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Direct hemoperfusion with polymyxin B-immobilized 
fiber column in a patient with acute exacerbation of 
idiopathic pulmonary fibrosis

Idiopathic pulmonary fibrosis (IPF) is a progressive fibrosing interstitial lung disease charac-
terized by dyspnea and a worsening of the lung function. Acute exacerbations of idiopathic 
pulmonary fibrosis (AE-IPF) are defined by a clinically significant respiratory deterioration, 
that typically develops in less than 1 month, accompanied by new radiologic abnormalities 
on high-resolution computed tomography, including diffused and bilateral ground-glass 
opacification, along with an absence of other obvious clinical etiologies. Recently, AE-IPF has 
gained significant importance as a major cause of mortality and morbidity. However, despite 
the extremely poor prognosis of the condition, no well-validated therapeutic interventions 
are currently available. Therefore, novel treatment modalities are being investigated and ap-
plied in addition to conventional treatments. Among them, several studies have reported that 
a direct hemoperfusion with a polymyxin B-immobilized fiber column (PMX-DHP), developed 
for endotoxin removal in septic shock, has an effect on AE-IPF. We describe two cases of 
PMX-DHP treatment with conflicting results. One patient successfully recovered via a PMX-
DHP in severe AE-IPF that required extracorporeal membrane oxygenation (ECMO). PMX-DHP 
subsequently improved oxygenation (PaO2/FiO2 ratio) and decreased the levels of inflamma-
tory markers (interleukin-6, C-reactive protein, and white blood cells). The patient dramati-
cally recovered without the need for ECMO. PMX-DHP may be considered an alternative 
therapy in AE-IPF patients requiring mechanical ventilation or ECMO.
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The prognosis for idiopathic pulmonary fibrosis (IPF) patients with acute exacerbation of id-

iopathic pulmonary fibrosis (AE-IPF) is devastating. Currently, no well-validated effective 

treatment modalities are available and the mean survival time from the onset of acute exac-

erbation is only 1.5 months [1]. The prognosis is very poor, particularly in cases of severe hy-

poxemia that require intensive care unit care or mechanical ventilation. Direct hemoperfu-

sion with a polymyxin B-immobilized fiber column (PMX-DHP) which was developed for 

endotoxin removal is currently being considered for use in sepsis as an alternative therapy. 

Moreover in case reports, this approach was beneficial in patients with Gram-positive bacte-

rial infections and endotoxin-negative infections [2]. Recently, a study reported that PMX-
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DHP was effective in patients with acute respiratory distress 

syndrome (ARDS) and AE-IPF [3-5]. Herein, we describe the 

outcomes of applying PMX-DHP in two patients with severe 

AE-IPF.

CASE REPORTS

Case 1
A 63-year-old man presented in the emergency room with 

dyspnea and cough. He had been admitted to a local medical 

clinic 3 weeks prior due to mild shortness of breath, and chest 

computed tomography (CT) showed a definite usual intersti-

tial pneumonia pattern, based on the 2015 American Thoracic 

Society (ATS)/European Respiratory Society (ERS) guidelines 

[6]. Compared to 3 weeks ago, the chest X-ray showed signifi-

cantly increased infiltration on both lung fields (Figure 1). The 

patient was diagnosed with hypertension 5 years ago, has been 

taking anti-hypertensives, and was previously a smoker. The 

pulmonary function test results indicated that the forced expi-

ratory volume in 1 second/forced vital capacity (FEV1/FVC) 

ratio was 115%, the predicted FVC was 41% and the predicted 

diffusing capacity of the lung for carbon monoxide (DLco) was 

37%. According to the sex-age-lung physiology variables (GAP) 

index, the severity of IPF was estimated as stage 2 [7]. The vital 

signs at the time of visit were: blood pressure, 205/114 mm Hg; 

pulse rate, 114/min; respiratory rate, 31 breaths/min; body 

temperature 36.8°C; and an oxygen saturation of 86% at room 

air. Blood tests performed at the time of admission revealed 

leukocytes, 21,000/μl (neutrophils, 81.2%); C-reactive protein 

(CRP), 20.76 mg/dl; procalcitonin, 0.11 ng/ml; brain natriuret-

ic peptide, 135.5 pg/ml; lactate dehydrogenase, 545 IU/L; cre-

atine kinase, 60 U/L; and interleukin-6 (IL-6), 68.5 pg/ml. Ar-

terial blood gas analysis revealed a pH of 7.42; pO2, 43 mm Hg; 

pCO2, 34 mm Hg; and lactate, 2.0 mmol/L. Chest CT revealed 

a bilateral subpleural reticular shadow and honey-combing 

with an increased extent of ground-glass opacity (Figure 2A). 

