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Challenge posed by increase in elderly patients 
with sepsis and septic shock

Although several studies have obtained negative or 
controversial results regarding blood purification (1,2), 
such results need to be interpreted carefully and intensivists 
should prepare for the challenge posed by increases in the 
percentage of adults aged older than 65 years. According to 
a 2017 World Bank report, the overall percentage of people 
older than 65 years is 27% in Japan, 23% in Italy, and 21% 
in Germany. Overall mortality is high in elderly patients 
with sepsis, and in-hospital mortality reported in patients 
aged 65 is approximately 30−60%, rising to 40−80% in 
those aged 80 years and older (3). Functional impairment in 
both mediated immunity and humoral immune responses 
and dysfunction of the liver and kidney has been noted in 
elderly patients with sepsis and septic shock. Moreover, 
elderly patients with sepsis and septic shock may be more 
susceptible to endotoxin storm, cytokine storm, subsequent 
endothelial  dysfunction, and eventual multiorgan 
dysfunction. Removal of endotoxins, cytokines, and toxic 
mediators may play a crucial role in reducing endothelial 
and multiorgan dysfunction. 

Pathophysiology of sepsis and mechanisms of 
blood purification 

Sepsis is a combination of physiological, pathological, 
and biochemical abnormalities induced by infection (4). 
A dysregulated host response to infection may result 
in life-threatening multi-organ dysfunction. Patients 
with sepsis first experience an early phase resulting from 
massive and deregulated activation of innate and adaptive 
immunity, which is followed by a second late phase caused 

by immunosuppression and lymphocyte exhaustion (5). 
Therefore, the primary goal of blood purification is to 
attenuate the overwhelming systemic inflammation and 
subsequent immunosuppression. The additional benefits of 
blood purification include blood detoxification, acid–base 
control, fluid and electrolyte balance, and improvement of 
encephalopathy, lung edema, and bone marrow suppression. 
Blood purification therapies are designed to remove the 
following substances from blood circulation: microbial 
toxins, inflammatory mediators, and toxic metabolites. 
Microbial toxins include endotoxins, exotoxins, fungal 
toxins, and viral toxins. Cytokine storm results from 
the following inflammatory mediators: tumor necrosis  
factor-alpha (TNF-α), interleukin-1 (IL-1), IL-6, IL-8, 
and IL-10. Toxic metabolites include uremic toxins, amino 
acid derivatives, and acidic and vasogenic substances. The 
mechanisms of blood purification include hemodialysis, 
hemofiltration, hemodiafiltration, plasmapheresis, coupled 
plasma filtration adsorption, plasma exchange, and 
hemoadsorption/hemoperfusion. 

Clinical research on mainstream blood 
purification

Endotoxin hemoadsorption 

Polymyxin B is a cationic polypeptide antibiotic with high 
affinity to bind and neutralize endotoxin, and endotoxin 
can be removed through hemoadsorption with a cartridge 
with immobilized adsorbent of polymyxin B. In 2009, Cruz 
et al. revealed a reduction of mortality and improvement 
of hemodynamics and pulmonary oxygenation through 
polymyxin B hemoperfusion (PMX-HP) (6). However, 
a propensity-matched analysis in 2014 (7), a multicenter 
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randomized control trial in 2015 (8), and a systemic review 
and meta-analysis in 2018 (1) all reported an absence 
of survival benefits. Regarding our clinical experiences 
of PMX-HP, our retrospective multivariate regression 
analysis revealed that PMX-HP was associated with a lower  
28-day mortality [odds ratio: 0.18; 95% confidence interval 
(CI): 0.04−0.92] (9). Furthermore, in the disease severity 
subgroup meta-analysis in our systemic review, we showed 
a significant reduction of mortality in the intermediate-risk 
group (risk ratio: 0.84; 95% CI: 0.77−0.92) and high-risk 
group (risk ratio: 0.64; 95% CI: 0.52−0.78) (10). In addition, 
our nonlinear meta-regression with restricted cubic spline 
revealed an inverse association between baseline mortality 
and a reduction in the risk of mortality (10). In our clinical 
experience of PMX-HP, to obtain clinical benefits from 
PMX-HP, the following are recommended: selection of the 
appropriate patients, initiation of PMX-HP at the correct 
time, appropriate protocol of anticoagulant use (11), and 
ensuring multidisciplinary collaboration for sepsis and 
septic shock management.  

