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New Uremic Toxin Classification



Schematic representation of different classes of uremic toxins 
with their molecular size and relevant clinical effects.



Where are we?



Uremic toxin clearance based on the dialyzer 
characteristics



Routine HD

Routinely employed filters for chronic defined as high-flux (HF) 
allow diffusive and convective clearances, having 
polyarylethersulfone (PAES) as its main compound.

The mean pore radius of these filters is 3.9 nm, and they can be 
applied in conventional HD (high-flux HD [HF-HD]), or 
hemodiafiltration (high-flux hemodiafiltration [HFHDF]).

The HF-HD modality is limited in removing

solutes with molecular weight greater than 15 kDa.



HF-HDF modality

Even utilizing the same membrane as in HFHD, the online HF-
HDF modality removes efficiently a broader range of molecules 
up to 25 kDa, thanks to high ultrafiltration volumes of around 100 
mL/min, which represent the convective clearance.

During a four-hour HF-HDF session, desirably 21 L or more

of ultrafiltrate are generated, reinfusion

volume 19 L, at the end of the session the patient will

have a reduction of 2 kg (~2 L) in his body mass.



EXPANDED HD(HDx) 

The term expanded HD (HDx) has been proposed to define a 
treatment where diffusion and convection are conveniently 
combined inside a hollow fiber dialyzers equipped with an MCO 
membrane.



EXPANDED HD

In HDx, the convection flow is 
maintained by internal filtration 
but it is compensated by the 
mechanism of back filtration 
inside the filter. 

The special configuration of the 
MCO membrane with reduced 
inner diameter allows for high 
rates of internal filtration and 
back filtration.



Core concepts and their definitions regarding HD membranes



MCO membranes 

✓Internal filtration between 30 and 50 mL/min combined with the sieving 
characteristics of MCO membranes allows for convective clearance values 
of medium-large molecules equal or even superior to those achieved in high-
volume online HDF, without the need for fluid replacement and very high 
filtration fractions inside the hemodialyzer.

✓Blood flow 300 mL/min and dialysate flow 500 mL/min are sufficient to 
achieve optimal clearance in the system .

Blood Purif. 2021, 51, 138–146.



Medium or High cut-off membranes 

Medium or high cut-off membranes have recently been

introduced in the clinical practice.

These membranes are usually composed of polyarylethersulfone
and polyvinylpyrrolidone, reaching a surface area of at least

1.6 m 2 (the most commonly employed are Theranova 400

and Theranova 500, with an effective surface area of 1.7 m and 
2.0 m 2 , respectively.



Four dialyzer types in parameter characteristics



Disruptive technology

The technology employed for the development

of medium cutoff (MCO) and high cutoff (HCO)

dialyzers is disruptive since it provides equivalent

or even higher removal of middle molecules in the

conventional HD modality than HF-HDF modality

without the need for a devoted hemodiafiltration

(HDF) machine and the production of online

reinfusion solution.

• Hemodiafiltration for Small- and Middle-Sized 
Molecules Clearance? Blood Purif. 2019;47(1–
3):126–31.



Pore size distribution of medium cutoff 
(MCO) and high cutoff (HCO) 
membranes. 

• The MCO membrane mean pore radius 
is 5 nm, standard deviation 0.1 nm. 

• The HCO membrane mean pore radius 
is 10 nm, standard deviation 2.0 nm.

Braz. J. Nephrol. (J. Bras. Nefrol.) 2021;43(3):410-416



Use of High & Medium Cut-
Off Dialyzers

Can use these dialyzers in maintenance

hemodialysis patients and CKRT?



The Effect of Expanded Hemodialysis on Uremic 
Toxins Removal

Dialysis Adequacy(spKt/V from 1.62 at baseline to 1.70)

Removal of b2 Microglobulin (b2-M)

Removal of Free Light Chains (FLCs) and Other Middle 
Molecules(higher myoglobin)

Removal of Protein-Bound Uremic Toxins (PBUTs)such as 
homocysteine, indoxyl sulfate (IS) and p-cresulfate (p-CS)

In conclusion, expanded hemodialysis with MCO membranes showed a 
greater capacity to remove middle-molecule toxins than high-flux dialysis.



