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ABSTRACT

As the prevalence of chronic kidney disease is expected to rise worldwide over the next decades, provision of renal
replacement therapy (RRT), will further challenge budgets of all healthcare systems. Most patients today requiring RRT
are treated with haemodialysis (HD) therapy and are elderly. This article demonstrates the interdependence of clinical
and sustainability criteria that need to be considered to prepare for the future challenges of delivering dialysis to all
patients in need. Newer, more sustainable models of high-value care need to be devised, whereby delivery of dialysis is
based on value-based healthcare (VBHC) principles, i.e. improving patient outcomes while restricting costs. Essentially,
this entails maximizing patient outcomes per amount of money spent or available. To bring such a meaningful change,
revised strategies having the involvement of multiple stakeholders (i.e. patients, providers, payers and policymakers)
need to be adopted. Although each stakeholder has a vested interest in the value agenda often with conflicting
expectations and motivations (or motives) between each other, progress is only achieved if the multiple blocs of the
delivery system are advanced as mutually reinforcing entities. Clinical considerations of delivery of dialysis need to be
based on the entire patient disease pathway and evidence-based medicine, while the non-clinical sustainability criteria
entail, in addition to economics, the societal and ecological implications of HD therapy. We discuss how selection of
appropriate modes and features of delivery of HD (e.g. treatment modalities and schedules, selection of consumables,
product life cycle assessment) could positively impact decision-making towards value-based renal care. Although the
delivery of HD therapy is multifactorial and complex, applying cost-effectiveness analyses for the different HD
modalities (conventional in-centre and home HD) can support in guiding payability (balance between clinical value and
costs) for health systems. For a resource intensive therapy like HD, concerted and fully integrated care strategies need to
be urgently implemented to cope with the global demand and burden of HD therapy.
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Table 1. The increase in the prevalence (and burden) of CKD from 1999 to 2019 [13]. CKD is now among the 10 leading causes of death in both
the 50– to 74-year and 75-years-and-older age groups according to the GBD 2019, injuries and risk factors study. DALYs, disability-adjusted
life years due to 369 diseases and injuries for two sexes and for 204 countries and territories

1999 2019

Age group
(years)

Position in
leading 25

causes of death
% of DALYs

1999

Position in
leading 25

causes of death
% of DALYs

1999

% Change in
numbers of DALYs

(1999–2019)

% Change in
age-standardized

DALY rate
(1999–2019)

10–24 – – – –
25–49 21 1.3 (1.2 to 1.4) 18 1.6 (1.4 to 1.8) 67.3 (53.9 to 80.3) 0.7 (–7.3 to 8.4)
50–74 14 1.6 (1.4 to 1.7) 8 2.3 (2.1 to 2.5) 130.2 (113.0 to 145.6) 12.1 (3.7 to 19.5)
≥75 14 1.6 (1.5 to 1.8) 9 2.5 (2.3 to 2.7) 196.0 (173.9 to 211.1) 21.6 (12.6 to 27.4)

Values in columns 3, and 5-7 represent mean (range).

DELIVERY OF DIALYSIS BEYOND 2021

The burden of chronic kidney disease

Chronic kidney disease (CKD) is now one of the major non-
communicable conditions worldwide [1]. Patients reaching the
final stages of CKD (end-stage renal disease, ESRD) require re-
nal replacement therapy (RRT), with a striking disparity of ac-
cess worldwide in terms of the gap between needed and deliv-
ered RRT [2, 3]. If kidney transplant is not possible, the options
are dialysis therapy, of which haemodialysis (HD) is preferred
for most patients, or conservative care [4–6]. CKD is associated
with adverse health outcomes, poor health-related quality of life
(HRQoL) and disproportionately high costs. It is estimated that
between 5.3 and 10.5 million people worldwide require dialysis
or transplantation, although many do not receive these treat-
ments due to lack of resources or financial barriers, especially
in low income countries [4, 7–10]. Even high-income countries
with established healthcare systems struggle to cope with the
high (lifelong) costs of CKD and dialysis [11].

