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Abstract

Some randomized controlled trials (RCTs) have sought to determine whether different dialysis techniques, dialysis doses and
frequencies of treatment are able to improve clinical outcomes in end-stage kidney disease (ESKD). Virtually all of these
RCTs were enacted on the premise that ‘more’ haemodialysis might improve clinical outcomes compared to ‘conventional’
haemodialysis. Aim of the present narrative review was to analyse these landmark RCTs by posing the following question:
were their intervention strategies (i.e., earlier dialysis start, higher haemodialysis dose, intensive haemodialysis, increase in
convective transport, starting haemodialysis with three sessions per week) able to improve clinical outcomes? The answer
is no. There are at least two main reasons why many RCTs have failed to demonstrate the expected benefits thus far: (1) in
general, RCTs included relatively small cohorts and short follow-ups, thus producing low event rates and limited statistical
power; (2) the designs of these studies did not take into account that ESKD does not result from a single disease entity: it is
a collection of different diseases and subtypes of kidney dysfunction. Patients with advanced kidney failure requiring dialysis
treatment differ on a multitude of levels including residual kidney function, biochemical parameters (e.g., acid base balance,
serum electrolytes, mineral and bone disorder), and volume overload. In conclusion, the different intervention strategies of
the RCTs herein reviewed were not able to improve clinical outcomes of ESKD patients. Higher quality studies are needed
to guide patients and clinicians in the decision-making process. Future RCTs should account for the heterogeneity of patients
when considering inclusion/exclusion criteria and study design, and should a priori consider subgroup analyses to highlight
specific subgroups that can benefit most from a particular intervention.
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Graphical abstract

Does delivering more dialysis improve clinical outcomes? .
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Introduction

Advanced kidney failure requiring dialysis, commonly
labelled end-stage kidney disease (ESKD), is a heterogene-
ous syndrome—a key reason that may explain why treating
advanced kidney dysfunction is challenging and why many
randomized controlled trials (RCTs) involving patients on
dialysis have, to date, failed. Haemodialysis saves and pro-
longs the lives of patients with ESKD, and since its incep-
tion, numerous technological and pharmacological advances
have increased their life expectancy from a few months to
several years. Despite this progress, clinical outcomes in
ESKD remain poor, with average annual mortality rates
ranging between 10 and 20% [1]. The delay in improving
outcomes in ESKD has generated the impetus to study dif-
ferent dialysis prescriptions and blood purification systems
in hopes of improving patient survival and quality of life [1].

Several hypotheses have been tested in RCTs: (1) timing
of dialysis initiation (early vs. late) [2]; (2) dialysis dose, i.e.,
low vs. high equilibrated Kt/V (eKt/V) [3, 4]; (3) removal
of "middle-molecules": low vs. high-flux dialysis [4-6] and
increased convective transport [7-13]); (4) dialysis fre-
quency (standard vs. more frequent dialysis) [14, 15]; (5)
quality of dialysate water (pure vs. ultrapure dialysate water)
[6]. Aim of the present narrative review was to analyse these
landmark RCTs by examining the effects of different dialysis
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interventions on clinical outcomes of patients affected by
ESKD (Fig. 1). A review of RCTs involving patients with
acute kidney injury was beyond the scope of this manuscript
and readers are referred to specific publications [16, 17].

Does starting dialysis earlier improve clinical
outcomes?

The decision to initiate kidney replacement therapy in
patients with ESKD is based on clinical signs and symp-
toms along with laboratory data [18]. Several observational
studies suggested that dialysis initiation at glomerular fil-
tration rate (GFR) levels > 10 mL/min/1.73 m? allows for
longer survival, better quality of life, and fewer hospitaliza-
tions [19, 20]. The mean GFR in patients starting dialysis in
the US rose from 7.7 mL/min/1.73 m? in 1996 to 11.2 mL/
min/1.73 m? in 2009, thus anticipating the onset of dialysis
by 147 days [21].