HCO membrane
in continuous kidney replacement therapy (CKRT)

A well-established use for the HCO membrane is

in continuous kidney replacement therapy (CKRT),

precisely for continuous veno-venous hemodialysis

(CVVHD).

✓Weidhase et al. proved in a randomized trial with 60 individuals that the 
clearances of ß2-microglobulin (12 kDa), myoglobin (17 kDa), and 
interleukin 6 (26 kDa) were higher in the group that carried out CVVHD 
with HCO membrane versus the group that carried out CVVHD with HF 
membrane. PLoS ONE. 2019 Apr;14(4):e0215823.



HCO membrane
in continuous kidney replacement therapy (CKRT)

There was no 
difference in 

albumin losses

Low albumin loss 
may be occurred 
secondary to low 

blood flow.



Special MCO membranes should raise the standard of treatment available for all
chronic HD patients, potentially decrease inflammatory responses,
and generally, improve patient outcomes.



The Effect of Expanded Hemodialysis on Inflammation



MCO HD removes a wide range of middle molecules
more effectively than high-flux HD and even exceeds the
performance of high-volume HDF for large solutes, 
particularly λFLC.





Ther Apher Dial. 2022;26:756–768.



Characteristics of included studies



Concern about Serum Albumin



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



Safety Concerns :Retention of Serum Albumin

Negative effect of MCO membranes on albumin removal. Researchers observed significantly
decreased plasma albumin in these studies but It is noteworthy that the albumin loss that occurred 
with the MCO dialyzers was within the range observed in HDF treatment , which is less than 
transperitoneal albumin losses seen in peritoneal dialysis , and seemed to be limited compared to HCO 
therapy.



Effect of Expended Hemodialysis on Quality of Life 
(QoL)

Altogether, whether expanded hemodialysis treatment with MCO 
membranes can improve the QoL of patients is not clear.

Am. Soc. Nephrol. CJASN 2020, 15, 1310–1319.





Effect on mineral metabolism

• The use of a MCO dialyzer over 24 
weeks was associated with a sustained 
reduction in FGF23. There was no 
significant change in serum IS, PCS, fetuin-
A, CPP-1, or CPP-2

• Further studies are required to 
determine whether FGF23 reduction is 
associated with improved patient 
outcomes.



Medication Costs for Erythropoietin-Stimulating 
Agents

Surprisingly, in a multicenter observational cohort study and a 
randomized controlled trial ,patients in the HDx groups showed 
significant decreases in intravenous iron dose, ESA dose, ERI, 
and medication-related estimates of cost per patient year, and 
significant increases in levels of serum iron and transferrin 
saturation (TSAT) during the follow-up period compared with 
those in the high-flux groups.

Nephron.2021;145(2):179-187

Therapeutic Apheresis and Dialysis2021. 25, Issue 5 p. 621-627



The cardiovascular and all-cause 
mortalities, were similar between 
the two groups.

The changes in cardiovascular 

parameters did not differ between 
HDx with an MCO membrane and 
online-HDF.

However, attention may be needed 
in patients with high CAC scores or 
scores with an increasing tendency 
when onlineHDF is replaced with 
HDx with an MCO membrane.



1098 patients Adult 
Prevalent HD patients 

(> 90 days in HD) at 
Baxter Renal Care 
Services Colombia

follow-up until 2 year
Main cause of 

hospitalization was 
cardio-cerebrovascular

observed lower 
hospitalization rates in 

HDx group(IRR HDx/HF-
HD: 0.82 95% CI 0.69 to 

0.98; p=0.03)

Lower cardiovascular 
events rate(IRR 

HDx/HF-HD: 0.65 95% 
CI 0.47 to 0.91; p=0.01)

Pub Date: 2021-05-30 , DOI:10.1093/ndt/gfab100.005



Effects on Medication Clearance

Among the 210 study samples, vancomycin clearance was higher 
in the MCO group compared to high-flux the group, but it was not 
statistically significant.

