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SEVERESEPSISANDSEPTICSHOCKARE

common problems in the inten-
sive care unit (ICU) and carry a
highmortality.Endotoxin,oneof

the principal components on the outer
membrane of gram-negative bacteria, is
consideredrelevanttotheirpathogenesis.
High levels of endotoxin activity are as-
sociated with worse clinical outcomes.1

However, effectiveness of endotoxin-
targeted therapy is still controversial.2,3

Polymyxin B, an antibiotic with high
affinity for endotoxin, has been bound
and immobilized to polystyrene fibers
in a medical device for hemoperfu-
sion. This device can effectively bind
endotoxin both in vitro and in vivo and
could potentially interrupt the biologi-
cal cascade of sepsis.4 In a systematic
review,5 direct hemoperfusion with the
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Context Polymyxin B fiber column is a medical device designed to reduce blood en-
dotoxin levels in sepsis. Gram-negative–induced abdominal sepsis is likely associated
with high circulating endotoxin. Reducing circulating endotoxin levels with poly-
myxin B hemoperfusion could potentially improve patient clinical outcomes.

Objective To determine whether polymyxin B hemoperfusion added to conven-
tional medical therapy improves clinical outcomes (mean arterial pressure [MAP], va-
sopressor requirement, oxygenation, organ dysfunction) and mortality compared with
conventional therapy alone.

Design, Setting, and Patients A prospective, multicenter, randomized controlled
trial (Early Use of Polymyxin B Hemoperfusion in Abdominal Sepsis [EUPHAS]) con-
ducted at 10 Italian tertiary care intensive care units between December 2004 and
December 2007. Sixty-four patients were enrolled with severe sepsis or septic shock
who underwent emergency surgery for intra-abdominal infection.

Intervention Patients were randomized to either conventional therapy (n=30) or
conventional therapy plus 2 sessions of polymyxin B hemoperfusion (n=34).

Main Outcome Measures Primary outcome was change in MAP and vasopressor
requirement, and secondary outcomes were PaO2/FIO2 (fraction of inspired oxygen)
ratio, change in organ dysfunction measured using Sequential Organ Failure Assess-
ment (SOFA) scores, and 28-day mortality.

Results MAP increased (76 to 84 mm Hg; P=.001) and vasopressor requirement
decreased (inotropic score, 29.9 to 6.8; P� .001) at 72 hours in the polymyxin B group
but not in the conventional therapy group (MAP, 74 to 77 mm Hg; P=.37; inotropic
score, 28.6 to 22.4; P=.14). The PaO2/FIO2 ratio increased slightly (235 to 264; P=.049)
in the polymyxin B group but not in the conventional therapy group (217 to 228; P=.79).
SOFA scores improved in the polymyxin B group but not in the conventional therapy
group (change in SOFA, −3.4 vs −0.1; P� .001), and 28-day mortality was 32% (11/34
patients) in the polymyxin B group and 53% (16/30 patients) in the conventional therapy
group (unadjusted hazard ratio [HR], 0.43; 95% confidence interval [CI], 0.20-0.94;
adjusted HR, 0.36; 95% CI, 0.16-0.80).

Conclusion In this preliminary study, polymyxin B hemoperfusion added to con-
ventional therapy significantly improved hemodynamics and organ dysfunction and
reduced 28-day mortality in a targeted population with severe sepsis and/or septic
shock from intra-abdominal gram-negative infections.

Trial Registration clinicaltrials.gov Identifier: NCT00629382
JAMA. 2009;301(23):2445-2452 www.jama.com

©2009 American Medical Association. All rights reserved. (Reprinted) JAMA, June 17, 2009—Vol 301, No. 23 2445

 by guest on 27 December 2010jama.ama-assn.orgDownloaded from 

http://jama.ama-assn.org/


polymyxin B device appeared to have fa-
vorable effects on mean arterial pres-
sure (MAP), vasopressor use, PaO2/FIO2

(fraction of inspired oxygen) ratio, and
mortality.However, theconclusionswere
limited by the low methodological qual-
ity of the available studies and hetero-
geneous studypopulations; therefore, the
authors argued the need for further rig-
orous study of this therapy. In a small Eu-
ropean pilot study,6 polymyxin B was
shown to improve cardiac and renal dys-
function due to sepsis or septic shock but
had no effect on mortality. More re-
cently, another small randomized study7

demonstrated favorable effects of poly-
myxin B on renal tubular cell structure
and function.

