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Abstract

Hemodiafiltration (HDF) achieves a more efficient reduction of the uremic toxic load

compared to standard high-flux hemodialysis (HF-HD) by virtue of the combined dif-

fusive and convective clearances of a broad spectrum of uremic retention solutes.

Clinical trials and registry data suggest that HDF improves patient outcomes. Despite

the acknowledged need to improve survival rates of dialysis patients and the survival

benefit HDF offers, there is little to no utilization in some countries (such as the US)

in prescribing HDF to their patients. In this analysis, we present the healthcare value-

based case for HDF (relative to HF-HD) from the patient, provider, and payor

perspectives. The improved survival and reduced morbidity observed in studies con-

ducted outside the US, as well as the reduced hospitalization, are attractive for each

stakeholder. We also consider the potential barriers to greater utilization of HDF

therapies, including unfounded concerns regarding additional costs of HDF, e.g., for

the preparation and microbial testing of quality of substitution fluids. Ultrapure fluids

are easily attainable and prepared from dialysis fluids using established “online“
(OL) technologies. OL-HDF has matured to a level whereby little additional effort is

required to safely implement it as all modern machine systems are today equipped

with the OL-HDF functionality. Countries already convinced of the advantages of

HF-HD are thus well positioned to make the transition to OL-HDF to achieve further

clinical and associated economic benefits. Healthcare systems struggling to cope with

the increasing demand for HD therapies would therefore, like patients, be beneficia-

ries in the long term with increased usage of OL-HDF for end stage kidney disease

patients.

1 | INTRODUCTION

By 2040, chronic kidney disease (CKD) is estimated to become the

fifth leading cause of death globally.1,2 As the burden of CKD esca-

lates and current costs being unsustainable, dialysis care providers

and payors need not only to be prepared for future demand in kidney

replacement therapy (KRT) but to improve patient outcomes while

reducing costs.3 Among populations with access to dialysis, mortality

remains high and outcomes suboptimal.4 Although survival rates of

patients on dialysis have improved globally over the years, they are

still considered unsatisfactory even in high-income populations.3,5

Unadjusted 5-year survival of end-stage kidney disease (ESKD)

patients on kidney replacement therapy (KRT) was 41% in the USA,

48% in Europe, and 60% in Japan.3 Hemodialysis (HD) is the predomi-

nant KRT modality in these regions. Because providers in most coun-

tries outside of the US are rewarded based upon patient health

outcomes, the gap in survival between the US, Europe and Japan

requires reassessment of KRT management strategies to ensure better

delivery of HD therapies with reduced procedure-related effects that

impact patient wellbeing as well as costs.6,7
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1.1 | Why high-flux dialysis is still a sub-optimal
modality

According to DOPPS (Dialysis Outcomes and Practice Patterns Study),

MONDO and United States Renal Data System (USRDS), differences

in patient populations and variations in dialysis practice patterns may

account for some of the aforementioned differences in survival out-

comes.3,5,8,9 Modifiable dialysis practices including HD treatment

modality, duration, frequency and location of treatment, vascular

access, medication, water quality, and patient compliance which all

impact dialysis adequacy and survival rates.10 The choice of treatment

modalities for HD includes low-flux HD (LF-HD), high-flux HD (HF-

HD), and hemodiafiltration (HDF), of which there are several variants,

the main two being online HDF (OL-HDF) and online high-volume

HDF (HV-HDF; i.e., substitution volumes >21 L per session, post-dilu-

tion mode).11–13 The switch from LF-HD to HF-HD, backed by sec-

ondary analyses of the US HEMO and the European MPO trials that

showed a survival advantage in certain patient groups, convinced

nephrologists of the benefits of increased dose of dialysis as well as of

more intensive removal of a broad spectrum of uremic toxins.12–14 It

also fuelled the belief that patient outcomes could be improved fur-

ther with modalities that are even more efficient in terms of their

detoxification capabilities.15

2 | STRIVING FOR “MORE INTENSIVE”
DIALYSIS: HEMODIAFILTRATION

Hemodiafiltration (HDF), as the designation indicates, is modality that

combines the principles of hemodialysis (HD) and hemofiltration

(HF) that was pioneered in the US in the 1970s to target removal of

larger uremic retention solutes involved in uremia.16–18

The original HDF procedures were cumbersome as fluid removed

by ultrafiltration (other than that removed to compensate for inter-

dialytic fluid gain) had to be substituted with an equivalent volume of

highly pure substitution fluid using several bottles or bags.16 The

advent of “online” (OL) preparation of substitution fluid—from the

existing dialysis fluids—resolved the dilemma and established the plat-

form for OL-HDF and its different variants in use today.19 Achieve-

ment of maximal ultrafiltration rates (relative to the blood flow rates)

