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The toll-like receptor (TLR) families on monocytes/macrophages are 

involved in the beginning of chain reaction by infection.  

TLR2 and TLR4 are related with the recognition of Gram-positive and 

Gram-negative bacteria, respectively. Once infection is recognized 

irrespective of the kind of infection, the same intracellular activation 

pathway induces inflammatory reaction (1).  

In sepsis, mononuclear cells/macrophages which are activated via TLR  

release early mediators such as IL-6 and IL-8, which further stimulate  

mononuclear cells/macrophages.  

The cells release a late mediator, High Mobility Group Box 1 (HMGB1) (2).  

Once endothelial cells are injured, endothelial cells also release  

excessive HMGB1 into the bloodstream.    

Serum concentrations of HMGB1 shows a positive correlation with 

the disseminated intravascular coagulation (DIC) severity.  

In cases with multiple organ failure (MOF), the concentration is much higher  

and seems to be regarded as a prognostic factor (3).  

 

PMX-DHP has widely been employed in Japan as the treatment for septic  

shock. Recently, its effectiveness has been also reported from other countries  

(4,5). PMX-DHP is designed to remove endotoxin through direct adsorption.  

It not only improves hemodynamics by direct removal of endogenous  

cannabinoid adsorption (6), but also pulmonary oxygenation by indirect  

cytokine reduction through the adsorption of activated mononuclear cells. (7).  

However, PMX-DHP has no direct effect on HMGB1 circulating in the plasma. 

 

Polymyxin-B direct hemoperfusion (PMX-DHP) 
(Toray, Tokyo, Japan) 

 

rTM is an effective DIC drug, shows the anti-HMGB1 activity through  

accelerating the degradation of HMGB1 by thrombin (8) and inhibiting  

the binding of HMGB1 with Receptor for Advanced Glycation Endoproducts 

(RAGE) and TLR2/4 (9).  

Recombinant thrombomodulin (rTM)  

(ASAHIKASEI PHARMA, Tokyo, Japan)  

 

A combination of PMX-DHP and rTM is expected to block the vicious cycle of  

a cytokine storm ending up with multiple organ failure in DIC.  

The aim of this study was to investigate the efficacy of the combination therapy  

for septic shock associated with DIC. 

The putative mechanism of the combination of  

PMX-DHP and rTM for septic shock accompanied by DIC 

Patients and methods 

This study comprised 22 consecutive sepsis-induced DIC patients  

who received PMX-DHP.  

The initial 8 patients were treated  without rTM (historical control group),  

and the following 14 patients  were given rTM (rTM group). (Table 1) 

All patients fulfilled the criteria of the Japanese Association for Acute Medicine DIC 

scoring system (Table 2) .  

Patients with untreated HIV infection, severe cytomegalovirus infection, or severe 

acute pancreatitis were excluded in the analysis . 

 

  rTM group 

(n=14) 

control group 

(n=8) 

P value 

Age (years) 72.0 (67.8-76.8) 70.0 (65.5-76.5) n.s. 

Male sex 10 6 n.s. 

SOFA score 12.0 (10.0-13.3) 12.0 (9.25-17.0) n.s. 

P/F ratio 182.0 (111.8-277.0) 244.6 (160.4-288.8) n.s. 

Site of infection     n.s. 

Lung 6 1   

Abdomen 6 7   

Urinary tract 1 0   

Skin and Soft 

tissue 

1 0   

Others 0 0   

Culture       

 Gram positive 9 6 n.s. 

 Gram negative 9 7 n.s. 

PMX duration (hr) 29.5 (15.1-55.0) 7.8 (2.8-20.8) 0.014 

Therapeutic 

interventions 

      

CHDF 2 5 n.s. 

AT 9 4 n.s. 

SOFA, Sequential Organ Failure Assessment;  

P/F ratio, PaO2/FiO2 ratio; CHDF, continuous hemodiafiltration;  

AT, antithrombin. 

  SIRS score Platelet counts 

(×103/μL) 

PT ratio FDP 

(μg/mL) 

0 point 0-2 ≧120 ＜1.2 ＜10 

1 point ≧3 ≧80 but＜120 

or 

decreased by 

more than 30% 

within 24 hours 

≧1.2 ≧10 but＜25 

2 point -   - - 
3 point - ＜80 

or 

decreased by 

more than 50% 

within 24 hours 

- ≧25 

Diagnosis of DIC ≧4 points  

Table 2. 

Criteria of Japanese Association for Acute Medicine DIC Scoring System 

Table 1.   

Baseline Characteristics and Therapeutic Interventions in the Study Population 

The average of rTM administration period was 8.6 days. 

  rTM group 

(n=14) 

control group 

(n=8) 

p 

n (%) 12 (85.7) 3 (37.5) 0.015 

Survival rate at 60 Days 

Kaplan-Meier plot of the survival 
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The combination of PMX-DHP and rTM may improve  

the survival rate of septic shock cases with DIC.  
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