Cytokine hemoadsorption 

A highly adsorptive and biocompatible polymer (CytoSorb) 
has been designed to remove multiple inflammatory 
mediators from the bloodstream in a size range of 
approximately 10−55 kD. A small case series revealed that 
CytoSorb resulted in rapid hemodynamic stabilization 
and increased survival, particularly in patients for whom 
therapy was started within 24 h (12). A combination of 
AN69-based membrane hemofilter and surface treatment 
with polyethyleneimine (oXiris) is designed to remove 
endotoxins and cytokines from blood circulation. A case 
series demonstrated that oXiris treatment reduced IL-6 
level and improved hemodynamics (13). Coupled plasma 
filtration adsorption (CPFA) is another technique for 
removing inflammatory mediators. Three studies have 
indicated that CPFA improved hemodynamics in patients 
with sepsis and septic shock (14-16), but no survival benefit 
was observed. Further multi-center randomized control 
trials are therefore required to investigate the survival and 
long-term clinical benefits resulting from CytoSorb, oXiris, 
and CPFA among patients with sepsis and septic shock.

High cut-off hemodialysis/hemofiltration 

During high cut-off hemodialysis/hemofiltration, 
the pore size of high cut-off membrane is increased 

from 0.01 to 0.02 μm, and this increases the removal 
of inflammatory mediators. A small-scaled study found 
that high cut-off hemodialysis/hemofiltration reduced 
requirement of  vasopressors  and was superior to 
conventional hemofiltration in eliminating IL-6 from the  
bloodstream (17). One detrimental effect of high cut-off 
membrane is the loss of albumin during hemofiltration (18). 
Further studies are required to investigate the balance 
between beneficial and detrimental effects. 

Future perspective

More novel devices, filters, and cartridges are being 
designed to meet clinical requirement. Moreover, a 
blood-cleaning device is under development to capture 
a broad range of pathogens and toxin by using magnetic  
nanobeads (19). Magnets pull the nanobead-bound 
pathogens and toxins from the blood without leaving 
microbial toxins in the bloodstream and without activating 
complement factors or coagulation. Extracorporeal 
removal of pathogens from the blood is a promising 
treatment for severe bacteremia in elderly patients with 
sepsis and septic shock. If most bacteria can be removed 
from the blood of such patients before the administration 
of antibiotics, fewer microbial toxins will be produced 
in the blood, and less systemic inflammation will be 
activated. Furthermore, randomized control trials must 
be conducted in an appropriate and careful manner. In 
addition to short-term survival benefits, we should carefully 
investigate the preservation of organ function, long-term 
clinical benefits, and long-term survival. To conduct an 
appropriate randomized control trial in the future, we 
must learn advanced designs of clinical trials, including 
factorial trials, adaptive trials, and platform trials. A clinical 
trial with an advanced design may reduce trial cost and 
hasten completion. We suggest that numerous potential 
components be considered to obtain clinical benefits from 
blood purification in patients with sepsis and septic shock 
(Table 1). 

Conclusions 

Although blood purification is theoretically to improve 
clinical outcomes, no consensus has been reached regarding 
the optimal timing and optimal devices, filters, or cartridges 
for patients with sepsis and septic shock. To face the 
challenge posed by increase in elderly patients with sepsis 
and septic shock, further randomized control trials with 
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advanced designs are necessary to investigate the survival 
and clinical benefits of blood purification. 
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Table 1 Potential components for obtaining clinical benefits from blood purification 

Components Descriptions and examples 

Right patient Adequate source control 

Adequate empirical or definitive antibiotics

Adequate septic shock resuscitation 

Moderate to high risk of mortality (e.g., elderly patients, patients with decreased kidney and liver 
reserve function, patients with overwhelmingly dysregulated host response)

Measurement of the targets of blood purification (e.g., endotoxin activity, cytokine profiles) 

Measurement of the severity of sepsis and septic shock (e.g., severity scores, lactate, procalcitonin, 
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Right time Before irreversible multiorgan damages (e.g., within 6 h after refractory septic shock) 

6 h after surgery for perforated peptic ulcer in a patient with severe septic shock 

Within 2 h after initiation of a definitive antibiotic for a severe bacteremia

Right protocol Appropriate device to remove the correct target (e.g., endotoxins, cytokines, inflammatory mediators, 
or uremic toxins)

Appropriate treatment duration of blood purification 

Adequate dose of blood purification (e.g., two or three filters or cartridges may be required for patients 
with more severe septic shock) 

Appropriate strategy for anticoagulant use 
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Right teamwork Multidisciplinary collaboration for the subsequent managements of sepsis and septic shock   

Multiphase shock and fluid management  
Salvage – optimization – stabilization – de-escalation 

Multiorgan supportive care 
Bundle care to prevent secondary infection

Bundle management of pain, agitation, delirium, immobility, and sleep disruption
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