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Abstract
Uremic toxins accumulate in patients affected by renal failure and can deposit in different organs, including the kidneys and 
heart. Given their physicochemical characteristics, uremic toxins can contribute to organ dysfunction due to several patho-
biological actions at cellular and molecular levels. Several uremic compounds have been described in serum and plasma 
from patients with acute kidney injury (AKI) and kidney failure; they are usually classified based on their molecular size and 
protein-binding properties. In this scenario, new dialytic approaches have been proposed in the last few years with the aim 
of improving uremic toxin removal. Recent studies which focused on the use of medium cut-off membranes in patients on 
chronic hemodialysis have shown a discrete ability to remove β2-microglobulin and other middle molecules, such as kappa 
and lambda free light chains, complement factor D and α1-microglobulin. However, current evidence is mainly based on 
the impact on short-term outcomes and, consequently, longer observational studies are necessary to confirm the efficacy 
and safety of the medium cut-off dialyzer. Here we present the state-of-the-art on the clinical application of medium cut-off 
membranes in AKI and chronic dialysis patients.
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Background
The accumula�on of uremic toxins in pa�ents with renal
failure contributes to organ dysfunc�on at the cellular and
molecular levels. Recent dialy�c approaches using
medium cut-off membranes, in the context of acute
kidney injury (AKI) and chronic kidney disease (CKD)
pa�ents, could lead to poten�al benefits in removing
uremic toxins and improving pa�ent outcomes.

Methods and Aims
The review presents the state-of-the-art on the clinical
applica�on of medium cut-off membranes in AKI and CKD
pa�ents analyzing the publica�ons made between January
2012 and October 2023 using PubMed-indexed online
databases
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Conclusions
The development of medium cut-off membranes and the concept of HDx (expanded
hemodialysis) represent significant progress in personalized dialysis approaches.
These membranes can effec�vely remove medium to high uremic toxins which are
associated with disease progression, inflamma�on, cardiovascular risks, and mortality in
both acute and chronic se�ngs.
Further research is needed to inves�gate the long-term effects of expanded hemodialysis.
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Introduction

Recent advances in the pathophysiology of kidney disease 
and the advent of new treatments to control modifiable risk 
factors have limited both progression to end stage kidney 
disease (ESKD) and cardiovascular risk in patients with 
chronic kidney disease (CKD). In addition, gut microbi-
ota dysregulation has recently been described as one of the 
main factors associated with CKD progression, contributing 
to worsening of renal function and fluid, electrolyte, hormo-
nal, and metabolic abnormalities [1]. In the context of kid-
ney failure and uremia, several solutes are retained, exhib-
iting different physicochemical characteristics and specific 
biologic effects [2]. Uremic toxins are typically generated 
from protein metabolism and may accumulate in the blood-
stream in patients with renal dysfunction, reaching different 
organs (including the kidneys and heart), affecting their bio-
logic functions. Uremic syndrome is therefore characterized 
by the accumulation of several noxious substances, playing a 
prominent role in inducing endothelial dysfunction [3]. The 
recent introduction of novel dialytic membranes has led to 
a paradigm change in the management of uremic syndrome 
[4]. Recent studies on the use of the medium cut-off mem-
branes in chronic hemodialysis (HD) patients have shown 
the ability to remove β2-microglobulin and larger middle 
molecules, such as kappa and lambda free light chains, 
complement factor D, and α1-microglobulin [5]. Expanded 
hemodialysis with medium cut-off membranes was designed 
to improve the permeability of the dialyzers, the removal of 
larger molecules and, consequently, clinical outcomes [6]. 
In addition, the use of such membranes could be critical 
in specific settings, such as sepsis or rhabdomyolysis, that 
are associated with the development of acute kidney injury 
(AKI). To date, scientific evidence supporting the use of 
medium cut-off membranes is mainly based on retrospec-
tive and prospective studies with limited sample size and 
short-term outcomes; in this setting, longer observational 
studies are essential to confirm the efficacy and safety of 
the medium cut-off dialyzer. Herein, we discuss the state-of-
the-art on the clinical application of medium cut-off mem-
branes, describing their effects on removing uremic toxins, 
alleviating inflammation and improving quality of life and 
cardiovascular risk in AKI and CKD patients.

Methods

As a basis of this narrative review, we searched for publi-
cations between January 2012 and October 2023 indexed 
on PubMed. We selected relevant publications involving 
adults (defined as older than 18 years) and written in Eng-
lish. We used the terms “(uremic toxins) AND (MCO mem-
brane) OR (Expanded hemodialysis) OR (High-Flux) OR 
(Super High-Flux) OR (Online Hemodiafiltration)”.