according to the individual needs of patients is the key to maximizing

convective clearances with HDF.20 A body of clinical evidence indi-

cates that HDF, particularly at high substitution volumes (> 21 L per

treatment) provides survival benefits for patients; this has given rise

to the concept of convective dose which considers the total ultrafiltra-

tion volume (volume due to substitution and weight loss.21–25 To our

knowledge to date, no studies have shown any inferiority or detrimen-

tal effects attributed to OL-HDF.26 Further, previous studies that

were unable to demonstrate any superiority of OL-HDF (over HF-HD)

probably applied substitution volumes below 21 L per treatment, as

the convective dose concept only became evident subsequently after

the initial set of clinical studies on OL-HDF.26

3 | HEMODIAFILTRATION: THE VALUE
BASED HEALTH CARE PERSPECTIVE

Concerns regarding the future global sustainability of dialysis have

increased in recent years. In a recent review Himmelfarb et al.,4 as

current costs are not sustainable (even for high-income countries),

there is urgent need to develop new approaches and dialysis modali-

ties that reduce costs, improve patient outcomes, and increase acces-

sibility. This statement, from leading opinion leaders in nephrology

addressing the current and future landscape of dialysis, essentially

embodies the core tenet of value-based healthcare (VBHC) of achiev-

ing the best (clinical) outcomes at adequate costs.27,28 The benefits of a

VBHC system extend to patients, providers, payers, suppliers, and soci-

ety as a whole.29

Provision of dialysis is one of the most cost-intensive medical

interventions whereby lifelong KRT—sometimes up to three decades

or beyond—is delivered.30,31 It represents a disproportionately high

financial burden to healthcare systems and society at large, and the

need for KRT is projected to increase more steeply.32,33 Recognizing

the need for action, many initiatives have applied the VBHC frame-

work to CKD and dialysis care.34 The analyses of Busink et al.35

reveals that translation of VBHC into value-based renal care (VBRC) is

possible and even desirable if an optimal treatment pathway for CKD

patients is to be achieved. Such a transition requires an organizational

change in health system setup and should include a strategy focusing

on full care responsibility: the patient outcome perspective and eco-

nomic analysis need to be the center of attention while also consider-

ing societal and environmental aspects. A further example of VBHC

endeavors that evaluate cost implications of KRT, the National Insti-

tute for Health and Care Excellence36 England conducted a systematic

review and applied economic models to compare HDF with Hf-HD.36

3.1 | The patient: HDF improves survival rates as
well general well-being

While patients value longevity, the overarching desire of patients is

reducing symptom burden and achieving maximal functional and

social rehabilitation.4,38 Three major European RCTs have investigated

survival and morbidity rates of HDF compared to HD.37,39,40 The

Pooling Data Study compiled the data from the three RCTs and addi-

tional data from the FRENCHIE study, all report survival benefits for

patients treated with HV-HDF.23,41–43 After pooling all data, the

reported numbers needed to treat (NNTs) were 32 (all-cause mortal-

ity) and 75 (CVD-mortality) for high volume HDF treatments per year,

meaning that 32/75 patients need to be treated with high volume

HDF to prevent one death per year related to all-cause/CVD mortality

respectively.42 Similarly, by taking the mortality rates from the ESHOL

Study (that compared HF-HD and HV-HDF) and calculating the pro-

jected survival difference between the two groups of 100 HF-HD and

100 HDF patients, after 6 years, 12 patients more would have sur-

vived in the HDF group than in the HD group (Figure 1).37
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3.2 | The provider: HDF enables cost-saving

