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□ CASE REPORT □

Two Cases of Acute Exacerbation of Interstitial Pneumonia
Treated with Polymyxin B-immobilized Fiber Column

Hemoperfusion Treatment

Satoshi Noma 1, Wataru Matsuyama 1, Hideo Mitsuyama 1, Takayuki Suetsugu 1,
Yoshimizu Koreeda 1, Keiko Mizuno 1, Ikkou Higashimoto 1, Yasuyuki Kakihana 2,
Teruto Hashiguchi 3, Ikuro Maruyama 3, Mitsuhiro Osame 1 and Kimiyoshi Arimura 1

Abstract

The effect of polymixin B-immobilized fiber column (PMX) hemoperfusion treatment for acute exacerba-
tion of interstitial pneumonia (IP) has been reported. Here, we report 2 cases of acute exacerbation of IP suc-
cessfully treated with PMX hemoperfusion. One is a 55-year-old woman who was diagnosed as microscopic
polyangiitis (MPA) with IP. The other is a 58-year-old man, diagnosed as having idiopathic pulmonary fibro-
sis. Both cases were treated with PMX hemoperfusion and other therapies. One died on day 44 and the other
is still alive. The PMX hemoperfusion treatment decreased the serum levels of several cytokines and activated
neutrophil percentage in bronchoalveolar lavage fluid.
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Introduction

Acute exacerbation of idiopathic pulmonary fibrosis (IPF)
is a well-recognized concept (1-3) and that of other IPs, in
particular those related to collagen vascular diseases have
been also reported (4, 5). However, effective treatments are
not well-established and mortality of these patients has been
reported to be high during the short course (3, 6, 7). Recent
reports have suggested that the use of polymixin B-
immobilized fiber column (PMX) hemoperfusion treatment
may be effective in patients with acute lung injury (ALI)/
acute respiratory distress syndrome (ARDS) and acute exac-
erbation of idiopathic pulmonary fibrosis(IPF) (8-11). Here,
we report two cases of acute exacerbation of IP treated with
PMX hemoperfusion treatment. We also show the flow-
cytometry results of bronchial lavage fluid (BALF) cells and
change of serum cytokine levels before and after PMX he-
moperfusion.

Case Report

Case 1

A 55-year-old woman was admitted to our hospital in
June 2006 because of dyspnea and cough. One year before
admission, she was diagnosed as having microscopic poly-
angiitis with interstitial pneumonia because renal biopsy
showed crescentic necrotizing glomerulonephritis and her se-
rum myeloperoxidase antineutrophil cytoplasmic autoanti-
body (MPO-ANCA) by enzyme-linked immunosorbent as-
say (ELISA) was very high (1,937 U/ml, normal range, <9).
The chest X-ray and chest high-resolution computed to-
mography (HRCT) scans showed reticular shadows, ground
glass opacities and peripheral subpleural thickening. Her
pulmonary symptoms and renal malfunction was improved
via the treatment with prednisolone and cyclophosphamide.
Three days before admission she developed dyspnea on ef-
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fort and cough. Her symptoms became worse and she was
admitted to our hospital. Laboratory findings on admission
were as follows: white blood cell count (WBC) 9,700 mm3;
lactate dehydrogenase (LDH) 543 IU/L; C-reactive protein
(CRP) 7.43 mg/dl; KL-6 3,373 U/mL. Endotoxin and β-D
glucan concentrations were under the detectable limits.
MPO-ANCA was 22.0 U/ml. Arterial blood gas analysis un-
der room air showed hypoxia and hypocarbia (pH 7.512,
PaCO2 33.3 mmHg, PaO2 57.2 mmHg). The chest HRCT

