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Emodialisi trisettimanale...le larghe intese 

Presupposti 
fisiologici

Esperienze 
cliniche

CostiLogistica

Flessibilità

Accettabilità per 
il paziente

Scribner BH et al., 1960; Held PJ et al., 1983



●Diffusione

●Convezione

●Adsorbimento

Principi fisici della dialisi



EMODIALISI 

CONVENZIONALE

(diffusione)

• Membrana naturale (cellulosica) o sintetica a bassa 

permeabilità (5 ml/mmHg/mq/ora) e superficie  1,3 mq

• Flusso sangue: 300 ml/min

• Flusso dialisato: 500 ml/min

• Ultrafiltrazione limitata all’incremento ponderale
• Durata = 4  

CARATTERISTICHE



EMODIALISI “High-Flux”

• Membrana sintetica ad alta permeabilità diffusiva e 
convettiva 

• (> 20 ml/mmHg/hr) e superficie 1,3- 2,1 mq

• Flusso sangue :  200 - 400 ml/min

• Flusso dialisato:  500-700 ml/min

• Ultrafiltrazione limitata all’incremento ponderale
• Durata =   3 - 4 ore 

CARATTERISTICHE



●Diffusione

●Convezione

●Adsorbimento

Principi fisici della dialisi



EMOFILTRAZIONE

(convezione)

Membrana sintetica ad alta permeabilità idraulica 

Flusso sangue:    300-400 ml/min 

Durata:  (in base infusione)

Reinfusione : 30-70 L/seduta = VOLUME DI SOSTITUZIONE

Ultrafiltrazione: reinfusione + decremento peso =VOLUME
CONVETTIVO

Caratteristiche



Membrana sintetica ad alta permeabilità idraulica 

Flusso sangue:    400 ml/min 

Flusso  dialisato: 500 ml/min

Durata 3- 4 ore

Reinfusione : >20 L/seduta

Ultrafiltrazione: reinfusione + decremento peso

Caratteristiche

EMODIAFILTRAZIONE

(diffusione + convezione)



I TRATTAMENTI

Emodialisi (HD): diffusione

Emofiltrazione (HF): convezione

Emodiafiltrazione (HDF): diffusione + 
convezione



●Diffusione

●Convezione

●Adsorbimento

Principi fisici della dialisi



A triad of mechanisms can be applied today for blood purification purposes in 
extracorporeal therapies



Hemodiafiltration with endogenous reinfusion or HFR

Adsorption capacities of several membranes

Hemodialysis coupled with an adsorbent cartridge

Adsorption: what techniques are available?



Classification of uremic toxins

Small water soluble solutes Protein-bound solutes Middle molecules
Asymmetric dimethylarginine 3-Deoxyglucosone Adrenomedullin
Benzylalcohol CMPF* Atrial natriuretic peptide
ß-Guanidinopropionic acid Fructoselysine  ß2-Microglobulin
ß-Lipotropin Glyoxal  ß-Endorphin

Creatinine Hippuric acid Cholecystokinin
Cytidine Homocysteine Clara cell protein
Guanidine Hydroquinone Complement factor D
Guanidinoacetic acid Indole-3-acetic acid Cystatin C
Guanidinosuccinic acid Indoxyl sulfate Degranulation inhibiting protein I
Hypoxanthine Kinurenine Delta-sleep-inducing peptide
Malondialdehyde Kynurenic acid Endothelin
Methylguanidine Methylglyoxal Hyaluronic acid
Myoinositol N-carboxymethyllysine Interleukin 1ß 
Orotic acid P-cresol Interleukin 6
Orotidine Pentosidine Kappa-Ig light chain
Oxalate Phenol Lambda-Ig light chain
Pseudouridine P-OHhippuric acid Leptin
Symmetric dimethylarginine Quinolinic acid Methionine-enkepahlin
Urea Spermidine Neuropeptide Y
Uric acid Spermine Parathyroid hormone
Xanthine Retinol binding protein
*CMPF is carboxy-methyl-propyl-furanpropionic acid Tumor necrosis factor alpha

Vanholder R. et al  New insights in uremic toxins.  Kidney Int, 2003, 63; 84: S6–S10



P = 0.53

HEMO study



Alti livelli di 2-m predicono la 
mortalità nei pazienti in 

emodialisi
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(mg/L)

Cheung AK et al, J Am Soc Nephrol 2006; 17: 546-55

HEMO study

Rischio relativo = 1.11 ogni 10 mg/L di incremento della ß2-m (1.05 - 1.19)

n = 1,704 pz. 



