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THE CONVINCE TRIAL 

The recently published CONVINCE (Comparison of high-dose HDF 
with high-flux HD) trial [ 7 ] aimed to address the methodologi- 
cal shortcomings of previous RCTs. Patients who had received 
at least 3 months of HD treatment were recruited from 61 dial- 
ysis centres in eight European countries and were randomized, 
with 683 in the high-dose HDF and 677 in the high-flux HD arms 
[ 7 ]. A key inclusion criterion was that the patient was likely to 
achieve a convection volume of ≥23 L/session in post-dilution 
mode [ 8 ]. The primary outcome was all-cause mortality, and 
key secondary outcome measures included cardiovascular events, 
hospitalizations, health-related quality of life measures and 
costs. 

Despite block randomization stratified by centre only, at 
baseline both study arms were well balanced for age, sex, resid- 
ual kidney function, access type, the number of smokers, and 
patients with diabetes and underlying cardiovascular disease. 
Over a median follow-up of 30 months deaths from any cause 
occurred in 118 (17.3%) in the HDF group and 148 (21.9%) in the 
HD group, such that there was a 23% higher risk of death in 
patients receiving high-flux HD compared with those receiving 
high-dose online HDF (hazard ratio 0.77, 95% confidence interval 
0.65 to 0.93) [ 7 ]. In pre-determined subgroup analyses, mortality 
was significantly lower in patients > 65 years of age, those with 
a dialysis vintage of < 2 years, those dialysing through an arte- 
riovenous fistula and those without pre-existing cardiovascular 
disease or diabetes [ 7 ]. While detailed exploratory analyses from 

the authors are awaited, these data suggest that older patients 
with fewer comorbidities are likely to have better outcomes with 
high-dose HDF compared with high-flux HD. 

Using the time-to-event data, we calculate that one would need 
to treat 21 patients with high-dose HDF rather than high-flux HD 

for 3 years in order to prevent one death (from any cause) per 
year (95% confidence interval 14–68). Individual patient data from 

CONVINCE will augment the existing pooled individual partici- 
pant data analysis [ 9 ] from previous RCTs [ 3 –6 ] and may suggest 
that certain populations do better on HDF. 

ARE WE CONVINCEd? 
CONVINCE aimed to provide a conclusive ‘end of discussion’ RCT 

on the optimal dialysis modality for patients on long-term dial- 
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Nearly 4 million people in the world receive life-sustaining kid-
ney replacement therapy, with haemodialysis (HD) accounting for
approximately 69% of all treatments [ 1 ]. Despite substantial im-
provements in dialysis technology the survival of patients on HD
is lower than for many types of cancer [ 1 ]. Cardiovascular dis-
ease is a major cause of morbidity and accounts for almost 50% of
deaths in HD patients. Although this high mortality is attributable
to many causes, the limited clearance of potentially harmful mid-
dle molecules through standard HD may be a contributor. On-
line haemodiafiltration (HDF) augments the clearance of middle
molecular weight uraemic toxins through convective clearance
while standard HD treatment is mainly based on diffusion [ 2 ].
A number of biologically plausible explanations have been sug-
gested for improved outcomes with HDF including the removal
of middle-sized molecules more effectively than high-flux HD, in-
creasing haemodynamic stability due to increased thermal losses
during HDF, and reducing inflammation and oxidative stress. Con-
vection volume, a key determinant of outcomes, is the corner-
stone of treatment with HDF [ 2 ]. 

