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Abstract

Introduction: Impact assessment of new technologies in
chronic hemodialysis (HD) is challenging due to HD patient
frailty, the complexity of HD clinical trials and practice vari-
ability among countries. Among the most recent HD innova-
tions, medium cut-off (MCO) dialyzers present an optimized
membrane geometry that provides enhanced clearances for
middle and large molecular weight uremic toxins (UT). These
toxins are poorly cleared by available HD techniques and
largely contribute to patient morbidity and mortality. The
aim of this paper is to assess the available clinical evidence
about MCO membranes and to identify the next steps need-
ed to generate conclusive data on their use in HD. Methods:
With this purpose, we first reviewed and compared the cur-
rent HD technologies aimed to improve the clearance of
middle and large UT; subsequently, we used a Delphi ques-
tionnaire to identify and discuss the consensus about MCO

efficacy within a large sample of the Italian Nephrology com-
munity. Results and Conclusions: Our investigation gath-
ered a significant degree of consensus on the beneficial role
of MCO membrane and expanded HD. Finally, we used our
results to propose future trial designs and clinical investiga-
tions aimed to improve evidence quality about the use of
these membranes in the present clinical scenario of dialysis
units. ©2022 S. Karger AG, Basel

Introduction

According to the 2018 US Renal Data System report, he-
modialysis (HD) is associated with 166 deaths per 1,000 pa-
tient-year and 5-year survival as low as 42% [1]; this corre-
sponds to an adjusted mortality rate more than 4-fold high-
er than what observed in the general population after match
for age [1, 2]. European registry data provide a similar pic-
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ture, with an adjusted 5-year survival rate of 46% [3] Most
of this excessive death burden is due to cardiovascular
causes, which account for >50% of total fatal events [1, 4].
Additionally, dialysis is associated with high level of disabil-
ity, poor social performance, and low quality of life [5].

These discouraging epidemiological data are largely
nonattributable to the “classical” cardiovascular risk fac-
tors (e.g., hypertension, dyslipidemia, diabetes, smoking,
diet, etc.) and compelling data demonstrated how end-
stage kidney disease (ESKD) itself induces accelerated
vascular aging through the accumulation of uremic tox-
ins (UT). In particular, the so-called middle and large
molecules (molecular weight between 0.5 and 15 kDa vs.
15-60 kDa, respectively) [6, 7] are poorly cleared by stan-
dard dialysis techniques and inexorably accumulate in
tissues of ESKD patients, thus causing inflammation and
accelerated tissue senescence [7]. Middle/large UT accu-
mulation has also a causative role in the immune dysfunc-
tion observed in HD patients [8] and contributes to the
incidence of infections and cancer, the second and third
cause of death in this frail population 3, 9].

Over the last years, 2 main approaches have been used
to increase the clearance of medium and large UT: (1) com-
bination of diffusion with convection (online hemodiafil-
tration [OL-HDF]) and (2) design of new membranes with
molecular cut-off similar to the human glomerulus (60
kDa) also named high retention onset or medium cut-off
(MCO) dialyzers in order to distinguish them from the
membranes able to filter large plasma proteins (high cut-
off). Different studies are available on OL-HDF, but the
opinions within the nephrological community about its ef-
ficacy in improving patient outcomes remain discordant
[10]. On the other hand, few MCO studies are available to
date, mostly focused on safety and feasibility. Overall, deci-
phering the impact of putative advancements in HD is par-
ticularly challenging because of the sizable differences in
dialysis practice among countries [10] and the high comor-
bidity burden of HD patients [11, 12].

