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There is increased scientific evidence that hemodiafiltration (HDF) positively
affects clinical outcomes for dialysis patients. However, healthcare policy and
reimbursement rates are among the challenges that limit the broader adoption
of HDF in many countries. Overcoming these barriers requires that health policy
experts look beyond the initial higher cost of HDF to factor in the long-term
benefits for both healthcare systems and people on hemodialysis.

Online hemodiafiltration (HDF) is a technologically
advanced dialysis modality that utilizes a specifically
designed high-flux dialyzer and a dedicated
hemodialysis machine.

Online HDF efficiently removes small-molecular-weight
uremic solutes mainly through diffusive transport.
Simultaneously, medium-sized molecules, such as beta
2-microglobulin, are preferentially removed through
convective clearance, which depends on several factors,
including blood flow, ultrafiltration (UF) rate, and dialyzer
membrane characteristics (pore size and permeability).
To maximize the removal of middle-sized toxins through
convection, UF exceeds the desired fluid loss, and
replacement (substitution, Qsub) fluid is administered to
achieve the target fluid balance (Figure 1).

The term “online” refers to the fact that the dialysis
machine generates the Qsub fluid from ultrapure
dialysate in real time. This eliminates the need for pre-
prepared substitution fluid bags.

High-volume HDF is designed to enhance the advantages
of online HDF by increasing the Qsub fluid production and
consequently boosting the convective clearance, thus
enhancing the overall effectiveness of the treatment.

Technical Aspects of HDF

HDF dates to the late 1960s when Henderson published
the first article on the use of UF and fluid replacement
as a method of blood cleansing,! and it has undergone
continuous improvement since then.? Since the late
1970s, due to the need for large volumes of substitution
solution, the fresh sterile and non-pyrogenic (ultrapure)
fluid has been made from dialysate and reinfused as
substitution fluid (online HDF).2 The substitution fluid
(Qsub) is obtained by the cold sterilization of dialysate,
achieved via a two-step ultrafiltration process using
sterilizing ultrafilters.

Online HDF treatment modalities can be categorized
based on the point of Qsub administration within the
extracorporeal circuit into four distinct types.*® The
Qsub is introduced before the blood enters the dialyzer
in pre-dilution HDF. In post-dilution HDF, the Qsub is
infused after the dialyzer into the venous drip chamber
(Figure 2). Less commonly utilized, mixed-dilution and
mid-dilution HDF infuse the Qsub at distinct points
within the extracorporeal circuit. In mixed-dilution HDF,
the fluid is added both before and after the dialyzer,
whereas in mid-dilution HDF, it is introduced into the
midpoint of the circuit.

FIGURE 1 | DIFFUSION AND CONVECTION PROCESS
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FIGURE 2 | POST-DILUTION ONLINE HEMODIAFILTRATION: THE SUBSTITUTION FLUID IS INFUSED IN THE VENOUS DRIP CHAMBER
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In Asia, pre-dilution HDF is preferred due to the lower
blood flow rate (Qb) requested. Conversely, post-
dilution online HDF is the dominant modality in Europe,
accounting for roughly 90% of convective dialysis
procedures. Post-dilution online HDF allows for a
more favorable balance between elevated low-middle
molecule solute clearance removal rates and reduced
use of substitution volume compared to other online
HDF techniques. The high UF rate increases the risk

of membrane fouling with increased transmembrane
pressure (TMP), shortened membrane lifespan, and
reduced clearances. These factors limit the filtration
fraction (UF rate/plasma flow rate x 100%) to around
25%-30% of the Qb.® Various automated feedback
control systems have been introduced to adjust the
infusion rate of Qsub based on Qb and dialyzer TMP.
These systems aim to streamline the execution of online
HDF while optimizing the intradialytic Qsub.

To mitigate the increased TMP caused by the protein
fouling, Qsub is automatically reduced to keep the
treatment stable, significantly reducing the number of
alarms during dialysis.” Among the others, Fresenius
Medical Care’s (FME) AutoSub plus automatically
adapts Qsub according to the Qb, blood viscosity,
TMP, and attenuation of pressure pulses. Membrane
characteristics are fundamental to minimizing protein
fouling. One of the most important is a hydrophilic
modification of the synthetic membrane surface to
reduce protein adsorption and lead to performance
stability during treatments.89:10.11:12

