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Hemodiafiltration 

Strippoli GFM, Green SC . Clin Kidney J 2024;https:/doi.org/10.1093/ckj/sfae035



Hemodiafiltration 

Postulated advantages

• Enhanced clearance of middle molecules, 
larger molecules and protein-bound
uremic toxins

• Better hemodynamic stability

• Reduced risk of cardiovascular 
complications

• Better phosphorus removal

• Reduction of oxdative stress and 
inflammatory reactions

• Amelioration of anemia

• Reduced risk of infections

• Improvement of neurological symptoms

• Improved clinical outcomes

Pedreros-Rosales C, et al. Toxins 2023; 15, 531. https://doi.org/10.3390/toxins15090531



Outcomes HDF vs HD (Cochrane-Review 2015)

Nistor I, et al., Cochrane Database Syst Rev 2015; 5 :CD006258. https: //doi.org/10.1002/14651858



Mortality Outcomes HDF vs HD (Review 2023)

Ma S, et al. Ren Fail 2023, Vol. 45, No. 1, 2147436https://doi.org/10.1080/0886022X.2022.2147436



Bias risk diagram HDF vs HD studies (review 2023)

Ma S, et al. Ren Fail 2023, Vol. 45, No. 1, 2147436https://doi.org/10.1080/0886022X.2022.2147436
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CONTRAST RCT: Postdilution HDF vs low flux HD:
Beta-2-microglobulin removal

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

n=714;  mean follow-up 3.0 yrs



CONTRAST RCT: Postdilution HDF vs low-flux HD:
Overall mortality (A) and cardiovascular mortality (B)

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



CONTRAST posthoc analysis: Outcomes according to 
convection volumes

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

Overall: Relative mortality risk = 0.95 for hemodiafiltration versus HD (90% CI 0.75–1.20)



Turkish Online HDF Study: Postdilution HDF vs high-flux HD 
Outcome: Overall mortality

Ok E, et al. Nephrol Dial Transplant 2013;28:192-202

n=782, mean follow-up 22.8 months, median substitution volume 17.4 l



ESHOL RCT: Postdilution HDF vs high-flux HD
Outcome on overall  mortality

Maduell F, et al. J Am Soc Nephrol 2013;24:487-497

n=906; mean follow-up 1,91 yrs; median quarterly convective volume 20.8-21.8 l/session



ESHOL RCT: Postdilution HDF vs high-flux HD
Mortality outcomes in subgroups

Maduell F, et al. J Am Soc Nephrol 2013;24:487-497



FRENCH HDF study: Postdilution HDF vs high flux HD
Secondary outcome:  overall mortality

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

n=381; age > 65 yrs, primary outcomes were intradialytic tolerance: positive effect of HDF
 and  HRQoL: no effect of HDF; no effect of HDF on hospitalization



Indeterminate outcome of HDF RCTs

• Variations in study design

• Characteristics of patient study population

• Selection of control groups

• Possible selection bias

• Confounding factors (i.e. HD filter, targeted convection volume)



European HDF pooling project:
Overall mortality and cause-specific mortality

Peters SAE, et al. Nephrol Dial Transplant 2016;31:979-984

n=2.793; median follow-up 2.5 yrs; mortality n=769; event rate/100 pts/yr 11.0 

Completion of missing mortality follow-up data
• ESHOL 39% (352/355)
• French HDF study 11% (41/43)
• Turkish HDF study 25% (148/195)
 



European HDF pooling project: 
Mortality in subgroups

Peters SAE, et al. Nephrol Dial Transplant 2016;31:979-984



European HDF pooling project: 
Effect of convection volume on outcomes

Peters SAE, et al. Nephrol Dial Transplant 2016;31:978-984



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



CONVINCE: Methods

Prospective Randomized international multicenter clinical trial

Objectives Description

Primary objective To compare HDF when delivered consistently in 
high-dose, with high-flux HD-treatment in terms 
of all-cause mortality

Secondary objectives 1. Compare treatments in terms of cause-specific 
morbidity and mortality

2. Assess PROs to capture patient perspectives 
and compare between treatments

3. Assess cost-effectiveness of high-dose HDF

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

Supported by European Commission Research & Innovation Horizon 2020 program



CONVINCE: Methods

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

61 clinics in 8 countries, 7 academic centers, 54 centers from dialysis providers; randomisation from: 11/2018-04/2021



CONVINCE: Primary outcome overall survival

Blankestijn P, et al. N Engl J Med 2023;389:700-709
HR 0.77 (0.65-0.93), p=0.005; 7.13 vs 9.19 events per 100 patient years, median follow-up 30 months 

„we calculate that one would need to treat 21 patients with high-dose HDF 
rather than high-flux HD  for 3 years in order to prevent one death (from any
cause) per year (95% confidence interval 14–68)“  

Shroff A, et al. Nephrol Dial Transplant 2023;38:2663-2665



CONVINCE: Patient characteristics and
treatment modalities

Baseline data

HDF High-flux HD

Age (yrs) 62.5±13.5 62.3±13.5

Blood flow (ml/min) 369±54 367±56

Median vintage (IQR) (months) 35 (16-78) 30 (14-67)

Median duration of session (IQR) (min) 240 (240-248) 240 (240-245)

Median single pool Kt/V (IQR) 1.61 (1.45-1.83) 1.61 (1.42-1.80)