Based on the premise that dialysis initiation at higher
levels of GFR could have clinical advantages, the Initiating
Dialysis Early and Late Study (IDEAL) was designed to
determine whether an early start of haemodialysis reduces
the rate of all-cause death compared to a late start [2]. After
randomization, the early start group (404 patients) had a
baseline mean GFR of 9.0 mL/min/1.73 m?; the late start
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Fig. 1 Schematic representation of landmark RCTs according to intervention. CKD, chronic kidney disease; eKt/V, equilibrated Kt/V urea; TAC

ureas time-averaged urea concentration

group (424 patients) had a baseline mean GFR of 7.8 mL/
min/1.73 m?. The median difference in the start of dialy-
sis between the two groups was 5.6 months. Mortality
was 37.6% (152 of 404 patients) in the early start group
and 36.6% in the late start group (155 of 424 patients) after
3.59 years of follow-up, with hazard ratio (HR) 1.04 when
comparing early vs. late dialysis start, with 95% confidence
interval (CI) 0.83—1.30; P=0.75. These data challenged the
established paradigm of using GFR as the primary guide
for initiating maintenance dialysis and promoted significant
changes in clinical practice guidelines [22, 23].

The results of a recently published nationwide (data
extracted from the National Swedish Renal Registry) obser-
vational cohort study are congruent with the results of the
IDEAL Trial: very early initiation of dialysis was associ-
ated with a modest reduction in mortality and cardiovascular
events (a mean postponement of death of 1.6 months over
five years of follow-up). However, dialysis would need to be
started four years earlier [24].

Does higher haemodialysis dose improve
clinical outcomes?

There are two factors related to dialysis clearance with
implications for morbidity and mortality: the dialysis dose
delivered and the size of molecules removed. The fractional

clearance of urea (Kt/V) is the most commonly used index to
quantify the dose of dialysis. Nevertheless, dialytic clearance
of middle molecules, e.g., p>-microglobulin, depends on the
porosity or permeability of the dialyzer membrane. Thus,
dialyzers were categorized into low- or high-flux according
to the clearance of p2-microglobulin and/or the ultrafiltration
coefficient [22].

The National Cooperative Dialysis Study (NCDS) was the
first RCT designed to evaluate the effects of different dialysis
prescriptions on clinical outcomes [3]. It randomized 151
patients into four groups based on a two-by-two factorial
design: long dialysis treatment time (4.5-5 h); short dialysis
treatment time (3 +0.5 h); high blood urea nitrogen averaged
with respect to time (100 mg/dL); low blood urea nitro-
gen averaged with respect to time (50 mg/dL). At the mean
follow-up of 12 months, there was no difference in mortality
between the four groups. Notably, despite the fact that hos-
pitalization and withdrawal rates for medical reasons were
significantly higher in the high-blood urea nitrogen group
than in the low-blood urea nitrogen group, it was concluded
that dialysis treatment time had no significant effects on
patient outcomes [3].

Over the next two decades, a number of observational
studies showed that higher dialysis dose and high-flux
dialyzers were associated with better patient survival [21,
25]. However, these studies are inherently confounded by
selection biases: actually, healthier and/or more compliant
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patients were able to undergo longer dialysis treatments.
Hence, the Hemodialysis (HEMO) Study was undertaken
to determine whether increasing the dose of dialysis or
using a high-flux dialyzer improves survival among haemo-
dialysis patients [4]. In this trial, 1,846 prevalent patients
receiving thrice-weekly haemodialysis were randomized
based on a two-by-two factorial design to a standard dial-
ysis dose (eKt/V 1.05) or to a high dialysis dose (eKt/V
1.45); to low-flux dialysis (mean f?-microglobulin clear-
ance < 10 mL/min) vs. high-flux dialysis (f*-microglobulin
clearance > 20 mL/min). Eligibility criteria included
dialysis vintage >3 months, residual kidney urea clear-
ance (KrU) < 1.5 mL/min and serum albumin >2.6 g/dL.
Achieved eKt/V was 1.16+0.08 in the standard dialysis
dose group and 1.53 +0.09 in the high dialysis dose group;
p2-microglobulin clearance was 3 +7 and 34 + 11 mL/min
in the low- and high-flux dialysis groups, respectively. The
primary outcome, death from any cause, was not signifi-
cantly influenced either by the dialysis dose, with HR of
death 0.96 (95% CI 0.84—1.10; P=0.53) in the high dialysis
dose compared to the standard dialysis dose group, or by the
flux assignment, with HR of death 0.92 (95% CI 0.81-1.05;
P=0.23) in the high-flux group compared to the low-flux
group. The investigators concluded that patients undergo-
ing thrice-weekly haemodialysis had no major benefit from
higher dose or use of a high-flux dialyzer [4].