Ethical considerations aside, if patients live longer, providers of KRT

would profit from being able to treat each patient for extended

periods. This longevity incentive compels providers of dialysis thera-

pies to develop or implement treatment strategies for which there is

evidence of improved survival rates.44 Recently, data from a large pro-

vider of HD services showed a reduction of mortality when key indi-

cators of HD performance are systematically implemented in

combination with HDF.45

Because of the very nature of current delivery of HD—intermit-

tent, regular, and long-term—clinical outcomes are intricately linked to

costs and profitability.46,47 Intermittent dialysis results in severe sys-

temic stress inducing both acute (during HD session) as well as

chronic (interdialytic period) hemodynamic stress, both of which result

respectively in hypotensive and hypertensive episodes.48–50 Subse-

quent correctional interventions to deal with adverse events have

considerable cost repercussions for providers of HD therapies.51

HDF, particularly at higher convective volumes, could provide benefi-

cial effects towards reducing such adverse reactions observed in HD

patients.25,52

The principal cost-incurring components involved in the care of all

HD patients are infrastructure (care unit setting and physician/nurse

fees), HD treatment (disposables, machines, and solutions), medica-

tions (heparin, erythropoietin, iron, or for comorbid conditions), trans-

portation (in some countries), diagnostics/lab testing (regular session-

related blood or fluid monitoring), and waste disposal (packaging and

biowaste).53 In a budget constrained environment, it is apparent that

each of these components could contribute to cost savings by improv-

ing efficiencies or reducing waste.54,55 However, cost optimization

processes, if conducted injudiciously without due consideration to the

physiological and medical consequences, are often to the detriment of

the patient who then receives suboptimal therapy leading to poor out-

comes. Most additional costs incurred attributed directly to the HD

treatment session or its consequences (short- or long-term) are costs

related to hospitalization to address or correct adverse events.

3.3 | How HDF enables cost savings through
reduced hospitalization

Hospitalization is an important cost factor for providers who are not

reimbursed for the sessions missed.56–60 A recent analysis estimated

the potential cost-savings associated with reducing hospital admis-

sions associated with online HV-HDF relative to HF-HD.61 As eco-

nomic models built upon payment systems and structures outside of

the US may be difficult to apply to US, the analysis estimated the

potential cost-savings associated with reducing hospital admissions

with online HV-HDF (vs. HF-HD) based on published studies and

average cost of hospitalization derived from USRDS cost data. The

overall rate ratio of all-cause hospital admissions was 0.78 (with 95%

CI of 0.67–0.90 in patients on HV-HDF vs. HF-HD); this translates

into significant cost savings due to hospitalization with HV-HDF

observed for averted hospitalization and missed in-center treatment

sessions as shown in Figure 2.

3.4 | The payer: HDF curtails overall costs for
long-term sustainability

Longevity means increased burden of care, but this could partially

be compensated by incentivizing general well-being (reduced mor-

bidity) so that a patient is able to lead as normal a life as possible

and contribute to society.62 However, every hospitalization means

significant extra costs for the payer (healthcare system), depending

on the severity of the incidence and duration of stay, planned or

unplanned. During the hospitalization period, HD therapy must

nevertheless be continued at the prescribed intervals and even may

be more if the patient's volume status is impacted and/or if they

are more catabolic. Although costs for HD treatments conducted in

hospital are covered by specific reimbursement schemes, hospitals

may need to charge higher amounts as the therapy is not usually

conducted in the same streamlined way as in specialist dialysis

facilities.63

F IGURE 1 The number of surviving
HD and HV-HDF patients over a period
of 6 years according to the mortality rates
reported in the ESHOL study.37 Survival
calculations are based on these mortality
rates and NNT (numbers needed treat,
measure used in communicating the
effectiveness of a health-care
intervention), starting with 100 patients in

both groups
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The NICE initiative from England conducted a systematic review