scans showed diffuse bilateral ground glass opacities
(Fig. 1A). The BALF anlaysis showed an increase in neutro-
phils with no obvious evidence of infectious disease (Ta-
ble 1). Her clinical course is shown in Fig. 1B. She was
treated with steroid pulse therapy (1 g of methylpredoniso-
lone per day for 3 days), Sivelestat sodium hydrate, and an-
tibiotics. However, the respiratory failure progressed and
mechanical ventilation was applied on day 3 after admis-
sion. On day 4 we started PMX hemoperfusion treatment
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(Toraymixin 20R, Toray Medical Co., Tokyo, Japan, a flow
rate of 80 ml/min). Nafamostat mesilate (Torii Pharma Co.,
Tokyo, Japan) was used as an anticoagulant during the PMX
treatment. We performed PMX hemoperfusion treatment 3
times (2 hours, 22 hours and 20 hours). After treatment, the
PaO2/FiO2 (P/F) ratio improved from 64.2 to 229.4, and she
was successfully weaned from mechanical ventilation. Chest
HRCT showed improvement of the ground-glass opacity
(Fig. 1A). The laboratory findings at this point were as fol-
lows: lactate dehydrogenase (LDH) 243 IU/L; C-reactive
protein (CRP) 0.43 mg/dl; KL-6 2,139 U/mL. Endotoxin
and β-D glucan concentrations were under the detectable
limits. MPO-ANCA was 7.3 U/ml. BALF after treatment
showed decreased total cell counts and neutrophil percent-
age. Twelve days after the remission, she again developed
respiratory failure and we applied mechanical ventilation.
The respiratory failure progressed despite the therapy includ-
ing PMX hemoperfusion treatment and she died because of
respiratory failure 44 days after admission (41 days after the
first PMX hemoperfusion treatment. An autopsy was per-
formed, which showed diffuse alveolar damage with hyaline
membranes and partial organization. Acute bronchopneu-
monia was found in the right lower lobe.

Case 2

A 58-year-old man was admitted to our hospital because
of dyspnea in December 2006. Three years before admis-
sion, health examination showed an abnormal chest shadow,

but he did not go to the hospital. Eight months before ad-
mission, he came to our hospital due to dyspnea on effort.
His chest HRCT revealed reticular opacities, honeycombing
and traction bronchiectasis with basal and peripheral pre-
dominance. There was no evidence of vascular collagen dis-
ease, hypersensitivity pneumonitis, pneumoconiosis, sarcoi-
dosis, or vasculitis. He was diagnosed as having IPF clini-
cally according to the criteria of American Thoracic Society/
European Respiratory Society (ATS/ERS) international con-
sensus statement (12). His mother had also suffered from in-
terstitial pneumonia and died because of respiratory failure.
Five days before admission, he developed dyspnea on effort
(Hugh-Jones dyspnea criteria grade II) and cough. The
symptoms became worse (Hugh-Jones dyspnea criteria grade
IV) and he was admitted to our hospital. Laboratory find-
ings on admission were as follows: WBC 7,700 mm3; LDH
348 IU/L; CRP 8.32 mg/dl; KL-6 1,548 U/mL. Endotoxin
and β-D glucan concentrations were under the detectable
limits. Arterial blood gas analysis under room air showed
hypoxia (pH 7.425, PCO2 38.5 mmHg, PO2 36.1 mmHg).
Chest HRCT showed diffuse bilateral ground glass opacities
predominantly in lower lobe (Fig. 2A). BALF examination
showed an increase of neutrophil percentage with no evi-
dence of infection. His clinical course is shown in Fig. 2B.
We started antibiotics, steroid pulse therapy (1 g of methyl-
prednisolone per day for 3 days), cyclophosphamide pulse
therapy (500 mg of cyclophosphamide per day), and antibi-
otic therapy. On day 2 after admission, we started PMX he-
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moperfusion treatment (Toraymixin 20R, Toray Medical Co.,
Tokyo, Japan, at a flow rate of 80 ml/min). Nafamostat me-
silate (Torii Pharma Co., Tokyo, Japan) was used as an anti-
coagulant during the PMX hemoperfusion treatment. We
performed PMX hemoperfusion treatment 3 times (20 hours,
24 hours and 24 hours). After PMX hemoperfusion treat-
ment, P/F ratio improved from 225.0 to 395.6. Chest HRCT
showed improvement of the ground-glass opacity (Fig. 2A).

The laboratory findings at this point were as follows: LDH
221 IU/L; CRP 0.32 mg/dl; KL-6 748 U/mL; endotoxin and
β-D glucan were under detectable concentration. BALF ex-
amination after PMX hemoperfusion treatment showed de-
creased total cell counts and an increase of neutrophil per-
centage. Prednisolone (30 mg/day) and azathioprine (150
mg/day) was administered orally as maintenance therapy.
His symptoms improved and he was discharged 44 days af-
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ter admission.

