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Aims of HD

Ø To remove uremic toxins and 
restore metabolic equilibrium

Ø To remove fluids



Uremic Toxins



The semipermeable membrane

Mechanisms of solutes removal:
Ø Diffusion
Ø Convection
Ø Adsorption



Diffusion

Mainly dependent on: MW, concentration gradient, charge, temperature



DIALYSATE

ULTRAFILTRATE

Conventional Hemodialysis (HD)
(Bicarbonate HD)

DIFFUSION



Toxin removal by conventional HD
(with standard cut-off membranes)

Albumin 60000
Beta2microglobulin 11800

Vancomycin 1500
B12 Vitamin 1355

Glucose 180
Uric Acid 168
Creatinine 113
Bicarbonate 61
Urea 60
Potassium 35
Phosphorus 31
Sodium 23



Diffusive clerance of a toxin

Ø Concentration gradient

Ø Blood flow (Qb)

Ø Dialysate flow (Qd)

Ø Membrane KoA

Ø Ko

Ø Area

Zaloszyc, Pediatr Nephrol 2013

dNa:
usually 138-140 mEq/L

Positive Na balance in 
most of the sessions
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Diffusive clerance of a toxin

Ø Concentration gradient

Ø Blood flow (Qb)
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Membrane surface

1.7 sqm

1.4 sqm

1.0 sqm



Diffusive clerance of a toxin

Ø Ko

Ø Area

Ø Concentration gradient

Ø Blood flow (Qb)

Ø Dialysate flow (Qd)

Ø Membrane KoA



Convection



REPLACEMENT 
FLUID

ULTRAFILTRATE

Hemofiltration (HF)
CONVECTION



DIALYSATE

REPLACEMENT 
FLUID

ULTRAFILTRATE

Hemodiafiltration (HDF)
DIFFUSION

CONVECTION

Ultrapure 
replacement
fluid



Convective clerance of a toxin
(= S x Quf)

Ø Sieving coefficient

Ø Convective volume (Quf)



Convective clerance of a toxin
(= S x Quf)

Ø Sieving coefficient

Ø Convective volume (Quf)
Target 12-15 L/m2 in postdil.

Ø TMP 
(mmHg) 

Ø Kuf 
(ml/h/mmHg)

Ø Qb 

Ø Ht

Ø Serum protein

High flux :
Kuf > 20 ml/h/mmHg



Convection vs diffusion



Shroff,  JASN 2019

Ø Non-randomized observational study in pediatric patients

Ø Conventional hemodialysis (HD) versus high volume postdilution online HDF
(12-15 l/sqm/session, ultrapure water)

Ø 190 children from 28 centers:
78 on HD and 55 on HDF completed 1-year follow-up



The 3H study: primary end-points

Shroff, JASN 2019

Carotid Intima Media Thickness

Height SDS



3H study: secondary endpoints

Patients treated with HDF had

Ø lower pulse wave velocity and left ventricular mass index

Ø better blood pressure control

Ø lower interdialytic weight gain

Ø fewer episodes of headaches, dizziness, or cramps, and shorter
postdialysis recovery time

Ø lower b2-microglobulin

Ø lower inflammatory markers: IL-6, TNFα, hs-CRP

Ø higher BAP/TRAP5b ratio; lower FGF-23

Shroff, JASN 2019
De Zan, Pediatr Nephrol 2021
Fischer, KI reports 2021





Fluid removal during HD

Ø Vascular refill

Ø Splanchnic shift 

Ø Vasoconstriction?

Ø Increased cardiac frequency?

Ø Reduced venous return
Ø Reduced cardiac output

Ø Hypoperfusion
Ø Symptoms/hypotension

X



Excessive/aggressive fluid depletion

…even during asymptomatic sessions !!



Blood Volume Monitoring (BVM)
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IDWG and sodium balance in pediatric patients on HD

Multicenter EPDWG study 2021

R2= 0.59
p= 0.0000003

VOLUME = WATER + SODIUM

Target:
IDWG < 4% BW
(UF< 10 ml/kg/h)

Paglialonga, Pediatr Nephrol 2016



The basics of extracorporeal dialysis in 2021

Ø Access

Ø BVM

Ø Convection + Diffusion