Septic shock of intra-abdominal ori-
gin is likely to be due to gram-negative
bacteria or mixed pathogens and conse-
quently associated with high endotoxin
levels. Thus, it represents a condition in
which endotoxin-targeted therapy may
be of particular benefit.3 We performed
a randomized controlled trial (RCT) in
a targeted population of patients with
septic shock who underwent emer-
gency surgery for intra-abdominal in-
fection. Our hypothesis was that poly-
myxin B hemoperfusion would be
associated with better patient out-
comes, such as improved survival, bet-
ter hemodynamic and oxygenation sta-
tus, and mitigation of organ dysfunction.

METHODS
Patients

Our prospective RCT (Early Use of
Polymyxin B Hemoperfusion in Ab-
dominal Sepsis [EUPHAS]) was con-
ducted in 10 Italian ICUs (St Bortolo
Hospital, Vicenza; Catholic Univer-
sity of Sacred Heart and Policlinico Um-
berto I of Rome, Rome; University of
Pisa, Pisa; University of Bari, Bari; Poly-
technical University of Marche, An-
cona; University of Chieti-Pescara, Chi-
eti; Policlinico S. Orsola-Malpighi
Hospital, Bologna; S. Martino Univer-
sity Hospital, Genova; and Riuniti Hos-
pital, Bergamo) between December
2004 and December 2007. The ethics
committees for each center approved
the study protocol, and informed con-

sent was obtained from each patient or
the patient’s relative or surrogate.

Patients were eligible for enrollment
if they had severe sepsis or septic shock
due to intra-abdominal cavity infection
requiring emergency abdominal sur-
gery. Severe sepsis and septic shock were
defined according to the consensus defi-
nition of the American College of Chest
Physicians/Society of Critical Care Medi-
cine Consensus Conference Commit-
tee.8 Exclusion criteria included aged
younger than 18 years, pregnancy, in-
clusion in other ICU studies within the
last month, organ transplantation in the
last year, terminally ill patients classi-
fied as “do not resuscitate,” history of
sensitivity to polymyxin B or to antico-
agulant (heparin), uncontrolled hemor-
rhage within the last 24 hours, severe
granulocytopenia (leukocyte count of
�500/µL), and severe thrombocytope-
nia (platelet count of �30 000/µL).

Randomization

Eligiblepatientswererandomlyassigned
within 6 hours of their surgery to treat-
ment with either conventional medical
therapy alone, according to Surviving
Sepsis Campaign9 guidelines (conven-
tionaltherapygroup),ordirecthemoper-
fusion therapy with polymyxin B in ad-
dition tostandard therapy(polymyxinB
hemoperfusion group). Randomization
wasperformedbyacomputer-generated
(simple randomnumber) schemestrati-
fied by center. The allocation sequence
was concealed in sealed envelopes held
at a central coordinating center, which
wasavailable24hoursaday throughout
the study toanswerclinicians’ questions
about eligibility. Although treatment
groupscouldnotbe feasiblymasked, in-
vestigators were unaware of aggregate
outcomesduringthestudy.Dataanalysts
werealsoblinded to thenatureof thepa-
tients’ allocation group.

Procedures

Treatment was started and monitored by
the physician responsible for patient care
at each center. All centers had long-
standing experience with extracorpo-
real therapy in the ICU setting. Patients
randomized to the polymyxin B he-

moperfusion group were treated with 2
sessions of direct hemoperfusion with
polymyxin B in addition to standard
medical therapy. Vascular access was ob-
tained with use of double-lumen ve-
nous catheters. Hemoperfusion was per-
formed in the ICU by using an adsorbent
column containing 5 mg of polymyxin
B per gram of polystyrene fiber (Toray-
myxin, Toray Industries, Tokyo, Ja-
pan) within 24 hours after abdominal
surgery. Hemoperfusion with poly-
myxin B was performed for 2 hours, and
then the second polymyxin B treatment
was performed 24 hours after the end of
the first treatment. Heparin (unfraction-
ated or low-molecular-weight) was used
as the anticoagulant, at the discretion of
the treating physician.

