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HDF

= HD (diffusion, small solutes) + HF (convection, larger solutes)

N Engl J Med 357: 1316 1325 2007N Engl J Med 357: 1316-1325, 2007



Fluid replacement in online HDFFluid replacement in online HDF



* CRRT

N Engl J Med 336: 1303-1309,  1997



Estimated sodium removal expressed as mEq/l of water in HF and HD
for similar sodium concentrations in the dialysate and in the replacement fluidfor similar sodium concentrations in the dialysate and in the replacement fluid

HF hemofiltration; HD hemodialysisHF, hemofiltration; HD, hemodialysis
For a sodium plasma concentration ranging from 136 to 142 mEq/l, sodium removal 
is always lower in HF.  An equivalent sodium removal can be obtained in HD by 
using a higher dialysate sodium concentration (144 mEq/l). 

Nephrol Dial Transplant 15 (Suppl 2): 37–44, 2000



B l f di t i l i d d ti itBalances for sodium, potassium, calcium and conductivity were 
assessed using total dialysate/filtrate collections.

Solute balances (mmol/session) during HD were calculated according toSolute balances (mmol/session) during HD were calculated according to 
the following formula: Vout × Cout − Vin × Cin, in which Vout = volume of spent 
dialysate, Cout = concentration of solute in spent dialysate, Vin = volume of 
fresh dialysate C = concentration of solute in dialysatefresh dialysate, Cin = concentration of solute in dialysate. 



Solute balance during hemofiltration (HF) and hemodialysis (HD)

No difference in small electrolyte balance was observed between HF and HD, 
suggesting that ionic removal is not impaired during on line HFsuggesting that ionic removal is not impaired during on-line HF.

Nephrol Dial Transplant 19: 2354–2359 2004Nephrol Dial Transplant 19: 2354–2359, 2004





The dialysate contained 138 mmol/L sodium 1 to 4 mmol/L potassiumThe dialysate contained 138 mmol/L sodium, 1 to 4 mmol/L potassium, 
1.75 mmol/L calcium, 0.5 mmol/L magnesium, 32 mmol/L bicarbonate, 
3 mmol/L acetate, and 1 g/L glucose.



Clin J Am Soc Nephrol 4: 1944–1953, 2009

858 incident patients in high-flux HD (626, 73%) vs. online HDF (232, 27%)

Total Kt/V, serum albumin, erythropoietin resistance index, and BP were 

similar in both groups up to 5 yr after HD initiation.  Intradialytic hypotension 

was less frequent in the predominant HDF group.  Predominant HDF 

treatment was associated with a reduced risk for death after correction for 

confounding variables. 



Clin J Am Soc Nephrol 4: 1944–1953, 2009

Di l t d l t fl id i t ti f llDialysate and replacement fluid ion concentrations were as follows: 
Sodium 138 mmol/L, chloride 108.5 mmol/L, bicarbonate 32 mmol/L, acetate 
3 mmol/L, calcium 1.25 mmol/L, magnesium 0.5 mmol/L, glucose 5.5 mmol/L, 
and potassium 2 mmol/Land potassium 2 mmol/L. 

There were no differences in serum sodium, potassium, and bicarbonate 
between the groups at any time point up to 60 months except for a higherbetween the groups at any time point up to 60 months except for a higher 
mean potassium at 6 months in HDF patients.

Parameter Group 3 Mo 6 Mo 12 Mo 24 Mo 36 Mo 48 Mo 60 MoParameter Group 3 Mo 6 Mo 12 Mo 24 Mo 36 Mo 48 Mo 60 Mo

Sodium HD mean 138.1 138.1 138.0 138.0 137.9 138.3 137.5

(mmol/L) HDF mean 137.7 138.4 138.7 138.3 137.5 138.1 138.4( o / ) ea 3 38 38 38 3 3 5 38 38
P 0.413 0.362 0.051 0.580 0.421 0.720 0.169

Potassium HD mean 4.8 4.9 4.9 5.1 5.2 5.1 5.3
(mmol/L) HDF mean 4 9 5 1 5 1 5 1 5 2 5 2 5 3(mmol/L) HDF mean 4.9 5.1 5.1 5.1 5.2 5.2 5.3

P 0.320 0.006 0.125 0.820 0.579 0.494 0.859
Bicarbonate HD mean 23.5 23.2 23.2 23.0 23.0 23.0 23.6
( l/L) HDF 23 6 22 6 23 0 23 0 22 5 22 9 23 1(mmol/L) HDF mean 23.6 22.6 23.0 23.0 22.5 22.9 23.1

P 0.718 0.142 0.658 0.981 0.171 0.825 0.424



TREATMENT PARAMETERS (n = 50)

Procedure HCO3
- -conc. Total infusate

(min) (mmol/L) (L) 

