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Expected remaining lifetime, in years, for the 2018 prevalent kidney failure population and the 2017 
general population in the USA. The graph illustrates the markedly shortened projected lifespan for 
patients with kidney failure compared with that of individuals without kidney failure. I

Still a short expected remaining years of life in prevalent patients on dialysis. 

A. K. Bello et al. Nature Review Nephrology 2022; 18:381



published on June 16, 2023, at NEJM.org.

pragmatic, multinational, randomized, controlled trial
High Dose HDF (CV>23L) vs HF-HD  (mean CV 25.3L per session)
1360 patients underwent randomization
primary outcome was death from any cause. 

Death from any cause 
118 patients (17.3%) HDF group 
148 patients (21.9%) in the HF-HD group
(HR 0.77; CI95% 0.65 to 0.93).
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published on June 16, 2023, at NEJM.org.



Long-term Effects of Dialysis

There are Seven major long-term dialysis problems:
1.Heart disease: failed
2.Anaemia: success (ESA)
3.Bone disease: success (Non Ca-based Phosphate 
binders, Cinacalcet, quality of water) 
Vascular calcification & Calciphylaxis (failed)
4. Amyloidosis: (success with high flux 
membrane/beta2microglobulin clearance)
5.Nerve damage: failed 
6. Cachexia: failed (MIA syndrome)
7. Post dialysis Fatigue

A. K. Bello et al. Nature Review Nephrology 2022; 18:381
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Uremia retention solutes: Uremia toxins



Kt/V 
A formula for measuring and 

expressing the degree of 
dialysis small solute clearance 
using biochemical parameters 
K: dialyzer clearance (that is, the rate 
at which blood passes through the 
dialyzer) in ml/min; 
t, time; 
V, volume of total body water







HCO = Albumin loss
HF & HCO = wide MWRO-MWCO

MCO

When 90% of the solute is retained in the filtration process (sieving = 0.1), the 
corresponding MW of that solute defines the cut-off value of the membrane (MWCO). 

On the other side of the sieving curve, the MW at which 10% of the solute is retained 
(sieving = 0.9) defines the retention onset of the membrane (MWRO). 

The MWCO and MWRO characterize the shape of the sieving curve for each membrane and ultimately define the permeability properties

Sieving curves of classic HF and MCO  & HCO membranes. 

C Ronco. Blood Purif 2017;44:I–VII



HF membrane MCO Theranova membrane



Traditional high-flux membranes have limited ability to remove conventional and large middle molecular 
uremic toxins (up to 45,000 Da)



HFHD LFHD



Clearance of Small Molecules



Removal of middle molecules at 4 and 24 weeks. The reduction 
ratios of FLC l, complement factor D, FLC k, TNFa, and b2-
microglobulin were significantly higher in the Theranova group 
compared with the Elisio-17H group (P 0.001 for all). For IL-6, the 
difference was not statistically significant

Efficacy and Safety of Expanded Hemodialysis with the Theranova 400 Dialyzer: 
A Randomized Controlled Trial

D E. Weiner et al. C-JASN 2020;15: 1310–1319



Reduction ratio of uremic retention solutes

12kDa

23kDa

45kDa

Lim JH et al. Nature/Sci Rep. 2020; 10:7780. 

a randomized, prospective, controlled, open-label, phase 4, monocenter, trial
12 HD patients HF-HD were randomly assigned to either an MCO (Theranova
400, Baxter) or a high-fux (FX CorDiax 80 or 60)



HFHD LFHD











ACCUMULATION OF CONVENTIONAL/LARGE MIDDLE MOLECULES 
MAY CONTRIBUTE TO DISEASE BURDEN IN KIDNEY FAILURE PATIENTS

In a National Kidney Foundation (NKF) online survey, majority of patients (n=359) 
receiving in-center hemodialysis reported experiencing interdialytic symptoms:

62% of patients feel fatigue/washed out 

40% of patients report 4+ hours of recovery time

6% of patients skipped a dialysis session 

These QoL symptoms were severe and correlated with  longer recovery time 
following hemodialysis, as well as shortened and skipped hemodialysis sessions.

1. Lim JH et al. Nature/Sci Rep. 2020; 10:7780. 
2. Wolley M, et al. Clin J Am Soc Nephrol 2018;13:805-814.
3. Alvarez L, et al. Kidney Med. 2020;2(2)125-130.



Study limitations: small sample size in a single-center setting 
and nonrandomized unblinded design.

Impact of expanded hemodialysis using medium cut-off 
dialyzer on quality of life: application of dynamic patient-

reported outcome measurement tool. 

Penny JD, et al.  Kidney Med. 2021; 3(6):992-1002.e1

KDQoL





Lim JH et al. Nature/Sci Rep. 2020; 10:7780. Alarcon JC et al. Blood Purif 2021;50:110–118

a prospective, multicenter, 
observational cohort study 992 patients 
from 12 renal clinics in Colombia 
Withdrew from study, n 354 (35.7%)
switched from high-flux HD to MCO
observed for 12 months. 

KDQoL



a prospective, multicenter, observational cohort study 
992 patients from 12 renal clinics in Colombia 
Withdrew from study, n 354 (35.7%)
switched from high-flux HD to MCO therapy 
observed for 12 months. 

RestLess Syndrome



Clinical Assessment of Dialysis Recovery Time and Symptom Burden: Impact of Switching Hemodialysis Therapy
Mode Patient Related Outcome Measures Bolton S,et al. 2021. doi: 10.2147/PROM.S325016

Retrospective cohort Study
Follow up 12 months
90 patients (80, 72, 68, and 59 patient response at 3, 6, 9, and 12 months were respectively
regular high-flux membranes (Revaclear dialyzer in HD and Polyflux H dialyzer in HDF;
Transition at T0 to HDx therapy Theranova

Post-dialysis Recovery Time Overall, 
the median self-reported recovery time at baseline was 
240 min (IQR: 60–720; N = 89). 