and applied economic models to compare HDF with HF-HD.36 NICE

recommends that in-center HDF should be considered rather than in-

center HD in hospital or satellite dialysis units. This evidence-based

recommendation aims at reducing variation in the availability and

quality of NHS treatments and care, as well as promoting individual-

ized and integrated care in England. In their assessment, NICE consid-

ered HDF be cost-effective: It improves survival of HD patients

(incident and prevalent) and leads to less dialysis-related amyloid-

osis.64,65 Concurrently, according to European studies, non-direct dial-

ysis procedure-related categories, such as medication, are positively

impacted, for example, reducing requirements for erythropoiesis stim-

ulating agents by 9%.37,39 Thus, HDF achieves a better outcome over

cost ratio than HD, which is at the center aspect of the provision of

VBHC. It should be noted that NICE did not consider hospitalization

for the cost-effectiveness analysis as the evidence was judged to be

inconclusive when assessing the literature, because insufficient substi-

tution volumes (<21 L) were used in two of the four studies.

A cost-effectiveness (CE) analysis like the one conducted by NICE

for HDF evaluates the effectiveness of two or more treatments rela-

tive to their cost. It is the most commonly applied health economic

evaluation and is typically carried out by health technology assessment

(HTA) agencies based on published evidence (i.e., evidence-based medi-

cine).36,66,67 The CE plane is used to illustrate the results of a CE anal-

ysis, by plotting the costs (y axis) against health outcomes (x axis) of a

new intervention: usually compared to the “current standard of care”
which is plotted at the origin (Figure 3). Technologies falling on or

below this threshold are judged to be cost-effective. Whether a

F IGURE 2 Potential cost-savings associated
with avoiding missed in-center HD treatments
and reducing hospitalizations for healthcare
providers. The parameters used for the
calculations: (A) average cost of hospitalization
was derived from USRDS and adjusted to 2021
($17,181); (B) average hospital stay of 6.42 days;
(C) assuming thrice weekly HD would result in
2.75 missed HD treatments/hospitalization;

(D) similar reimbursement rate ($253.13/
treatment for in-center Hf-HD and Hv-HDF);
similar treatment costs for both

F IGURE 3 Graph illustrating how payers
(health care systems) evaluate additional value of
HDF (blue spot) relative to HF-HD (current
standard of care, or comparator; in the middle, red
spot). The value of a new intervention is examined
by plotting costs (y axis) against clinical
effectiveness or outcomes (x axis). The willingness
to pay of a health system for additional value a
new intervention is delivering runs diagonally
across the four quadrants; if the intervention is
above the line (red region), it is deemed as being
unfavorable
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technology is cost-effective in a case where outcomes are improved

but costs are higher, it depends on the stakeholders' willingness to

pay (WTP).

4 | IMPLEMENTATION OF HDF

The transition from Hf-HD to HDF has gained pace in recent years

as there is a conviction of its clinical and economic advantages

as well as it being safe and as simple a modality to implement as

regular HD.26

4.1 | Current worldwide uptake of HDF

OL-HDF is an established treatment option used routinely for thou-

sands of patients in Europe and Asia Pacific (AP). Globally in 2018,

about 10% of patients were on HDF, 26% of these being in Europe,

and 11% in AP.68 The HDF patient average growth rate of 12% to

24% is far above the total patient HD growth rate of 6.6%. In 2016,

an estimated 80,000 European patients with ESKD and 160,000

worldwide were being treated by OL-HDF. Of the 2.82 million

patients on HD, 286,000 patients were on HDF (representing a 18%

compound annual growth rate since 2009) with 278,000 (97% of

TABLE 1 Perceived barriers to a greater utilization in clinical practice of OL-HDF

Perceived barrier to prescription of

OL-HDF treatment modalitya Comments

1. HDF is a more costly therapy than Hf-HD NICE analysis and US Study show HDF to

be more cost-effective.

2. The evidence level for HDF is not sufficient

to indicate its superiority over Hf-HD

Sufficient evidence from large RCTs, and

real-world evidence (clinical experiences;

> 10% of HD population globally treated

with OL-HDF.

3. HDF procedure technically more complex,

requires more nursing care time/session.

Staff need to undergo extensive training

programs.

After initial training, it is as simple to

perform as standard HD with technology

advancements: nurse–patient ratio
maintained.

4. HDF requires additional microbiological

testing for water, dialysis, or substitution

fluids quality

Ensuring high water and dialysis fluid

quality is mandatory for all forms of HD

therapies.

