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ΑΙΜΟΚΑΘΑΡΣΗ

Μέθοδος υποκατάστασης της νεφρικής
λειτουργίας κατα την οποία πραγματοποιείται
διΰλιση του αίματος μέσω ημιδιαπερατής
μεμβράνης και επιτυγχάνεται:

•Αφαίρεση υγρών

•Κάθαρση «άχρηστων» ουσιών



Σύγχρονα συστήματα ελέγχου υπερδιήθησης

Open (Sensor) System Closed (Balance Chamber) System

Presenter
Presentation Notes
Modern instruments now have UF control systems that enable a desired UF rate or fluid loss to be set and achieved.Currently there are 2 different types of UF control systems: an ‘open’ or sensor system, and ‘closed’ or a balance chamber system.In an open system, sensors monitor flow rates and adjust the flow to achieve the desired UF.  The nature of the sensors vary between manufacturers. In a closed system, there is continuous flow of dialysate using a dual 2 chamber balanced-flow controller and a separate UF pump. The balanced-flow control chambers ensure that the same volume of dialysate leaves the dialyzer as entered it. In addition to this balanced volume of dialysate, the required UF volume is removed with much greater control by the small UF pump. This ends our discussion on UF control systems.





Χαρακτηριστικά Μεμβρανών 

1. Υλικό
2. Επιφάνεια
3. Αποστείρωση
4. Όγκος πλήρωσης
5. Πάχος μεμβράνης
6. Κάθαρση ουσιών α) μικρού Μ.Β. (ουρία, κρεατινίνη, φωσφορικά) 

β) μέσου Μ.Β. (Β12, β2-μικροσφαιρίνη)
7. Συντελεστής διαβατότητας της μεμβράνης για συγκεκριμένη ουσία

(Sieving Coefficient – Sc)-εξαρτάται απο τους πόρους της μεμβράνης
Για ουσίες μικρού Μ.Β. είναι ίσος προς την μονάδα άσχετα από το είδος της
μεμβράνης

8. Συντελεστής υπερδιήθησης (Ultrafiltration Coefficient – UF.C. σε
ml/h/mmHg)
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Διαπερατότητα της Μεμβρανης

dialyzer performance
Low permeability

-Mean pore size 13A
-Maximum pore size 25A
- < 5000 Daltons

High permeability
-Mean pore size 29A
-Maximum pore size 50A
-11,800 Daltons

Presenter
Presentation Notes
Everything you have learned so far needs to be brought together so that the user can assess dialyzer performance.Membranes can be characterized according to their hydraulic permeability, which may also be linked with the size of molecule that they will allow to cross.This scale shows the molecular size of typical solutes ranging from creatinine amongst the small molecules (on the left end) to albumin, a large protein (on the right end). The units are in Angstroms.Membrane pores are not absolutely uniform; a membrane will have a mean or average pore size and also a defined maximum pore size.Hydraulic permeability really defines the permeability of the membrane to water but it gives an indication of overall permeability as well.A low hydraulic permeability membrane has a low mean pore size and a low maximum pore size not exceeding 25 Angstroms. This prevents the passage of solutes larger than 5000 Daltons. As noted on the illustration in blue, you can see that a low permeability membrane has a mean pore size of 13 Angstroms and a maximum size of about 24 Angstroms.  A high permeability membrane (as noted in purple, has a mean pore size of 29 Angstroms and a maximum pore size of around 50. This type of membrane will allow the passage of large molecules, notably beta 2 microglobulin, which has a molecular weight of 11800 Daltons.



ΤΕΧΝΙΚΕΣ ΑΙΜΟΚΑΘΑΡΣΗΣ

Low flux ΑΜΚ

High flux ΑΜΚ

Αιμοδιαδιήθηση



Low flux Αιμοκάθαρση
• Κλασσική ΑΜΚ με φίλτρα χαμηλής διαπερατότητας

(διάχυση)
• Χαμηλού κόστους
• Η φθηνότερη θεραπεία που υπάρχει σήμερα
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High flux Αιμοκάθαρση
• Κλασσική ΑΜΚ με φίλτρα υψηλής διαπερατότητας

(διάχυση)
• Υψηλότερου κόστους
• Καλύτερη κάθαρση (ΜΜΒ ουσιών)
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Αιμοδιαδίηθηση
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η• Παραλλαγή της ΑΜΚ με φίλτρα υψηλής 