Renal replacement therapy (RRT) for
acute kidney injury was initiated at the
discretion of the responsible physi-
cians. There were no standardized cri-
teria to start or end RRT. When RRT was
performed, biocompatible membranes
were used; the specific type and sur-
face area were left to physician discre-
tion. Polymyxin B hemoperfusion (as
well as RRT, when performed) was per-
formed on different RRT machines
throughout the study, depending on
availability in the participating centers.

Data Collection

Clinical data were recorded at base-
line, at 48 hours, and at 72 hours. Se-
verity of organ dysfunction or failure
was expressed by using the Sequential
Organ Failure Assessment (SOFA)
score (range, 0-24; lower scores indi-
cate better organ function).10 The delta
SOFA11-13 was used to indicate the
change in degree of organ dysfunction
after randomization and calculated as
the SOFA score at each time point mi-
nus the SOFA score at baseline. The
dose of vasoactive/vasopressor agents
is expressed as the inotropic score,14,15

a dimensionless variable calculated as:

(dopamine dose�1) � (dobutamine
dose�1) � (adrenaline dose�100) �

(noradrenaline dose�100) �
(phenylephrine dose�100),

wherein all doses are expressed as
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µg/kg/min. This score has also been re-
ferred to as the vasopressor score16 or
catecholamine index.17 In clinical prac-
tice, the vasopressor dose is titrated pe-
riodically according to the blood pres-
sure. Therefore, a dose-response
relationship between vasopressor dose
and MAP was used as another surro-
gate for the degree of hemodynamic im-
pairment. We expressed this dose-
response relationship as the vasopressor
dependency index, which is calcu-
lated as the ratio of inotropic score to
MAP; the higher the score, the greater
the vasopressor requirement. Patients
receiving RRT were assigned a renal
SOFA score of 4.

End Points

The primary end points were changes
from baseline to 72 hours in MAP and
vasopressor requirement. The second-
ary end points included PaO2/FIO2 ratio,
change in organ dysfunction (measured
by delta SOFA scores), and 28-day mor-
tality. Need for RRT, length of ICU, hos-
pital stay, and all-cause hospital mor-
tality were also reported.

Statistical Analysis

In previous unpublished pilot data on
septic shock in one of the participat-
ing centers, MAP varied from 60 to 70
mm Hg. A sample size of 120 patients
(60 in each group) was calculated to de-
tect an absolute difference of 5 mm Hg
in delta MAP between the polymyxin
B hemoperfusion group and conven-
tional therapy group, with a power of
80% and 2-sided �=.05. Such a sample
size would also have sufficient power
to detect a hazard ratio (HR) of 0.50 be-
tween the polymyxin B hemoperfu-
sion group and the conventional group.5

Based on national data on septic
shock,18 a probability of death was es-
timated to be 55% in the conventional
therapy group.

An interim analysis was planned af-
ter 30 patients per group had been en-
rolled and followed up until hospital
discharge, based on ethics committee
requirements. The predefined stop-
ping rules were based on the HR in the
Cox proportional hazards regression

survival model. If polymyxin B was as-
sociated with a reduced hazard, the P
value needed to stop the trial was less
than .029 (Pocock value for 1 interim
analysis), and if polymyxin B was as-
sociated with an increased hazard, the
P value needed to stop the trial was less
than .05.19-21 Analyses were performed
on an intention-to-treat basis.