Four randomized controlled trials (RCTs) have compared
all-cause and cardiovascular mortality between HDF and HD in
patients receiving maintenance dialysis [ 3 –6 ]. Of these, only the
Estudio de Supervivencia de Hemodiafiltración Online (ESHOL)
Trial, which achieved convection volumes of ≥18 L per session,
demonstrated a significant reduction in all-cause mortality with
on-line post-dilution HDF compared with high-flux HD [ 4 ]. Differ-
ent HD (low- vs high-flux) and HDF techniques were used across
the four RCTs, and patient demographics, access type, treatment
time and the targeted versus actual delivered convection volume
also differed. Importantly, in two of the RCTs a significant propor-
tion of high-risk patients were removed from the HDF arm after
randomization. Given the heterogeneity across these RCTs and
methodological shortcomings, the relative efficacy of HDF versus
HD remains unproven and current clinical guidelines have not
reached a consensus on the treatment benefit of HDF. 
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sis. While the authors must be congratulated on performing a
igorous, large-scale trial during the COVID-19 pandemic, a ma-
or limitation of the study was that patients were selected from
ithin the populations of the participating centres. This limita-
ion was reported in a previous methodology article published
y the CONVINCE scientific committee, acknowledging that the
haracteristics of the total potentially available study population
as not collected for logistical and organizational reasons [ 10 ].
his preliminary selection of patients explains the very high re-
ruitment rate (96.7% of patients who were approached agreed
o participate) and a very low withdrawal or dropout rate (only
.9% and 4.2% in HDF and HD cohorts, respectively). It also ex-
lains the very high percentage ( > 80%) of arteriovenous fistu-
as: investigators may have selected somewhat younger patients
ho were less frail and had fewer comorbidities, so that they
ould achieve the target convection volume. Thus, the CONVINCE
opulation is not truly representative of the ‘usual’ population
f adults receiving in-centre dialysis in Europe. Nevertheless,
his recruitment strategy achieved impressive and consistently
igh convection volumes of 25.3 L/session throughout the 3-year
tudy period, which has not been possible in any of the previous
CTs. 
Several questions remain unanswered, many of which will no

oubt be addressed in the post hoc analyses of CONVINCE. Mean-
hile, a few points are discussed below: 

(i) Despite well-matched groups, a significantly lower mortal-
ity was only seen in patients dialysing through an arteri-
ovenous fistula and not in those with grafts or catheters,
although a small sample size in the latter group may have
reduced statistical power. It would be interesting to know
the comparative blood flow rates and convection volumes
through different access types.

(ii) Patients in both study arms achieved excellent blood flow
rates of approximately 370 mL/min, consequently achiev-
ing very high clearance of low molecular weight solutes as
evidenced by the excellent Kt/V (at least for the single-pool
Kt/V analysis which is reported). However, small molecule
clearance is unlikely to have improved outcomes, and
clearance of middle molecules such as beta-2 microglob-
ulin are more likely to influence outcomes, but have not
been reported.

(iii) The CONVINCE investigators must be applauded for
achieving a mean absolute convection volume of
25.3 L/session (95% confidence interval 24.8 to 25.7)
over the 3-year study period, and consistently above the
already high target of 23 L/session at all time points.
However, when outcomes are stratified by convection
volume it may become apparent that somewhat lower
convection volumes may also achieve beneficial effects,
or that there may be a ceiling effect beyond which no
further benefit is seen. Perhaps, based on the clearance
kinetics of different molecules, different outcomes may be
seen at different convection volumes. Finally, to challenge
the ‘one-size-fits-all’ concept, it is important to analyse
outcomes after standardizing convection volumes for 
body size.

(iv) Although counterintuitive, patients with a low dialysis vin-
tage of < 2 years seem to have better survival on HDF. Early
after dialysis start there is still residual diuresis and one
would not expect a large survival benefit from HDF. Sim-
ilarly, older patients achieved better survival on HDF, per-
haps because there were too few deaths in the younger pa-
tients to show significant differences, or that these older
adults without diabetes or cardiovascular disease were a
selected group of survivors. These findings in subgroups
may be biased by hidden confounders and require further
analysis.

(v) A crucial piece of missing information is on the resid-
ual urine output, with data available in only 11%. With
a median dialysis vintage around 33 months in CON-
VINCE, residual output is expected to be very limited,
and the ‘missing data’ might in fact be due to a very
low urine output that patients thought was too lit-
tle to report. The very limited information on resid-
ual output will significantly complicate some post hoc
analyses.

