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Haemodialysis is an extracorporeal blood cleansing 

technique that is used to remove metabolic waste 

products that accumulate in patients with ESRD.  

 

Solutes and water are removed through semipermeable 

membranes using different mass separation 

mechanisms (diffusion, convection and adsorption). 

 Ronco and Clark,  Nat Rev Nephrol 2018 



 

 A Santoro, G Ital Nefrol 2017  

La dialisi non è una lavatrice  



 Modern hemodialysis therapy started on March 17, 1943, when Willem Kolff, a 

young Dutch physician in the small hospital of Kampen (the Netherlands), treated a 

29-year-old woman suffering from malignant hypertension and “contracted kidneys.” 

rotating drum kidney 
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FIG.  2.-Comparison of sizes. K.D.=Kiil  

dialyser. D.D.=Disposable 

dialyser. 

- For efficient intermittent haemodialysis the artificial 

kidney should have a low priming volume and preferably 

should be able to be operated without a blood pump. 

- The countercurrent dialyser developed by Kiil (1960) 

and its subsequent modification (Cole et al., 1962,1963) 

fulfilled these requirements. 

- These dialysers, however, take a considerable time to 

prepare and need trained staff, not always readily 

available, to dismantle, clean, reassemble, and test 

each machine. 



1960: Scribner-Quinton Shunt 



1966: Cimino-Brescia AVF 

Chronic hemodialysis using venipuncture and 

a surgically created arteriovenous fistula 
                                                  Brescia, Cimino et al, N Engl J Med 1966 



Himmelfarb, NEJM 2010 



Himmelfarb, NEJM 2010 



Haemodialysis membranes 

In the past: the major distinction was between cellulosic and non-cellulosic membranes. 

 

Cellulosic membranes 

cuprammonium rayon-based membranes (also known as cuprophan) 

cellulose acetate 

cellulose triacetate  

 

Non-cellulosic membranes (synthetic membranes) 

polyamide, PS,  

polyethersulfone, 

polyarylethersulfone,  

PAN, 

polymethylmethacrylate. 



Structural characteristics of some commercially 

available synthetic dialysis membranes 

Scanning electron micrographs of the fibre 

(left), fibre wall (middle) and a magnified 

cross-sectional view of the internal skin 

layer (right).  

For reference, the inner diameter of the 

fibres is ~200 μm. Different structural 

features of the membranes are discernible, 

and the membranes have varying degrees 

of asymmetric configuration, ranging 

from minimum asymmetry (sponge-like; 

parts a–e) to maximum asymmetry (finger-

type; parts f,g). 

 Ronco and Clark,  Nat Rev Nephrol 2018 
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 Ronco and Clark,  Nat Rev Nephrol 2018 

“expanded haemodialysis" 

utilize membranes  

designed to produce a high 

degree of internal filtration 



Ronco C (ed): Expanded Hemodialysis – Innovative Clinical Approach in Dialysis. 

Contrib Nephrol. Basel, Karger, 2017, vol 191, pp 115–126 

(Molecular weight cut-off) 

(Molecular weight retention onset) 



Kuf  20-40 ml/h/mmHg/m2 

SC beta2  0.7-0.8 

Albumin < 0.5 g 

Kuf > 40 ml/h/mmHg/m2 

SC beta2  1.0 

Albumin  2-6 g 

Performance characteristics of HD membrane  

 Ronco and Clark,  Nat Rev Nephrol 2018 







Ronco C (ed): Expanded Hemodialysis – Innovative Clinical Approach in Dialysis. 

Contrib Nephrol. Basel, Karger, 2017, vol 191, pp 115–126 



Key points 

 

• Traditional schemes for the classification of dialysis membranes, based 

simply on composition and water permeability, are outdated and new 

approaches are needed. 

 

• Dialyser utilization in clinical practice has evolved over time and is now 

dominated by devices with synthetic high-flux membranes. 

 

• Rational treatment prescription by clinicians requires an understanding of 

the basic mechanisms underlying solute and water removal in dialysis — 

namely, diffusion, convection, adsorption and ultrafiltration. 

 

• New therapies (including expanded haemodialysis) that utilize membranes 

designed to produce a high degree of internal filtration are undergoing clinical 

evaluation as potential alternatives to convective therapies, such as on-line 

haemodiafilitration. 

 Ronco and Clark,  Nat Rev Nephrol 2018 



Treatment time Frequency of dialysis 



Alla fine degli anni ‘60 la durata 

della dialisi era di 8-12 ore per 

3 volte alla settimana. 