The aim of this paper is to discuss MCO membranes
as new horizon in chronic HD and to contribute to the
design of future clinical trials aimed to assess MCO im-
pact on long-term clinical outcomes. With this purpose,
we first discussed the available data about MCO in com-
parison to standard HD and to OL-HDF. Subsequently,
we investigated within the Italian Nephrology commu-
nity the perceived role of MCO membranes in ESKD pa-
tients using the Delphi approach, an unbiased method to
detect consensus. Finally, we identified the key endpoints
to be addressed in a randomized clinical trial aimed to
evaluate the role of MCO membranes.
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Solute Clearances and Outcomes in Online
Hemodiafiltration

HD biophysics is based on simple diffusion, which is
the best-known approach to achieve clearance of small
soluble molecules, but it is largely ineffective for middle
molecule removal. For instance, with the so-called high-
flux dialyzers, urea clearance is often close to the dialysis
plasma flow (200-300 mL/min), while f2-microglobulin
clearance is <20 mL/min [13]. This corresponds to a
weekly urea clearance reaching 10-15% of normal kidney
function versus <0.5% for B2-microglobulin clearance.
Thus, middle and large molecules inexorably accumulate
in ESKD patients. On the other hand, purely convective
techniques (hemofiltration[HF]) achieve the opposite
performance with poorer clearances of small solutes and
worse clinical outcomes than HD [14]. In OL-HDF, an
ultra-pure dialysis solution is used for both HD and HF,
thus combining the potential advantages of both tech-
niques. The idea of a survival benefit in OL-HDF patients
came at first from large retrospective studies [15, 16]. Af-
terward, two clinical trials (the Turkish trail and CON-
TRAST trial) failed to prove efficacy [17, 18]; a primary
analysis of these RCTs showed that the incidence of all-
cause mortality was not affected by treatment modality
(HD or HDF). However, a post hoc analysis revealed that
patients receiving higher convective treatment (>17.4 L/
session in the Turkish Trial and 22 L/session in the CON-
TRAST Study) had a significant survival benefit. Subse-
quently, the ESHOL Study, in which HDF treatment was
conducted with a minimum of 18 L/session of convection
volume, was the first to show a significant reduction in
all-cause mortality (30%), a nonsignificant reduction in
cardiovascular mortality (33%), and a significant reduc-
tion in infection-related mortality (55%) by OL-HDF
[19]. A subsequent meta-analysis combined the 3 studies
together with a 4th cohort from French centers: OL-HDF
patients experienced a 14% reduction in overall mortality
and 23% decline in cardiovascular deaths [20]. Besides
the hard clinical endpoints, almost all studies have proved
that OL-HDF decreased serum B2-microglobulin [18, 19,
21] and subsequent investigations found improved bone
mineral metabolism, enhanced erythropoiesis, reduced
inflammation and better patient-reported outcomes,
even when more frail population were studied [8, 14, 19,
22-25]. In the last years, France implemented OL-HDF
registry data: the 2016 report included 28,000 patients, of
which 5,500 were treated by OL-HDF; the registry report-
ed a significant increase in survival for OL-HDF patients,
mainly related to reduced cardiovascular events (16% of
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mortality reduction and 23% reduction in major vascular
events) [26].

Nonetheless, the work group for HD adequacy in 2015
did not recommend HDF in the NKF-KDOQI guidelines
[27]. As a matter of fact, all the mentioned studies had seri-
ous limitations and were at high risk for major sources of
bias. For instance, in the control HD group of the CON-
TRAST Trial, low-flux membranes were used, while the HD
patient group in the other studies was treated with high-flux
or both membranes. Then, the rates of patients dropping out
from these clinical trials were very high: 20.4% in the Turk-
ish Trial, 33.4% in the CONTRAST trial, and 39% in ESHOL
study. Forty-one percent of the dropouts in the Turkish Tri-
al left the study for reasons other than death, including 11%
of the patients allocated to HDF, who withdrew due to vas-
cular access problems. These trials were at high risk of in-
complete follow-up, dropouts were censored as nonfatal
events and not followed up for primary outcome. Finally,
convection strategies were highly heterogeneous, and most
studies did not randomize the participants to specific tar-
geted convection volumes related to body weight. The only
reasonable option to improve evidence quality is to design
trials with larger cohorts: the ongoing CONVINCE study
aims to recruit 1,800 patients across 9 European nations and
will hopefully provide definitive evidence [28].