διαπερατότητας
• Χρησιμοποιεί την διάχυση και την «συνμεταφορά»
• Αρχικά σάκοι αιμοδίηθησης
• Υψηλότερο κόστος
• Πολύ καλύτερη κάθαρση (ΜΜΒ ουσιών)
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• Βελτίωση της αιμοδιαδιήθησης
• Χρησιμοποιεί την διάχυση και την «συνμεταφορά»
• Απαιτεί υψηλής ποιότητος επεξεργασμένο νερό
• Εξειδικευμένα μηχανήματα
• Ειδικές γραμμές(φιλτράκια)-Υψηλές αντλίες αίματος
• Ακόμα υψηλότερο κόστος
• Ακόμα καλύτερη κάθαρση (ΜΜΒ ουσιών)

On line Αιμοδιαδιήθηση



Μελέτες επιβίωσης – HEMO study

Eknoyan G et al.Effect of dialysis dose and membrane flux in 
maintenance Hemodialysis. N Engl J Med 2002;347:2010 



Μελέτες επιβίωσης-MPO

Locatelli F et al. Effect of membrane permeability on survival of 
Hemodialysis patients. J Am Soc Nephrol 20: 645–654, 2009 



Μελέτες επιβίωσης-MPO

Locatelli F et al. Effect of membrane permeability on survival of 
Hemodialysis patients. J Am Soc Nephrol 20: 645–654, 2009 



Ο σχετικός κίνδυνος για τη
θνητότητα, φαίνεται να
είναι σαφώς μικρότερος για
τους ασθενείς που
υποβάλλονται σε
Αιμοδιαδιήθηση, ιδιαίτερα
όταν χρησιμοποιούνται
υψηλοί όγκοι διαλύματος
(high efficiency HDF)

Mortality risk for patients receiving hemodiafiltration vs hemodialysis:European results from the DOPPS.
B.Canaud et al. Kidney International 2006 (69) 2087-2093.
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Low efficiency 
HDF

5-14,9 lt

1 1,03
0,93

0,65

High efficiency 
HDF 15-24,9 lt

Low flux
ΑΜΚ

High flux
ΑΜΚ

Μελέτες επιβίωσης 
DOPPS study



A role of large middle molecules is supported by the outcome 
benefit of HDF seen in RCTs

Pooled data analysis of mortality using four RCTs comparing post-dilution HDF to HD

Mortality 
Cause

HD HDF
Hazard Ratio (95%CI)

for HDF vs HDEvents/ 
100PY

Events/ 
100PY

All-cause 12.1 10.4 0.86  (0.75;0.99) Greater effect in 
older patients, age 

>65y
[p=0.03 for CV mortality]

Cardiovascular 
disease 4.8 3.7 0.77  (0.61;0.97)

Infections 2.3 2.1 No significant difference

Sudden death 1.6 1.6 No significant difference

Peters et al., Nephrol Dial Transplant 2016;31:978-84

Including data from CONTRAST, Turkish HDF, ESHOL, and French HDF studies
CI = confidence intervall; PY = person-years





The existing Guideline 2.1 should thus be 
replaced by the following: 

• Synthetic high-flux membranes should be used to delay 
long-term complications of haemodialysis therapy in 
patients at high risk (serum albumin <40 g/l) (level 1A: 
strong recommendation, based on high-quality evidence). 

• In view of underlying practical considerations, and the 
observation of a reduction of an intermediate marker (beta-
2-microglobulin), synthetic high-flux membranes should be 
recommended even in low-risk patients (level 2B: weak 
recommendation, low quality evidence). 

-2010 revised



Μελέτες υπεροχής on line αιμοδιαδιήθησης
καλύτερη κάθαρση ουσιών μέσου Μ.Β.

