX
modulated inflammatory reactions with a decrease in the levels
of cytokines such as interleukin-6 and TNF PMX also decreased
anandamide and 2-arachidonoylglycerol (2-AG), which are
proposed to play a crucial role in the induction of shock-related
hypotension [19-24]. Both anandamide and 2-AG are known to
increase 4-fold and 3-fold, respectively, in the circulation of
patients with septic shock [23]. Endocannabinoids are
implicated in the pathogenesis of hypotension associated with
septic shock [25]. Removal of these circulating factors by PMX
may improve the hemodynamic status of patients with sepsis.
Consistent with previous studies, our study showed the
effectiveness of PMX therapy against septic shock due to gramnegative or other types of bacteria. The precise mechanisms of
how PMX reduces inflammatory activity in sepsis remain
unknown. In vitro data showed that the adsorption equilibrium
of an endotoxin reached maximum levels at approximately 2 - 3
h [26]. Longer durations of PMX therapy may have a better
effect on septic shock compared with the conventional 2-h
treatment [27]. This study also supports the hypothesis that the
effect of PMX comes not only from the removal of endotoxin but
also from the decrease in inflammatory responses. It is very
likely that PMX has the potential to absorb not only endotoxins
but also other circulating factors related to septic shocks.
The present study has several limitations. First, the sample
size was relatively small and the study was performed in a single
center. We enrolled all the patients treated with PMX in the
study-period and did not calculate sample size suitable for
statistical analyses. Most studies on PMX therapy, including
RCTs, were performed in 30 - 70 participants [28]. Our sample
size was small, but the study results are important because they
support the results of several other studies. Another limitation
was the retrospective and observational nature of this study.
In conclusion, PMX therapy is effective for improving
hemodynamic status of patients with sepsis infected with not
only gram-negative but also non-gram-negative bacteria.
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