High-Flux-HD 241 ± 43 32.0 ± 1.5 -

Online-PRD-HDF 246 ± 43 32.3 ± 1.1 40.6 ± 8.7

Online-POD-HDF 242 ± 42 33.2 ± 1.5 17.1 ± 4.3



Plasma-pH and -bicarbonate
pre/post HD and On Line HDF with pre and postdilutionpre/post HD and On-Line HDF with pre- and postdilution

Int J Artif Organs 1998; 21:321-327



Plasma potassium concentration 
pre and post HD and On Line HDF with pre and postdilutionpre and post HD and On-Line-HDF with pre- and postdilution
(10 patients, 50 treatments/mode; dialysate K+-conc. 4 mmol/L)

Int J Artif Organs 1998; 21:321-327



Int J Artif Organs 1998; 21:321-327Int J Artif Organs 1998; 21:321 327



Increase of the plasma-bicarbonate concentration vs. start value 
(HD, Online HDF POD and PRD, n = 150, corr. coeff. = -0.84)

Int J Artif Organs 1998; 21:321-327



Time course of the plasma-bicarbonate concentration 
with hemodialysis and predilution on-line-HDFy p

Int J Artif Organs 1998; 21:321-327



Physiology ≈ stability of the ‘millieu interieur’y gy y

≈ homeostasis,  steady state

The patient’s body is never in a normal state; it is in an abnormal state,

Nephrol Dial Transplant 13 [Suppl 6]: 74–78, 1998

The patient s body is never in a normal state; it is in an abnormal state, 
both before and after dialysis. …..UNPHYSIOLOGIC



Kjellstrand CM, Evans RL, Petersen RJ, Shideman JR, von Hartitzsch B, Buselmeier TJ
Kidney Int  1975; Suppl 2:30-34

The Un-Physiology Hypothesis

y ; pp

y gy yp

“Side effects seemed particularly common in patients whoSide effects seemed particularly common in patients who 

experience great swings in body weight, urea (osmolality), and 

t i d h h d f th i lpotassium, and who had — as a consequence of their large 

fluid load — severe hypertension.”

When dialysis is over, the patient's serum potassium level is below 

normal and the patient is alkalotic and short of fluid in the vascular space. 







Evolution of pH time-averaged concentration (TAC) and 
time-averaged deviation (TAD) over months of studytime averaged deviation (TAD) over months of study 

TAD represents mean deviation (±) from the pHTAC.TAD represents mean deviation (±) from the pHTAC.

Int J Artif Organs 2008; 31: 237 - 243



Evolution of HCO3
− time-averaged concentration (TAC) and 

time-averaged deviation (TAD) over months of studytime averaged deviation (TAD) over months of study

TAD represents mean deviation (±) of plasma concentration from the HCO3
− TAC.

Int J Artif Organs 2008; 31: 237 - 243



Switching from three times a week to short daily online HDF

Int J Artif Organs 2008; 31: 237 - 243





FME 2-filter hemodialysis system

ultrafilter (Diasafe® plus, Polysulfone)

Redrawn from Fresenius Medical Care Online plus 7/07.03 (OP), Fresenius Medical Care, Bad Homburg, 
Germany (Contrib Nephrol 158: 68-79,  2007).



Water treatment system used to produce and deliver ultrapure water to HDF machines

A permanent circulation and microfiltration of treated water through the positively charged membrane is maintained 
and HDF machines are fed directly from the recirculating loop (Nephrol Dial Transplant  13 [Suppl 5]: 3–11, 1998).



Summary of our practice for online HDF

Equipment

High-flux membranes: Helixone

Ultrapure dialysis fluid

Sterilizing ultrafilter as final filter

Dialysis machine approved for online fluid preparation

Treatment variablesTreatment variables

Substitution: post-dilution, 30 L/session

Blood flow: 250 300 mL/minBlood flow: 250 – 300 mL/min

Dialysis fluid flow rate: 500 mL/min 

Organization

Established routines for periodical evaluation 
of microbiological quality of water and dialysis fluid



Patient assessment of quality of life based on the Kidney Disease Questionnaire

J Am Soc Nephrol 11: 2344–2350, 2000



Ol HDF was applied to a total of 56 patients since Sep. 2008.