Categorical variables are presented
as proportions and were analyzed by
using �2 test or Fisher exact test. Con-
tinuousvariables arepresentedasmeans
and 95% confidence intervals (CIs).
Comparisons of continuous variables
between the 2 groups were conducted
with t test or the Mann-Whitney U test,
as appropriate. Comparisons within a
single group among different time
points (baseline and 72 hours) were per-
formed by using a paired t test, Wil-
coxon rank sum test, or McNemar test,
as appropriate. Multivariable analysis
of mortality end points was performed
by using Cox proportional hazards
regression, adjusting for SOFA score at
baseline. Duration of survival was cal-
culated from the date of randomiza-
tion to the date of death, with survi-
vors censored at hospital discharge. The
Cox proportional hazards regression

assumption was checked by using the
Schoenfeld test. Data were analyzed
with STATA version 9.2 (StataCorp LP,
College Station, Texas), with 2-sided
P� .05 considered statistically signifi-
cant.

RESULTS
Between December 2004 and Decem-
ber 2007, 64 patients (34 in the poly-
myxin B hemoperfusion group and 30
in the conventional therapy group) en-
tered the study, and all were followed
up until death or hospital discharge,
triggering the first interim analysis. The
analysis triggered the stopping rule
based on a statistically significant re-
duction in mortality in the polymyxin
B hemoperfusion group. Results were
discussed with the president of the eth-
ics committee (Internal Institutional
Ethical Commission of the coordinat-
ing center), who declared it unethical
to deprive a potentially beneficial
therapy to a group of patients that carry
high mortality. The study was thus ter-
minated.

FIGURE 1 shows the trial profile. Base-
line characteristics of the study popu-
lation are shown in TABLE 1. There were
no significant differences between the

Figure 1. Patient Flow Diagram of EUPHAS Trial

34 Randomized to receive polymyxin B
hemoperfusion + conventional therapy
34 Received polymyxin B hemoperfusion

+ conventional therapy as randomized

30 Randomized to receive conventional
therapy
30 Received  conventional therapy

as randomized

82 Patients assessed for eligibility

0 Lost to follow-up 0 Lost to follow-up

64 Randomized

30 Included in primary analysis

3 Excluded (died before 72 hours)

27 Included in physiological end points
analysis at 72 hours

34 Included in primary analysis

34 Included in physiological end points
analysis at 72 hours

18 Excluded
11 Did not meet inclusion criteria

3 Withdrew informed consent

4 Met all inclusion criteria and ≥1
exclusion criteria

EUPHAS indicates Early Use of Polymyxin B Hemoperfusion in Abdominal Sepsis. Patients in the polymyxin B
hemoperfusion group were treated with 2 sessions of direct hemoperfusion with polymyxin B in addition to
standard conventional therapy.
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2 groups. TABLE 2 lists the isolated mi-
croorganisms and sites from which they
were obtained (7 patients had positive
cultures from �1 site). Multiple mi-

croorganisms were isolated in 34% of
patients. Abdominal surgery was per-
formed for bowel perforation (n=41),
intestinal occlusion/resection (n=13),

complicated cholecystitis (n=7), intra-
abdominal abscess (n=2), and perito-
nitis not otherwise specified (n=1).
There was no significant difference be-
tween the 2 groups in terms of indica-
tion for abdominal surgery.

Primary End Point

At 72 hours, MAP significantly in-
creased from 76 mm Hg (95% CI, 72-80
mm Hg) at baseline to 84 mm Hg (95%
CI, 80-88 mm Hg; P=.001), while ino-
tropic score (an indicator of both cat-
echolamine and dopamine use) signifi-
cantly decreased from 29.9 (95% CI,
20.4-39.4) at baseline to 6.8 (95% CI,
2.9-10.7) in the polymyxin B hemoper-
fusion group (P� .001) (TABLE 3). This
was not observed in the conventional
therapy group (MAP, 74 mm Hg; 95%
CI, 70-78 mm Hg; to 77 mm Hg; 95%
CI, 72-82 mm Hg; P=.37; and inotro-
pic score, 28.6; 95% CI, 16.6-40.7; to
22.4; 95% CI, 9.3-35.5; P=.14). Con-
sequently, the vasopressor depen-
dency index, an expression of the
dose-response relationship between
vasopressors and MAP, decreased sig-
nificantly in the polymyxin B hemoper-
fusion group (4.3 mm Hg−1; 95% CI,
2.7-5.9 mm Hg−1; to 0.9 mm Hg−1; 95%
CI, 0.3-1.5 mm Hg−1; P� .001) but not
in the conventional therapy group (4.1
mm Hg−1; 95% CI, 2.3-6.0 mm Hg−1; to
3.3 mm Hg−1; 95% CI, 1.3-5.3 mm Hg−1;
P=.26).