Criteria for the PMX hemoperfusion treatment on
acute exacerbation of interstitial pneumonia

As a policy of our department, we administrate PMX he-
moperfusion to the patients who fulfill the following criteria:
1) acute exacerbation of interstitial pneumonia; 2) no obvi-
ous evidence of infectious disease; 3) P/F ratio does not in-
crease above 300 (criteria for acute lung injury (13)) within
24 hours despite the start of standard treatments for acute
exacerbation of interstitial pneumonia.

Measurement of serum cytokine level

We measured interleukin-6 (IL-6), IL-8, monocyte chemo-
attractant protein-1 (MCP-1) and interferon inducible protein
of 10 kDa (IP-10) levels in sera of our patients using a com-
mercial enzyme-linked immunosorbent assay (ELISA) kit
(sIL-2R: R&D Systems, Minneapolis, MN). ELISA for high
mobility group box 1 (HMGB1) in the sera was performed
with the use of monoclonal antibodies to HMGB1 and with
standardization to a curve of recombinant human HMGB1
as described previously (14). As shown in Fig. 3, The serum
HMGB1 level was undetectable before admission, increased
on admission, and decreased remarkably on day 2 after the
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start of PMX hemoperfusion treatment in both cases. The
serum level of IP-10 did not show a remarkable change dur-
ing the PMX hemoperfusion treatment. The serum levels of
MCP-1, IL-8, and IL-6 decreased on day 3 after the start of
PMX hemoperfusion treatment, but were higher than before
admission in both cases.

Flow cytometry analysis of BALF cells

The expression of BALF cell surface CD3, CD18,
CD11c, CD25 (interleukin-2 receptor), CXCR2 (receptor of
IL-8), CXCR3 (receptor for IP-10) and CCR2 (receptor of
MCP-1) (15) was evaluated by flow-cytometry analysis. One
hundred thousand BALF cells were suspended in 50 μl of
cold PBS containing 0.1% sodium azide, 10 ng/ml BSA and
20 μg/ml of human IgG, incubated for 10 minutes on ice,
and with mouse monoclonal anti-CXCR2, CD18, CCR2,
CXCR3 or CD25 (PharMingen, SanDiego, CA, USA) IgG
antibody and FITC-conjugated anti-CD3 or PE-conjugated
CD11c antibody (PharMingen) for an additional 15 minutes
on ice. Cells were washed with PBS, and incubated with
FITC or PE-conjugated goat anti-mouse IgG for 15 minutes
on ice. At the end of the incubation, 7AAD (PharMingen)
was added to each tube. The cells were washed with PBS,
and subsequently analyzed by flow cytometry using a
FACScan (Becton Dickinson). Dead cells, determined by the
incorporation of 7AAD, were gated out. Results were proc-
essed using the CellQuest software (Becton Dickson).
As shown in Table 1, the percentage of CD18+/CD11c+,

CCR2+, and/CXCR2+BALF cell decreased remarkably
while CD3+/CD25+ and CXCR3+ BALF cell percentage
did not show remarkable change.

Discussion

Acute exacerbations of IPs have been described to have
high mortality during short course (3, 6, 7). Recent reports
have suggested that PMX hemoperfusion treatment may be
effective in patients with ALI/ARDS and acute exacerbation
of IPF (8, 9, 11). PMX hemoperfusion treatment can reduce
the mortality of ARDS (11) and reduce serum level of metallo-
proteinase (MMP)-9 tissue inhibitor of MMP (TIMP)-1 (9).
Also, PMX hemoperfusion treatment can improve the sur-
vival rate of sepsis with renal failure (16) and oxygenation
of sepsis patients (17). In particular, Seo et al reported that
four of six patients of acute exacerbations of IPF were suc-
cessfully weaned from mechanical ventilation and survived
more than 30 days after the initial PMX hemoperfusion
treatment, suggesting the clinical effect of PMX hemoperfu-
sion treatment (10). The present cases also survived more
than 30 days, however, the outcome of our two cases was
totally different (case 1 died while case 2 is still alive on
April 25, 2007). We think this difference might have been
due to the following reasons: 1) The difference of timing of
PMX hemoperfusion administration [Early administration of
PMX hemoperfusion treatment can eliminate humoral me-
diators and improves pulmonary oxygenation.]. (8); 2) The