Medium Cut-Off Membrane or HemoDialysis
eXpanded: The State of the Art

Expanded HD (HDx) is a technique that combines dif-
fusive and convective clearance, similarly to what described
for HDF. This approach relies on new dialyzers with larger
pore diameter and reduced fiber internal section [29]. MCO
membrane pores are considerably wider than classical HF
ones and have been specifically designed to increase the
clearance of molecules larger than B2-microglobulin (11
kDa), while retaining albumin (65 kDa). Indeed, the mol-
ecule typically used to investigate MCO-related kinetics is
A free light chain (\FLC - 45 kDa). Beside membrane de-
sign, the reduction of fiber internal diameter increases the
blood compartment resistance and promotes dialyzer in-
ternal filtration and back filtration. These phenomena in-
duce a convection comparable to the classical HF and have
proven efficacy for clearance of middle and large molecules
without the need of substitution fluids [30].

A recent kinetic study indicated that internal filtration
can be estimated as 31.6 mL/min for Qb of 300 mL/min and
53.1 mL/min for Qb of 400 mL/min (between 8 L and 12.7
L per a4 hsession) [31]. Compared to HDF, the exchanged
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convective volume is nonadjustable. However, HDx pres-
ents the following advantages over HDF: is applicable also
to patients with suboptimal vascular accesses, does not re-
quire specific software, and is achieved without increasing
trans-membrane pressure, thus providing minimal stress to
the filter. When compared to both high-flux HD and OL-
HDF, HDx demonstrated similar clearances of solutes of
10-20,000 Da and improved removal of larger molecules
[32]. Different authors have hypothesized that this im-
proved UT clearance might reduce the inflammatory state
of chronic HD patients. In a randomized clinical trial, MCO
membranes were compared to regular high-flux HD; with-
in 4 weeks, HDx patients showed decreased levels of IL-6
and TNF-alpha mRNA in peripheral blood mononuclear
cells [33]. Belmouaz et al. [34] carried out a cross-over ran-
domized study enrolling 40 chronic HD patients: study du-
ration was 3 months, and the aim was to assess the efficien-
cy of MCO dialyzer in UT removal in comparison to high-
flux HD. The authors observed a significant reduction of
both middle and large UT with MCO dialyzers; the im-
proved clearance was observed for 2 microglobulin, myo-
globin (17 kDa), kappa free light chains (kFLC - 22 kDa),
prolactin (22 kDa), FGF-23 (32 kDa), and AFLC. Two con-
cerns raised about HDx are the loss of albumin and the back
filtration of endotoxins. Recently, Weiner and colleagues
[35] conducted a randomized clinical trial on 172 patients
on maintenance HD. Patients that were randomized 1:1 to
MCO or high-flux HD [35]. MCO was more efficient than
HD in the removal of \FLC (respectively, 33 vs. 17% reduc-
tion rate over 24 weeks) and noninferior in maintaining
albumin levels (pre-HD serum albumin was 4 vs. 4.1 g/dL).
Consistently with what was previously reported, the au-
thors observed a significantly improved clearance for com-
plement factor D, kFLC, TNFaq, and f2-microglobulin, but
not IL-6. Of note, the study included different ethnicity and
patients had diabetes and vascular morbidity rates compa-
rable to what observed in the general US HD population.
Adverse events were similar between groups (p = 0.87) lead-
ing to 2 dropouts in the intervention and 3 in the control
group, 3 patients died in each group, overall dropout rate
was 24% and equally distributed in the 2 arms. In a recent
prospective study, 22 patients underwent 9 dialysis sessions
with routine dialysis parameters; one session was with an
MCO dialyzer in HD and the other 8 with different dialyz-
ers in OL-HDF. No differences in dialysate albumin loss or
in the clearance of small and middle molecular range mol-
ecules were observed between the MCO versus OL-HDF
[36]. Furthermore, Schepers et al. [37] investigated in vitro
the back-filtration of endotoxins and identified no in-
creased values with MCO dialyzers when compared to
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Selection of 7 nephrologists clinically and scientifically
active in HD