Secondary End Points

The secondary end points are shown in
Table 3, TABLE 4, and FIGURE 2. A bor-
derline significant improvement in the
PaO2/FIO2 ratio in the polymyxin B he-
moperfusion group was observed (235;
95% CI, 206-265 at baseline; and 264;
95% CI, 236-292 at 72 hours; P=.049).
The PaO2/FIO2 ratio remained un-
changed in the conventional therapy
group (217; 95% CI, 188-247 at base-
line; and 228; 95% CI, 199-258 at 72
hours; P=.79). The delta SOFA scores
showed significant improvement of or-
gan failure in the polymyxin B he-
moperfusion group (Figure 2). At 72
hours, the polymyxin B hemoperfu-
sion group had a greater reduction com-

Table 1. Baseline Characteristics of the Treatment Groupsa

Characteristics

Mean (95% Confidence Interval)

P
Value

Polymyxin B
Hemoperfusion

(n = 34)

Conventional
Therapy
(n = 30)

Age, y 61 (57-66) 67 (61-72) .09

Male sex, No. (%) 24 (71) 18 (60) .53

APACHE II score 21 (19-23) 20 (18-23) .86

SOFA score 11 (10-12) 9 (8-11) .07

Mean arterial pressure, mm Hg 76 (72-80) 74 (70-78) .40

Noradrenaline, µg/kg/min 0.27 (0.17-0.36) 0.24 (0.13-0.36) .70

Dopamine, µg/kg/min 3.1 (1.7-4.4) 4.6 (2.9-5.6) .13

Inotropic score 29.9 (20.4-39.4) 28.6 (16.6-40.7) .85

Vasopressor dependency index,
mm Hg−1

4.3 (2.7-5.9) 4.1 (2.3-6.0) .87

White blood cell count, 1000/µL 13.7 (11.4-16.0) 11.4 (9.0-13.8) .12

PaO2/FIO2 235 (206-265) 217 (188-247) .53

Diuresis, mL/h 66 (50-90) 87 (59-116) .22

Creatinine, mg/dL 2.3 (1.7-2.9) 1.7 (1.3-2.2) .18

Renal replacement therapy,
No. (%)

13 (38) 6 (20) .17

Abbreviations: APACHE II, Acute Physiology and Chronic Health Evaluation II; FIO2, fraction of inspired oxygen; SOFA,
Sequential Organ Failure Assessment.

SI conversion: To convert creatinine to µmol/L, multiply by 88.4.
aPatients in the polymyxin B hemoperfusion group were treated with 2 sessions of direct hemoperfusion with poly-

myxin B in addition to standard conventional therapy. Range of APACHE II score was 0 to 71, with lower scores
indicating better organ function. Range of SOFA score was 0 to 24, with lower scores indicating better organ func-
tion. See “Methods” section for formulas for inotropic score and vasopressor dependency index.

Table 2. Isolated Microorganisms by Treatment Group

Organisms and Sites
Polymyxin B

Hemoperfusion
Conventional

Therapy

Organisms
Escherichia coli 10 10

Pseudomonas species 7 5

Bacillus species 1 0

Enterococcus species 5 0

Staphylococcus species 3 0

Streptococcus species 1 0

Candida species 6 5

Enterobacter species 4 1

Klebsiella species 1 0

Proteus species 1 3

Corynebacterium species 0 1

Aspergillus species 0 1

Serratia species 0 2

Sites
Peritoneal, abdominal fluid, drainage 9 10

Blood 16 3

Urine 2 1

Other 2 2

Multiple organisms 13 9

Multiple sites 6 1
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pared with the conventional therapy
group in terms of total SOFA (mean
delta SOFA score, −3.4; 95% CI, −4.4
to −2.4; vs −0.1; 95% CI, −1.7 to 1.5;
P� .001), cardiovascular SOFA (mean
delta SOFA score, −1.7; 95% CI, −2.4
to −1.0; vs −0.7; 95% CI, −1.2 to −0.2;
P=.04), and renal SOFA (mean delta
SOFA score, −0.3; 95% CI, −0.7 to 0.1;
vs 0.6; 95% CI, 0.1 to 1.1; P=.01). How-
ever, the 2 groups were similar in terms
of respiratory SOFA (mean delta SOFA
score, −0.1; 95% CI, −0.4 to 0.2; vs −0.1;
95% CI, −0.5 to 0.3; P=.97).

