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Polymyxin B Hemoperfusion in Pneumonic Septic Shock
Caused by Gram-Negative Bacteria
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Severe sepsis and septic shock are the main causes of death in critically ill patients. Early detection and appropriate treatment ac-
cording to guidelines are crucial for achieving favorable outcomes. Endotoxin is considered to be a main element in the pathogenic
induction of gram-negative bacterial sepsis. Polymyxin B hemoperfusion can remove endotoxin and is reported to improve clinical
outcomes in patients with intra-abdominal septic shock, but its clinical efficacy for pneumonic septic shock remains unclear. Here, we
report a case of a 51-year-old man with pneumonic septic shock caused by Pseudomonas aeruginosa, who recovered through poly-
myxin B hemoperfusion.
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Severe sepsis or septic shock leads to considerable morbidity and mortality.[1,2] Endotoxin, an outer membrane component
of gram-negative bacteria, plays an important role in the pathogenesis of severe sepsis or septic shock, with resulting poor
clinical outcomes.[3,4] Because of this, there has been a focus on treatment by removing endotoxin from the blood.[5] Poly-
myxin B, a cationic polypeptide antibiotic, has a strong affinity for endotoxin and is able to bind the lipid A portion of endo-
toxin through ionic and hydrophobic interactions.[6] This property has led to the development of polymyxin B-immobilized
fiber column hemoperfusion (Toraymyxin 20-R; Toray Industries, Inc, Tokyo, Japan).[7] However, although polymyxin B
hemoperfusion has proved to be effective in treating intra-abdominal septic shock,[8] evidence of its effectiveness in treating
pneumonia septic shock is still lacking.

Here, we report a clinical case of a patient who recovered from refractory pneumonic septic shock caused by Pseudomonas

aeruginosa after treatment with polymyxin B-immobilized fiber column hemoperfusion.

Case Report

A 51-year-old man presented to a hospital emergency department with a one-day history of fever and nausea. He had been

diagnosed with advanced stage non-small cell lung cancer
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seven days before presentation. A physical examination re-

min; temperature of 38.9°C; and oxygen saturation of 99% on
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Fig. 1. Compared to previous chest radiography results (A), greater opacity in the right upper lung field was revealed (B). L: left; R:

right.

peripheral blood absolute neutrophil count was 490/mm”. C-
reactive protein and procalcitonin levels were 2.24 mg/dL
(normal reference <0.6 mg/dL) and 21.29 ng/mL (normal
reference <0.5 mg/dL), respectively. The results of initial ar-
terial blood gas analysis were as follows: pH: 7.480, partial
arterial carbon dioxide pressure: 19 mmHg, partial arterial
oxygen pressure: 77 mmHg, bicarbonate: 14 mmol/L, and
lactic acid: 3.9 mmol/L.

Initial chest radiography showed increased opacity in the
right upper lung zone compared to a previous chest radio-
graph (Fig. 1). After diagnosis of pneumonia accompanied
by febrile neutropenia, sputum and blood cultures were
performed and intravenous piperacillin/tazobactam 4500
mg every 6 hours and levofloxacin 750 mg every 24 hours
were administered as empirical broad spectrum antibiotics.
Six hours later, the patient’s vital signs had changed: his BP
was 89/58 mmHg; PR, 179 beats/min; and RR, 45 breaths/
min. Despite adequate infusion of intravenous fluid, shock
persisted and vasopressors were started. The patient was
transferred to the medical intensive care unit (ICU). On ad-
mission to the ICU, the patient was intubated and mechani-
cally ventilated due to progression of hypoxemia. Vasopres-

sors including norepinephrine, vasopressin, and epinephrine

were administered and corticosteroids were also infused
continuously. On the second day of ICU admission, gram
negative bacteria were identified in the patient’s blood cul-
ture and he was still hemodynamically unstable. Following
diagnosis of refractory septic shock caused by gram nega-
tive bacteria, treatment using polymyxin B hemoperfusion
was decided on. Two sessions of polymyxin B hemoperfu-
sion in addition to standard medical therapy were planned.
Polymyxin B hemoperfusion was performed according to
the following method: an adsorbent column containing 5 mg
of polymyxin B per gram of polystyrene fiber (Toraymyxin
20-R, Toray Industries, Inc, Tokyo, Japan; Toraymyxin
20-R PMX column, Toray Industries, Tokyo, Japan) was
washed by perfusion with 4 L normal saline. After insert-
ing a double-lumen catheter into a femoral vein, blood was
drawn from the proximal port and perfused through the dis-
tal port of the catheter. Although unfractionated heparin is
commonly used as an anticoagulant, the blood was perfused
at a rate of 80 to 100 m/min using the protease inhibitor
nafamostat mesilate (Torii Pharmaceuticals, Co, Ltd, Tokyo,
Japan) in this case.[9] Polymyxin B hemoperfusion was
maintained for more than 2 hours using a renal replacement

machine. After the first session of hemoperfusion, hemody-
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Table 1. Serial follow-up of mean arterial pressure, oxygenation, arterial lactate and dosage of vasopressors before, during and after

polymyxin B hemoperfusion

Time (hours) MAP (mmHg) Lactate (mmol/L) Norepinephrine (ug/kg/min) Vasopressin (unit/min)  Epinephrine (ug/kg/min)
1% session
Baseline 73 6.4 0.3 0.04 0.01
1 80 6.5 0.3 0.04 0.01
2 84 7. 0.3 0.04 0.01
4 68 6.9 0.3 0.04 0.01
6 87 0.28 0.04 0.01
12 68 6.8 0.28 0.04 0.01
2" session
Baseline 75 6.6 0.28 0.04 0.01
1 89 7.6 0.26 0.04 0.01
2 106 8.1 0.26 0.04 0.01
4 92 7.6 0.22 0.03 0.01
6 100 7.8 0.18 0.03 Stop
12 127 6.2 0.24 0.03
24 98 6.5 0.24 0.03
36 121 4.6 0.24 Stop
48 75 4.8 0.04
72 98 3.8 Stop