Y

Step 1-A:
Identification of impactful

Identification of a 3-
member review

Y

advancements in HD practice committee
Systematic literature review
l Y
Step 1-B: Step 2:

Questionnaire design Review committee

approved the
questionnaire and the
expert list

Y

Expert identification (up to 2
member for each high volume
HD center)

Y

Step 3:
Electronic questionnaire
release,
data collection and analysis

Fig. 1. Graphic description of the Delphi method with the different
study phases.

high-flux membranes. This finding was confirmed in a sub-
sequent investigation that included a broader spectrum of
bacterial toxins [38]. Thus, in contrast with OL-HDF, HDx
could be potentially used without ultra-pure water systems.
To summarize the state of the art of HDx, MCO mem-
branes have shown a safe profile in terms of albumin loss in
the dialysate and of endotoxin back filtration and provide
an enhanced clearance of middle and large UT in compari-
son to high-flux HD and OL-HDF together with a potential
anti-inflammatory activity.

Delphi Questionnaire Approach to Identify
Consensus among Italian Nephrologists

As a second step, we decided to identify the current
consensus on MCO dialyzers among the Italian Nephrol-
ogy community, in areas where OL-HDF has been wide-
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ly used over the last years. Although consensus-based in-
vestigations might be biased, agreement assessment is im-
portant in trial design and could predict the acceptance
of anew therapeutic approach within the healthcare com-
munity.

We designed a 3-step process in accordance to the
Delphi method standards [39] (Fig. 1). The Delphi
method consists of sequential questionnaires. After the
experts answer each round of questionnaires, the in-
quiring panel collects all the answers and delivers a
summary report to the experts. Then, the experts review
either agree or disagree with the other experts” answers
and are given the opportunity to provide updated opin-
ions based on what they understand from the summary
report.

Methods

At first, a board of seven experts was selected by using
bibliographic and clinical parameters: they had to have
worked in dialysis units for at least 10 years and to have
contributed to the medical literature devoted to HD ad-
vancements (at least 5 publications in the last 5 years).
During the first meeting, the board identified a first set of
topics. Subsequently, the members performed a system-
atic literature analysis and, in a second meeting, elabo-
rated and approved the questionnaire. Concomitantly,
the same board identified 59 high volume HD centers
across the country; each center selected up to two local
experts to answer the questionnaire for a total of 71 ne-
phrologists. For the identification of the local experts, the
Board members agreed on the following characteristics:
(1) physician with experience of HD and with direct con-
tact with patients (no Department/Unit director) for >5
years; (2) no more than 2 clinicians from the same hospi-
tal/unit. In the second step, a panel of three independent
experts, identified by the Board members, reviewed, and
approved both the questionnaire and the nephrologist
list. Finally, the questionnaire was electronically released,
and the answers were collected over a 2-month period.
The whole process is depicted in Figure 1.

For each selected topic, the board elaborated up to 6
statements and the 71 experts were asked to grade from 1
to 5 their level of agreement (1: complete disagreement,
2: disagreement, 3: agreement, 4: strong agreement, 5:
complete agreement). We defined consensus as agree-
ment or disagreement rate >66% (a commonly used
threshold [40]). Since this study did not analyze patients’
data but was related to personal opinions and knowledge
of the scientific literature, local Ethic Committee approv-
al was not required.

Dellepiane et al.




Statement 1

dialysis or Expanded Hemodialysis (HDx):

Agreement level

1.1 Associates with reduced mortality, mainly from cardiovascular
causes

1.2 Associates with a reduction in the systemic inflammation and,
consequently, an improvement of dialysis-related anemia

1.3 Provides a better clearance for middle/high molecular weight
uremic toxins

1.4 Associates with improved treatment hemodynamic,
independently from the cause of kidney disease

According to your clinical experience and literature data, medium cut-off (MCO)

0 14 12 14 1 41
100%

0 6 15 16 4 41
15% 100%

0 0 13 21 7 41
0% 100%

2 9 17 12 1 41
27% 100%

Fig. 2. Expert panel agreement about the Ist statement. Agreement level was defined as: (1) complete disagree-
ment, (2) disagreement, (3) agreement, (4) strong agreement, and (5) complete agreement. Consensus was de-
fined as agreement or disagreement >66%. Green, positive consensus; yellow, borderline positive consensus; red,

absence of consensus or negative consensus.