Clinical Benefits

In recent reviews, the advantages of online HDF
compared to high-flux hemodialysis (HF-HD) were
summarized.'®'* Online HDF has demonstrated a
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direct effect in decreasing the incidence of intradialytic
hypotensive episodes, better hemodynamic stability
unrelated to improved sodium balance,'®'®'” and

a positive impact on cardiac remodeling.819.20.21
Patients undergoing HDF have exhibited reductions

in chronic inflammatory states?':?? and oxidative
stress??2 alongside enhancements in endothelial
function and cardiovascular stiffness,?4252¢ progression
of atherosclerosis,? sympathetic tone activity,?® and
arrhythmogenicity.2° HDF contributes to improving
anemia management,®®3'32 nutritional status,®?3® physical
activity,® enhancement of quality of life,333%3637 and
protection of residual kidney function.®®

Four large randomized controlled trials (RCTs) have
demonstrated the superiority of online HDF over HF-
HD with respect to clinical outcomes, particularly in
reducing the mortality of individuals with end-stage
kidney disease (ESKD).34041:42 Peters et al. conducted
an individual patient data meta-analysis of the four
RCTs and found that online HDF was associated with

a 14% reduction in all-cause mortality and a 23%
reduction in cardiovascular mortality compared to HF-
HD.“ Many retrospective data analysis studies have
yielded comparable results, showing a dose-response
relationship between substitution/convective volume and
survival rate.445.46:47.48.495051.52 Gnecifically, a substitution/
convective volume exceeding 21/23 L per session

has been associated with the most favorable effect on
lowering mortality.*+4546:4748 |n the CONVINCE study, a
multinational interventional randomized controlled trial
funded by the European Union’s Horizon 2020 Research
and Innovation Program, 1,360 individuals with ESKD
were recruited from 61 dialysis centers from public and
private sectors in 8 countries.5® The post-dilution high
dose (volume) HDF (HVHDF), defined as convection
volumes = 23 L (range %1 L) per session, reduced the
risk of all-cause mortality by 23% compared to HF-



HD.%® A recent systematic review and meta-analysis of
five RCTs showed that online HDF significantly reduced
the risk of cardiovascular-related deaths by 25% and
all-cause mortality by nearly 20% compared with the HD
group; additionally, HDF effectively reduced the risk of
infection-related mortality by 319%.39 40 41,53,54,55

Challenges to Adoption

Despite the evidence that post-dilution HVHDF improves
clinical outcomes and quality of life, its worldwide
adoption remains limited. From 2014 to 2023, the
number of HDF patients worldwide grew by an average
of 13% per year (Figure 3).58 Expanding HVHDF more
globally requires addressing the barriers to adoption.
Canaud et al. postulated that HYHDF acceptance might
be affected by regulatory and technical issues, clinical
evidence of benefit, and healthcare policies, including
reimbursement rates.%” All countries worldwide have
approved online HDF’s clinical use, and regulatory and
technical aspects have become more accessible to
address.®” Despite the increased scientific evidence
demonstrating the positive impact of HVHDF on
clinical outcomes, healthcare policy and reimbursement
rates remain the most significant challenges limiting

the broader adoption of HYHDF in many countries.
Japan has encouraged the use of HDF by approving its
payment under national health insurance and setting
higher reimbursement rates in 2012.%” The number of
patients treated by HDF has been rising since 2012 to
reach 191,492 by the end of 2022, which accounted for
55.1% of all dialysis patients.%® In 2022, approximately
31% of people with ESKD receiving hemodialysis in
Europe were treated by online HDF,%¢ though there is
high variability between European countries. Some
European countries have recognized the potential

of HDF to improve patient outcomes while keeping
healthcare costs stable, leading them to implement

policies aimed at increasing its uptake. In 2018, the
National Institute for Health and Care Excellence in

the U.K. recognized the superiority of HDF in their
guidelines.®® Some countries have incentivized the
uptake of HDF by offering higher reimbursement

rates (e.g., Czech Republic). Others have introduced
restrictions, either by specific indications (e.g., Poland),
by setting a threshold limit (e.g., Italy), or by making HDF
payment coverage dependent upon individual payer’s/
health insurance policies (e.g., Slovenia). In some
European countries, HDF is allowed but reimbursed at
the same rate as HF-HD.

Since 2004, HVHDF has been adopted as standard
therapy in FME Europe, Middle East, and Africa (EMEA)
NephroCare clinics. In January 2014, FME EMEA
implemented an infusion volume greater than 21 L per
session as a new quality key performance indicator
(KPI) for patients receiving treatment with post-dilution
online HDF. Over a decade, over half of all people with
ESKD treated in FME EMEA clinics have been treated
according to this target. As of 2023, more than 26,000
prevalent patients (dialysis vintage in FME clinics > 90
days, receiving 12-13 treatments/month) were treated
using post-dilution online HDF with a mean convective
volume of 26.4+4.9 L.