Unlike the HEMO Study, the Membrane Permeability
Outcome (MPO) Study was designed to compare the impact
of membrane permeability on survival in incident patients
[5]. In total, 738 patients were randomized 1:1 and strati-
fied according to serum albumin levels <4 g/dL (n=567)
and >4 g/dL (n=171). Dialysis prescription was targeted for
single pool Kt/V (spKt/V) > 1.2 and participants were fol-
lowed for 3—7.5 years. Ultrafiltration flux was 44.7 +9.1 mL/
mmHg/h in the high-flux group and 9.8 +3.5 mL/mmHg/h
in the low-flux group. Seventy-four deaths (23.3%) were
observed in the high-flow group, and 88 (26.8%) in the
low-flow group (HR 0.76; 95% CI 0.56-1.04; P=0.09).
The 3-year mortality rates were 17.5% and 20.7% in the
high- and low- permeability groups, respectively; the 4-year
mortality rates were 26.9% and 31.0% in the high- and low-
permeability groups, respectively. The rate of hospital
admissions (main secondary outcome) was also comparable
between the two study groups. Although in subgroup analy-
ses patients with serum albumin <4.0 g/dL had improved
survival in the group treated with high-flux membranes, the
treatment efficacy analysis revealed comparable results in
the primary outcome of all-cause death between low- and
high-permeability groups in the population as a whole.

The Multiple Interventions Related to Dialysis Proce-
dures in Order to Reduce Cardiovascular Morbidity and
Mortality in HD Patients was the third RCT dealing with
the theme of membrane flow and the first investigating the
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impact of dialysate purity [6]. In this trial, 704 prevalent
patients undergoing thrice-weekly dialysis were randomized
to high-flow or low-flow dialyzers and ultrapure or standard
dialysate using a two-by-two factorial design. The primary
outcome was a composite of fatal and non-fatal cardiovascu-
lar events during a minimum of 3 years of follow-up. Serum
p2-microglobulin levels decreased significantly in the high-
flux group compared with the low-flux group (f*microglob
ulin-5.0+13.6 mg/L vs. +2.7+14.3 mg/L, P<0.001). The
mean dialysate endotoxin levels decreased in the ultrapure
dialysate arm (from 0.16 +0.26 EU/mL to 0.01 +£0.01 EU/
mL) and remained stable in the standard dialysate arm (from
0.14+0.23 to 0.15+0.22 EU/mL). Although a post-hoc
analysis showed benefits in some subgroups, overall this
study found no statistically significant differences in pri-
mary outcome between high-flux and low-flux dialysis (HR
0.73, 95% CI 0.49-1.08, P=0.12) and between ultrapure and
standard dialysate (HR 0.90, 95% CI 0.61-1.32, P=0.60).

Does intensive haemodialysis improve
clinical outcomes?

Intensive haemodialysis is defined as any schedule that
increases the number of treatment sessions per week and/
or the number of hours per session with respect to conven-
tional haemodialysis [26]. Interestingly, despite the results
obtained by the aforementioned RCTs (i.e., IDEAL, NCDS,
HEMO, MPO), more intensive haemodialysis continued to
be perceived as the approach that would improve patient
outcomes. This perception was shown in a global survey
of 324 nephrologists [27]. Most physicians reported that
increasing the frequency, beyond three times per week, and
the length of sessions performed at night, would lead to bet-
ter clinical outcomes than traditional haemodialysis. What
could explain this hypothesis? Physiologically, it is plausible
that a longer time on dialysis would increase the removal of
serum urea, phosphate, f*-microglobulin, sodium and water,
allowing for better blood pressure control and cardiac per-
formance. In addition, the increase in the number of weekly
sessions leads to a reduction in body weight gain between
dialyses [28]. Thus, the further questions are:

Does more frequent haemodialysis improve clinical
outcomes?