Item 1: MCO Dialyzers

This first item was designed to evaluate the opinion of
Italian Nephrologists on HDx in comparison to clinical
practice and literature data regarding high-flux HD and
OL-HDF (Fig. 2). First, the expert panel was asked wheth-
er HDx might improve patient survival by reducing car-
diovascular morbidity and mortality (Item 1.1) and
reached a positive consensus on this issue (66% of agree-
ment). Additionally, 85% of experts agreed that HDx may
reduce patients’ inflammation and improve anemia (Item
1.2); all of them acknowledged the increased clearance of
the middle/large molecules (Item 1.3), and the 73% en-
dorsed the improved intradialytic hemodynamics (Item
1.4).

Item 2 and 3: Biofeedback Systems and Use of Citrate

as Dialysis Buffer

A well-designed clinical trial must minimize the num-
ber of confounders. The ESHOL study demonstrated how
alarge number of centers are needed to enroll a sufficient
number of patients and guarantee study reproducibility.
As such, due to the abovementioned differences in HD
practice, is of primary relevance the identification of oth-
er potentially impactful advancements in HD that must
be either avoided or better considered during the design
of a clinical trial aimed to evaluate MCO performance
(Fig. 3). With this purpose, the expert panel identified the
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use of biofeedback systems and of citrate as dialysis solu-
tion buffer as two of the most relevant variables: also, for
these items, consensus was investigated based on litera-
ture findings following the Delphi approach.

Biofeedback systems combine online monitoring of
hematocrit and/or serum sodium with a software-adjust-
ed trans-membrane pressure: these devices aim to cali-
brate the ultrafiltration on patient volemia, thus prevent-
ing excessive hemoconcentration and hypotension in
subjects with neurovascular dysfunction. Also in this
case, a large consensus was obtained for each statement:
the panel acknowledged an improved intra-dialytic he-
modynamic with a positive impact on patient cardiovas-
cular morbidity (Items 2.1 and 2.2). Over 80% of the ex-
perts believed that ESKD patients with neurovascular
dysfunction are more likely to achieve the prescribed
treatment dose if monitored with biofeedback systems,
thus also improving their inflammatory status (Items 2.4
and 2.5). Finally, the whole panel endorsed an improved
quality of life, while 80% believed that the prevention of
excessive hemoconcentration and hypotension might re-
duce vascular access thrombosis.

Most of dialysis solutions have acetate as buffer, main-
ly because of its low propensity to precipitate with calci-
um and other cations. In recent years, citrate anion has
emerged as alternative with a putative double gain: an in-
trinsic anti-inflammatory effect and the prevention of ac-
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Statement 2
According to your clinical experience and literature data, hemodialysis biofeedback
systems aimed to control patient serum sodium and volemia in hypotension-prone patients:

3.1 Associates with a reduction of dialytic hypotensive episodes
with a consequent mortality reduction, mainly from 0 3 8 21 9 41
cardiovascular causes

Color version available online

7% 93% 100%

3.2 Associates with improved treatment hemodynamic,

independently from the cause of kidney disease L v 1 L 1 41
0% 100% 100%

3.3 Improves uremic toxin removal as consequence of the
achievement of treatment target

34 Beduces systemic inflammation as consequence of the > 6 15 16 > 21

achievement of treatment target

3.5 Improves patient well-being (Quality of Life — QoL) 0 0 13 23 5 41
0% 100% 100%

3.6 Decreases the risk of vascular access thrombosis 5 5 20 9 4 41

Statement3
According to your clinical experience and literature data, the use of citrate as dialysis buffer:

4.1 Associates to heparin dose reduction and/or reduced line 0

i 7 11 15 8 41
4.2 Reduces systemic inflammation and vascular calcification 0 4 24 10 3 41
4.3.Prowdes a bet'Fer clearance for middle/high molecular > 10 21 7 1 21
weight uremic toxins

4.4 Associates with improved treatment hemodynamic, 3 9 20 7 > 21
independently from the cause of kidney disease

45 Assoaajes yvnth an improved acid-base balance during and 1 4 26 8 > 21
between dialysis tratments

Fig. 3. Expert panel agreement about the 2nd and 3rd statements. Agreement level was defined as: (1) complete
disagreement, (2) disagreement, (3) agreement, (4) strong agreement, and (5) complete agreement. Consensus
was defined as agreement or disagreement >66%. Green, positive consensus; yellow, borderline positive consen-
sus; red, absence of consensus or negative consensus.
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etate induced vasodilation [41, 42]. When asked about
citrate use as dialysis solution buffer, 83% of panel agreed
about the reduction of heparin need and of circuit clot-
ting, 90% acknowledged the improvement of patient in-
flammatory status, 71% agreed about the improved re-
moval of middle/large molecules and about an overall im-
provement of intradialytic hemodynamics; finally, 88%
believed that citrate use improves intra- and interdialytic
acid-base status without significant variation of Ca/P bal-
ance.

From Delphi Approach to the Real Life in Dialysis
Units: Design of Future Clinical Trials with MCO

Despite the compelling need for coordinated and sys-
tematic interventions, the dialysis prospect is incredibly
fragmented, possibly because of the low evidence avail-
able on the different options [27, 43], the high rate of fail-
ure of clinical trials in ESKD [44, 45], and the different
health policies that various countries implemented to ap-
proach such an expensive and long-term procedure [10].
In this clinical setting, it becomes crucial to identify any
possible technological or pharmacological improvement
that could impact on patients’ morbidity and mortality.

MCO dialyzers enhance the clearance of middle and
large UT and might improve HD patient outcomes. Based
on previously published data, expected patient mortality
in HD clinical trial is 30% at 3 years, being lower than
registry data due to inclusion criteria [19]. Moreover, a
dropout rate of at least 20% is expected in HD trials,
mainly due to change of residence and kidney transplan-
tation. Finally, we argue that a 20-25% difference in pa-
tient mortality at 3 years could be observed when com-
paring MCO to standard high-flux HD. This projection
is extrapolated by HDF data and lays between ESHOL
results (—33% in mortality risk) and registry data where
patients were unselected (—15%). Considering these find-
ings altogether, a numerosity of 1,500 patients should be
required in a 2-arm study with 3 years follow-up. How-
ever, as HDF is nowadays considered a standard of care
in multiple countries and is the only other technique that
includes diffusion and convection, a third arm should be
considered, thus increasing study size to 2,250 patients. A
RCT of these proportions would be highly expensive and
would require >5 years in trial design, development, and
publication. Thus, alternative approaches are warranted
to improve the available evidence and justify such a large
resource deployment. A cross-over design would allow to
pair patient data. This approach limits sampling/ran-
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domization biases and requires fewer patients. However,
if any of the analyzed treatment has a “carry-over” effect
it might affect the other treatment outcome. Let’s hypoth-
esize a cross-over study comparing 2 treatments with car-
ry-over effects (a more effective Treatment A and a less
effective Treatment B): in group transitioning from A to
B this latter would falsely appear as more effective while
in the opposite group treatment A would falsely appear as
less effective. The net results would be an apparent reduc-
tion in treatment difference. A washout interval may re-
duce this bias but would entail longer trial duration and
higher costs.

