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HIGH VOLUME HDF – CARDIOPROTECTIVE- HOW 
TO ACHIEVE ?

PGS TS Phạm Văn Bùi
BV Nguyễn Tri Phương
ĐHYK Phạm Ngọc Thạch
GS Thỉnh giảng ĐH Liège, Belgium
Chủ tịch liên chi hội lọc máu TPHCM
Chủ tịch hội lọc máu Thế Giới
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Focus & improvement  in Dialysis till…
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Today’s Haemo Dialysis 

o The best Dialysis practices

o Computerized machines  

o Synthetics dialyzer membranes 

UF
Target 

Urea

Na+
Monthly  

Transplants in the U.S. by State. http://optn. transplant. hrsa.gov/latestData/rptData.asp. Accessed August 10, 2013

0

0 10 20 30 40 50 60 70

1.200

100

Molecular weight in 103

Low Flux-HD

Normal Kidney function

Cardiovascular Disease

Carpal Tunnel Syndrome

Anemia

Renal Osteodystrophy

Malnutrition
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Uremic Neuropathy

2m, amyloidosis and ESRD

2microglobulin

• Continuously produced by most cells of the body as part of our 
immune system

• Accumulates in ESRD

• Protein of MW 11,800D

Dialysis related amyloidosis

• Deposition in body tissue of the protein 2m as amyloid fibrils

Results in

• Carpal tunnel syndrome

• Destructive lesions in bone tissue and joints

• Chronic pain &  joint mobility

Phosphate in ESRD

• Persistent  phosphate levels will cause:

 Deposition of ‘calcium phosphate’ in the soft tissue
 Reciprocal hypocalcaemia

Kinsey Smith, 1980

Keep in mind…
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The high incidence of CVD in patients with ESRD is related to the accumulation of
uremic toxins in the middle and large-molecular weight range

Other Contributing Factors CVD – The unresolved issue in Dialysis 

Dialysis patients, at all ages, have much greater risk of cardiovascular death than general population

Coronary Artery
Disease

Left Ventricular
Hypertrophy

Heart Failure

General 
Population

5 % to 12 %
at age 45 – 64
at age > 65

20 %
5 % 

at age 60

Haemodialysis
Population 40 % 75 % 40 %

Despite significant therapeutic improvements in
recent years, cardiovascular disease (CVD) remains
the leading cause of death for dialysis patients

Cardiovascular risk factors in dialysis patients

In addition to the traditional risk factors for CVD, patients with stage 5 CKD are 
additionally exposed to a broad range of potential risk:

1 Penne et al, Am J Kidney Dis 2009, 55: 77-87
2 Slinin et al, JASN 2005, 16: 1788-1793
3 Panichi et al, NDT 2008, 23: 2337–43

4 Cheung et al. JASN 2006, 17: 546-555
5 Kalanthar-Zadeh et al, Circulation, 2009: 119: 671-679
6 Levin et al., Am J Kidney Dis 2001, 38 (6): 1398-1407
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From transport principles to therapies

Haemodialysis Haemodiafiltration

 Ultrafiltration
 Diffusion
 Possibly adsorption (membrane dependent)

 Small convection

 Ultrafiltration
 Diffusion
 Convection (large amount)
 Possibly adsorption (membrane dependent)

. - European Uremic Toxin Work Group

At present, about 90 different uremic toxins have identified, and this number certainly 
represents only a minority of toxins that accumulate during chronic renal failure and 
contribute to the uremic syndrome

EUTox group identified at least 22 middle molecules, of which 12 have a MW >12,000Da –
substantial number of these bioactive molecules are linked to inflammation, oxidative stress, 
malnutrition and cardiovascular disease

Molecular 

Weight

Uremic Toxins

(examples)

Low-Flux High-Flux HDF

Diffusion Convection

Small Molecular 
Weight (SMW) < 500 D

Water-soluble (non-protein bound)

urea (60D), creatinine (113)
Yes Yes Yes

Protein Bound

P-cresol (108D), homocysteine
No Minimal

Yes

Enhanced

Middle Molecular 
Weight (MMW) 500 – 12,000 D

Β2m (11.8 D), AGEs (10 kDa), 
Parathyroid hormone (9,223D)

No
Yes

Limited

Yes,

Enhanced

High Molecular 
Weight (LMW) >12,000 D

Leptin (16D), Complement factor D 
(protein 24kD)

No
No

Limited
Yes

Dialysis-related amyloidosis & treatment modality 

0 0.2 0.4 0.6 0.8 1

Reference
low-flux

HD

high-flux
HD

’off-line’
HDF

on-line
HDF

Relative risk for worse therapeutic effect

n = 1196 HD patients from Japanese Dialysis Patient Registry

Nakai et al, AJKD 2001

Toxins of middle molecular weight

0         500                    12000                              21000                          60000 Da
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HDF