With no other risk factors associated with interstitial lung dis-

ease, the patient was diagnosed with AE-IPF, according to the 

2016 ATS/ERS criteria. The patient’s partial pressure of oxygen 

was 43 mm Hg with no improvements in hypoxemia follow-

ing the application of a high-flow nasal cannula, at a setting of 

FiO2 1.0, and flow 60 L/min. We initiated mechanical ventila-

tion and treatment with corticosteroid pulse therapy (methyl-

prednisolone 1 g/day for 3 days), and antibiotic therapy. ECMO 

was required because the PaO2/FiO2 ratio was continuously 

< 50, despite the maximal support provided via mechanical 

ventilation (setting FiO2 1.0 and positive end expiratory pres-

sure level over 15) with use of a neuromuscular blocker, and 

for bridging therapy for future lung transplantation. Therefore, 

we decided to start PMX-DHP prior to ECMO to try and im-

prove the patient’s condition. After 14 hours of hospitalization, 

we performed two sessions of PMX-DHP (Toraymyxin 20-R; 

Figure 1. Chest X-rays a month before the hospital visit (A) and on emergency room visit (B). (A) Chest X-ray showing reticular opacities in 
both lower lung fields. (B) Chest X-ray showing an increased infiltration in both lower lung fields.
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Toray Industries Inc., Tokyo, Japan) at 24-hour intervals for 6 

hours each; PaO2/FiO2 ratio, interleukin-6, and CRP levels were 

measured at pre- and post-PMX-DHP. The PaO2/FiO2 ratio im-

proved from 45 to 233 after two cycles of PMX-DHP (Figure 

3A). The oxygenation improved and the patient did not re-

quire ECMO. IL-6 levels decreased from 79.2 pg/ml to 5.3 pg/

ml (Figure 3B). CRP levels also decreased from 20.76 to 6.6 

mg/dl, 72 hours after PMX-DHP (Figure 3C). After two cycles 

of PMX-DHP, no redeterioration in blood was noted, as ob-

served by IL-6, CRP, and chest X-rays. 

  The patient was weaned from mechanical ventilation on 

day 7 and supplemented with a high flow nasal cannula FiO2 

0.5 and flow of 60 L/min. After 13 days of hospitalization, the 

oxygen supply was changed from the high flow nasal cannula 

FiO2 0.4 and flow 30 L/min to a nasal prong O2 5 L/min, and 

the patient was subsequently transferred to the general ward. 

Methylprednisolone was tapered gradually after pulse therapy 

was administered intravenously for 3 days. Administration of 

pirfenidone, an anti-fibrotic agent, was initiated and was grad-

ually increased to the maximal dose of 1,800 mg/day. Chest CT, 

23 days after admission, showed improvements in the ground-

glass opacity (Figure 2B). Through pulmonary rehabilitation, 

the patient was able to recover to a state of normal daily life 

with improved motor skills and was discharged without any 

neurological damage.

Case 2
A 73-year-old man presented in the emergency room with 

dyspnea. The patient was diagnosed with IPF and pirfenidone 

was administered starting from 12 months ago. The patient 

suffered AE-IPF and was treated with corticosteroids pulse 

therapy 4 months ago. The patient was discharged after recov-

ery and then maintained pirfenidone at a dose of 1,800 mg a 

day. The pulmonary function test indicated that the FEV1/

FVC ratio was 82%, the predicted FVC was 51%, and the pre-

dicted DLco predicted was 37%. According to the GAP index, 

the severity of IPF was estimated as stage 2. Four months after 

the first-exacerbation, the patient presented in the emergency 

room with dyspnea in July of 2018. Chest CT showed bilateral 

ground-glass opacification with reticular shadows. He was di-

agnosed with AE-IPF for the second time. The PaO2/FiO2 ratio 

at that time was 78, with a CRP of 2.73 mg/dl and procalcito-

nin of 0.25 ng/ml. The patient’s respiration deteriorated and 

we decided to start mechanical ventilation. At the same time, 

the patient was treated with corticosteroid pulse therapy, anti-

biotics and PMX-DHP. The protocol of PMX-DHP was the 

same as for the case 1 patient. After PMX-DHP, the IL-6 level, 

which peaked 133.1 pg/ml at the end of the first session, soon 

decreased to 6.2 pg/ml (Figure 3). The level of IL-6 did not ex-

ceed 23.9 pg/ml after treatment. However, there was no sig-

nificant change in the PaO2/FiO2 ratio. The PaO2/FiO2 ratio 

Figure 2. Chest computed tomography findings before (A) and after (B) direct hemoperfusion with a polymyxin B-immobilized fiber col-
umn (PMX-DHP) treatment. A chest computed tomography after two cycles of PMX-DHP demonstrates improvements in the ground-glass 
opacification around underlying honeycombing.
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used to treat AE-IPF, but there are currently no effective treat-