presence of infection in case 1 (Case 1 showed broncho-
pneumonia at autopsy). However, it is difficult to determine
the true reason for this difference. Detection of the true rea-
son of this difference might provide an important insight to
clarify the mechanism of PMX treatment in acute exacerba-
tion of interstitial pneumonia.
The detailed mechanism by which PMX hemoperfusion

treatment improves oxygenation has not been fully eluci-
dated. In the present cases, we showed a decrease of IL-8,
MCP-1, IL-6, and HMGB1 level in the sera, however, the
serum IP-10 level did not change remarkably during the
PMX treatment. IL-8, a chemokine that can activate neutro-
phils through CXCR2 (15), is elevated in IPF and indicates
disease activity (18) and is associated with the pathogenesis
of MPO-ANCA vasculitis (19). MCP-1, a chemokine that
can attract a variety of inflammatory cells including mono-
cytes and neutrophils (15), is a marker of ANCA-associated
vasculitis (20) and is involved in the pathogenesis of IPF
(21). PMX hemoperfusion treatment can reduce the serum
level of IL-6 and HMGB1 (22). IL-6 is an important inflam-
matory mediator (23). HMGB-1 has recently been proposed
as one of the late mediators of sepsis or lipopolysaccharide
(LPS) endotoxin lethality (24). Abraham et al demonstrated
that the intratracheal administration of recombinant HMGB-
1 is a distal mediator of acute inflammatory lung injury
(25). Ueno et al suggested that the overexpression of extra-
cellular HMGB-1 plays a key role in the pathogenesis of
ALI (26). The modification of these cytokines might be as-
sociated with the effect of PMX hemoperfusion treatment on
acute exacerbation of interstitial pneumonia.
In the present cases, CD18+/CD11c+ and CXCR2+

BALF cell percentage decreased after the PMX hemoperfu-
sion treatment. CD18+/CD11c+ is a marker of activated
neutrophils (27), and CXCR2 is a receptor of IL-8 (15). In
our report, we found that a decrease in cytokine is associ-
ated with activation of neutrophils. This change might con-
tribute to the decrease of CD18+CD11c positive cells. How-
ever, the reason for the increase in neutrophil % after the
PMX treatment in case 2 is still unclear. Ambrosini et al re-
ported that in acute exacerbations of IPF, marked neutro-
philia was detected in BALF (3). Neutrophils cause damage
to the pulmonary vascular endothelium by releasing oxygen
radicals, proteinases, leukotrienes, and other proinflamma-
tory molecules such as platelet-activating factor, thus impair-
ing the barrier function of the pulmonary capillaries and
leading to the onset of ALI or ARDS (28, 29). In our cases,
CCR2+ BALF cell percentage decreased after the PMX he-
moperfusion treatment. MCP-1-CCR2 axis contributes to the
neutrophil recruitment in lung via alveolar macrophages in
lung inflammation (30). In the present cases, CD3+/CD25+
BALF cell percentage and CXCR3 (receptor for of IP-10
(15)) positive cell percentage did not show remarkable
change. CD3+/CD25+ cells are activated T lymphocytes
(31), and IP-10 is a chemokine that can recruit activated T
lymphocytes (32). These results may suggest the relation be-
tween the effect of PMX hemoperfusion treatment and acti-
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vated neutrophils. In summary, we reported two cases of
acute exacerbation of interstitial pneumonia who received
polymyxin B-immobilized fiber column hemoperfusion
treatment. Also, our report showed flow-cytometry analysis
of BALF cells and a change in the serum HMGB1 level that
was not investigated in previous reports. Further accumula-
tion of clinical data concerning this point might bring new

insight to clarify the detailed mechanism by which PMX he-
moperfusion treatment improves oxygenation.

We wish special thanks to Mrs. Rumi Matsuyama (Third De-
partment of Internal Medicine, Kagoshima University Faculty of
Medicine) for her excellent help.
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