MAP: mean arterial pressure.

namic instability continued and the vasopressor dose was
not reduced. Echocardiography was performed and stress-
induced cardiomyopathy was detected. The second session
of polymyxin B hemoperfusion was performed 24 h later.
After this, the patient stabilized and the vasopressor dose
was decreased (Table 1). Four days later, blood cultures
revealed Pseudomonas aeruginosa infection, which was
susceptible to initial empirical antibiotics. The patient was
extubated seven days after the second session of polymyxin
B hemoperfusion. His condition improved and he was trans-
ferred to the general ward eight days after the second ses-
sion of polymyxin B hemoperfusion. He was discharged 10

days after that.

Discussion

Severe sepsis and septic shock are common causes of
death in an ICU.[1,2] Early recognition and management are
important for improving clinical outcomes.[10] Endotoxin

is an outer membrane component of gram negative bacteria

and plays a significant role in the pathogenesis of severe
sepsis or septic shock.[3] High levels of endotoxin activity
are associated with worse clinical outcomes.[4] Therefore,
attention has been paid to the removal of endotoxin.[5]
Polymyxin B, a cationic polypeptide antibiotic, has a strong
affinity for endotoxin and is able to bind the lipid A portion
of endotoxin through ionic and hydrophobic interactions.[6]
Based on this binding property, polymyxin B-immobilized
fiber column hemoperfusion was developed to remove the
circulating endotoxin in blood.[7] Leukocyte or platelet
counts may decrease after polymyxin B hemoperfusion, but
significant adverse effects have not been reported.[11,12]
Ronco and Klein[12] recently described the mechanism
of polymyxin B hemoperfusion. This mainly relies on direct
adsorption of circulating lipopolysaccharide (LPS), which
depends on both the ability of the polystyrene-polymyxin
B to bind and the LPS-polymyxin B affinity. A secondary
mechanism is probably the removal of activated inflamma-
tory cells such as monocytes and neutrophils. The authors
also summarized polymyxin B hemoperfusion clinical data.
In the EUPHAS trial, Cruz DN et al.[13] showed that early
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use of polymyxin hemoperfusion therapy in treating ab-
dominal septic shock, when added to conventional medical
therapy, improved clinical outcomes including hemodynam-
ics and organ dysfunction. This approach reduced 28-day
mortality due to severe sepsis and septic shock caused by
intra-abdominal gram negative infections.[8] Several meta-
analyses also reported the clinical benefits of polymyxin B
hemoperfusion in improving hemodynamics and reducing
mortality in patients with septic shock.[13-15] Clinical data
from Early Use of Polymyxin B Hemoperfusion in Abdomi-
nal Septic Shock 2 (EUPHAS?2) and ABDO-MIX is expect-
ed to be released in the future. The Evaluating the Use of
Polymyxin B Hemoperfusion in a Randomized Controlled
Trial of Adults Treated for Endotoxemia and Septic Shock
(EUPHRATES) trial (evaluating the use of polymyxin B
hemoperfusion in a randomized controlled trial of adults
treated for endotoxemia and septic shock), a multicentered,
blinded, randomized controlled trial of polymyxin B hemo-
perfusion in patients with septic shock, is also being con-
ducted.

Polymyxin B hemoperfusion is considered a standard
treatment for septic shock in Japan;[9] however, in South
Korea, it is not available as an adjunctive therapy to treat
septic shock. Clinical data on the technique are insufficient.
Furthermore, the role of polymyxin B hemoperfusion in
treating pneumonic septic shock has not been established.

In our case, septic shock was caused by pneumonia ac-
companied by febrile neutropenia. We managed a patient
with maximal conventional therapy according to guidelines.
[10] Despite these efforts, the patient’s clinical condition
worsened. Blood cultures revealed gram negative bacte-
ria. The prognosis was poor due to both his advanced lung
cancer for which he was receiving systemic chemotherapy
seven days before admission and the high dose vasopressor
drugs. Although there is not much evidence of the effective-
ness of polymyxin B hemoperfusion, this was applied it
this patient and a good clinical outcome was achieved. The
level of endotoxin was not measured in this case because
endotoxin assays are not available as a routine practice in
our center. On the basis of our experience with this case, it
is difficult to make a generalized recommendation for poly-
myxin B hemoperfusion in all patients with pneumonic sep-
tic shock and more studies will be needed to clarify whether

polymyxin B hemoperfusion is effective.

In conclusion, our case report highlights that polymyxin
B hemoperfusion might be a good adjunctive therapy in the
treatment of refractory pneumonic septic shock caused by

gram negative bacteria.
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