We used a combination of the terms and cross-referenced 
the publications to remove duplicates. We analyzed the refer-
ences in each selected article to ensure that other publica-
tions not retrieved by the initial search were not missed. 
Since this was not a systematic review, we did not record the 
total number of publications analyzed, multiple publications 
and publications written in languages other than English.

Uremic toxins in AKI and CKD

According to the European Uremic Toxins (EUTox) Work 
Group [7], uremic toxins are defined as harmful compounds 
that accumulate in the body during periods of renal function 
decline [8, 9]. Uremic toxins progressively increase in CKD, 
promoting several biochemical and functional changes [10]. 
Uremic toxins may be classified according to their chemical 
nature (inorganic/organic), molecular mass/volume (small/
middle/large), their distribution in body fluids (hydrophilic/
lipophilic/bound to plasma proteins), pattern of removal by 
dialysis, biological properties and potential to produce clini-
cal symptoms. The EUTox database currently lists more than 
153 uremic toxins, with numbers increasing over time [9]. 
Based on chemical and physical characteristics, uremic tox-
ins are conventionally divided into 3 groups, essentially on 
the basis of their removal by dialysis (Fig. 1):

1. Small water-soluble compounds (< 500 Da), with mini-
mal protein binding. These molecules, including urea 
and creatinine, are easily removed by hemodialysis. Of 
the 90 molecules evaluated by EUTox, 68 belong to this 
group.

2. Medium compounds (molecular weight > 500 Da). β2–
microglobulin (β2M) and leptin are the prototypes of 
this group; these toxins are partially removed by dialysis 
membranes with high permeability (large pores).
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3. Protein-bound compounds (including phenols and 
indoles). These compounds originate from the metab-
olism of dietary amino acids. In patients on chronic 
hemodialysis the removal is limited to the unbound 
fraction and occurs by convection, but is independent 
of dialyzer pore size. The EUTox classification does not 
describe the toxicity of these compounds.

Table 1 shows the main characteristics of some uremic 
toxins. The Massry/Koch requirements for the identifica-
tion of an ‘‘authentic’’ uremic toxin are based on chemical 
identification and characterization, levels and quantitative 
analysis in biological fluids, relationship with one or more 
uremia symptoms and reproducibility of uremic manifesta-
tions after administration of the toxin in animals or healthy 
subjects [11]. Figure 1 shows factors potentially influencing 
the toxicity of substances accumulating in uremia.

Although uremic toxins are usually filtered and excreted 
by the kidneys, they may accumulate in the setting of CKD 
and exert their uremic effects on various systems [12]. 

Their increased concentration is involved in the onset of 
several renal and non-renal complications that usually 
affect patients with kidney failure [13]. The accumulation 
of middle molecules are thought to participate in immune 
dysfunction, metabolic dysfunction (anorexia), inflam-
mation and cardiovascular injury (cardiac hypertrophy, 
atherogenesis) [13, 14]. In addition, some of these com-
pounds may accumulate in the central nervous system, and 
are involved in neurocognitive impairment  [15].

While the role of protein-bound uremic toxins in CKD 
is well established, limited information is available in the 
AKI setting [16]. Acute kidney injury is a serious and 
frequent condition predominately affecting critically ill 
patients and characterized by a sudden decrease in glo-
merular filtration rate and urine output due to tubular and 
endothelial injury [17]. The duration and severity of AKI 
episodes are major determinants of the risk of progression 
to CKD [18, 19]. Retention of some uremic toxins may 
contribute to organ dysfunction, impacting on mortality 
and renal recovery rate [16].

Fig. 1  Classification of uremic 
toxins
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Uremic toxin removal by extracorporeal treatments

The removal of protein-bound uremic toxins represents a 
challenge in patients with kidney falure, and several extra-
corporeal blood purification strategies have been proposed 
to improve toxin removal [20]. Conventional hemodialysis 
is the main extracorporeal depuration technique, effective 
in eliminating small water-soluble compounds, while the 
removal of middle molecules and protein-bound toxins is 
limited (reduction rate < 30–35%), due to the protein-bond 
and the pore cutoff of low-flux membranes, that prevent 
albumin loss [20, 21]. Moreover, the increase in the number 
of dialysis sessions and/or in the treatment time may improve 
small and middle molecule removal, but not removal of pro-
tein-bound molecules [22].