The 28-day crude mortality was 32%
(11/34 patients) in the polymyxin B he-
moperfusion group and 53% (16/30 pa-
tients) in the conventional therapy
group. The unadjusted mortality rates
are shown in Table 4 (unadjusted HR,
0.43; 95% CI, 0.20-0.94), and the sur-
vival curve is shown in FIGURE 3. With
univariable analysis, only treatment
group and SOFA score were indepen-
dently associated with mortality. Af-
ter adjusting for SOFA score, the poly-
myxin B hemoperfusion group had a
significant reduction in 28-day mortal-
ity (adjusted HR, 0.36; 95% CI, 0.16-
0.80; P=.01). In a further analysis of
hospital mortality, 20 of 30 patients
(67%) died in the conventional therapy
group compared with 14 of 34 pa-
tients (41%) in the polymyxin B he-
moperfusion group. After adjusting for
SOFA score, the polymyxin B hemoper-
fusion group had a significant reduc-
tion in hospital mortality rate (ad-
justed HR, 0.43; 95% CI, 0.21-0.90;

P=.026 [Pocock value for 1 interim
analysis, P� .029]).

There was no significant change in the
proportion of patients receiving RRT at
72 hours in either group (Table 3). The
mean number of RRT-free days in the
hospital was 31.6 days (95% CI, 24.6-
38.6 days) in the polymyxin B hemoper-
fusion group and 26.7 days (95% CI,
13.4-40.3 days) in the conventional
therapy group (P=.61). Mean mechani-
cal ventilation-free days in the hospital
were similar between the 2 groups (poly-
myxin B hemoperfusion: 21.4 days; 95%
CI, 15.4-27.3 days; vs conventional
therapy: 17.0 days; 95% CI, 8.5-25.3
days; P=.47). Likewise, there was no sig-
nificant difference in mean length of stay
in the ICU (20.3 days; 95% CI, 15.0-
25.5 days; vs 18.3 days; 95% CI, 8.8-
27.8 days; P=.72) or in the hospital (37.2
days; 95% CI, 29.6-44.8 days; vs 32.0
days; 95% CI, 18.0-46.0 days; P=.53).

Adverse Events

During the study, only adverse events
in the polymyxin B hemoperfusion

group were recorded. Cartridge clot-
ting was registered in 4 cases (6%); all
cases could be attributed to the low dose
of heparin used. Hypotension and
tachycardia were reported in 1 case
(1.5%) and 2 cases (3%), respectively.
No adverse event due to bleeding and
no event indicative of neurotoxicity or
nephrotoxicity related to polymyxin B
were reported.

COMMENT
The effects of polymyxin B hemoper-
fusion on clinical end points in
patients with sepsis have been debated
in recent years, in part due to the pau-
city of high-quality data in this arena.
Available studies were highly hetero-
geneous with regards to patient selec-
tion and indication for polymyxin B
hemoperfusion therapy, and had sub-
optimal methodological quality. The
results of our study shed light on this
controversial matter. In this RCT of
surgical patients with septic shock
and severe sepsis induced by abdomi-
nal sepsis, polymyxin B hemoperfu-

Table 4. All-Cause Mortality Rates by Treatment Group

28 Days In-Hospital

Polymyxin B
Hemoperfusion

Conventional
Therapy

Polymyxin B
Hemoperfusion

Conventional
Therapy

No. of deaths 11 16 14 20

Time at risk, d 805 491 1265 960

Mortality rate per 100
patient-days,
mean (95% CI)

1.4 (0.8-2.4) 3.2 (2.0-5.3) 1.1 (0.6-1.9) 2.1 (1.3-3.2)

Abbreviation: CI, confidence interval.