Ledebo I. Principles and practice of hemofiltration and hemodiafiltration. Artif Organs 1998; 22 (1): 20-25
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Clearance e peso molecolare in 
diverse tecniche dialitiche 



In brief, haemodialysis has moved from:

Long dialysis Short dialysis 1975

Uncontrolled Controlled ultrafiltration 1978

Acetate Bicarbonate 1978-1983

Bioincompatible Biocompatible 1993

Low flux High flux 2002-2003

Contaminated Ultrapure dialysis fluid 2011-2012,

…and finally from purely diffusive focusing on small uraemic toxins to enhanced 

convective modalities (e.g. online haemodiafiltration, HDF) enlarging the spectrum of 

compounds removed to middle and larger uraemic toxins .

In brief, haemodialysis has moved from:



Virtually 0%

11%͠  

͠ 26%

Online HDF in the World





WORLD

EUROPE









Mortality rates and convection volumes







BSA was calculated using Formula Gehan and George as 
recommended by the European Best Practice Guidelines

[BSA (m2) = 0.0235 × baseline height (cm) 0.42246 ×

baseline weight (kg) 0.51456]

Standardization of delivered convection volume was done by 
dividing by patient BSA 

[1.73 × (patient convection volume/patient BSA)]

Convection volume/session needed for an individual 
patient to have a BSA-adjusted convection volume of 

at least 23 L or above, based on measurements of 
height and weight of the patient.



HDF: 2013-2016
PETERS SA et al, 2016

La dose convettiva associata ad un
miglioramento della sopravvivenza

dipende dalla corporatura del paziente:

23 l / seduta / 1,73m2

CANAUD B et al, 2015
Riduzione della mortalità per dose convettiva:

>34 l / settimana / m2

Dose convettiva da somministrare:

>11 l / seduta / m2



The present combined analysis confirms this finding and suggests a 

substantial survival benefit when a convection volume of at least 23 

L/session (BSA standardized) is delivered. Because almost all patients were 

treated in a thrice-weekly schedule, this dose equals at least 69 L/week.



B. Canuaud 2018



and inflammation



Media 
Calcification   



Effects on chronic inflammation

RISCAVID Study

Panichi V et al. Nephrol Dial Transplant. 2008; 23:2337-2343 



18.7±0.918.5±2.3 *

11.8±2.9

19.1±2.8 *

12,6±2.3

* p< 0.05 
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Standardization of delivered convection 
volume

was done by dividing by patient BSA [1.73 
Å~ (patient convection volume/patient BSA)]



HDF appeared to 
reduce 

cardiovascular, but
not all-

cause,mortality and 
had uncertain effects

on non-fatal 
cardiovascular events 

and hospitalisation
compared to HD. The 
quality of evidence
was considered low 

due
to methodological

limitations and poor
reporting of the
primary studies



?





The RCTs were not designed to study 
the

effects of convection volumes, with no 
randomized treatment targets and 

hence the possibility of confounding 
by indication

cannot be excluded …..This occurs 
when

the variables that predispose 
selection in the dosage of the 
intervention are also related to 

outcomes. The patient and treatment 
characteristics that are associated with 
achieving higher convective volumes 

(e.g. less comorbidities, vascular
access, blood flow) are also 

independently associated with 
mortality and may therefore explain 
the beneficial effects  reported for 
stratification of convection volume







Benefits and harms of high dose haemodiafiltration versus 
high flux haemodialysis (CONVINCE) trial protocol

….on the 2.5-year
mortality rate, and an 
estimated average follow-up 
of approximately 2.5 years, 
an estimated number of 
participants of 900 (HR 0.75) 

per
group will need to be 
recruited. Thus, the total 
sample size will be 1800 

participants to be 
randomised. We intend to 
recruit 400 from academic 

and hospital based-dialysis 
centres and 1400 from 
private dialysis providers…





Quali limiti 
agli studi?
Saranno 
superati?





CONVINCE study

2023



Aims

Objectives Description

Primary Objective to compare HDF when delivered consistently in 

high-dose, with high-flux HD treatment in terms of 

all-cause mortality. 