In this scenario, the introduction of high-flux mem-
branes and the development of hemodiafiltration (HDF) 
led to increased clearance of middle molecular weight mol-
ecules compared to conventional hemodialysis by enlarging 
the pore size and increasing convection [20, 23]. High flux 
membranes are characterized by increased permeability, 
with larger pore size and increased ultrafiltration coefficient 
[24]. However, albumin and mico-nutrient loss should be 
taken into account; in addition, the ability to remove protein-
bound uremic toxins still remains limited [25]. Similarly, 
Lesaffer and co-workers compared the impact of high and 
low flux membranes on protein-bound uremic toxin removal 
and did not observe any significant differences (34.4% vs. 
36.3% for indoxyl sulfate, 32% vs. 28% for p-cresyl sulfate) 
[21].

High cut-off membranes showed interesting results in 
protein-bound toxin removal, since they have larger pores 
able to remove molecules with a molecular weight up to 
60 kDa. High cut-off membranes have been considered in 
the treatment of patients with acute kidney injury secondary 
to multiple myeloma [26] and severe sepsis [27]. However, 
a significant amount of albumin loss limits their routine use 
in chronic patients [28].

More recently, the introduction of medium cut-off mem-
branes allows a dialytic approach called expanded hemodial-
ysis, characterized by an improved ability to remove middle 
and large molecules, thereby improving chronic inflamma-
tory status and clinical outcomes [5, 6, 29].

Medium cut‑off membranes and the concept 
of Expanded Hemodialysis

Medium or high cut-off membranes have recently been 
introduced in the clinical practice [30, 31]. These mem-
branes are usually composed of polyarylethersulfone and 
polyvinylpyrrolidone, reaching a surface area of at least 
1.6  m2 (the most commonly employed are Theranova 400 
and Theranova 500, with an effective surface area of 1.7  m2 

and 2.0  m2, respectively). Furthermore, they present tighter 
pore distribution with larger pore size compared to high 
flux, low flux and high cut-off membranes [30]. The pore 
radius is about 5 nm, which becomes about 3.5 nm after 
contact with blood, enough to allow the removal of uremic 
toxins up to 45 kDa. Pore size and distribution provide 
a peculiar permeability profile to medium cut-off mem-
branes, while the sieving coefficient curve is an empirically 
derived function that depends on these two features [32]. 
The sieving curve of medium cut-off membranes is steep, 
characterized by high molecular weight retention onset 
and high molecular weight cut-off values. The point in the 
curve where the sieving coefficient is 0.9 determines the 
molecular weight retention onset (the point at which only 
10% of solute is retained) [30, 32, 33]. The point in the 
curve in which the sieving coefficient is 0.1 determines the 
molecular weight cut-off (the point at which 90% of solute 
is retained). The molecular weight retention onset and the 
molecular weight cut-off of medium cut-off membranes 
are very close to each other, with a cut-off value similar to 
that of high flux membranes; however, this value is lower 
than albumin weight, leading therefore to lower albumin 
loss [30, 33]. Conversely, the retention onset differs as 
compared to high flux membranes: the retention onset for 
medium cut-off membranes is close to 12 kDa, while for 
the high flux membrane it is close to 1200 Da. This espe-
cially steep curve leads to increased removal of uremic 
toxins in the middle/high molecular weight range, with 
marginal leakage of albumin [34]. Moreover, manufactur-
ers succeeded in reducing the thickness and the inner diam-
eter of the fibers (from the standard 200 µm to 180 µm), 
resulting in an improvement of membrane permeability 
and dialysis efficiency due to a larger number of fibers in 
a more compact dialyzer and increasing the wall shear rate 
and optimizing blood flow [35]. In addition, the improve-
ment of solute transfer is also related to internal filtration 
and back filtration [36]. Internal filtration predominates in 
the proximal part of medium cut-off membranes and allows 
higher convective rates compared to standard membranes, 
leading to increased removal of middle molecules, typi-
cally characterized by low diffusion coefficients [36]. Con-
versely, back filtration mainly occurs in the distal part of 
the dialyzer, and it is useful for compensating for the exces-
sive filtration obtained in the proximal part without need 
for reinfusion (as in HDF) [30, 36]. The ultrafiltration con-
trol system of the dialysis machine regulates the process 
and provides the exact amount of net filtration required for 
the scheduled weight loss [36]. The advantage is that this 
treatment does not require significant pre- or post-dilution 
substitution fluid and high performing vascular access in 
order to guarantee a higher blood flow. The peculiar prop-
erties and inner filtration-back filtration mechanism allow 
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the medium cut-off membranes to enhance the removal of 
middle molecules compared to high flux membranes.