Table 3. Physiological End Points by Treatment Group at Baseline and 72 Hoursa

Physiological End Points

Polymyxin B Hemoperfusion Conventional Therapy

Mean (95% CI)

P
Value

Mean (95% CI)

P
Value

Baseline
(n = 34)

72 Hours
(n = 34)

Baseline
(n = 30)

72 Hours
(n = 27)

Mean arterial pressure, mm Hg 76 (72-80) 84 (80-88) .001 74 (70-78) 77 (72-82) .37

Inotropic score 29.9 (20.4-39.4) 6.8 (2.9-10.7) �.001 28.6 (16.6-40.7) 22.4 (9.3-35.5) .14

Vasopressor dependency index,
mm Hg−1

4.3 (2.7-5.9) 0.9 (0.3-1.5) �.001 4.1 (2.3-6.0) 3.3 (1.3-5.3) .26

PaO2/FIO2 235 (206-265) 264 (236-292) .049 217 (188-247) 228 (199-258) .79

Renal replacement therapy,
No. (%)

13 (38) 15 (44) .50 6 (20) 8 (30) .50

Abbreviations: CI, confidence interval; FIO2, fraction of inspired oxygen.
aSee “Methods” section for formulas for inotropic score and vasopressor dependency index. In the conventional therapy group, 3 patients died before 72 hours (n=27).
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sion therapy was effective in improv-
ing 28-day and hospital survival,
blood pressure, vasopressor require-
ment, and degree of organ failure as
indicated by the delta SOFA score
when added to conventional medical
treatment. Observed adverse effects
a s s o c i a t e d w i t h p o l y m y x i n B
hemoperfusion therapy were minimal
and similar to those that would be

encountered for any extracorporeal
therapy in the ICU.

Our findings are in agreement with
those of other studies in diverse popu-
lations, which were summarized in a re-
cent meta-analysis.5 Among 8 RCTs in-
cluded in this systematic review, the
overall relative risk reduction for all-
cause mortality with polymyxin B
therapy was 50%.6,8,22-28 Our results were
quite similar, in that the polymyxin B
hemoperfusion group had an adjusted
HR of 0.36 for 28-day mortality and
0.43 for all-cause hospital mortality.
The delta SOFA scores were signifi-
cantly better in the polymyxin B he-
moperfusion group (Figure 2), indi-
cating improvement in overall organ
function,10-13 particularly in the cardio-
vascular component. Improvement in
blood pressure and reduction in vaso-
pressor doses have also been demon-
strated in other studies.29,30 In our study,
even as the dose of vasoactive agents
(indicated by the inotropic score) was
reduced, there was a significant in-
crease in MAP in the polymyxin B
hemoperfusion group at 72 hours
(Table 3). Accordingly, the vaso-
pressor dependency index decreased
significantly in the polymyxin B he-
moperfusion group but not in the con-
ventional therapy group.

In terms of pulmonary function,
there was no significant difference in

mechanical ventilation-free days or
delta respiratory SOFA score between
the 2 groups. Observational studies and
case reports have suggested a benefi-
cial effect of polymyxin B therapy on
PaO2/FIO2 ratio in sepsis, acute lung in-
jury and acute respiratory distress syn-
drome,5,31 and acute exacerbation of in-
terstitial pneumonia.32,33 Differences in
patient population, study design, and
sample size likely contribute to these
discordant results.

In terms of renal dysfunction, the
delta renal SOFA score at 72 hours was
better in the polymyxin B hemoperfu-
sion group (Figure 2), indicating some
improvement in the degree of renal or-
gan dysfunction in this group. How-
ever, the proportion of patients treated
with RRT was similar between the 2
groups. Earlier studies have demon-
strated positive renal effects of poly-
myxin B therapy. In the RCT of Naka-
mura et al,34 a decrease in serum
creatinine, albuminuria, and urinary N-
acetyl-B-glucosaminidase levels was
shown after polymyxin B therapy in pa-
tients with severe sepsis. These au-
thors hypothesized that polymyxin B
therapy mitigated proximal renal tu-
bular cell damage. More recently, the
study by Cantaluppi et al7 demon-
strated that polymyxin B reduces the
proapoptotic activity of plasma from
septic patients on cultured renal tubu-
lar cells, via modulation of Fas up-
regulation, caspase activity, and Bax/
Bc12 ratio. An improvement in acute
kidney injury severity, assessed by Risk-
Injury-Failure-Loss-Endstage kidney
disease (RIFLE) classification,35 was also
observed in this small study. How-
ever, these patients had relatively mild
acute kidney injury; at enrollment, none
of the patients were receiving RRT. In
contrast, 30% of our study population
were already receiving RRT at enroll-
ment.