Two parallel-arm RCTs of frequent haemodialysis have
been completed: the Frequent Hemodialysis Network (FHN)
Daily Trial and the FHN Nocturnal Trial [14, 15]. The state-
ments concerning frequent haemodialysis in the current
NKF-KDOQI clinical practice guidelines are mainly based
on the results of these RCTs [22].
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The FHN Daily Trial was a parallel-group RCT designed
to determine whether increasing the frequency of sessions
would improve two composite co-primary outcomes: death
or 12-month change in left ventricular mass (LVM), and
death or 12-month change in the Physical Health composite
Score [14]. The study included 245 prevalent patients, most
of whom were anuric (60%). Participants were assigned to
receive either six short in-centre sessions per week (mean 5.2
sessions, mean duration 2.6 h) (n=125), or three times per
week sessions (mean duration 3.5 h) (n=120). By design,
standard Kt/V (stKt/V) was significantly higher in the fre-
quent haemodialysis group (3.54 +0.56 vs. 2.49+0.27).
Fourteen patients died, 5 in the frequent dialysis group (4%),
and 9 in the conventional dialysis group (7.5%). At 12-month
follow-up, frequent haemodialysis was associated with sig-
nificant benefits with respect to both co-primary compos-
ite outcomes (HR for death or increase in LMV, 0.61; 95%
CI 0.46-0.82; HR for death or a decrease in the Physical
Health composite Score, 0.70; 95% CI 0.53-0.92). However,
patients receiving frequent haemodialysis were more likely
to undergo interventions related to vascular access failure
(HR 1.71; 95% CI 1.08-2.73).

The FHN Nocturnal Trial was designed to compare fre-
quent nocturnal home haemodialysis (six times per week)
with conventional home haemodialysis (three times per
week) powered for the same two composite co-primary
outcomes of the FHN Daily Trial [15]. Forty-five prevalent
patients were assigned to the frequent haemodialysis group
and 42 to the conventional haemodialysis treatment group.
Almost 50% of patients had been on dialysis > 1 year and
had a urine output > 500 mL/day. Adherence was lower in
the frequent haemodialysis group (72.7%) than in the con-
ventional one (97.6%). As expected, patients in the frequent
haemodialysis arm had a higher stKt/V (1.74 times). Two
patients died in the frequent nocturnal haemodialysis arm
and one in the conventional haemodialysis arm. Patients
randomized to the frequent nocturnal haemodialysis arm
had better control of hyperphosphatemia and systolic blood
pressure, but also had more vascular access complications.
Unlike the FHN Daily Trial, this RCT did not meet the statis-
tical significance criteria for co-primary composite outcome
of death or LVM, (HR 0.68; 95% Cl1 0.44-1.07; P=0.09), or
of death or change in Physical Health Score (HR 0.91; 95%
C10.58-1.43; P=0.68).

The results of the FHN Trials in long-term follow-up are
controversial [29, 30]. In the extended follow-up of FHN
Daily Trial (median 3.6 years), 20 of the 125 patients rand-
omized to the frequent haemodialysis arm died, compared
with 34 of the 120 patients randomized to the conventional
arm (HR 0.54; 95% CI 0.31-0.93; P=0.024). The authors
concluded that frequent in-centre haemodialysis interven-
tion significantly reduces long-term mortality [29]. This is in
stark contrast to the results of the extended follow-up of the

FHN Nocturnal Trial. After a median of 3.7 years, 14 deaths
among 45 patients (31%) assigned to the frequent nocturnal
haemodialysis arm and 5 deaths among 42 patients (11.9%)
assigned to the conventional haemodialysis arm (three times
per week) were observed, with HR of death for the frequent
nocturnal haemodialysis arm of 3.88 (95% CI 1.27-11.79;
P=0.01). Although these results need to be interpreted with
caution, the authors acknowledged that patients assigned to
nocturnal haemodialysis experienced a higher mortality rate
than those assigned to conventional haemodialysis [30].

Do longer haemodialysis treatments improve
clinical outcomes?

Despite the lack of clear mortality benefits with more inten-
sive haemodialysis, many centres have introduced programs
of frequent short daytime haemodialysis sessions, of long
thrice-weekly haemodialysis sessions (day or night) or long
frequent haemodialysis sessions (either as facility-based or
home-based). While such programs are clearly more expen-
sive, the increased costs could be justified if they led to a
better quality of life. The ACTIVE and TiME trials were
conceived on the basis of this premise [31, 32].