The term expanded hemodialysis has been introduced to 
define hemodialytic treatments performed with medium cut-
off dialyzers because of their ability to increase the range of 
molecular weight of uremic toxins removed. Standard dialy-
sis machines (with UF control system) can perform extended 
dialysis without specific software or replacement solutions 
and with standard parameters (blood flow ≥ 300 mL/min 
and a dialysate flow 500 mL/min) [33, 37]. In expanded 
hemodialysis, the convective clearance (K) results from the 
product of UF rate (Qf) and sieving (S) of a selected solute 
(K = Qf × S). With medium cut-off membranes, high siev-
ing for medium and large molecules is the key for achieving 
high convective clearance with lower convective volume. In 
HDF, the high convective clearance is reached by increasing 
Qf thanks to the combined pre- and post-dilution configura-
tion in HDF, however, online HDF is not approved in many 
countries. Conversely, expanded hemodialysis achieves a 
high level of clearance for molecules like β-2microglobulin 
and free light chains, (molecular weight of 22.5 and 45 kDa 
for kappa and lambda, respectively) [29]. On expanded 
hemodialysis, however,  albumin loss is not negligible, 
and is estimated between 1.2 and 3.5 g per dialysis session 
with different medium cut-off membranes [38]. While in 
healthy individuals hepatic synthesis may compensate the 
losses, they may be relevant in elderly and frail patients. 
Furthermore, albumin leakage may allow removal of protein 
bound uremic toxins, like indoxyl sulfate and p-cresyl sulfate 
[39] that are not otherwise removed due to their binding to 
albumin, despite their low molecular weight (< 500 Da) [4]. 
In addition, the removal of inflammatory cytokines (IL-6, 
TNF-α) may be an added value of expanded hemodialysis 
[40, 41].

Effects of expanded HD on uremic toxin removal 
compared to high‑flux HD and HDF

Several studies focused on the efficiency and safety of 
medium cut-off membranes compared to conventional 
HD and/or HDF. A detailed list of the main clinical stud-
ies is reported in Table 2. Overall, these studies reported 
increased performance of such membranes compared to 
high flux dialyzers, although this higher reduction ratio 
has not clearly been associated with long-term clinical out-
comes, possibly due to the small sample sizes. Recently, 
a systematic review and meta-analysis of 18 prospective 
interventional studies including a total of 853 patients 
with ESKD confirmed the safety and efficacy of medium 
cut-off membranes compared to high flux-HD (increased 
reduction ratio of β-2microglobulin, kappa and lambda free 
light chains), while these effects are not evident compared 
to HDF; no significant differences in albumin loss were 

reported as compared to HDF [42]. β-2microglobulin has 
a molecular weight of 11 kDa and represents the standard 
marker of middle molecule. Middle cut-off membranes 
increase the reduction rate of β-2microglobulin as com-
pared to high flux-HD and HDF [5, 43–46]. However, 
rebound after expanded hemodialysis discontinuation was 
reported as with HDF [43], and long-term effects were not 
studied. Similarly, increased serum levels of kappa and 
lambda free light chains are associated with adverse out-
comes in HD patients [47]. In a randomized controlled trial 
performed by Weiner et al., including 172 ESKD patients, 
the use of the Theranova 400 filter showed an increased 
reduction rate of both kappa and lambda free chains com-
pared to standard high flux-HD [46]. Similar results were 
also described in 3 other randomized controlled trials 
[5, 45, 48]. In addition, conflicting results are available 
concerning removal of protein-bound toxins, including 
homocysteine, indoxyl sulfate and p-cresyl sulfate. Belm-
ouaz et al. reported increased homocysteine removal with 
medium cut-off membranes compared to high flux-HD 
associated with moderate hypoalbuminemia [5]. How-
ever, the tRial Evaluating Mid cut-Off Value membrane 
clearance of Albumin and Light chains in HemoDialysis 
patients (REMOVAL-HD) did not show significant changes 
in indoxyl sulfate, sp-cresyl sulfate, fetuin-A, endogenous 
calciprotein particles (CPP-1 and CPP-2) in 89 ESKD 
patients [49]. New middle cut-off membranes have recently 
been developed, increasing the therapeutic options. The 
comparison between various medium cut-off membranes 
(Phylther 17-SD, Vie-18X, Elisio HX19 and Theranova 
400) in a small prospective study carried out on 23 HD 
patients did not show significant differences in albumin 
loss. A new device (Elisio-17HX) with an inner diameter 
of 200 µm and a wall thickness of 40 µm, shows similar 
results to Theranova membranes. In a randomized con-
trolled pilot study including 6 maintenance hemodialysis 
patients, Elisio-17HX was less efficient compared to Ther-
anova though with a lower albumin loss [50].