The use of surrogate endpoints in dialysis is still lim-
ited but might be a reasonable option for the design of
preliminary studies or RCT interim analysis. Multiple
variables that have been associated with cardiovascular
performance in HD patients have more rapid variation
and could early detect a possible trial success or failure.
Among them, the most validated are the changes in
echography assessment of left ventricle mass [46] or
doppler estimation of arterial stiffness via pulse wave ve-
locity [47]. A more recent technique (dynamic contrast-
enhanced CT imaging) can be used to acquire high-reso-
lution cardiac images and provide an accurate estimation
of cardiac perfusion [48]. Moreover, regional and nation-
al study registry might improve and standardize the long-
term follow-up of chronic HD patients reporting adverse
events and causes of death using MCO. Up to now, most
of the studies on MCO were based on the assessment of
safety (in particular albumin loss in dialysate) and perfor-
mances (reduction ratio/clearances of middle/large UT);
next studies should be aimed to evaluate clinical effective-
ness and long-term patient outcomes.

Finally, it is important to balance trial randomization
and/or data analysis for potential confounders. Citrate di-
alysis and biofeedback techniques improve dialysis toler-
ance and reduce patient inflammation thus potentially af-
fecting patients’ outcomes. Multiple factors coexist in
causing hypotension, one of the most frequent complica-
tions in HD: heart failure prevalence in ESKD is about
36%, up to 80% of patients suffer from either uremic or
diabetic dysautonomia and arterial compliance is often
impaired by both atherosclerosis and vascular calcifica-
tions [41, 45, 49, 50]. Such neurovascular dysfunctions
worsen patient prognosis and affect dialysis tolerance as
well as quality of life: in particular, intradialytic hypoten-
sion often requires fluid resuscitation and treatment in-
terruption, thus preventing patients from reaching the
target treatment dose. Santoro et al. [51] performed a
crossover trial in hypotension-prone HD patients and ob-
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served that biofeedback HD improved treatment toler-
ance. A subsequent investigation extended the finding to
patients with minor intradialytic symptoms; the authors
observed a 70% drop in hypotensive episodes and a 30%
reduction in cramps, nausea, abdominal pain, and head-
ache [52]. In 2013, a meta-analysis pooled 2 randomized
controlled trials and 6 crossover studies; median patient
number was 27 and quality of evidence was rated as low.
The authors concluded that biofeedback systems signifi-
cantly reduce intradialytic hypotension, but larger trials
are needed to assess the impact on other clinical out-
comes [53].

Acetate is the most used dialysis solution buffer due
to its chemical proprieties: however, acetate is a vasoac-
tive and pro-inflammatory molecule that can trigger en-
dothelial injury and lipid synthesis [42]. In recent years,
citrate has been used in different dialytic settings. In
acute kidney injury requiring renal replacement therapy
citrate is used as regional anticoagulant agent, as the ci-
trate down-regulates the coagulation cascade by chelat-
ing calcium; while in chronic HD, citrate can be used at
low concentration (0.8—1 mM) as solution buffer instead
of acetate [54, 55]. This trivalent anion has anti-inflam-
matory and antioxidant properties, increases intracel-
lular glutathione production, reduces complement acti-
vation, and promotes mitochondrial oxidative metabo-
lism [41]. In a recent investigation, 45 patients were
treated sequentially with acetate and citrate buffered di-
alysis for 9 months [41]; during citrate treatment, the
authors observed increased dialysis efficacy (estimated
by eKt/V) and a significant reduction in several inflam-
matory markers, including fibrinogen, CRP, IL-6, and
the adipokine chemerin [56]. Kossmann et al. [57] ob-
served an improved eKt/V in 142 HD patients treated
for 6 months with citrate dialysis. In January 2020,
French registry data about citrate dialysis have been
published; survival analysis of 700 patients showed a
trend toward a benefit in citrate dialysis that did not
reach statistical significance (p = 0.06) and remained not
significant in the multivariate analysis [58]. Of note, ci-
trate patients had a significantly lower erythropoietin
resistance index despite having lower albumin levels
and being more often treated with ACE-inhibitors (a
drug class associated with erythropoietin resistance).
Only future randomized clinical trials could determine
whether biofeedback and citrate dialysis are effective in
improving patients’ outcomes; however, given the pre-
liminary evidence, we encourage to consider the use of
these techniques as potential confounders in a possible
HD trial.
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