(vi) Performing any large-scale trial in the COVID-19 era was
fraught with complexities, and in the case of the CON-
VINCE trial this may have affected outcomes as well.
Among patients with COVID-19 infection there were sig-
nificantly more events in the HD compared with the HDF
group, with a mortality risk of 3.6 vs 2.3 per 100 patient
years (hazard ratio 0.69, 95% confidence interval 0.49 to
0.96). It was not possible to distinguish between deaths
due to COVID-19 versus deaths in patients with COVID (re-
sponse from lead author at ERA Congress). Surprisingly,
cardiovascular mortality was not significantly different be-
tween groups, but infection-related deaths accounted for
the higher all-cause mortality in the HD group. Interest-
ingly, not only were the COVID-19-related deaths lower in
the HDF group (15 vs 21), but so were deaths from sepsis (7
vs 14), respiratory infection (2 vs 5) and cardiac infection
(0 vs 2). The ESHOL trial also reported that deaths from in-
fectious causes were significantly reduced in their HDF co-
hort [ 4 ]. Although there were significantly more catheter-
related infections and hospitalizations in the HD cohort in
ESHOL, this was not seen in CONVINCE. HDF may have a
beneficial effect on immunological function by removing
cytokines and inflammatory mediators which are middle
molecular weight substances, and greater haemodynamic
stability in HDF may also help by reducing gut ischaemia
and bacterial translocation.

O, DO WE NEED ANOTHER HDF TRIAL? 
he nephrology community has witnessed the power of cumu-
ative evidence from multiple RCTs to accelerate adoption of
ovel interventions in chronic kidney disease. The High-volume
DF versus High-flux HD Registry Trial (H4RT) is an ongoing RCT
hat aims to assess the effects of high-volume HDF compared
ith high-flux HD [ 11 ] with a composite primary outcome of
on-cancer mortality or hospital admission with a cardiovascu-
ar event or infection. The trial has completed recruitment of
550 patients and should report in late 2025. Importantly, it dif-
ers from CONVINCE in including people regardless of their abil-
ty to achieve high-volume HDF as the intervention is ‘aiming for
igh-volume HDF’ and will therefore provide evidence on HDF
nd its application universally in all dialysis patients. Also, H4RT
ill have significant pre-COVID-19, COVID-19 and post-COVID-
9 follow-up periods, which will help untangle the effects of the
andemic. 
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IMPLICATIONS FOR PATIENTS, CLINICIANS 

AND POLICYMAKERS 

Currently, the uptake of HDF in clinical practice is highly vari-
able and HDF is not available even in many high-income coun-
tries. Optimal dialysis requires the best vascular access, and given
the overwhelming pre-selection of patients with arteriovenous
fistulas in CONVINCE, this suggests that higher convection vol-
umes are more likely to be achieved via fistulas compared with
catheters or grafts. The CONVINCE protocol involves further ex-
ploratory analyses to identify the modifiable risk factors that in-
fluence achievement of target convection volumes, and together
with these data we encourage the investigators to share their ex-
perience in implementing high-quality HDF. 

In addition to monetary costs, the sustainability and environ-
mental burden of dialysis therapy is already substantial. The
widespread adoption of online HDF would require considerable
improvements to infrastructure in some settings, in particular
the provision of ‘ultrapure’ water. The production of such ultra-
pure water has an important climate impact: the production of
an extra 23 L of ultrapure water per dialysis session (required
for some HDF machines) would require 66 L of water per ses-
sion or an extra 10 300 L of water per patient per year (a 17%
increase). Better understanding and personalization of dialysis
treatment based on the benefits of HDF shown in select subgroups
in CONVINCE would offer a compromise between improving sur-
vival and reducing the climate impact of dialysis. Important sec-
ondary outcomes of the CONVINCE trial on formal assessments of
health-related quality of life measures, health economic analyses
and cost-utility analyses expressing costs per quality-adjusted life
year are eagerly awaited. The Standardised Outcomes in Nephrol-
ogy (SONG-HD) trial has shown that patients value quality of life
and lifestyle choices on a par with survival alone, and these data
may likely influence an individual’s choice of dialysis therapy. 

In summary, CONVINCE is a milestone in dialysis research.
It provides the first convincing evidence that patients receiving
high-dose HDF have improved survival compared with those re-
ceiving high-flux HD. Although it might not convince us to see HDF
as the cure-all, it leaves an important mark. It tells us that with
a good study design, sufficient power and strict adherence to the
study protocol, it is possible to demonstrate significantly reduced
overall mortality in a subgroup of patients with end-stage kidney
failure. Meanwhile, dialysis remains a suboptimal life-support,
placing an enormous burden on patients and their families. In-
novations are required to substantially improve their health and
quality of life outcomes, and we hope that this study and this out-
come will strengthen the case for future landmark studies in pa-
tients on maintenance dialysis. 
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