
12/12/2025

1

Extracorporeal Blood Purification for Sepsis; 
Emerging Role of Apheresis

Ho Chi Minh City Society of Dialysis Therapies (HSDT) Annual Congress
Nalod Hotel, Da Nang City, Viet Nam

December 12-14th, 2025

Rasheed Abiodun Balogun, MBBS(Ib)  FACP FASN HP(ASCP) FMCP
Professor of Medicine and Pathology

Regional Medical Director, UVA Ambulatory Dialysis
Medical Director, Apheresis Unit and Extracorporeal Therapies

Division of Nephrology, University of Virginia
Charlottesville, VA

December 13th, 2025. x:x AM –x:xxAM Da Nang

Disclosure
Relevant Financial Relationships

None

Relevant Non-Financial Relationships
President, International Society for Apheresis

Former Board Member, American Society for Apheresis
Former Member, JCA Special Issue Committee

Slides
Some modified from collaborators in ASFA

Off Label Usage
Any will be identified clearly

Outline: Innovations in
Extracorporeal Blood Purification

At the end of the session; delegates will have/be able to:

1.Give a brief overview of the concept of Destructive Immune 
Resonance in Sepsis

2. Show innovative plausibility of intervention to alter DIR with 
Modern Extracorporeal blood purification circuits

3. Recognize Existing Innovative Devices and Evolution of data using 
Extracorporeal blood purification circuits in Sepsis

4.Review results of relevant Clinical Trials; Improved outcomes?  
(mortality, convenience)
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Figure 1 Sepsis is a state of disrupted inflammatory homeostasis often initiated by infection with a multifactorial 
progression.Overreactivity of pro- and anti-inflammatory processes can interfere with each other, creating a state of destructive 
immunologic dissonance and risk of death.
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Extracorporeal Therapies in Sepsis
Anthi Panagiotou, MD, Sérgio Gaiao, MD, Dinna N. Cruz, MD, MPH
Cruz, MD, MPH

Extracorporeal Circulation

• diversion of blood through an external artificial circuit 
• Purpose: blood “purification”, gas exchange & correction of metabolic 

abnormalities
• Circuit hardware: tubing, pump(s), filters/membrane, oxygenator, 

heat exchange etc….

December 12, 2025 6UVa Renal Grand Rounds - 2010

Stegmayr B, Ramlow W, Balogun RA. Semin Dial. 2012 Mar-Apr;25(2):207-13.

Blood Purification; Size Matters

Molecular Weight kD
Immunoglobulin G
160kDa; 2 LC: 23-25 kDa each; 2 HC:~53 kDa each

BUN Cr VitB12 Β2-mic K Lig C L Lig C Album IgG
0.06 0.113 1.355 11.8 25 50 66 160

Small Molecules Middle Molecules

Hemodialysis: 
Diffusion Clearance

Hemofiltration: Convective  Clearance

Large Molecules

Therapeutic Plasma 
ExchangeWilliams ME, Balogun RA. Clin J Am Soc Nephrol. 

2014 Jan; 9(1):181-90.

Extracorporeal 
Blood 
Purification 
Therapies for 
Sepsis
Monard C. Rimmelé T. Ronco C.
C.

Blood Purification
2019, Vol.47, Suppl. 3 May 2019
May 2019
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Extracorporeal Therapy in Sepsis 2020
Govil &Kumar Indian J Crit Care Med. 2020 Apr; 24(Suppl 3): S117–S121.

Apheresis as 
Therapy for 
Patients with 
Severe Sepsis and 
Multiorgan
Dysfunction 
Syndrome
Bernd G. Stegmayr,

Volume5, Issue2
April 2001
Pages 123-127

Table 1. Extracorporeal Blood Purification Techniques in Sepsis.

Article Copyright © 2011 Authors, Source DOI: 10.1177/0885066611425759. See content reuse guidelines at: sagepub.com/journals-permissions 
Extracorporeal Therapies in Sepsis
Anthi Panagiotou, MD, Sérgio Gaiao, MD, Dinna N. Cruz, MD, MPH

Stegmayr B, Ramlow W, Balogun RA. Semin Dial. 2012 Mar-Apr;25(2):207-13.
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Stegmayr B, Abdel-Rahman EM, Balogun RA. Semin Dial. 2012 Mar-Apr;25(2):171-75.