5. Infusion of large volumes of fluid is not safe

for patient

Millions of treatments are performed

annually: no reported adverse events

linked specifically to fluid quality issues.

6 Fluid infusion is laborious (lack of

awareness of ‘online’ substitution fluid

production from normal dialysis fluid)

A misconception: probably from treatment

of acute kidney failure in ICU where HDF

is performed with sterile bag solutions.

7. Requires additional expenditure/new

machines

When old machines are replaced, all newer

versions today have the OL-HDF

functionality

8. Machine disinfection regimes are more

time-consuming

Machine disinfection regimes do not change

with application of OL-HDF.

9. Requires special (more costly) dialyzers The same (high-flux) dialyzers used for Hf-

HD are also applicable for OL-HDF

10. To be fully effective, HDF requires very

high blood flows

Similar high blood flows that are

advantageous for Hf-HD also

11. There are special requirements for vascular

access

Fistula first

12. Lack of nephrologists championing HDF in

US/belief HDF is for acute kidney failure

only (see point 6 above).

No FDA approval (510 k clearance) of

online production of substitution fluid - a

hindrance for nephrologists aware of

clinical benefits of HDF.

13. Additional reimbursement (e.g., US) may be

required.

Saline savings via online priming and

additional functions (e.g., Autoflow,

Ecoflow) enable adjustment of fluid usage

according to needs in each session.

aIn no order of importance.
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HDF patients) utilizing the OL-HDF modality. Germany, France, Italy,

Russian Federation, Great Britain, Spain, and Portugal are the coun-

tries with the largest HDF patient populations. In the AP region, Japan

and China are the most prominent countries in terms of HDF share,

accounting for 82,600 and 47,420 patients, respectively, with a share

of 26 and 10%.

4.2 | Perceived barriers/impediments for the
greater uptake of HDF

Despite the rapid rise in the application of HDF worldwide (particu-

larly but not exclusively in most high-income countries), the reasons

that prevent an even greater application of HDF need to be examined.

Table 1 lists some of the perceived barriers that hinder a more wide-

spread usage of OL-HDF to treat KRT patients. While the individual

perceptions and reservations of nephrologists in assessing the publi-

shed data may prevent them from offering HDF to their patients,

overall country-specific policy, mostly related to cost, regulatory

and/or reimbursement issues are the greater deterrence, even when

physicians are convinced of its clinical value. The case is different for

the US, where HDF is absent because regulatory approval of the ther-

apy in the US is pending and no HDF machines are available. Whereas

outside the US HDF is regarded as a standard of care, in the US, it is

an unknown therapy and not included in the nephrology training cur-

riculum. Consequently, there are questions raised as to what extent

non-US clinical trial data can be extrapolated to the US. Once the

therapy is available, data from US-based trials would help evaluate the

incremental benefit of HDF in the US.

5 | CONCLUSIONS

All KRT therapies aim not just to sustain, but to prolong patient lives

with an acceptable quality of life. The obligation to produce benefit

for individual patients is a duty of physicians and healthcare systems

alike.69 By advocating the case of the clinical and cost-effectiveness

of OL-HDF in this publication, we prompt the question how the renal

care community can give even more patients access to this treatment

modality.70

Today, scientific or clinical considerations alone do not determine

the mode of dialysis delivered to patients. Provision of HD is intri-

cately linked to cost-containment; a conflict of interest arises between

bedside care providers (doctors and nurses) and dialysis center man-

agement teams involved in administrative and procurement opera-

tions. However, by achieving better patient outcomes at the same or

lower costs, OL-HDF meets the core prerequisites of patients, pro-

viders, and payers alike. There are certainly areas requiring further

refinement through the acquisition of more evidence, but the current

data and clinical experience with HDF are sufficiently strong to sug-

gest its superiority over conventional HD (including high-flux HD)

based upon clinical endpoints derived from RCTs and real-world evi-

dence.26 Several millions of OL-HDF treatment sessions are carried

out safely annually without increased procedure-specific incidences.

Globally, even though the US has not yet had the opportunity to offer

this modality option to its ESKD population, HDF represents a new

paradigm shift in KRT with potentially promising results, particularly

when OL-HDF is delivered with high substitution volumes

(>21 L).26,43,71,72
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