Dropout: 24 patients (43%), intolerable
fatiguefatigue
hypotension
cramp
frustrationfrustration

Preexisting HD Pts

32 ti t lHDF 71 ti t HFHD32 patients on olHDF 71 patients on HFHD



Demographic features

HFHD (n = 49) ol-HDF (n = 27)

Male/Female 26/23 17/10

Mean Age (yr) 54.2 53.7

Duration of dialysis (mo) * 75 + 120 145 + 95

BMI (kg/m2) 22.7 + 3.7 22.0 + 3.0

Underlying disease *

DM 22 3

HTN 5 7HTN 5 7

CGN 9 4

Others 2 0Others 2 0

Unknown 11   13

Continuous values are mean + SD.          * P < 0.01, HFHD vs. on-HDF



Predialysis values

HFHD (n = 49) ol-HDF (n = 27)

Glucose (mg/dL) 126 + 74 92 + 29( g )

Cholesterol (mg/dL) 153 + 31 147 + 36

Triglyceride (mg/dL) 114 + 69 96 + 41g y ( g )

Hb (g/dL) 10.2 + 1.1 10.4 + 1.3

Albumin (g/dL) 4.17 + 0.33 4.24 + 0.28

BUN (mg/dL) 64 + 20 71 + 20

Creatinine (mg/dL) * 8.7 + 2.3 10.7 + 2.3

KT/Vurea, sp 1.5 + 0.3 1.6 + 0.3

Intact-PTH (pg/mL) * 227 + 188 316 + 177

SAP (IU/L) 85 + 32 91 + 53

Uric acid (mg/dL) 6.9 + 1.3 7.3 + 1.2

Values are mean + SD.     * P < 0.05, HFHD vs. on-HDF by Mann-Whitney U test



Pre- and post-dialysis values (I)

HFHD (n = 49) ol-HDF (n = 27)

Pre-HD Na+ (mEq/L) 137 + 3 138 + 2( q )

Post-HD Na+ (mEq/L) 134 + 3 134 + 2

Δ Na+ (mEq/L), mean * - 2.4 - 4.1
Pre-HD K+ (mEq/L) * 4.7 + 0.9 5.1 + 0.7

Post-HD K+ (mEq/L) 3.2 + 0.4 3.3 + 0.4

Δ K+ (mEq/L) * - 1.5 - 1.8
Pre-HD Cl- (mEq/L) 98 + 4 98 + 3

P t HD Cl ( E /L) 94 3 93 2Post-HD Cl- (mEq/L) 94 + 3 93 + 2

Δ Cl- (mEq/L) - 3.7 - 5.3
Pre-HD tCO2 (mEq/L) 22 1 + 3 9 21 7 + 3 5Pre-HD tCO2 (mEq/L) 22.1 + 3.9 21.7 + 3.5

Post-HD tCO2 (mEq/L) 26.7 + 2.9 26.9 + 2.9

Δ tCO2 (mEq/L) + 4.5 + 5.12 ( q )

Values are mean + SD.     * P < 0.05, HFHD vs. on-HDF by Mann-Whitney U test



Dialysate concentrations

Prescribed Measured (n = 12) *

Na+ (mEq/L) 138 137 + 2

K+ (mEq/L) 1.97 1.98 + 0.1

Cl- (mEq/L) 108 102 + 2

HCO ( E /L) 32 5 32 4 1 6HCO3
- (mEq/L) 32.5 32.4 + 1.6 

* Values are mean + SD Values are mean + SD. 



Pre- and post-dialysis values (II)

HFHD (n = 49) ol-HDF (n = 27)

Pre- and post-dialysis values (II)

Pre-HD Ca (mg/dL) 8.9 + 0.6 8.8 + 0.7

Post-HD Ca (mg/dL) 10.0 + 0.7 10.1 + 0.8( g )

Δ Ca (mg/dL), mean + 1.1 + 1.3

Pre-HD Phosphorus (mg/dL) * 5.1 + 1.5 6.2 + 1.3

Post-HD Phosphorus (mg/dL) 2.2 + 0.7 2.3 + 0.7

Δ Phosphorus (mg/dL) * - 2.8 - 3.9

Pre-HD β2-microglobulin (mg/L) 23 + 7 23 + 1

Post-HD β2-microglobulin (mg/L) * 11 + 4 8 + 3 

Δ β2-microglobulin (mg/L) * - 12 - 16

V l + SD * P < 0 05 HFHD HDF b M Whit U t tValues are mean + SD.     * P < 0.05, HFHD vs. on-HDF by Mann-Whitney U test



Summary: Electrolyte profiles in online HDFSummary: Electrolyte profiles in online HDF

1. Pre- and post-dialysis serum concentrations of sodium and 
potassium are not different between online HDF and high-flux HD.

2. Differences between pre- and post-dialysis serum 
concentrations of sodium and potassium may be larger in online 
HDF than in high flux HDHDF than in high-flux HD.

3. Whether acid-base profile and serum bicarbonate concentrations 
diff b li HDF d hi h fl HD i lare different between online HDF and high-flux HD is not clear.

4. Although more phosphate may be removed by online HDF, 
predialysis serum calcium and phosphorus concentration would not 
be significantly affected. 