Diabetes mellitus (%) 33.7 37.1

Any cardiovascular disease (%) 43.3 46.7

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



Convection volume across visits for HDF group

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



CONVINCE: Causes of death

Blankestijn P, et al. N Engl J Med 2023;389:700-709
7.13 vs 9.19 Events per 100 patient years, p=0.005



CONVINCE: Causes of death

HDF High-flux HD Hazard ratio

no. Events/100 pt yrs no. Events/100 pt yrs

Overall 118 7.13 148 9.19 0.77 (0.65-0.93)

Cardiovascular 31 1.87 37 2.30 0.81 (0.49-1.33)

Non-cardiovascular 87 5.26 111 6.89 0.76 (0.59-0.98)

Infection-related 38 2.30 54 3.35 0.69 (0.49-0.96)

Infection-related 
(exluding COVID19) 23 1.39 33 2.05 0.68 (0.42-1.10)

No effect on hospitalization

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



CONVINCE: Overall survival in subgroups

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



CONVINCE: Overall survival in subgroups

In der HDF Gruppe geringere Mortalität bei

• Älteren Patienten (> 65 Jahre); sehr niedrige event rate bei Patienten < 50 Jahre 

• Patienten ohne Diabetes mellitus

• Patienten ohne kardiovaskuläre Erkrankung

• Patienten mit Eigengefäß-Shunt

• Patienten mit dialysis vintage < 2 years



Einjahres-Mortalitätsrate 1999-2000 
(Dialysis Outcomes Practice Pattern Study)

Rayner FC, et al. Nephrol Dial Transplant 2004;19:108-120 



Medianes Überleben älterer Hämodialysepatienten 
(Deutschland 2007-2013)

Röhrig G, et al. Z Gerontol Geriat 2018;51:60–66

≥



2012 ERA-EDTA Registry Annual Report:
Mortality in dialysis patients 

Pippias M, et al. Clin Kidney J 2015;8:248-261



Verteilung HD/HDF (Q3/2023)
Benchmarkingprogramm DN e.V.

Duttlinger J, Reichel H, unpublished 
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HD vs HDF (Q3/2023)
Benchmarkingprogramm DN e.V.

Duttlinger J, Reichel H, unpublished 

HD HDF

Age (yrs) 69.5±14.5 66.4±14.8

Dialysis vintage (yrs) 6.01 7.51

BC-Shunt (%) 68.1 71.2

Treatment time/session 
(min) 258 264

spKt/V 1.51±0.44 1.57±0.42

Diabetes (%) 42.8 34.3

Composite cardio-
vascular disease (%) 67.2 55.3

Coronary heart 
disease (%) 35.6 30.3



Possible mechanisms for improved HDF outcomes

• Increased removal of uremic toxins

• Less endothelial dysfunction

• Reduction of inflammatory and oxidative stress

• Decreased exposure to circulating cardiovascular uremic toxins

• Improvement in hemodynamic stability

Canaud B, et al. Semin Dial 2022;35:117-128



HDF vs cool HD – effect on intradialytic hemodynamics

Rootjes PA, et al. Kidney Int Rep 2022;7:1980-1990
Crossover-RCT, n=40, 4 x 2 weeks



Zusammenfassung CONVINCE

• High-volume HDF im Vergleich zu high-flux HD reduzierte das Mortalitätsrisiko 
in CONVINCE um 23% (hazard ratio [HR] 0.77)

• Größter positiver Effekt bei Patienten > 65 Jahre ohne kardiovaskuläre 
Erkrankung und Diabetes mellitus, Dialysetherapie < 2 Jahre und 
arteriovenösem Shunt

• Kein Effekt bei Patienten mit vorbestehender kardiovaskulärer Erkrankung und 
mit vorbestehendem Diabetes mellitus und kein Unterschied bei 
kardiovaskulärem Mortalitätsrisiko



Zusammenfassung CONVINCE

• Anteil von Infektionen an Todesursachen höher als Anteil kardiovaskulärer 
Erkrankungen; unklarer Effekt von COVID19?

• Mortalitätsrisiko durch Infektionen in CONVINCE durch high-volume HDF 
reduziert

• Studien-Effekte getriggert durch Reduktion non-cardiovascular and infection-
related deaths

• Insgesamt niedrige event rate (Mortalität) und geringe Komorbiditäten (im 
Vergleich zu einer gesamten Dialysepopulation)

• European HDF pooling project: Kein signifikanter Effekt von high-volume HDF 
auf Mortalität durch Infektionen, Reduktion kardiovaskulärer Todesursachen 
(Peters SAE, et al. Nephrol Dial Transplant 2016;31:978-984)



Cumulative meta-analysis of convective therapy on risks of 
cardiovascular mortality

Strippoli GFM, Green SC . Clin Kidney J 2024;https:/doi.org/10.1093/ckj/sfae035



Risks of death due to cardiovascular cause and all causes 
with convective therapy versus diffusive therapy

Strippoli GFM, Green SC . Clin Kidney J 2024;https:/doi.org/10.1093/ckj/sfae035



Abschließende Punkte

• Konzeptionell verbessert HDF durch zusätzliche Konvektion die Dialyse-Qualität 

• Generalisierbarkeit der CONVINCE- und HDF-Studien-Ergebnisse?

• Mechanismen?

• Lebensqualität (HRQoL)

• Cost-effectiveness/sustainability

• Daten vom High-volume haemodiafiltration vs high-flux haemodialysis Registry 
Trial (H4RT) werden Ende 2025 erwartet