Short dialysis schedules (SDS)-finally ready to 

become routine? 

                   V Cambi et al, Proc Eur Dial Transplant Assoc 1975 



EMODIALISI 

    

 a) Convenzionale intermittente               

         3-5 ore, tre volte alla settimana 

 b) Lunga intermittente:                                       

         > 5 ore, tre volte alla settimana 

 c) Breve quotidiana:                                                 

         2-3 ore, sei o sette volte alla settimana 

 d) Lunga quotidiana notturna:                                   

         6-10 ore, sei o sette notti alla settimana                                    

EBPG guideline on dialysis strategies 

J Tattersal et al. Nephrol Dial Transplant 2007;S2:ii5-ii21 



Marshall, Kidney Int, 2018 





Kidney Int 2018 

A nationally representative cohort of Canadian HHD 

patients from 1996-2012 was studied. 

202, short daily HHD (2-3 hours/5 plus sessions per week)  

508, nocturnal HHD (6-8 hours/5 plus sessions per week) 

600, conventional HHD (3-6 hours/2-4 sessions per week) 

…patients receiving short daily and nocturnal HHD had similar 

patient/treatment survival compared with patients receiving 

conventional HHD 



FHN Trial Group, Chertow GM. NEJM 2010 

In-center hemodialysis six times per week versus three times 

per week 

Frequent hemodialysis was associated with favorable results with respect to the 

composite outcomes of death or change in left ventricular mass and death or change 

in a physical-health composite score but prompted more frequent interventions 

related to vascular access. 

The effects of frequent nocturnal home hemodialysis: the Frequent 

Hemodialysis Network Nocturnal Trial. 

There was a trend for increased vascular access events in the nocturnal arm. 

Thus, we were unable to demonstrate a definitive benefit of more frequent 

nocturnal hemodialysis for either coprimary outcome 

Rocco et al. Kidney Int 2011 

Long-term Effects of Frequent Nocturnal Hemodialysis on Mortality: 

The Frequent Hemodialysis Network (FHN) Nocturnal Trial. 

Patients randomly assigned to nocturnal hemodialysis had a higher 

mortality rate than those randomly assigned to conventional dialysis. 

Rocco et al. AJKD 2015 

https://www.ncbi.nlm.nih.gov/pubmed/?term=FHN Trial Group[Corporate Author]
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chertow GM[Author]&cauthor=true&cauthor_uid=21091062


Wong et al, AJKD 2017 

Relative to conventional HD, in-center nocturnal HD was associated with improvements in 

several clinically relevant outcomes. 

2,086 identified citations, 21 met the inclusion criteria, comprising a total of 1,165 in-center 

nocturnal HD patients and 15,865 conventional HD patients. 



Wong et al, AJKD 2017 



Wong et al, AJKD 2017 



Can the effets of increased time be 

separated from increase dose? 

• “The role of time as an 

independent determinant 

factor of dialysis adequacy 

requires further study” 

EBPG guideline on dialysis strategies 

J Tattersal et al. Nephrol Dial Transplant 2007;S2:ii5-ii21 



S Eloot, Kidney Int 2008;73: 765,  

Impact of hemodialysis duration on the 

removal of uremic retention solutes 

9 pazienti stabili dializzati per 4, 6 e 8 ore,  

stesso volume di sangue e dialisato  

Durata, ore         4             6             8     

Qb/Qd, ml/min  350         250        187,5     

90 litri 



Impact of hemodialysis duration on the removal of 

uremic retention solutes 

S Eloot, Kidney Int 73: 765, 2008 

26% 35% 48% 81%    increase  4 vs 8 h 



The general perception is that dialysis kinetic modelling 

is a highly abstract research topic for mathematicians, 

sitting somewhere in an office far from the patient’s bedside 

and from practical application. 

Eloot, Schneditz,Vanholder, NDT 2012 

Urea kinetic modeling predicts morbidity and mortality 

better than kinetic modeling of any other known solute. 



Effect of the hemodialysis prescription of patient morbidity:  

report from the National Cooperative Dialysis Study 

                        Lowrie et al.  N Engl J Med, 1981 

 

 “patients randomized to higher time– average BUN (100 mg/dl)  

had worse survival than those randomized to lower BUN (50 mg/dl)”  

 

 

 

A mechanistic analysis of the National Cooperative Dialysis 

Study (NCDS)  
                             Gotch & Sargent. Kidney Int,1985 

 

“… secondary analysis found a significantly worse survival in patients with Kt /V <  0.9, 

independently of their treatment time or BUN” 



 Measuring the clearance of solutes has become the mainstay for 

calculating the dose of dialysis and determining its adequacy as delivered 

Golper et al, AJKD 2013 

Extraction ratio= (Cin - Cout)/Cin 



Eloot et al, NDT 2012  



3.1  We recommend a target single pool Kt/V 

(spKt/V) of 1.4 per hemodialysis session for 

patients treated thrice weekly, with a minimum 

delivered spKt/V of 1.2. (1B) 

Guideline 3: Measurement of Dialysis—Urea Kinetics 



Urea kinetic modelling--are any of the 

'bedside' Kt/V formulae reliable enough? 