A Clinical Trial of IntensiVE dialysis (ACTIVE) was a
multicentre, open-label trial designed to evaluate the effect
of long haemodialysis regimens on quality of life (>24 h/
week) over 12 months, compared with standard regimens
(=12 h and <18 h/week) [31]. Unlike the FHN Trial group,
the ACTIVE group successfully randomized (1:1) the
planned 200 prevalent patients. The primary outcome was
the difference in quality of life at the study end, adjusted
for baseline, measured with the EuroQol 5 dimension
instrument (EQ-5D). Most of the participants had thrice-
weekly haemodialysis sessions, with a mean duration of
24 and 12 h/week, respectively. Five deaths occurred in the
extended hours group and two in the standard hours group
(P=0.44). Changes in EQ-5D score did not differ between
the two groups (mean difference, 0.04; 95% CI—0.03
to 0.11; P=0.29). It was concluded that extension of the
weekly haemodialysis hours did not alter the quality of life.

The Time to Reduce Mortality in ESKD (TiME) Trial
was designed as a pragmatic trial to test the effects of longer
sessions compared to the standard ones usually prescribed
in the US [32]. It was a cluster randomized, parallel group
trial in outpatient dialysis units operated by DaVita and Fre-
senius Medical Care. Dialysis facilities randomized to the
intervention arm adopted a session duration > 255 min for
incident patients; those randomized to the usual care arm
had no trial-driven approach to session duration. Although
the trial enrolled 7,035 incident patients from 266 dialysis
units, it was discontinued at a median follow-up of 1.1 years
because of inadequate between-group difference in session
duration (216 min for the intervention group and 207 min

@ Springer
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for the usual care group). Therefore, patient compliance with
longer dialysis treatments was insufficient and no differences
were found in mortality reduction or hospitalization rate for
the intervention arm.

Does increasing convective transport
improve clinical outcomes?

The convective clearance provided by haemodiafiltration
(HDF) improves the removal of medium molecules [33].
Indeed, the REIN Registry reported that patients treated with
HDF had lower mortality than those treated with haemodi-
alysis [34]. But what did the RCTs show?

Five prospective RCTs have been conducted in recent
years to compare survival on prevalent haemodialysis
patients [7—11]. Patients were randomized to conventional
haemodialysis or online post-dilution HDF. The Italian Trial
included 146 patients (70 low-flux haemodialysis, 40 HDF,
and 36 haemofiltration) [7]; the CONTRAST Trial (Neth-
erlands, Norway, and Canada) included 714 patients (356
low-flux haemodialysis and 358 HDF) [8]; the Turkish Trial
included 782 patients, (391 high-flux haemodialysis and 391
HDF) [9]; the ESHOL Trial (Spain) included 906 patients
(450 high-flux haemodialysis and 456 HDF) [10]; and the
FRENCHIE Trial included 381 patients (191 high-flux hae-
modialysis and 190 HDF) [11]. Two RCTs had previously
been published: the first one enrolled 44 patients (21 on
low-flux haemodialysis and 23 on HDF) [12]; the second
one enrolled 76 patients (38 on high-flux haemodialysis and
38 on HDF) [13]. Six RCTs could not show a higher sur-
vival rate in patients treated with online post-dilution HDF
compared to those treated with conventional haemodialysis.
The incidence of all-cause mortality was not affected by the
treatment [7-9, 11-13]. In contrast, the ESHOL Trial is the
only RCT demonstrating a statistically significant reduction
in all-cause mortality (30%) with online post-dilution HDF
[10]. However, the Working Group of the NKF-KDOQI
clinical practice guidelines found these results difficult to
interpret due to the severe methodological limitations of this
trial [22].

Hopefully, the ongoing CONVINCE study, a multicentre
multinational RCT [35], and other planned trials will provide
definitive results on the effects of high-volume online post-
dilution HDF.

Does starting thrice-weekly haemodialysis
improve clinical outcomes?
A multicentre feasibility RCT to assess the impact of incre-

mental vs. conventional initiation of haemodialysis on
residual kidney function (RKF) was recently conducted

@ Springer

in the UK [36]: 29 incident patients were enrolled into the
incremental haemodialysis arm (twice a week sessions,
KrU> 3 mL/min/1.73m?), increasing the dialysis dose as the
RKF decreased, to maintain a total stKt/V >2; 26 patients
were enrolled into the control arm (three times a week ses-
sions lasting 3.5-4 h) to obtain the same total stKt/V. At
six months, 75% of the patients in the control arm and 92%
of the patients in the incremental arm had a KrU>2 mL/
min/1.73 m? (primary outcome). Hospitalisation rate was
higher in the control arm (HR 0.31; 95% CI 0.17-0.59;
P <0.001, events/person/year). In addition, median costs
of the 12-month trial were £ 26,125 (95% CI £ 23,025-£
29,224) in the standard care arm and £ 19,875 (95% CI £
17,941-£ 21,810) in the incremental arm that benefited from
reduced transport, session and adverse event costs. Accord-
ing to the results of this feasibility RCT, incremental hae-
modialysis appears safe and cost-saving in incident patients
with adequate RKEF, justifying a definitive trial [36].