Prevalence and mortality from diseases or injuries is anal-
ysed in terms of summary measures of years of lost life (YLL),
years lived with disability (YLD) or disability adjusted life years
(DALYs), and healthy life expectancy [12]. The Global Burden
of Diseases, Injuries and Risk Factors Study (GBD) provides a
systematic scientific assessment of data on incidence, preva-
lence and mortality for a large list of diseases and injuries [13].
Although global health has steadily improved over the past
30 years asmeasured by the age-standardisedDALY rates,CKD is
now among the 10 most important drivers of increasing disease
burden (i.e. the causes that had the largest absolute increases
in number of DALYs between 1990 and 2019). CKD is one of the
six causes that largely affect older adults (the others being is-
chaemic heart disease, diabetes, stroke, lung cancer and age-
related hearing loss) [13]. Over a period of just under 30 years,
CKD has come to be amongst the 10 leading causes of DALYs in
the age groups 50–74 years and 75 years and older; CKD and di-
abetes are the only diseases in the top 10 causes in these two
age groups showing an increase in age-standardized DALY rates
(Table 1).

The prevalence of CKD is expected to rise across the world
over the next decades, driven mainly by an ageing population
and an increasing prevalence of diabetes and hypertension, the
two main causes of renal failure [14]. Provision of RRT will fur-
ther challenge most countries already facing healthcare bud-
get restraints made worse by the current COVID-19 pandemic
[15]. Moreover, dialysis therapies consume valuable and limited
natural resources such as water and energy, and generate vast

amounts of plastic disposable waste; ecological considerations
are today an essential component of the chronic care setting [16].
Thus, the overall burden of CKD is higher compared with other
chronic conditions and is projected to increase even further.

Himmelfarb et al.have recently reviewed the dilemma in alle-
viating the burden of disease both for the patient and healthcare
systems struggling to cope with the exorbitant costs associated
with the provision of dialysis [4]. Faced with the rapidly increas-
ing prevalence of CKD, in this review we consider the interde-
pendence of the clinical and sustainability criteria that need to
be considered together to prepare for the future challenges of
delivering dialysis [17–19]. Concerted treatment strategies and
healthcare policies that incorporate at the outset the progres-
sion pathway of CKD and the comorbid conditions of the indi-
vidual patient are urgently needed [1, 15, 20]. For those patients
having reached end-stage CKD and dependent on regular ther-
apy, newer, more sustainable models of high-value care need to
be devised. We discuss how selection of appropriate modes of
delivery of dialysis (treatment modalities, selection of consum-
ables and machine systems), guided by health economics prin-
ciples (value-based healthcare, VBHC) and ecological considera-
tions, could positively impact both health outcomes in dialysis
(based on evidence-based medicine, EBM) and long-term fiscal
sustainability of providing dialysis [20–22].

The tenets of value-based healthcare
and haemodialysis

The core tenet of VBHC ismaximizing value for patients: achiev-
ing the best clinical outcomes at the lowest cost [23, 24]. The
concept of linking patient outcomes to costs, particularly appli-
cable to chronic conditions, was first described as a fundamen-
tally new strategy by Porter [25, 26].

Another way to consider VBHC is that its goal is the ‘fi-
nancially efficient delivery of quality’. Most models essentially
consider one of three outcomes: improve quality while reduc-
ing cost, maintain quality while reducing cost or improve qual-
ity while maintaining cost. While the first is the most desir-
able it is hard to achieve, while in cost-conscious healthcare
environments the second option is favoured over the third. All
three are nevertheless centred around the value equation, i.e.
value = quality (outcome)/cost [27].

Every healthcare system worldwide is struggling with the
spiralling costs of medical care driven principally by high and
rising prices of products and services [28, 29]. The burgeon-
ing burden of diseases—and increased need for care—is fur-
ther propelled by the dichotomous growth in incidence of
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diseases caused by abject poverty and poor nutrition on one
hand and affluent lifestyle-induced conditions on the other.
The increase in obesity for example in high-income populations
globally is causally linked to the increase in diabetes, cardiovas-
cular disease and hypertension—all causes of CKD [30]. Even as
global health has improved for certain non-communicable dis-
eases, the burden of healthcare expenditure and demands for
health services continues to rise, with the ageing global popu-
lation having disabling conditions adding to the burden of care
[30]. Healthcare delivery has long been a supply-driven system
centred around the work of physicians but is now transforming
towards a patient-centred system around the needs of patients.
The shift from volume and profitability of services provided to
patient outcomes achieved, within the allocated budgets or fi-
nancial restraints, is now the overarching health-delivery strat-
egy adopted by healthcare systems, to cope with future needs
[31, 32]. For CKD and HD, both components of the VBHC equa-
tion, i.e. outcomes and costs, are essentially unfavourable, rein-
forcing the need for transformative changes into higher value
dialysis delivery and care with sustainable costs [33].