In contrast, there is some suggestion that using mid-
medium cut-off dialyzers may be non-inferior to HVYHDF
in reducing all-cause mortality. The MOTheR study trial
is an open-label multicenter prospective trial designed to
evaluate the efficacy and safety of using a mid-medium
cut-off dialyzer compared to HVHDF in dialysis patients
in Spain for up to 36 months.® Preliminary data suggest
it may be non-inferior in reducing all-cause mortality.
Other potential benefits associated with HYHDF have
not yet been reported for the MOTheR trial.%®

FIGURE 3 | ONLINE-HDF PATIENT GROWTH (THOUSANDS) BY REGION AND GLOBAL AVERAGE ANNUAL INCREASE
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Strategies
for Adoption

To further expand HVHDF adoption worldwide,
several strategies could be implemented:

1. Bridging the knowledge gap

2. Addressing sustainability
concerns

3. Emphasizing long-term cost
savings/value proposition

. Fostering cross-functional
collaboration for HVYHDF
advancement

5. Implementing patient
empowerment

N

1. Through targeted workshops and training programs,
knowledge gaps in HVHDF can be bridged effectively,
significantly enhancing comprehension. Managing HVHDF
programs, experiences, success stories, and lessons
learned can be disseminated through identified reference
centers, inspiring broader adoption. Standardization of
HVHDF procedures, including implementing specific KPIs
(e.g., treatment time = 240 minutes, convective volume

> 23 L), minimizes variability, ensures adherence to best
practices, and fosters efficient workflow. Additionally,
integrated systems equipped with dedicated machines,
dialyzers, and automated feedback controls for infusion
rate adjustments can improve operational efficiency and
help mitigate the learning curve for healthcare personnel.

2. Conducting health economic outcome studies
assessing the comparative costs and outcomes
associated with HVHDF versus traditional methods may
provide valuable insights into its financial sustainability.

Shroff and the EUDIAL Working Group highlighted
concerns regarding the sustainability and environmental
impact of HVHDF due to the larger infusion volume
required compared to conventional high-flux HD, and
they speculated that the associated cost outweighs the
benefits.®" On the contrary, Canaud et al. demonstrated
that optimally prescribed post-dilution online HDF
emerges as the most environmentally friendly choice.®?
This approach not only excels in enhancing solute
clearance across all molecular weights but also offers
the potential to significantly reduce water and dialysate
consumption by allowing lower dialysate flow rates
without compromising clearances.®?

3. Online HDF is capable of meeting the main clinical and
financial challenges as well as the diverse expectations
of various stakeholders (patients, physicians, industry
healthcare providers, and funders).®® While evidence
suggests favorable patient outcomes with HVHDF,
questions regarding its cost-effectiveness compared

to high-flux HD persist. While the upfront investment

in HVHDF infrastructure may initially seem restrictive,
focusing on its long-term returns, such as reduced
hospitalizations, increased survival, decreased medication
requirements, and improved quality of life, legitimizes the
initial expenditure.

4. Robust cross-functional networks involving
researchers, healthcare organizations, industry partners,
government agencies, and nephrology societies are
essential for driving standard-setting, evidence-based
practice, and innovation in HVHDF. This type of
collaboration is essential to demonstrate this therapy’s
long-term savings and value proposition, including
reduced hospitalizations and co-morbid events. Active
engagement in multinational consortiums dedicated

to advancing renal care, such as the CONVINCE

study —which unites dialysis divisions in academic
hospitals, general facilities, and private renal care
providers —amplifies the focus on HVHDF and fosters
cross-border learning. These alliances can potentially
promote the dissemination of best practices across
diverse contexts, accelerate knowledge generation, and
support broader worldwide implementation of HVHDF,
focusing on resource optimization, safety, efficacy, and
environmental sustainability.

5. Promoting active patient participation in the
decision-making process, in collaboration with patient
associations, ensures that patient preferences and
values are considered when selecting dialysis modalities.
Providing accessible educational materials, including
relevant information about potential benefits and
drawbacks, can facilitate informed decision-making

and encourage greater patient acceptance and active
participation in HYHDF programs.



Conclusion While the upfront investment
Achieving widespread adoption of HVHDF necessitates in HVH DF infrastru Ctu re may

a multifaceted and collaborative strategy that addresses

current challenges effectively. The proposed interventions |n|t|a||y seem restrictive,

should be implemented through a multistakeholder

approach. By fostering the expansion of HVHDF, the fOCUSing on its Iong-term
overarching goal of enhancing patient care and clinical returns, SUCh as reduced

outcomes on a global scale while ensuring its sustainable

delivery can be achieved. hospitalizations, increased
survival, decreased medication
requirements, and improved
quality of life, legitimizes the
initial expenditure.
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