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Circulation basis

Blood circulation: 

Macrocirculation function Microcirculation function

blood delivery 
continuous 
blood flow 

Regulation and 
exchange 
function

Capillaries 2500

Diameter <  0,1 mm 

Nutrient and 
oxygen supply

Capillaries

extraction of 
residual 

substances (i.e
carbon dioxide)

Arteriola

Veinula

Arteries 11,5%
Vein 14,5%

Capillaries 74%
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Microcirculation rheology

Cell-free layer (plasma-rich zone)

Red blood cells
2,8 
to

100 
μm

1. Plasma: main interface between the vascular endothelium and the blood

2. Shear stress applied to the endothelium modify its functions through the
endothelial glycocalyx

3. The plasma viscosity is one of the determinants of the shear stress.

Plasma viscosity is a determinant of endothelial function. 

Endothelials cells



Marseille Medical Genetics27/12/2023 5

Plasma viscosity and fibrinogen

Estimated plasma viscosity = 1,04 + 0,55* fb + 0,18 * Chol + 0,15*IgM + 0,01* Tg + 0,09* α2MacroG –0,08*HDLc

Normal plasma viscosity values : 1.24 ± 0.10 mPa/s 

AACHEN study : 2821 volunteers from 1984 to 1985 

Measurement of plasma viscosity by capillary tube viscometer
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Fibrinogen and vascular disease

Fibrinogène

Radosław Wieczór, J Clin Med, 2020 
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Fibrinogen and critical limb ischemia

<3,3
3,3-4,5

>4,5

Pedrinelli, Journal of Internal Medicine 1999
Doweik, Eur J Vasc Endovasc, 2003 

Fibrinogen > 4,5 g/l = 50 % one year survival

Fibrinogen and critical limb
ischemia
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Fibrinogen and hemodialysis patients

Zoccali, Journal of internal medicine, 2003 

I tertile:  <3.09  g/L
II  tertile:  3.09–4.69  g/L 
III  tertile:  >4.69  g/L

CVD is the primary cause of death in 
up to 40% in dialysis patients.
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Fibrinogen and MACE

Fibrinogen Studies Collaboration, JAMA, 2005 

Increased fibrinogen level
is associated with all 
major cardiovascular

event
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Hemodialysis Patients

Dubin R, BMC nephrol, 2011

Kirmizis D, Med Sci Monit, 2006

Gondouin B, Kidney Int, 2013

Anne‐Clémence Vion, JCB, 2018

Uremic toxins
(sulfate indoxyl)

1. Endothelial and glycocalyx dysfunction
2. Coagulation activation
3. Chronic inflammation

MICROCIRCULATORY DYSFUNCTION

2 frequents disease with microcirculation dysfunction in HD patients:
• Critical limb ischemia
• Calciphylaxis

Increased plasma 
viscosity

Vlahu, JASN, 2014

plasminogen
activator inhibitor
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Rheopheresis principle

REDUCTION 
OF PLASMA 
VISCOSITY

Vacular
access

Membran
dialysis

Plasmafilter

Rheofilter

Waste

small molecule middle molecule High molecule Cellules

Creatinin

Urea

Ions
vitamine B12

Inulin

IL6

IL1

Myoglobin

B2microglobulin

IL8

Albumin
IgG

LDL

IgM

Alpha2
macroglobulin

10.                   102                                 103 104 105 106                         MW (Daltons)

Primary
Filter

Secondary
Filter

eliminated
Restituted to patient

Non filtered

Fibrinogen
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Rheopheresis in critical limb ischemia

Critical limb ischemia (N= 28)

Follow-up from 
February 2017 to  April 2019

Solignac J, Journal of clinical apheresis, 2021
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Clinical effects of rheopheresis in critical limb ischemia

Days 30 60 100 180 365 730 

Number 

at risk

AFS 28 26 25 22 16 7

OS 28 27 27 25 20 11

543 days 

12 minor amputation, 5 major amputations. 

Fallon and al. reported a one-year AFS rate at 
40% in a large cohort of 394 HD patientsone-year AFS  53.6% 

Fallon JM, J Vasc Surg. 2015
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Biological effects of rheopheresis in critical limb ischemia

ON-OFF rheopheresis effects
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Biological effects of rheopheresis in critical limb ischemia

Long term rheopheresis effects



Marseille Medical Genetics27/12/2023 16

Effects of rheopheresis in critical limb ischemia

No comparator group
No adequate Pain assessment (Brief pain questionary)
No VascuQol assessment
No WIFI score
No TCpO2 assessment

All the limitations of a small retrospective study
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Calciphylaxis in hemodialysis Patients

1. Endothelial and glycocalyx dysfunction
2. Coagulation activation
3. Chronic inflammation

MICROCIRCULATORY DYSFUNCTION

hypercoagulability
necrosis

thrombosis

inflammation
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Rheopheresis in Calciphylaxis

Bouderlique E, Ther Apher Dial, 2018

at admission Rheopheresis initiation 2 week treatment

4 week treatment 10 week treatment

• Hemodialysis intensity > 20h 
weekly

• Lowering circulating P×Ca
product, Nutritional support, 

• intravenous sodium thiosulfate 
(25 g three times a week) 

• Vitamin K implementation
• Local wound care.