At follow-up, the recovery time was shorter: 
• 120 min (22–435) at 3 months, 
• 60 min (0–240) at 6 months (p < 0.01), 
• 60 min (0– 240) at 9 months (p < 0.01), and 
• 105 min (0–180) at 12 months (p < 0.01).



HFHD LFHD



Albumin concentrations in six patients treated for 6 months with Theranova
filters and HDx

Nephrol Dial Transplant (2018) 33: iii41–iii47



a prospective, multicenter, observational cohort study 
992 patients from 12 renal clinics in Colombia 
Withdrew from study, n 354 (35.7%)
switched from high-flux HD to MCO therapy 
observed for 12 months. 





PERCI-II study n=48 hemodialysis patients underwent crossover 
randomized multi-center comparison MCO 400, Gambro) dialyzers vs 
standard of care HF HD (PERCI-II-MCO; ClinicalTrials.gov: NCT02084381)

Expanded Hemodialysis Therapy Ameliorates Uremia-Induced systemic Micro-inflammation 
and Endothelial Dysfunction by Modulating VEGF, TNFa and AP1-Signaling



(A) Schematics of patient serum collection for analysis of endothelial
VEGF expression and angiogenesis/endothelial tube formation after
stimulation of ECs with respective sera. 
The top row shows regimen A (HF, MCO, HF, HF) and the bottom row
shows regimen B (HF, HF, MCO, MCO). The sera/time points used for 
analysis in the second part of the figure are indicated with red stars: end 
of washin, end of phase 1, 2, 3; 

(B, C) Endothelial VEGF mRNA expression (AU; arbitrary units, 3-hour 
stimulation; n=23-25), 

(D, E) VEGF protein release (pg/ml) upon 24-hour stimulation with
either 10% HF-HD or 10% MCO-HD serum (n=23-25), 

(F, G) Endothelial tube formation (TMSL/field; n=23-25) upon stimulated
with either 10% HF-HD or 10% MCO-HD serum for 16 hours, as 
compared to healthy serum (HS) controls. 

ANOVA, Mean ± SEM, with *P < 0.05, **P < 0.01, and ***P < 0.001. ns, not significant.

MCO-HD normalizes endothelial VEGF production and 
maladaptive angiogenesis upon uremic serum exposure in vitro.



Dialyzer Classification and Mortality in Hemodialysis Patients: 
A 3-Years Nationwide Cohort Study

JSDT Guidelines: dialyzers are defined 
by β2MG clearance rates

Type I <10 low-flux dialyzers

Type II 10-30

high-flux dialyzers, Type 
III

30-50

Type 
IV

50-70
protein-leaking 

dialyzersType 
V

>70

JPN nationwide registry data
242 467 Patients
Follow-up 3 years
PFP: All cause mortality
Reference Type IV dialyzers



Dialyzer Classification and Mortality in Hemodialysis Patients: 
A 3-Years Nationwide Cohort Study

Type I <10 low-flux dialyzers

Type II 10-30
high-flux dialyzers, 

Type III 30-50

Type IV 50-70
protein-leaking dialyzers

Type V >70



Type I <10 low-flux dialyzers

Type II 10-30
high-flux dialyzers, 

Type III 30-50

Type IV 50-70
protein-leaking dialyzers

Type V >70

Dialyzer Classification and Mortality in Hemodialysis Patients: 
A 3-Years Nationwide Cohort Study



Waiting for prospective 
randomized trial on mortality 

and MACE



Evaluation THERANOVA 400-5000

AGDUC- Site Montélimar

Faiçal JARRAYA
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H DF/postD – PEPA 1,8m² H D – THERANOVA 400

Mme V

Indication THERANOVA: « Crampes en séance, asthénie, dénutrition »

Mme V

Anorhexia improved
RLS improved

RLS improved



H DF/postD – PSF 1,8m² H D – THERANOVA 400

Mme N

Indication THERANOVA: « Crampes en séance, asthénie, dénutrition »

Mme N

Cramps, fatigue, 
denutrition

All improved



H DF/postD – DIA 2.1m², PEPA 1,8m², HD - PMMA 2,1m² H D – THERANOVA 400

Indication THERANOVA: « Crampes en séance, asthénie, dénutrition »

Mr J

02/07/2022 – 04/01/2023

Mr S

Mr S

Anorexia, 
Post dialysis Fatigue

Post Dialysis Recovery Time

Recovery
But Fistula Thrombosis



H DF/postD – DIA 2.1m², PEPA 1,8m², HD - PMMA 2,1m² H D – THERANOVA 400

Mr J

Indication THERANOVA: « Crampes en séance, asthénie, dénutrition »

Mr J

04/10/2022 – 04/01/2023

Ichting,
related Cutaneous injury recovery



Take Home Messages

HDx –MCO membranes

Innovation on membrane engineering (PESF-PVP) homogeneous diameter, MW close  RO to CO

HDx = Hemodialysis (not Hemodiafiltration)

Middle weight uremic toxins removal: HDx > HF-HD, seems HDx = HDF

Safety excellent on Albumin leaking

Retrospective cohort study: Better survival

Need for prospective blinded randomized trial on mortality and MACE

When recommended (personal proposition)

-If HDF is not possible (Home Hemodialysis/NxStage, Autodialysis unit, convective volume<23L)

-Special indication: Rest Less Syndrome, Anorexia, Unexplained ichting, post dialysis fatigue,¨High
post dialysis recovery time, neurological cramps

Theranova (Baxter)
Phylther SD (Medtronic)
Elisio HX (Nipro)
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