Potential clinical and socio‑economic impact 
of expanded HD

Accumulation of uremic toxins in ESKD patients is associ-
ated with physical symptoms (fatigue, itching, restless leg 
syndrome) and reduced quality of life; thus efficient removal 
may improve symptoms and patients’ quality of life.

In a Colombian prospective, multicenter observational 
study including 992 patients, Alcaron et al. showed that 3 
of 5 domains of the Kidney Disease Quality of Life 36-Item 
Short Form Survey (KDQoL-SF36) improved after the 
switch from high flux-HD to expanded hemodialysis for 
12 months [51]. Moreover, the prevalence of patients with 
restless leg syndrome was significantly reduced at 12 months 
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(22.1 vs. 10%, p < 0.001) [51]. Similar results were shown 
by Lim et al. who enrolled 49 patients on chronic HD rand-
omized to either a medium cut-off membrane or high flux-
HD [52]: patients in the medium cut-off group reported 
higher scores in the physical functioning and physical role 
domains of KDQoL-SF36, while they reported reduced 
scores for morning pruritus and lower frequency of scratch-
ing during sleep [52].

Further studies have focused on the effect on inflamma-
tion and oxidative stress markers that is associated with 
endothelial dysfunction, vascular calcification, increased 
cardiovascular risk, malnutrition and mortality [14]. Zick-
ler et al. reported reduced expression of pro-inflammatory 
TNF-α and IL-6 mRNA in peripheral leukocytes in patients 
treated with medium cut-off membranes compared to high 
flux-HD, even though cytokine levels over the 12 weeks of 
follow-up were not significantly different [41]. Studies on 
the role of oxidative stress gave controversial results [5, 29, 
45]. A recent clinical study by Lee and colleagues did not 
show any significant differences on several cardiovascular 
parameters such as echocardiography, changes in brachial-
ankle pulse wave velocity between expanded HD and online 
HDF [53]. Moreover, the coronary artery calcium score over 
1 year increased in the expanded HD group [53].

A relevant point is also that expanded HD has been asso-
ciated with cost reduction. In fact, extended HD does not 
require a large volume of fluids as compared to HDF, and if 
lower hospitalization and hospital stay rates per patient-year, 
found in a cohort of 81 patients are confirmed this could 
lead to considerable savings [54]. Moreover, less use of 
erythtopoietin-stimulating agents and iron supplementation 
has been reported, suggesting that the improved removal of 
inflammatory mediators may improve iron metabolism and 
erythtopoietin-stimulating agent resistance.

Middle cut‑off membranes in the context of AKI

Acute kidney injury is a complex clinical syndrome associ-
ated with high costs of hospitalization, mortality, and long-
term complications (progression to CKD, cardiovascular dis-
eases) [17, 19]. Sepsis is one of the main causes of AKI [55, 
56]. Mortality in septic patients with AKI requiring renal 
replacement therapy is still very high, reaching 60% [55]. 
One of the hallmarks of sepsis is the imbalance between 
pro- and anti-inflammatory cytokines, leading to multi-organ 
dysfunction [57]. For this reason, critically ill patients with 
sepsis-associated AKI may benefit from extracorporeal 
blood purification therapies in an effort to remove inflam-
matory mediators and decrease cytokine gradient between 
blood and tissues, leading to restoration of immune balance 
and reducing the risk of organ failure [58]. Among the pro-
posed modalities, high-volume hemofiltration, high cut-off 
membranes and adsorption cartridges have been proposed, 

with controversial results. High cut-off membranes with a 
cutoff up to 60 kDa demonstrated higher cytokine removal 
compared to conventional HD membranes [59–62]. How-
ever, the albumin and antibiotic loss associated with their 
use, in addition to the limited effects on hemodynamic sup-
port and overall mortality, have limited their application in 
clinical practice [63].