This study to our knowledge is the
largest multicenter RCT on direct he-
moperfusion with polymyxin B in pa-
tients with septic shock and severe sep-
sis induced by abdominal sepsis. We
focused on a very homogenous and ill
patient population, likely to have high

Figure 2. Change in SOFA Scores at 72
Hours
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dicate improvement in organ function, and positive
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Figure 3. Estimation of Survival Rate According to Treatment Group
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endotoxin levels, and in whom defini-
tive source control was possible. Un-
like the European pilot study,6 we ex-
cluded elective abdominal surgery cases
and performed 2, rather than only 1,
polymyxin B hemoperfusion sessions;
the use of 2 sessions is more consis-
tent with the large Japanese experi-
ence with this device. However, there
are limitations to our study. First, al-
though one of the strengths of this study
is its highly targeted patient popula-
tion, this also contributed to slow pa-
tient accrual. Second, due to the na-
ture of the study intervention, it was not
feasible to blind treating physicians to
the patient’s allocation group. The data
analysts, however, were blinded. Third,
the trial was stopped early based on the
results of the interim analysis, follow-
ing accepted standards for stop-
ping.19-21 The resulting sample size was
therefore modest; the results were none-
theless worthy of note and aligned with
the results from the meta-analysis.5 Al-
though smaller studies tend to overes-
timate the true magnitude of a clinical
effect, there nevertheless seems to be
a strong biological “signal” of a ben-
efit with polymyxin B therapy. More-
over, we should remark that early stop-
ping itself tends to overestimate the true
effect for the factor used in the stop-
ping rule, in this case, mortality. How-
ever, even a 20% relative reduction in
28-day mortality, as indicated by the up-
per end of the 95% CI, would be con-
sidered clinically relevant in this highly
fatal condition.

We acknowledge other limitations.
Although we saw favorable effects of
polymyxin B on blood pressure and va-
sopressor use, we are unable to com-
ment on parameters, such as cardiac
output, cardiac index, and systemic vas-
cular resistance, because not all pa-
tients had invasive hemodynamic moni-
toring. However, other studies have
already demonstrated improvement
in these parameters in other patient
populations.6,36,37 We also acknowl-
edge the inability of the trial to pro-
vide definitive answers on the effects of
dose, duration, and number of re-
quired polymyxin B treatments. Lastly,

we evaluated the effect of polymyxin B
in a surgical population with intra-
abdominal sepsis, in whom definitive
surgical removal of the septic focus was
possible; therefore, caution should be
exercised in extrapolating our results
to sepsis in a medical population. Al-
though polymyxin B therapy reduces
endotoxin levels, and thus is capable of
modulating the cascade of events in sep-
sis, it does not directly address the pri-
mary event of sepsis (ie, the infec-
tion). Therefore, polymyxin B cannot
afford a definitive cure, but instead
could potentially serve as an adjunct to
timely appropriate antibiotic and other
medical therapy in severe sepsis.

In conclusion, this preliminary RCT
demonstrates that polymyxin B therapy,
when added to conventional medical
therapy, was effective in improving
clinical outcomes in a targeted popu-
lation of severe sepsis and septic shock
due to intra-abdominal infections.
Larger multicenter studies are indi-
cated to confirm these encouraging
findings in other patient populations.
Furthermore, we advocate further stud-
ies to explore the use of newer assays
for endotoxin activity both for patient
selection, as well as guiding the num-
ber of hemoperfusion sessions.
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