HD is necessary …. severe MOD, including AKI to 
survive…. uremic solutes, cytokines, chemokines, 
superantigens, modulators of apoptosis, 
endotoxins, drugs, and fluid overload.
….. prognosis is poor in severe cases. In the 
future…. additional approach …….. may be the use 
of apheresis procedures (centrifugation, filtration 
or adsorption).

Stegmyr, Abdel-Rahman and Balogun
2012

Apheresis Practice Guidelines

16J Clin Apher. 2019 Jun;34(3):171-354

• Fact sheets renamed to co-locate 
similar disorders 

• Select fact sheets merged, one fact 
sheet retired 

• Several category recommendations 
changed based on new evidence or 
reassessment of existing evidence
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J Clin Apher. 2019 
Jun;34(3):171-354. 

Category Definitions: 2019
Category Description

I Disorders for which apheresis is accepted as first-line therapy, either as a 
primary standalone treatment or in conjunction with other modes of treatment.

II Disorders for which apheresis is accepted as second-line therapy, either as a 
standalone treatment or in conjunction with other modes of treatment.

III Optimum role of apheresis therapy is not established. Decision making should 
be individualized.

IV Disorders in which published evidence demonstrates or suggests apheresis to 
be ineffective or harmful. IRB approval is desirable if apheresis treatment is 
undertaken in these circumstances.

J Clin Apher. 2019 Jun;34(3):171-354.

APHERESIS PRACTICE GUIDELINES

2013 2016 2019

J Clin Apher. 2016 Jun;31(3):149-162J Clin Apher. 2013 Jul;28(3):145-284 J Clin Apher. 2019 Jun;34(3):171-354

J Clin Apher. 2023 
Apr;38(2):77-278c. Laura Connely-Smith

• 91 diseases/conditions , 166 indications

2023 Special Issue Highlights
c. Nancy Dunbar
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ASFA Guidelines Fact Sheets 
2016, 2019, 2023
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Journal of Clinical Apheresis 
31:149–338 (2016)

J Clin Apher. 2019;34:171–
354. 

As of December 17, 2018 using PubMed and 
the MeSH search terms sepsis, septic 
shock, thrombocytopenia associated multi-
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J Clin Apher. 2023 
Apr;38(2):77-278.

ClinicalTrials.gov October 9, 
2021
Sepsis and Apheresis

ClinicalTrials.gov October 9, 2021
Sepsis and Apheresis

ClinicalTrials.gov July 16, 2025
Sepsis and Apheresis
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ClinicalTrials.gov October 9, 2021
Sepsis and Extracorporeal

ClinicalTrials.gov October 9, 2021
Sepsis and “Extracorporeal” All Phases, All Time

• Sepsis and Extracorporeal Results 45 all time

• Suspended or Terminated: 2

• Completed: 17

• Completed + Has Results: 3

ClinicalTrials.gov July 16, 2025
Sepsis and “Extracorporeal” All Phases, All Time

• Sepsis and Extracorporeal Results 93 all time 
(from 45)

• Completed + Has Results: 5 (from 3)
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Date of download:  10/10/2021
Copyright 2018 American Medical Association. 

All Rights Reserved.

From: Effect of Targeted Polymyxin B Hemoperfusion on 28-Day Mortality in Patients With Septic Shock and 
Elevated Endotoxin Level: The EUPHRATES Randomized Clinical Trial

JAMA. 2018;320(14):1455-1463. doi:10.1001/jama.2018.14618

Patient Recruitment, Randomization, and Flow of the StudyaOne patient was lost to follow-up after randomization.
bProtocol adjusted following interim analysis to enroll only patients with very high severity of illness based on a Multiple Organ 
Dysfunction Score of more than 9.
cPrimary analyses also included all participants randomized in the study (223 in the polymyxin B hemoperfusion group).
dPrimary analyses also included all participants randomized in the study (226 in the sham hemoperfusion group).