Toxins2020, 12, 317.





Medium cut-off membranes in AKI 

Taken together, the present evidence on the use of

medium cut-off membranes in AKI is limited and mainly

consists of observational studies focusing on the clearance

of middle molecules, most of them not powered to assess

association with clinical outcomes.

In addition, AKI patients are extremely heterogeneous; further 
work is required to better assess the role of such membranes in 
clinical practice



Middle cut-off membranes in the context of AKI

MCO membrane was superior to HF membrane in the removal of cytokines 
in septic patients with AKI.

A similar effect was not observed for oxidative stress markers.



HDx appears to provide better clearance for TNFα and β2 
microglobulin during HD session and associates lower mortality.

They propose the HDx technique for COVID-19 patients with 

RRT requirements since it seems to be safe and more effective 

than OL-HDF



Results from a small cohort of patients show that the MCO membrane, as a novel 
approach, seems to allow for efficient removal of myoglobin from the circulation, 
comparable to the HCO membrane



High-cutoff hemodialysis in multiple myeloma patients
with acute kidney injury

As high-cutoff hemodialysis (HCO-HD) combined with 
chemotherapy has progressed over the last decade, questions have 
arisen regarding whether it can yield better clinical benefits than 
HFHD and other conventional hemodialysis techniques for 
patients with AKI caused by MM and whether there is a target 
threshold of serum FLC reduction in these patients.

The evidence evaluating the effectiveness of extracorporeal light 
chain removal in patients with AKI due to multiple myeloma is 
conflicting



Efficacy of high-cutoff dialysis

The efficacy of high-cutoff dialysis was evaluated in a 
multicenter randomized trial (MYRE) of 98 patients with newly 
diagnosed multiple myeloma, severe AKI requiring hemodialysis, 
and biopsy-confirmed light chain cast nephropathy.

At 6 and 12 months, however, rates of hemodialysis 
independence were higher among patients in the high-cutoff 
group compared with those in the conventional hemodialysis 
group (57 versus 35 percent at 6 months and 61 versus 38 percent 
at 12 months).

JAMA. 2017;318(21):2099





Protocols for HCO-HD in multiple myeloma

Hemodialysis should be performed as soon as possible when someone has indications for dialysis,

such as :

✓Severe acute kidney injury (AKI stage 3 [KDIGO])

✓ Electrolyte disorder (blood potassium elevated more than 6.5 mmol/L)

✓ Severe volume overload.

J Nephrol (2016) 29(6):735–46



Protocols for HCO-HD in multiple myeloma

• A session is usually conducted intermittently for durations longer than 4 h. 

• A serum FLC concentration of 500 mg/L has been set as the threshold for 
myeloma cast nephropathy . 

• Thus, most studies terminated HCO-HD when the serum FLC concentration 
dropped below 500 mg/L and kept using HF-HD if dialysis was still needed 
until the eGFR was more than 15 ml/min/1.73 m2.

• Blood and dialysate flow were set to 250–350 and 500 ml/min, respectively, 
with ultrafiltration performed according to clinical needs.



Loss of albumin:HCO-HD in multiple myeloma

Hutchison et al. demonstrated that HCO-HD will result in the loss of 
1.5 g and 5.7 g of albumin per hour in a single HCO1100 and a series 
of HCO1100, and at least 12 g and 45 g of albumin will be needed for 
8-h HCO-HD, respectively. ( Artif Organs (2008) 32(12):910–7).

Twenty grams of albumin was frequently supplied after HCO-HD 
with Theralite.®.(Nefrologia (2016) 36 (4):418–26)

During HCO-HD, the loss of electrolytes, such as calcium and 
magnesium, is common




