
HEMODIAFILTRATION

J. Kevin Tucker, MD

Associate Physician

Renal Division, Department of Medicine

Brigham and Women’s Hospital 

Assistant Professor of Medicine
Harvard Medical School

CONTINUING MEDICAL EDUCATION

DEPARTMENT OF MEDICINE



2

J. Kevin Tucker, MD

Cornell University Medical College
Medicine Residency at Massachusetts General 
Hospital
Renal Fellowship at University of Alabama at 
Birmingham
Assistant Professor of Medicine at HMS
Director, Master of Science in Clinical Operations, 
Harvard Medical School



Disclosures

• Nothing to disclose



Learning Objectives

At the end of this presentation, learners will be able to:

• Explain the physiologic rationale for HDF

• Summarize the current evidence supporting HDF

• Identify practical considerations for implementing high-volume HDF



Audience Response

My experience with hemodiafiltration and other convective dialytic 
therapies is best characterized as:

• Extensive

• Minimal

• None



All-cause mortality in adults on hemodialysis

296.8

206.1

134.2

80.8



60% of ESKD deaths are due to 
cardiovascular causes



Understanding solute clearance



Urea is the prototype small solute

• The EUTox classification has designated solutes with 
mass less than 500 Da as “low molecular mass.”

• Urea has served as the prototype for free, low-
molecular-mass uremic solutes, i.e., the small solutes



Urea clearance

• Urea clearance can approach the 
extracorporeal blood flow because urea 
moves rapidly out of red blood cells as 
well as the plasma during the passage of 
blood through the dialyzer

• Urea has a low mass

• Diffusivity of small solutes declines  
with increased mass

• Diffusive clearance can be 
represented by a mass transfer area 
coefficient (KoA) for that solute



Middle molecule clearance

• Solutes with mass between 500 and 45,000 Da are designated as 
“middle molecules” in the EUTox classification

• Middle molecules have reduced clearance relative to urea
• Increasing mass slows the rate at which solutes diffuse

• Increasing mass eventually keeps solutes from entering the fluid channels in 
the membrane through which they must pass to get from the blood to the 
dialysate side of the membrane



-2 microglobulin is the prototype middle 
molecule

• In the 1980s evidence accumulated that -2 
macroglobulin caused dialysis-related amyloidosis

• This finding promoted effort to use membranes more 
permeable to larger solutes

•-2 macroglobulin has been adopted as the prototype 
larger solute (middle molecule)
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Sieving curves for low-flux, high-flux, and MCO membranes



HEMO Study
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Kt/V Goals in HEMO

Standard Dose

•eKt/V 1.05

High Dose

•eKt/V 1.45



Eknoyan G et al. N Engl J Med 2002;347:2010-2019

Survival Curves for the Treatment Groups



HEMO Study Conclusions

• No evidence that higher dialysis doses improved 
mortality

• No evidence that high flux dialysis improved mortality 
relative to low flux dialysis



Should we 
consider more 
than urea (small 
solute) 
clearance?



Solute removal in hemodialysis

• Solute removal in hemodialysis occurs by diffusion

• Because diffusion coefficients decrease rapidly with 
increasing molecular size, removal of larger uremic 
toxins is modest in hemodialysis



Solute removal in hemofiltration

• Solute removal in hemofiltration occurs by convection

• Small solute removal is modest because it cannot 
exceed the ultrafiltration rate

• Hemofiltration provides greater clearance of larger 
solutes than hemodialysis

• Sieving coefficients, which together with ultrafiltration 
rate, determine convective clearance, decrease only 
gradually with increasing molecular size



Hemodiafiltration

Provides both the 
high diffusive 

clearance of small 
solutes obtained 
in hemodialysis 

plus

Enhanced 
removal of larger 
solutes obtained 

with 
hemofiltration



Outcomes potentially related to clearance of 
larger solutes
• Mortality

• Cardiovascular morbidity and mortality
• Vascular calcification

• Inflammation

• Quality of life measures
• Sleep

• Fatigue

• Pruritus



Is there a benefit of more convective 
clearance?
• Hemodiafiltration is not widely practiced in the United States

• More commonly utilized in Europe and Japan

• Utilizes a substitution fluid to provide the convective clearance



CONTRAST Study: LF-HD versus HDF

Grooteman MPC et al, J Am Soc Nephrol 23: 1087–1096, 2012



Risk of all-cause 
mortality and fatal 

and nonfatal CV 
events stratified by 
convection volume

Grooteman MPC et al, J Am Soc Nephrol 23: 1087–1096, 2012



-2 macroglobulin levels in the two study 
arms

Grooteman MPC et al, J Am Soc Nephrol 23: 1087–1096, 2012



Nephrol Dial Transplant, Volume 28, Issue 1, January 2013, Pages 192–202, 
https://doi.org/10.1093/ndt/gfs407