ments [1]. PMX-DHP was developed to remove plasma endo-

toxins from patients with sepsis. PMX-DHP not only removes 

plasma endotoxins from Gram-negative bacteria, but may 

also be effective in patients with Gram-positive bacterial in-

fections and endotoxin negative infections [9]. One study re-

ported that PMX-DHP improved oxygenation and reduced 

mortality in ARDS patients [10]. In addition to sepsis, the ef-

fects on ARDS have been reported in IPF patients. In 2006, the 

beneficial effects of PMX-DHP were reported in six patients 

with AE-IPF [11]. Since then, several case reports of AE-IPF 

patients successfully treated with PMX-DHP have been pub-

lished. Although the underlying mechanism for the effect of 

PMX-DHP in AE-IPF is not clear, several studies have shown 

that PMX-DHP not only reduces various circulating molecules 

but also activates neutrophils and affects inflammatory cells or 

mediators. Seo et al. [11] found that IL-6, IL-8, and plasmino-

gen activator inhibitor 1 decreased in all AE-IPF patients that 

responded to PMX-DHP. Enomoto et al. [2] announced that 

treatment with PMX-DHP reduced the 12-month mortality in 

a study on 31 patients with AE-IPF where, the PMX-DHP group 

showed a significant improvement in the PaO2/FiO2 ratio, com-

pared with the non-PMX-DHP group, and the PMX-DHP had 

decreased levels of inflammation and an increased survival 

rate to more than 12 months (48.2% vs. 5.9%, P = 0.041). They 

also reported that PMX-DHP was relatively safe and was not 

associated with serious adverse events.

  When performing PMX-DHP, similar to continuous renal 

replacement therapy, regional anticoagulation is indispens-

able and unfractionated heparin or synthetic serine protease 

inhibitor nafamostat mesilate (NM) can be used. There are 

few known side effects of continuous renal replacement ther-

apy and anti-coagulation. In the case of NM, one study has re-

ported few bleeding side effects, along with an anti-inflamma-

tory effect. Therefore, we used an NM of 40 mg/hr [12]. Data 

on the effective use time and frequency of PMX-DHP of AE-

IPF are lacking; additionally, no randomized clinical trials 

have studied this approach. However, one study reported that 

PMX-DHP was more effective when applied within 1 week of 

acute symptom exacerbation onset when the underlying IPF 

was more severe [1,2]. Here, we reported two cases of AE-IPF 

that were treated by PMX-DHP. Although baseline character-

istics and AE-IPF severity were similar, the case 1 patient suc-

cessfully recovered without ECMO, but the case 2 patient died 

even after applying PMX-DHP. It is unlikely that PMX-DHP 

will be effective in all patients with AE-IPF due to multiple 

clinical factors, and it is also difficult to determine which pa-

Figure 3. The PaO2/FiO2 ratio (A), interleukin-6 (IL-6) level (B), and 
C-reactive protein (CRP) level (C) before and after direct hemoper-
fusion with a polymyxin B-immobilized fiber column (PMX-DHP). 
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was 64 before treatment, and after two cycles of PMX-DHP 

treatment it decreased to 48. Ninety-six hours later, the PaO2/

FiO2 ratio was 58. The patient’s respiratory state worsened and 

he died of respiratory failure on day 8 after admission. 

DISCUSSION

AE-IPF is typically associated with an extremely poor progno-

sis, with the reported 90-day mortality rate being approximate-

ly 60%–80% [8]. Steroids and immune-suppressants have been 
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tients should be considered for PMX-DHP. Therefore, addi-

tional studies are needed to optimize this therapeutic applica-

tion. In conclusion, PMX-DHP considerably improved the 

PaO2/FiO2 ratio and reduced inflammatory markers (IL-6 and 

CRP) in a patient with AE-IPF; therefore, PMX-DHP could be 

helpful for managing patients with AE-IPF. To further deter-

mine the effects of PMX-DHP in patients with AE-IPF, a dou-

ble blind randomized controlled study is needed.
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