Figure Legend: 
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cPrimary analyses also included all participants randomized in the study (223 in the polymyxin B hemoperfusion group).
dPrimary analyses also included all participants randomized in the study (226 in the sham hemoperfusion group).
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Date of download:  10/10/2021
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All Rights Reserved.

From: Effect of Targeted Polymyxin B Hemoperfusion on 28-Day Mortality in Patients With Septic Shock and 
Elevated Endotoxin Level: The EUPHRATES Randomized Clinical Trial

JAMA. 2018;320(14):1455-1463. doi:10.1001/jama.2018.14618

Summary of the Primary End Point of 28-Day Mortality for All Participants and for Patients With MODS of More Than 9aP values 
were calculated by χ2 and were unadjusted.
b Multiple Organ Dysfunction Score (MODS)–measure of altered organ function in acutely ill patients using 6 organ systems with 
weighted scores (0, normal; 4, severe) of each organ system (MODS range, 0-24). A higher score is associated greater burden of 
organ dysfunction. A MODS of 9 to 12 points has a hospital mortality of approximately 50%. Prior to the protocol amendment, the 
MODS score was calculated at baseline (time of randomization to the initiation of the study treatment). After the amendment, MODS 
of more than 9 was included at the time of screening, prior to randomization.

Table Title: 
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Extracorporeal therapy with PMX-B reduces the 
proapoptotic activity of the plasma of septic patients on 
cultured renal cells. These data confirm the role of 
apoptosis in the development of sepsis related ARF.

Extracorporeal Therapy in Sepsis 2020
Govil &Kumar Indian J Crit Care Med. 2020 Apr; 24(Suppl 3): S117–S121.

Significant progress has 
been made ……but till date no 
conclusive evidence has 
emerged to support a routine 
use of any of these 
modalities as an adjunct to 
standard sepsis care. 

Govil & Kumar 
April 2020

Post Hoc Analysis; Selection 
Selection Selection

EUPHRATES Trial Findings

Trial Overview

EUPHRATES was a large randomized controlled trial involving 
trial involving 450 septic shock patients with high endotoxin 
high endotoxin activity.

Primary Outcome

No significant 28-day mortality reduction was observed in the 
observed in the overall patient population receiving PMX 
receiving PMX hemoadsorption.

Subgroup Benefits

Patients with MODS > 9 and EAA 0.6-0.89 had a 16% higher 
16% higher survival rate with PMX treatment.

Additional Clinical Improvements

PMX therapy improved mean arterial pressure and increased 
increased ventilator-free days among treated patients.
patients.
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Post Hoc 
Analysis; 
Selection 
Selection 
Selection

TIGRIS Trial Results 
Topline results released on August 12, 
on August 12, 2025

Trial Design and Population
TIGRIS was a Phase 3 U.S. study targeting 157 adults 
157 adults with endotoxic septic shock using strict 
using strict criteria.

Primary Endpoint Results
The trial showed an 8.3% absolute and 18% relative 
relative reduction in 28-day mortality with PMX therapy.
with PMX therapy.

Long-term Outcomes
90-day mortality was 17.4% lower in PMX group with a 
group with a benefit probability over 99%, confirming 
99%, confirming efficacy.

Clinical Significance

Background and Purpose 
of Trials
Purpose of Trials
TIGRIS and EUPHRATES trials evaluated Polymyxin B Hemoadsorption therapy for endotoxic 
therapy for endotoxic septic shock patients.

Trial Design Differences
EUPHRATES covered a broad septic shock population while TIGRIS focused on patients with 
on patients with specific endotoxin activity levels.

Hypothesis and Rationale
Removing endotoxin may improve survival in septic shock by targeting its critical role in disease 
its critical role in disease progression.

Innovative Statistical Approach
TIGRIS used Bayesian methods with prior EUPHRATES data to enhance trial power and 
power and interpretation.

Study Design and 
Patient Selection
EUPHRATES Trial Overview
EUPHRATES was a multicenter randomized controlled trial enrolling septic shock patients using 
septic shock patients using standard severe sepsis criteria.

TIGRIS Inclusion Refinement
TIGRIS refined inclusion to patients with specific EAA levels and organ dysfunction scores for 
dysfunction scores for targeted PMX therapy benefit.