Secondary 

Objectives

1. Compare treatments in terms of cause specific 

morbidity and mortality. 

2. Assess PRO-s to capture patient perspectives 

and compare between treatments. 

3. Assess cost effectiveness of high-dose HDF. 



Methods

Multicentre, multinational

EU-funded; Horizon 2020 grant no 754803

Registeration: International Clinical Trial Registry Platform, NTR 
7138

CRO: Julius Clinical, the Netherlands (www.juliusclinical.org)

Inclusion/exclusion criteria: pragmatic, except for 

likelihood of achieving the 23L convection volume (= total ultrafiltration volume, 

i.e. sum of substitution volume and net UF volume to achieve dry weight)

ability to complete the patient reported outcome assessments

Outcomes: ACM; cause-specific death; patient reported 
outcomes

http://www.juliusclinical.org/


post-HDF ≥ 23 l/ses.

High-flux HD Kt/V>1.4
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CONVINCE



Results: baseline data

Characteristic HDF 

N=683

HD 

N=677

Age (years) 62,5±13

5

62,3±13,

5

History of CV disease (%) 43 47

Diabetes (%) 34 37

Dialysis vintage (median, 

mos)

35 30 

Vascular access (%): 

Native fistula 

Catheter

82

13

82

14

Previous kidney 

transplantation (%)

14 12



Results: 
outcome data

Comment ACM

Comment CV death

Comment infectious death



Kaplan Meier curves for overall survival  
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Subgroup 
analyses

Comment age

Comment DM

Comment AVF





DOBBIAMO 
PERSONALIZZARE IL 

TRATTAMENTO DIALITICO!!!



EUropean DIALysis (EUDIAL) Working Group by the European Renal Association-European 
Dialysis and Transplant Association (ERAEDTA)

PROF.ERNESTO 

BIGNAMI

1931



>21 L of convection volume was achieved in >84% of patients with AV fistula, and 

in only 33% of patients with a catheter. Hence, it appears that an AV fistula or graft 

is preferable, but a catheter is not a contra indication for the performance of ol HDF.

Type of vascular access

Needle size
With the exception of initial cannulation, in most guidelines no specific gauge value is 

recommended and the sole statement made is that “needle size should match the blood flow rate“.

Only in the Fistula First Initiative is a 15G-needle recommended for a blood flow between 350 

and 450 mL/min.

Chapdelaine I, 2015

Single-needle
Given the current high convection volume goals, single-needle ol-HDF 

should not be encouraged.



Access recirculation
When blood flow rate is increased,

recirculation may occur. As an increase in the size of the convection

volume by recirculation is inefficient and undesirable,

regular monitoring is advisable.

Effective versus set blood flow rates
It has been well established that the real blood flow rate is somewhat lower than the set value, and the 

higher blood pump speed, the wider the difference. This phenomenon is explained by partial collapse 

of the tubes at more negative pre-pump pressure. In addition, the type of access may also influence this 

discrepancy.  Canaud et al. showed that a set blood flow of 350 mL/min resulted in a markedly lower 

real blood flow in a CVC than in an AVF (316 ± 4 versus 342 ± 4 mL/min). Obviously, this 

phenomenon may be even more prominent in HDF because of a more negative pre-

pump pressure than in conventional HD.

Chapdelaine I, 2015



Treatment time
Is one of the major determinants of convection volume. A simple calculation shows that an increase in 

treatment time with 1 h, at a given blood flow rate of 400 mL/min and a FF of 25%, augments 

convection volume with 6 L. Thus, with respect to high-volume ol-HDF, a long treatment time can 

compensate for a low blood flow rate. Moreover, a prolonged treatment time per se has been shown to 

improve haemodynamic instability, which in turn may contribute to a high convection volume.

Anticoagulation
Because a high FF induces considerable haemoconcentration and clotting within the dialyser, adequate 

anticoagulation with either unfractionated heparin or low molecular weight heparin (LMWH) is 

mandatory. In THDFS, the unfractionated heparin dose was ∼10% higher in the HDF 

group when compared with HD patients 

Dialyser 
In order to avoid TMP alarms, it appears wise to avoid dialysers with a surface area <1.7 m2 or 

dialysers with a high blood flow resistance.

Chapdelaine I, 2015