Table 1 summarizes the results of the RCTs included in
this review.

Discussion

By and large, the RCTs reviewed herein did not achieve the
stated goal. The investigators have already presented spe-
cific explanations for the results obtained in their respective
manuscripts [2—15, 31, 32, 36]. The limitations and biases
of each study are reported in Table 2. We propose some
explanations that could justify, at least in part, the observed
results:

1. Methodological aspects inherent in the study design
may explain the differences in the outcomes observed
between RCTs and observational studies. Overall, the
RCTs included relatively small cohorts (for example,
NCDS published in the New England Journal of Medi-
cine in 1981 enrolled only 151 patients) and short fol-
low-ups, thus producing low event rates and limited sta-
tistical power. On the other hand, observational studies,
although larger in size and follow-up, hide confounding
variables [37].

2. Factors inherent in haemodialysis itself may affect the
results obtained in some RCTs. Repeated contact of the
blood with the artificial tube surfaces, dialyzer mem-
branes and/or non-native vascular accesses activate the
innate immune system, which can lead to excessive
activation of platelets, leukocytes, complement and
the coagulation cascade [38]. These pro-atherogenic
inflammatory reactions, also described in other mechani-
cal circulatory support systems such as extracorporeal
membrane oxygenation [39], together with uraemia may
contribute to the acceleration of arteriosclerosis [40] and
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haemodialysis-induced cardiovascular disease [41]. It
could be hypothesized that the greater the intensity of
haemodialysis (greater contact between surfaces), the
greater the pro-atherosclerotic environment. In this
direction, frequent haemodialysis has been observed to
accelerate the loss of RKF, with 52% of patients being
anuric at 4 months, compared to 18% of those treated
with conventional haemodialysis [15]. It is important to
remember that RKF, which is present in many patients at
the start of dialysis, is associated with improved patient
survival [42-44].

3. Solutes other than urea play an important role in clini-
cal outcomes. Protein-bound uraemic toxins have been
shown to have a toxic effect on endothelial cells and
have been associated with increased risk of mortality
in haemodialysis patients [45]. However, studies have
shown that neither online HDF [46] nor frequent hae-
modialysis [47] significantly increase clearance of these
toxins. Conversely, small degrees of RKF, even those
considered "clinically insignificant", provide a clearance
of these solutes greater than that provided by dialytic
therapies [48]. Thus, it is conceivable that benefits that
should be obtained by intensive haemodialysis thera-
pies, in particular with more frequent haemodialysis, are
counteracted by the loss of RKF. Therefore, the NKF-
KDOQI guidelines recommend that incident patients
with substantial RKF be informed about the risks of
intensive haemodialysis therapies [22].

4. The inability of many RCTs to demonstrate the expected
benefits is mainly based on the fact that ESKD does
not result from a single disease entity: it is a collection
of different diseases and subtypes of kidney dysfunc-
tion. Patients with kidney dysfunction requiring dialysis
(KDRD) differ on a multitude of levels including RKF,
biochemical parameters (e.g., acid base balance, serum
electrolytes, mineral and bone disorder) and volume
overload [49].

Registry data show that patients are diagnosed with
ESKD when their GFR is anywhere between 4 and
15 mL/min/1.73 m?%; when dialysis is started, half have a
GFR > 9 mL/min/1.73 m?, and >90% have eGFR >5 mL/
min/1.73 m? [50]. In many countries, conventional haemo-
dialysis prescription consists of thrice-weekly haemodialysis
targeting urea clearance metrics of spKt/V >1.20 and urea
reduction ratio > 65% [22]. Indeed, conventional haemodi-
alysis therapy has been validated in clinical trials involving
only prevalent haemodialysis patients with dialysis vin-
tage > 2 years and virtually no RKF (patients were excluded
if residual KrU was > 1.5 mL/min/35 L of urea distribution
volume) [3, 4]; this was then extrapolated as the “optimal”
dialysis dose to all dialysis patients, including those found at

@ Springer

the beginning of need for dialysis therapy and who had RKF.
Thus, while conventional haemodialysis therapy may pro-
vide vital replacement of kidney function in those who have
lost RKF, some patients, at least temporarily, would do well
with less intensive dialytic therapy in the form of assistance
therapy to complement underlying levels of ongoing RKF.