OLHDF 
Near to the Kidney
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A solid concept 
is gaining widespread acceptance

17

100%
ONLINE 

HDF

Membranes

AffordableExperience

Evidence

Machines

Study
Author, Year

DOPPS
Canaud B et al, 2006

RISCAVID
Panichi V et al, 2010

ITALIAN CD STUDY
Locatelli F et al, 2010

CONTRAST
Grooteman M et al, 2012

TURKISH HDF STUDY
Ok et al, 2013

ESHOL Study
Maduell et al, 2013

ONLINE HDF: reduced intradialytic symptoms

• Better hemodynamic cardiovascular stability

•

Complications
• Hypotension 
• Hypertension
• Muscle cramps 
• Headache
• Nausea
• Arrhythmias 

ONLINE HDF:   Patients survival & Cardiovascular risk 

1. Reducing cardiovascular risk

2.Reduced risk of infection 

3.Improved nutritional status

4.Reduced  hospital admissions 

5.Preserved residual renal function 

ONLINE HDF:   Patients survival  by Clearance

Outcome of Better Clearance  :

1. Reduction of  amyloidosis   

2. Improving control of hyperphosphataemia

3. Improving the control of anaemia.

4. Reducing risk of Hypoparathyroidism
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Why is it that high substitution volumes 
are so important in ONLINE HDF ?

• Cheung AK et al, J Am Soc Nephrol 2006; 17: 546-555

All-cause Mortality ß2-M Removal

Lornoy W et al, Nephrol Dial Transplant. 2000: 15: 49-54

 High ß2-M blood levels 
are associated with 

increased mortality risk

 The higher the volume of 
substitution – the better the 
removal of middle molecules!

High Volume HDF- studies

The outcome all-cause mortality was significantly reduced for the patients being 
treated with High Volume HDF.

DOPPS (2005):
High-efficiency* HDF reduces mortality 
risk (35 %) compared to Low-Flux HD 
(p=0.01)

(*High efficiency = Sub. Vol. 15–24.9 L/session)

Turkish (2011): 
HDF treatment with high substitution 
volume* provides better 
cardiovascular and overall survival 
compared to high-flux HD (p=0.03)

(*High Sub. Vol. = Sub. Vol. >17.4  L/session)

Contrast (2012):
High-volume HDF* considerably 
reduces mortality risk compared   to 
low-flux HD (p=0.003)

(*High-volume HDF = Sub. Vol. ≥21.95 L/session)

Catalonian HighVolumeHDF
Study (2013):
30% Risk reduction in all-cause 
mortality vs. high-flux HD (p=0.01)

(*HighVolumeHDF = Sub. volume > 21L)

All publication have one theme in 
common…

 VOLUME matters!
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HDF ONLINE –
IMPROVE SURVIVAL RATES, REDUCE 

MORTALITY RISK

High Volume HDF

What is high volume HDF?
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CanaudB et al. CJASN 2018;13 (9) 1435-1443

Convection volume >23L/session ( high Volume HDF)

HV HDF OL – Post dilution- Convection Volume

Convection volume >50.5L/ session ( high Volume HDF)

HV HDF OL – Pre-dilution- Convection Volume
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HDF – Factors Affecting Convection Volume 

Effective

Blood

Flow

Dynamic

Hemodiafilter

Performances Time duration

of sessions

Substitution 
volume

Ultrafiltration
volume

Convective
volume

• Blood Flow Access

• Flow resistance

• Blood flow set

• Effective treatment time

• Number of sessions/wk

• Protein - Hematocrit

• Filtration fraction (Quf/Qb)

• Membrane permeability

• Dialysate flow rate
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Prescription for HV-HDF ONLINE HDF machine
Different approaches over time

AutoSub plus

Manual + automatic
regulation of the substitution 

rate
Manual setting

of the substitution rate 

Dynamic analysis of 
pressure pulses along 

the blood flow 
pathway!

4008

HDF OL machine- AutoSub plus

• Task:
Maximising substitution volumes in ONLINE HDF for high convective removal of middle 
molecules, while avoiding haemoconcentration and filter clotting.

• Handling:

• AutoSub plus is automatically activated at start of treatment 

• No need of user interaction / no entering of patient specific parameter, e.g. Hct, TP value

• AutoSub plus replaces the AutoSub function

• Two ways to control the substitution volume in ONLINE HDF
 - AutoSub plus

 - Manual

Best Handling:

• No need to enter 
patient specific parameters 
(e.g. Hct, TP, prescribed 
dialyser)

• AutoSub plus is automatically 
activated at start of  treatment