Courtesy to Arnaud lionet

Rheopheresis for Adjuvant
Treatment in Resistant Calciphylaxis
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Rheopheresis in Calciphylaxis

Robert T, Nephrology, 2019 

• Median age 69 y
• 75% diabetes
• Obesity 7/8
• VKA in 5/8

4/8 biopsy-proven calciphylaxis
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Rheopheresis in Calciphylaxis

Robert T, Nephrology, 2019 
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Rheopheresis in Calciphylaxis

Robert T, Nephrology, 2019 • 100% sodium thiosulfate (≥75mg weekly)
• HD intensification (50% daily HD)
• 50% VKA discontinuation 
• 38% (3/8) surgical debridement
• Nutritionnal support
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Rheopheresis in Calciphylaxis

Robert T, Nephrology, 2019 

• 5 (60%) complete remission
• 2 (25%) relapse, 
• 3 (38%) death

• Close to 1 month of delay
from diagnosis
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circulating
endothelial

adhesion
molecules

Cytokines

angiogenic
factors

Pre et post 
session

Critical limb ischemia
Calciphylaxis

Circulating endothelial cells (CEC)

sICAM-1,
sVCAM-1,
sE-Selectine,
sP-Selectine

TNF-α, sCD40-L, IL-
1β, IL-6, IL-8, 
IL-10

Angiopoietine 2, 
sEndogline, 
VEGF-A

P value < 0,001 
considered statistically significant

Hemodialysis
(N=10)

Rheopheresis effect

Chronic inflammation 
and no active 
vasculopathy

Hemodialysis
+ rheopheresis

N=13

Exploration of 
endothelial dysfunction

2023
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Rheopheresis effect

on-off dialysis effects

No statistically
significant

modifications

Chronic inflammation and no active vasculopathy pateints
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Rheopheresis effect

on-off rheopheresis effects
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Rheopheresis effect

Long-term treatment effects
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Rheopheresis effect

Extracorporeal circulation effects ?

Hemodialysis
patients not treated
by rheopheresis 
(N=10)

• Chronic critical limb
ischemia (N= 8)

• Calciphylaxis (N=5)

Rheopheresis in tandem with hemodialysis

Pre and post rheopheresis sessionPre and post dialysis session

THE RHEOPHERESIS TARGETS ENDOTHELIUM AND HAS ACUTE ANTI-INFLAMMATORY EFFECT

RHEOPHERESIS BIOLOGICAL EFFECTS : Assay of inflammatory and endothelial markers

No effect of 
dialysis sessions

Plasmatic
viscosity

ANTI-INFLAMMATORY SIGNAL  PRO-ANGIOGENIC SIGNAL ?

Fibrinogen
CRP
TNF-α
VCAM-1
sE-Selectin
sP-Selectin

IL-10

CEC

sEndoglin
ACUTE EFFECT
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Cholesterol embolism and Rheopheresis

68 y Woman, HTA, coronary disease
Disease history: 
November 2021: First coronarography, femoral access

January 2022: Second coronarography, femoral access

March 2022: Blue toe syndrom

Creatinin 98 µmol, Double AAP

Creatinin 180 µmol, hypereosinophilia, no proteinuria

TCpO2 normal

Creatinin pic 283 µmol and fibrinogen at 5,2 g/L

Tunneled catheter and rheopheresis session start after medical optimization for 3 months

One years later : Creatinin 130 µmol/L No blue toe syndrom, no relapse
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Rheopheresis effect

Lacroix et al Thromb Res 2012

Lacroix et al. STH 2013, 

Lacroix et al. J Thromb. Haemost 2013

Vallier, Lacroix et al. STH 2017

Berkman, Lacroix et al JEV 2019

Vallier…et Lacroix Thromb Res 2019

Franco, Lacroix et al.  Thromb Res 2020
Cointe …et Lacroix JEV 2018

Coagulolytic balance of the microvesicles (MV)

H. Parsson, Eur J Vasc Endovasc Surg, 2004
Radosław Wieczór, J. Clin. Med. 2020

CLI or calciphylaxis is a prothrombotic condition with defective fibrinolysis
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Rheopheresis effect

procoagulant activity
Méthod : TF-dependent FXa generation assay

(Vallier et al Thromb Res 2019)

Fibrinolysis activity
Méthod : immunomagnetic separation assay

(Cointe et al JEV 2018)
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Rheopheresis effect

SPECIFICITY KINETIC
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Janvier 2021 T. Robert

‹N°›
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Rheopheresis effect

Blasi et al. Nature Review 2002

Plaminogen span functions 
in:
• Fibrinolysis, 
• Interaction with 

complement proteins, 
• Resolving Inflammation
• Resolution of 

inflammation
• Wound healing

Rima Sulniute et al. Thrombosis and Haemostasis 2016
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2023

La calciphylaxie ne figure toujours pas dans les guidelines
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CONCLUSION

Rheopheresis is a safe modality of therapeutic apheresis to treat microcirculatory 
disorders

Rheopheresis represent a novel therapeutic approach for critical limb ischemia and 
calciphylaxis as an adjuvant therapy, a new therapeutic way for cholesterol embolism ?  

Rheopheresis mechanisms might be multiples :
• Rheological effect-induced through plasma viscosity (fibrinogen +++)
• Anti-inflammatory effect-induced through IL10 generation
• Thrombolysis and Wound Healing effect-induced through high microvesicul plasmin 

generation capacity

Remains the infectious risk du to IgG removal which need to be investigated
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CONCLUSION

• What matters most for patients :

• Quality of life

• Perception of life

We need to investigate soroughly these paramaters
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PERSPPECTIVE

Evidence based fact are lacking and we need trial

RHEOCAL

Critical limb ischemia Calciphylaxis

CHU de Marseille
Dr Thomas Robert

CHU de Lille
Dr Arnaud Lionet
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PERSPPECTIVE
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PERSPPECTIVE
1

4

5

4 4

3 3

2

1 1 1 1 1

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

NOMBRE D'INCLUSION
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PERSPPECTIVE

peak of inflated
expectations

Technology
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Trough of 
disillusionment
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