This raises the question as to whether clinical trials
should be designed to include a better defined sub-category
of KDRD patients who would most benefit from the inter-
vention. For a clinical trial to be successful, the right patients
need to be matched to the therapies they are most likely to
benefit from. However, while targeting trials to specific phe-
notypes postulated to respond to the tested intervention may
increase the ability to identify efficacy, this approach may
also limit ability to enrol enough patients for a sufficiently
powered trial [51]. Adaptive clinical trials hold the potential
to increase the efficiency of RCTs in dialysis by identifying
the patient population most likely to benefit from alternative
haemodialysis treatment models, helping with sample size
re-estimation in potential scenarios when fewer patients may
be required overall to ensure the same high chance of getting
the right answer, or preventing an underpowered trial, which
would mean a waste of resources [52, 53].

Future directions

It is important to acknowledge the lack of reliable data to
support a stage-based approach to treatment of advanced
stages of kidney failure with dialysis. A prerequisite for
KDRD phenotyping is longitudinal data acquisition in large,
well characterized cohorts [54]. This will enable characteri-
zation of distinct KDRD phenotypes, categorized by soci-
odemographic and clinical data, by using consensus clus-
tering analysis [55]. Future clinical trials of KDRD should
account for the heterogeneity of patients when considering
inclusion/exclusion criteria and study design, and should
a priori consider subgroup analyses to highlight specific
KDRD subgroups that may derive greater benefit from a
particular intervention. Furthermore, it will be interesting to
identify degrees of KDRD clustering or endotypes in differ-
ent KDRD stages and determinants of stage transition [51].
Such studies can identify subpopulations of patients with
KDRD that have different risks of KDRD stage progression,
cardiovascular events and death. Of paramount importance
in clinical trials is to test whether tailoring haemodialysis
prescription based on levels of RKF and clinical symptoms
is an effective and well-tolerated approach [51].

The thought behind “incremental” is that the start of stand-
ard dialysis often happens abruptly, ignoring a longer and
insidious process of declining kidney function over months
or years. Also, it has been argued that the rather fast loss of
RKEF often experienced after initiating standard thrice-weekly
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haemodialysis could contribute to the high early mortality
rate [42, 56-58]. The slope of kidney function decline can
be heterogeneous. Especially among older adults a large
fraction exhibits slower progression of RKF [59] potentially
making them good candidates for incremental haemodialy-
sis. An incremental, stepped haemodialysis regimen with a
scheduled transition from twice- to thrice-weekly is believed
to offer the body more time to adapt to the new treatment
compared to the sudden start of standard haemodialysis, the
prescription of which is fundamentally empirical [60].

Of note, several ongoing clinical trials are currently using
thresholds of residual KrU to establish the clinical effective-
ness of less frequent haemodialysis in the form of once- or
twice-weekly haemodialysis vs. thrice-weekly haemodialysis
[61-64].

Exploring non-dialysis options within the frame of avoid-
ing overtreatment, one question arises: does conservative
kidney management offer a quantity or quality of life benefit
compared to dialysis? A recently published systematic review
identified twenty-five primary studies, all observational,
which reported increased mortality in patients treated with
conservative kidney management (pooled HR 0.47, 95% CI
0.34-0.65). In patients > 80 years of age, and in elderly indi-
viduals with comorbidities, the survival benefits of dialysis
seem to be lost. In most studies, conservative kidney man-
agement seemed advantageous for quality of life secondary
outcomes. The results were limited by the heterogeneity of
the studies and the biased outcomes favouring dialysis [65].

Conclusions

The different intervention strategies of the RCTs reviewed
herein were not able to improve the clinical outcomes of
ESKD patients. Higher quality studies are needed to guide
patients and clinicians in the decision-making process.
Future RCTs should account for the heterogeneity of patients
when considering inclusion/exclusion criteria and study
design; and should a priori consider subgroup analyses to
highlight specific subgroups that can benefit most from a
particular intervention.
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