Bayesian Trial Design
TIGRIS used Bayesian design combining new data and prior evidence to improve efficacy 
improve efficacy evaluation of PMX treatment.

Treatment Protocol
PMX treatment involved two hemoperfusion sessions spaced 24 hours apart to maximize 
to maximize endotoxin removal safely.
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Endpoints and 
Statistical 
ApproachPrimary and Secondary Endpoints
The primary endpoint was 28-day all-cause 
all-cause mortality; secondary endpoints 
endpoints included 90-day mortality and 
and hemodynamic improvements.

Bayesian Statistical Modeling
TIGRIS used Bayesian modeling to integrate 
integrate prior data and reduce sample size, 
sample size, improving evidence strength.
strength.

Adaptive Decision-Making
Bayesian methods facilitated adaptive decision-
adaptive decision-making and nuanced 
nuanced understanding of treatment effects 
effects across subpopulations.

Efficacy Results

FEATURE EUPHRATES TIGRIS

Design RCT, 2:1 PMX vs SOC Bayesian RCT, 2:1 PMX vs SOC

Population Septic shock with endotoxemia
EAA 0.60–0.90, MODS >9 or SOFA >11
>11

Sample Size 179 patients 157 patients

28-Day Mortality Reduction ~5% (NS) 8.3% ARR, 18% RRR

Posterior Probability N/A >95% (success)

90-Day Mortality Not primary 17.4% lower with PMX

Safety Acceptable
Acceptable; no major device events
events

Safety Profile

Acceptable Safety Profiles
TIGRIS and EUPHRATES studies reported no major device-related complications 
complications with PMX therapy.

Manageable Adverse Events
Common side effects like hypotension and clotting were manageable and did not 
manageable and did not stop treatment.

Extensive Clinical Experience
Over 360,000 PMX treatments worldwide have shown negligible serious adverse 
serious adverse events.

Support for Adjunctive Therapy
Favorable safety and efficacy data support PMX as adjunctive therapy for 
therapy for endotoxic septic shock.

Impact on Clinical 
Practice
TIGRIS Trial Significance
The TIGRIS trial confirms PMX benefits for septic shock in selected patient groups, supporting 
patient groups, supporting better treatment strategies.

Targeted Endotoxin Removal
Targeted endotoxin removal via PMX reduces mortality in patients with high endotoxin activity 
high endotoxin activity and organ dysfunction.

Rapid Diagnostic Integration
Rapid diagnostic tools like Endotoxin Activity Assay allow timely identification of patients for 
identification of patients for personalized PMX therapy.

ICU Protocol and Training
PMX adoption influences ICU protocols, resource use, and staff training as extracorporeal 
as extracorporeal therapies gain prominence.
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FDA Approval and Future 
Directions
TIGRIS Trial Significance
TIGRIS trial met Bayesian success criteria, providing strong evidence of PMX 
evidence of PMX efficacy and safety for FDA approval.

Regulatory Milestones
PMX received Breakthrough Device designation, accelerating the FDA review and 
the FDA review and regulatory clearance process.

Future Research and Applications
Focus on post-marketing surveillance, real-world studies, and exploring PMX in 
exploring PMX in other endotoxin-related conditions.

Innovative Trial Designs
Bayesian trial designs in critical care research offer new methods for evidence 
methods for evidence generation in high-risk populations.

2024 Meta-Analysis and Clinical 
Implications

Meta-Analysis Overview

Reviewed 20 studies with 937 septic patients comparing standard therapy and 
plasma exchange outcomes.

Therapeutic Plasma Exchange Benefits

TPE significantly reduced short-term mortality with improved hemodynamics 
and organ function in sepsis patients.

Subgroup and Technique Insights

Centrifugation techniques outperformed membrane filtration; both COVID-19 
and non-COVID-19 patients benefited.

Clinical Implications and Trials

Findings support selective TPE use and highlight need for further trials to 
optimize sepsis treatment protocols.

Thank you for listening Significant progress has 
been made ……but till date no 
conclusive evidence has 
emerged to support a routine 
use of any of these 
modalities as an adjunct to 
standard sepsis care. 
Govil & Kumar 
April 2020

• Questions

• rb8mh@uvahealth.org