Μείωση β2 μικροσφαιρίνης/συνεδρία

Low flux αιμοκάθαρση 20%

High flux αιμοκάθαρση 60%

On line αιμοδιαδιήθηση 75%

Maduell F et al. Osteocalcin and myoglobin removal in on-line hemodiafiltration
versus low- and high-flux hemodialysis. Am J Kidney Dis 2002;40(3):582



Οι σημερινές τεχνικές Αιμοκάθαρσης έχουν περιορισμούς στην 
κάθαρση ουραιμικών τοξινών μεγάλου ΜΒ



Wolley et al. Large Middle Molecules and
Hemodialysis. Clin J Am Soc Nephrol 13, May, 2018



Ronco C (ed): Expanded Hemodialysis – Innovative
Clinical Approach in Dialysis. Contrib Nephrol. Basel,
Karger, 2017, vol 191, pp 188–199



Wolley et al. Large Middle Molecules and
Hemodialysis. Clin J Am Soc Nephrol 13, May, 2018



Μέσου Μοριακού Βάρους ουσίες και Ανοσοποιητικό 

Wolley et al. Large Middle Molecules and
Hemodialysis. Clin J Am Soc Nephrol 13, May, 2018



HDx
A novel hemodialysis therapy answering to the 
need of effective dialytic clearance of large middle 
molecule uremic toxins, using regular equipment 
and regular blood flow rate
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x

HDx: a step closer to the native kidney
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Ronco C (ed): Expanded Hemodialysis – Innovative
Clinical Approach in Dialysis. Contrib Nephrol.

Basel, Karger, 2017, vol 191, pp 100–114

Wolley et al. Large Middle Molecules and
Hemodialysis. Clin J Am Soc Nephrol 13, May, 2018



HDx: Medium Cut-off Membranes performance
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Kirsch AH et al, NDT 2017;32:165-172

 PerCOM: two prospective, open-label, controlled, randomized, crossover pilot 
studies, 39 prevalent hemodialysis (HD) patients were studied in four dialysis 
treatments

 Single Treatment Performance Data Obtained with MCO Membranes

 Primary outcome was lambda free light chain (λFLC) overall clearance. 

 Secondary outcomes included overall clearances and pre-to-post-reduction 
ratios of middle and small molecules, and safety of MCO HD treatments.



Adapted from Kirsch AH et al, NDT 2017;32:165-172





Aadapted from Kirsch AH et al, NDT 2017;32:165-1721 In HDF the total dialysis fluid preparation flow was set at 700 ml/min, 
resulting in an effective QD through the dialyzer of close to 600 ml/min  



N = 19
QB = 301 ±22 ml/min
T = 4.0 h

Adapted from Kirsch AH et al, NDT 2017;32:165-172
Baxter Clinical Study Report: 1407-003

#   p<0.001 vs high-flux HD

#

#

#

#

# #

MCO HD = THERANOVA 400 dialyzer
high-flux HD = HD by FX CORDIAX 80 dialyzer
Bars indicate mean and SD
Statistics: mixed model with fixed effects of period and dialyzer, 
and the random effect of subject

PerCom 1
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Overall clearance
MCO HD high-flux HD

N = 19
QB = 400 ml/min
T = 4.4 ±0.3 h

Adapted from Kirsch AH et al, NDT 2017;32:165-172
Baxter Clinical Study Report: 1407-001

#   p<0.001 vs high-flux HD

#

#

#
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#
#

MCO HD = THERANOVA 400 dialyzer
high-flux HD = HD by FX CORDIAX 80 dialyzer
Bars indicate mean and SD
Statistics: mixed model with fixed effects of period and dialyzer, 
and the random effect of subject

PerCom 2
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#   p<0.001 vs HDF
§ p<0.01 vs HDF
 p<0.05 vs HDF

N = 19
QB = 400 ml/min
T = 4.4 ±0.3 h
VCONV (HDF) = 24 L

#
#

#

§

#


MCO HD = THERANOVA 400 dialyzer
HDF = postdilution by FX CORDIAX 800 dialyzer
Bars indicate mean and SD (median for a1micro)
Post-dialysis data corrected for hemoconcentration
Statistics: mixed model with fixed effects of period and dialyzer, 
and the random effect of subject

Adapted from Kirsch AH et al, NDT 2017;32:165-172
Baxter Clinical Study Report: 1407-001

PerCom 2



PerCom 2 study
QB = 400 ml/min, T = 4.4 ±0.2 h

Bars indicate mean and SD.

PerCom 1 study
QB = 302 ±22 ml/min, T = 4.0 h

Kirsch AH et al, NDT 2017;32:165-172



Kirsch AH et al, NDT 2017;32:165-172

 MCO HD removes a wide range of middle molecules more effectively than 
high-flux HD, with the trade-off of increased albumin removal, compared to 
high-flux HD and HDF

 MCO HD also exceeds the performance of high-volume HDF for larger middle 
molecules, particularly λFLC

 Importantly, MCO HD can be applied to maintenance HD patients, in whom 
high volume HDF may not be used or is not available.