Recently, the EMiC2 filter (Fresenius, Bad Homburg, 
Germany) has been introduced in clinical practice: it is a 
polysulfone-based membrane with a cutoff of 45 kDa. These 
characteristics make it suitable for the removal of mid-
dle molecules, such as k-free light chains (23 kDa), myo-
globin (17 kDa) and β-2microglobulin (17 kDa) [64–66] 
and some studies reported higher removal of IL-6 and IL-8 
compared to standard high flux membranes [67, 68]. Lum-
lergul and colleagues performed a prospective observational 
study and analyzed the actual clearance of middle molecular 
weight molecules (IL-1β, IL-1, IL-2, IL-4, IL-6, IL-8, IL-10, 
TNF-α, VEGF, EGF, MCP-1) in vivo, using the EMiC2 filter 
in 12 critically ill patients with sepsis-associated AKI requir-
ing renal replacement therapy (continuous veno-venous 
hemodialysis) [69]. The authors showed a significant reduc-
tion in plasma concentrations of all analyzed molecules over 
a 48-h period after continuous veno-venous hemodialysis 
initiation, except for EGF. However, the effluent clearance 
rates were low for most cytokines with minimal adsorp-
tion effects made by the filter, suggesting that the overall 
reduced plasma concentration is only partially related to dia-
lytic clearance and that other mechanisms may contribute 
to the observed changes [69]. Recently, Comoglu et al. ana-
lyzed the effects of medium cut-off membranes in a cohort 
of 38 patients with sepsis-associated AKI who received 2 
hemodialytic treatments with 2 different membranes (19 
patients started treatment with a high flux membrane and 
then switched to a medium cut-off membrane, the remaining 
19 patients were first treated with a medium cut-off mem-
brane, and then switched to a high flux membrane) [70]. The 
reduction of TNF-α, IL-6 and IL-1β was significantly higher 
during HD treatment with medium cut-off membranes than 
with high flux, while no differences were reported among 
markers of oxidative stress [70]. Recently, a single center 
crossover randomized study enrolling 20 patients with sep-
tic shock and AKI stage 3 comparing the EmiC2 filter with 
a high-flux membrane showed significant hemodynamic 
improvement and greater β2 microglobulin removal in the 
EmiC2 group [71].

Moreover, blunting the hyperinflammatory state char-
acterized by the so-called “cytokine storm” has been one 
of the main targets in treating severe forms of COVID-
19. In this setting, the use of HDF or expanded HD was 
proposed to maximize cytokine clearance in HD patients 
[72, 73]. Serrano Salazar et al. performed a prospective 
observational study including 18 patients with COVID-19 
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infection who required hemodialysis and compared online 
HDF, expanded HD and a control group of 8 HD patients 
without COVID-19 infection with regard to removal of 
several cytokines, β2 microglobulin and albumin [74]. 
Expanded hemodialysis provided the best clearance for 
TNF-α (67 vs. 54% in online HDF) and β2 microglobulin 
during HD sessions, without significant albumin loss [74]. 
In addition, mortality was higher in the HDF group (57.1 
vs. 18.2%), albeit not statistically significant, due to the 
limited sample size [74].

A further indication may be kidney injury in multiple 
myeloma related to cast nephropathy in which free light 
chain removal is a therapeutic target. In this setting, few 
case reports showed that medium cut-off membranes were 
effective in the removal of free light chains favoring kid-
ney function recovery [75].

Finally, myoglobin removal may be pivotal in patients 
with AKI secondary to rhabdomyolysis, a common com-
plication during crush syndrome and other conditions 
(trauma, ischemia, hyperthermia, drug intoxication). The 
use of medium cut-off membranes in such conditions has 
been reported in both intermittent and continuous dialysis 
modalities [76, 77]. Jerman et al. reported the efficacy of 
high cut-off and medium cut-off membranes in removing 
myoglobin in 15 patients with AKI and rhabdomyolysis 
when comparing these filters to specific cytokine adsorb-
ers [77].

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 bet-
ter assess the role of such membranes in clinical practice.

Conclusions

The recent development of medium cut-off membranes 
characterized by high-retention-onset and the introduction 
of the concept of expanded HD represents a step forward 
in personalized approaches in HD. Medium cut-off mem-
branes are able to remove medium–high uremic toxins, 
such as β2-microglobulin, free light chains, myoglobin 
and others, that are associated with inflammation, cardio-
vascular events and mortality in both acute and chronic 
dialysis patients. Since the current evidence is limited, 
further larger and long-term studies are needed.
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