Covic et al, NDT 1998 

Aim: to test 'gold-standard' UKM-Kt/V with various shortcut bedside formulae 

 

       507 dialysis sessions in 50 patients 



Daugirdas 2 

Kt/V = - ln (Ct/C0 - 0.008t) + (4 - 3.5 x Ct/C0) x Uf/Wt 

Jindal 

Kt/V = 0.04 ((C0 - Ct)/C0 x 100) - 1.2 

UKM                  0.949          0.27 

Jindal                1.054           0.35 

Daugirdas 2       0.995          0.24 

Mean DS 

Covic et al, NDT 1998 



2016 

» Twice Weekly Dialysis 

» Fluid Homeostasis 

» Phophate 

» Potassium  

» Residual Renal Function 



Obi Y  et al  

AJKD -2016  

Incident HD 

patients (n = 

23, 645) 

2HD/wk Greater preservation of RKF. 

Higher mortality after the first 

year of dialysis in patients with 

the lowest RKF 

Obi  Y et al.  

JASN – 2016  

Incident HD 

patients (n = 

6,538) 

2HD/wk Graded association of RKF 

decline during the first year of 

dialysis with all-cause mortality 

Mathew AT  

et al. 

KI – 2016 

Incident HD 

patients (n = 

50,756) 

2HD/wk Comparable results to 3HD/wk 

initiation for modeled mortality 

risk in selected patients with 

adequate RKF and reasonable 

general health 

Park JI  et al.  

NDT – 2017  

Incident HD 

patients (n = 

927) 

2HD/wk  Comparable results to 3HD/wk 

initiation for health-related 

quality of life, RKF and all-cause 

mortality 

Summary of studies examining the association between 

infrequent HD and clinical outcomes 

 Taken together, the majority 

of the available literature 

suggests a non-inferiority 

related to survival, in that 

there appears to be no 

overtly harmful effects on 

survival to patients by 

reducing dialysis dose so 

long as a significant RKF is 

present 



The current guidelines (K/DOQI and 

European Best Practice Guidelines) 

advise to achieve a total EKR (dialytic = 

EKRd + renal = KRU) at least equal to 

the adequacy value corresponding  to 

an equilibrated Kt/V (eKt/V) of 1.2 in an 

anuric patient on a 3HD/wk regimen = 

12 ml/min/35 L 

                                

 total EKR  = EKRd + KRU 

= 12 ml/min/35 L 

 

It is the so called Fixed Target Model (FTM): the  
sum of KRU and EKRd should achieve the fixed 
total EKR target of 12  ml/min/35 L 



The Variable Target Model (VTM), gives more clinical weight to the RKF and 

allows less frequent HD treatments at lower RKF as opposed to the FTM, based on 

the wrong concept of the clinical equivalence between KRU and dialytic clearance. 
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Casino and Basile, NDT 2017 



 

 G Ital Nefrol 2017  



Il Registro Italiano di Dialisi e Trapianto della Società 

Italiana di Nefrologia nel 2015 ha censito  

42.375 pazienti in HD,  

4.438 in PD  

23.467 portatori di trapianto renale  

 

La prevalenza è risultata di 770 per milione di abitanti, 

l’incidenza era di 154 pazienti per milione di abitanti 

Circa 7 milioni di trattamenti eseguiti ogni anno in Italia, 

con un impegno di spesa annua che va oltre i 2 miliardi 

di euro  

 

Nordio M. Report RDT 2015. Congresso della Società italiana di Nefrologia, Rimini 4-7 ottobre 2017  



Thomas B et al, J Am Soc Nephrol 2015 





Green Dialysis:  

The Environmental Challenges Ahead 

 1. Minimize water use and wastage 

 2. Consider strategies to reduce 

power       consumption and/or use alternative power 

options  

 3. Develop optimal waste management 

and      reusable material recycling programs  

 4. Design smart buildings that work with and 

for      their environment 

Agar JW, Semin Dial 2015 



Grazie per l’attenzione 