Για high volume HDF χρειάζονται
υψηλές ροές αντλίας αίματος  
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Η απώλεια αλβουμίνης αποτελεί πρόβλημα 
στην HDx ;
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Schepers E, Glorieux G, Eloot S, Hulko M, Boschetti-de-Fierro A, Beck W, Krause B, Van Biesen W: Mp537: Does 
increasing mem- brane pore size affect endotoxin permeability? A novel dialysis simulation set-up. Nephrol Dial 
Transplant 32: iii625–iii626, 2017

Δεν υπάρχουν ενδείξεις για αυξημένη διαπερατότητα 
ενδοτοξινών και επιμόλυνση στο αιματικό διαμέρισμα του 

φίλτρου, όπως προκύπτει απο πειρατικά μοντέλα   



Μπορούμε να βελτιώσουμε 
την επιβίωση των ΑΜΚ 

ασθενών με HDx ?



Διευρυμένη ΑΜΚ (HDx therapy)-Κλινικές μελέτες

Public registration Study title Study PI

ACTRN12616000804482
Completion 2018

REMOVAL-HD
A tRial Evaluating Mid cut-Off Value membrane clearance of Albumin and Light chains in 

HaemoDialysis patients
Colin Hutchison et al., multi-center, ANZ

DRKS00012359
Completion 2018

REMOC
REmoval of middle MOlecules using medium Cut-off membranes in hemodialysis mode versus 

high-flux membranes in post-dilutional on-line hemodiafiltration mode
Alexander Rosenkranz, Graz, Austria

NCT03270371
Completion date Feb 2019

MCO-IF
Medium-term Modulation of the Inflammatory Profile by Medium Cut Off Membranes in 

Patients With End Stage Renal Disease 
Christoph Schmaderer, Munich, Gerrmany

NCT03211676
Completion date Dec 2017

Comparison of Hemodialysis With Medium Cut-off Dialyzer (Theranova) and High Flux Dialyzer 
on Removal of Small and Middle Size Molecules, Inflammatory Parameters and Oxidative Stress. 

An Open Cross Over Randomized Study
Mohamed Belmouaz, Poitiers, France

NCT03104166
Completion date Dec 2018

ModuVas
Modulation of Vascular Calcification in Chronic Dialysis Patients Daniel Zickler, Berlin, Germany

NCT03137056
Completion date April 2018

DIALOMIC
Characterization of Proteins and Forms of Albumin Removal Capacities of the Theranova

Membrane by Innovating Proteomic Investigations
Laurent Juillard, Lyon, France

NCT03169400
Completion date Dec 2018

Molecular and cellular mechanism of vascular ageing in CKD: role of Theranova dialyzer on 
mineral metabolism disorder, oxidative stress, and vascular calcification Mario Cozzolino, Milan, Italy

NCT03274518
Completion date April 2018

Expanded Hemodialysis Versus Online Hemodiafiltration: a Pilot Study on Intradialytic 
Hemodynamics and Fluid Status Bruno Caldin da Silva, Sao Paulo, Brazil

Finished



Συμπεράσματα

 Η διευρυμένη ΑΜΚ (HDx) αποτελεί μια προηγμένη θεραπεία
που μπορεί πλέον να εφαρμοσθεί,

 χάρις την δημιουργία των MCO μεμβρανών,
 ακόμα και σε μονάδες ΤΝ χωρίς ειδικό τεχνολογικό εξοπλισμό
 Προσφέρει απόδοση παρόμοια με την high volume HDF και

ακόμα καλυτερη στην κάθαρση μεγαλύτερων ΜΒ ουραιμικών
τοξινών με τις συνθήκες της απλής ΑΜΚ

 Χωρίς επιπλέον κόστος
 Περισσότερες μελέτες θα χρειασθούν για να διαπιστωθεί αν η

εφασρμογή της HDx θα βελτιώσει την επιβίωση των ΑΜΚ
ασθενών

 HDx: ένα βήμα πιο κοντά στο τρόπο λειτουργίας του φυσικού
νεφρού
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