Turkish Study: Composite event-free survival in 
patients treated with OL-HDF and high-flux HD

https://doi.org/10.1093/ndt/gfs407


Nephrol Dial Transplant, Volume 28, Issue 1, January 2013, Pages 192–202, 
https://doi.org/10.1093/ndt/gfs407

Turkish Study: Overall (A) and cardiovascular survival (B) 
among the treatment group stratified by convection 
volume

https://doi.org/10.1093/ndt/gfs407


ESHOL:  Median convection volume of 22.9-
23L

Maduell F, J Am Soc Nephrol 24: 487–497, 2013

30% lower risk of 
all –cause and CV 
mortality



FRENCHIE Trial:  Focus on treatment tolerance in 
individuals
No survival difference

Morena M et al, Kidney Int 2017; 91: 1495-1509



Study Parameter CONTRAST Turkish ESHOL FRENCHIE

Comparison LF-HD (n=358) vs. HDF 
(n= 356)

HF-HF (n=391) vs. HDF 
(n= 391)

HF-HD (n=450) vs. HDF 
(n=456)

HF-HD (n=191) vs. HDF 
(n=190)

Mean follow-up (yrs) 3.04 1.89 1.91 1.64

Target convection 
volume

24L per 4-hour session > 15L per session + net 
UF

> 18L per session + net 
UF

Delivered convection 
volume

20.7L per session 17.2 L per session + 
net UF

22.9-23.9 L per session 21L per session

Primary outcome All-cause mortality All-cause mortality + 
nonfatal CV events 

All-cause mortality Intradialytic tolerance

HR for primary 
outcome [95% CI], HD 

=1.00

0.95 [0.75 to 1.20] 0.82 [0.59-1.16] 0.70 [0.53 to 0.92] 0.94 [0.51 to 1.76]

Secondary outcomes Fatal + nonfatal CV 
events (HR, 1.07; 95% 

CI, 0.83 to 1.39)

CV and overall 
mortality (HR 0.72; 

95% CI, 0.45 to 1.13)

CV mortality (HR, 0.67; 
95% CI, 0.44 to 1.02); 

infection-related 
mortality (HR, 0.45; 
95% CI, 0.21 to 0.96)

All-cause mortality 
(HR, 0.83; 95% CI, 0.52 

to 1.33)

Potential Limitations Failure to deliver 
target convection 

volume

Underpowered Underpowered

Canaud B et al. Clin J Am Soc Nephrol 2018; 13: 1435-1443



CONVINCE Trial

PJ Blankestijn et al. N Engl J Med 2023;389:700-709



Blankestijn PJ et al. N Engl J 
Med2023;389:700-709

Baseline characteristics of study participants

PJ Blankestijn et al. N Engl J Med 2023;389:700-709



Blankestijn PJ et al. N Engl J Med2023;389:700-709

High-flux dialysis vs. hemodiafiltration: a randomized trial

PJ Blankestijn et al. N Engl J Med 2023;389:700-709



Blankestijn PJ et al. N Engl J Med2023;389:700-709

Primary and secondary outcomes

PJ Blankestijn et al. N Engl J Med 2023;389:700-709



Schematic view of hemodiafiltration

36

Dialysate and 
substitution fluid are 
prepared using a 
purification cascade 
comprising reverse 
osmosis and two 
sterilizing ultrafilters. 
The high-flux dialyzer 
with polysulfone 
membranes acts as an 
additional endotoxin 
adsorber and provides 
additional microbial 
safety.

Canaud B et al. Clin J Am Soc Nephrol 2018; 13: 1435-1443



Modalities of hemodiafiltration

37

Different modalities of 
hemodiafiltration (HDF) 
are defined by the route 
of substitution fluid 
administration. QBart, 
arterial blood line to 
dialyzer; QBven, venous 
blood line to patient; 
QDi, inlet dialysate flow; 
QDo, outlet dialysate 
flow; QUF, ultrafiltrate 
flow; QSubst, 
substitution fluid flow.

Canaud B et al. Clin J Am Soc Nephrol 2018; 13: 1435-1443



Expanded Hemodialysis (HDx)

• A technique using a “high retention onset” membrane dialyzer

• HDx allows the clearance larger molecules that typically require 
convection



Randomized Trial of HRO Dialyzer versus High Flux Dialyzer

39
Weiner DE et al 2020; CJASN 15: 1310-1319



Randomized Trial of HRO Dialyzer versus High Flux Dialyzer

40Weiner DE et al 2020; CJASN 15: 1310-1319



Dialysis Glossary



Take Home Messages

• Dialysis adequacy in the United States has focused on small solute 
(urea) clearance

• Large solutes (middle molecules) may be responsible for some of the 
excess morbidity and mortality in ESKD.

• Convective clearance is more efficient at removal of middle molecules

• Hemodiafiltration is a dialytic modality that provides both diffusive 
and convective clearance

• Hemodiafiltration, commonly used in Europe, may be emerging in the 
United States
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