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Outline: Extracorporeal Blood 
Purification

•Definition: Extracorporeal Therapies

•Historical Perspectives. Extracorporeal 
Therapies: Blood Purification Techniques 
TAM vs Hemodialysis

•Existing Evidence Base: JCA Special Issue, 
Clinical Trials.
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Extracorporeal Therapies:

procedures …. include .. diversion of 
blood through an external artificial 
circuit for … blood ‘‘purification,’’ gas 
exchange, or correction of metabolic 
abnormalities.

Stegmayr B, Ramlow W, Balogun RA. Semin Dial. 2012 Mar-Apr;25(2):207-13.
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Extracorporeal Therapies RPA 2001

• Hemodialysis
• Hemofiltration
• Hemodiafiltration
• Continuous renal replacement therapies
• Hemoperfusion
• Apheresis (TPE)
• Immunoadsorption
• Liver dialysis

Humans treating Disease 
Bloodletting

• Bloodletting is the removal 
or large amounts of blood 
from a patient’s body.

• The practice of bloodletting 
began in the ancient world.

• Ancient Greeks, Aztecs, and 
Egyptians used bloodletting 
because they believed that 
many diseases were caused 
by having too much blood.

Adapted from 
http://peer.tamu.edu/NSF_Files/Revolutionary
%20Medical%20Treatment.ppt.

Manual “Plasmapheresis”

PLASMA  REMOVAL  WITH  RETURN  OF  CORPUSCLES
(PLASMAPHAERESIS)

FIRST PAPER

JOHN   J.   ABEL,   L.  G.  ROWNTREE   AND   B.  B.  TURNER
From  the  Pharmacological  Laboratory  of  the  Johns  Hopkins  University

Received  for  publication,  July  16,  1914

I. In connection with our experiments on vividiffusion with
a view to the ultimate use of the method for the relief of toxae-
mia the idea suggested itself to try the effects of the repeated
removal of considerable quantities of blood, replacing the plasma
by Locke’s solution and reinjecting this together with the sedi-
mented corpuscles.

J. Pharmacol Exp Ther, 5:625, 1914

J Clin Apher. 2010 00;25(5):240-249.
Okafor C, Ward DM …. Balogun RA.

John Jacob Abel (1857–1938) 
Father of (American) pharmacology and the 

Inventor of the artificial kidney machine 
(vividiffusion)

J Pharmacol Exp Ther July 1914 5:611-623
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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 
Exchange

Williams ME, Balogun RA.
Clin J Am Soc Nephrol. 2013 Oct 31.

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.

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

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

Blood Purification
2019, Vol.47, Suppl. 
3 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

Blood stem 
cells

(for BM 
transplant)

Blood stem 
cells

(for BM 
transplant)

Less-Conventional Apheresis Modalities
(require additional equipment)

Replace 
with FFP

(for 
TTP)

“Plasmapheresis”
= plasma removal or exchange
(requires centrifugal machine

or plasmafiltration system)

Cytapheresis
= cell removal or exchange     (requires centrifugal machine)

Conventional Therapeutic Apheresis Modalities

Replace  with 
albumin
(for all 

other uses)

Leukapheresis
= white cell apheresis

Erythrocyt-
apheresis 
= red cell 
exchange

(sickle cell, 
etc.)

Thrombocyt-
apheresis
= platelet 
reduction
(thrombo-

cytosis)

WBC 
reduction
(leukemia)

Filtration 
selective 
removal

Immuno-
adsorption

LDL 
apheresis

Online plasma purification WBC’s   
(for 

ex-vivo
immune

modulation)

Photopheresis
(= ECP)

Online WBC processing

other

Blood 
stem cells 

(for ex-vivo
genetic

modification)

(requires centrifugal machine
or plasmafiltration system)

(requires centrifugal machine)

(require additional equipment)

from Okafor C, Ward DM, Mokrzycki MH, Weinstein R, Clark P, Balogun RA. : J Clin Apheresis, 25:240-249, 2010
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Therapeutic Apheresis Modalities

HemoperfusionPlasmapheresis Cytapheresis

Cell removal/replacement
•Erythrocytes (sickle cells etc)
•Platelets (thrombocytosis)
•Leukocytes (leukemia, ECP)

Leukocyte  collection
•Stem cells
•ex-vivo immune  modulation

Adsorption principles
•Hydrostatic 
•Ionic
•Antibody mediated
•Combinations/other

Leukapheresis principles
•Filtration, selectively 
•Fcγ-receptor adhesion
•other

Superflux Hemofiltration
• Albumin as substitute

Single filtration/Centrifugation
•Plasma removal
• Albumin as substitute
• Plasma as substitute
• Combinations

Cascade filtration
• (Albumin as substitute)

Filtration + Adsorption
• (Albumin as substitute)
• Precipitation i.e., heparin
• Combinations

Biological devices
• (Albumin as substitute)

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

Selective Apheresis Procedures

Secondary Purification of 
Plasma

Procedures Targeting 
Specific Cellular Element

DFPP Cryofiltration Immunoadsorption Adsorption 
Resins ECP Leukocyte 

apheresis

SPA Immobilized 
antibody

Immobilized 
antigen

Immobilized 
peptides

LCAP GMA

DFPP: Double filtration plasmapheresis; SPA: staphylococcal protein A; ECP: extracorporeal 
photopheresis; LCAP: leukocytapheresis;  GMA: granulocyte-monocyte apheresis.

Sanchez AP, Cunard R, Ward DM. J Clin Apher. 2013 Feb;28(1)

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

23
J 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

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):77-278
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J Clin Apher. 2019 Jun;34(3):171-354. J Clin Apher. 2023 Apr;38:77-278. 

Category Definitions: 2023
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.

ASFA Guidelines Fact Sheets 
2016, 2019, 2023

28

20
16

20
19

Journal of Clinical Apheresis 31:149–338 (2016)

J Clin Apher. 2019;34:171–354. 

20
23
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ClinicalTrials.gov October 9, 2021
Sepsis and Apheresis

ClinicalTrials.gov October 9, 2021
Sepsis and Apheresis

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
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ClinicalTrials.gov Nov 28, 2023
Sepsis and “Extracorporeal” All Phases, All Time

• Sepsis and Extracorporeal Results 71 all time
• Suspended or Terminated: 4
• Completed: 22
• Recruiting: 26
• Completed + Has Results: 4

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: 

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

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: Not there yet but…..
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Email address

• rb8mh@uvahealth.org

• rabalogun1@yahoo.com