Outcomes in haemodialysis are generally acknowledged to be
sub-optimal. Several investigations attest to the unsatisfactory
outcomes of ESRD patients on HD therapies even after account-
ing for significant differences in dialysis practice patterns [4, 34–
41]. Formost ESRDpatientsworldwide treatedwith in-centreHD,
overall survival is poor, but longer in some Asian countries than
elsewhere in the world and longer in Europe than in the USA,
although this gapmay have reduced [42–44]. The poor outcomes
have been attributed to diverse factors and documented in lit-
erature and will not be detailed here, but these do reflect the
complexity of CKD and the difficulty in its effective treatment
with different treatment strategies [38, 45–49].

Costs of haemodialysis therapies are regarded to be too high.
Costs of CKD care and HD worldwide are high and will con-
tinue to rise, putting strains on patients as well as on healthcare
system budgets [4, 25–29, 50–55]. Lifelong dialysis therapy is re-
quired for ESRD patients not able to receive a transplant; some
patients may need dialysis for up to three decades or more. The
increase in prevalence of CKD and ageing populations means
more elderly dialysis patients and an increased burden on high-
income countries [4, 56, 57]. Estimated annual costs for thrice
weekly four-hour therapy vary among countries according to
their overall economic strength (gross domestic product), with
some being over US$100 000 per patient in some countries. In the
European Union, 2% of the healthcare expenditure (representing
about €15 billion) per year is devoted to the care of some 358 000
ESRD patients [58, 59].

Multiple stakeholders need to be considered and incorporated
in the delivery of VBHC. Transforming healthcare delivery strat-
egy that deals with both clinical and non-clinical considerations
necessitates involvement of multiple categories of stakehold-
ers (i.e. patients, providers, regulators and payers) [36]. Figure 1
presents the main categories of the stakeholders whose collec-
tive participation is required at different levels of the care deliv-
ery processes [22, 27]. Each stakeholder has a vested interest in
the value agenda and with conflicting expectations and motiva-
tions (or motives) between each other, progress is only achieved
if the multiple blocs of the delivery system are advanced as mu-
tually reinforcing entities. An enabling information technology
platform is vital as it ties together the other components of the
healthcare delivery system into an independent and intercon-

FIGURE 1: Transformation to a high-value care delivery system has physicians
and provider organizations taking the lead, but each of the other stakeholders—
including the patient—has a role to play in improving the value of care and

hastening transformation by aligning incentives across stakeholders for mu-
tual benefit. GP, general practitioner; IQWIG, Institute for Quality and Efficiency
in Health Care; HAS, Haute Autorité de Santé (or French National Authority for

Health).

nected delivery system facilitating communication as well as
transparency amongst the stakeholders [23]. In the USA, two ad-
ditional issues emerge: firstly, all existing VBHC programs op-
erate alongside transaction fee for service programs, thereby
placing providers in a difficult position because the financial
incentives are at odds. Secondly, evidence suggests that social
determinants of health play a major role, and in countries like
the USA that spend substantially more on healthcare than on
social services there are concerns that ‘medicalization’ of social
determinants of health may lead to wrong outcomes [60].

DECISION-MAKING FOR DELIVERY OF
HAEMODIALYSIS: TWO SIDES TO THE COIN

Delivery of HD therapy has traditionally been the domain of
the nephrologists (or advanced practitioners under the super-
vision of nephrologists), relying primarily on clinical criteria
[37, 61–63]. Based on the experience accumulated over years
in treating dialysis patients and recommendations from guide-
lines (e.g. KDIGO, European Best Practice Group and Kidney Dis-
ease Outcomes Quality Initiative) prepared by groups of experts
and physicians strove towards standardized therapy for all pa-
tients with ESRD [36, 41, 64, 65]. This approach of optimizing
dialysis delivery for all patients irrespective of their constitu-
tion, comorbid conditions or age and was necessary in the de-
velopmental stages of dialysis before several variables, issues
and controversies arose [37]. Additionally, the procedure of HD
itself is technologically complex and the quality of the detoxi-
fication (removal of uraemic toxins and fluid) depends on sev-
eral procedure-related factors and permutations [66, 67]. Mem-
brane type (flux and blood compatibility), dialyser surface ar-
eas, blood and dialysis fluid flow rates, electrolyte and buffer
prescription, fluid removal rates and targets, type and dose of
anticoagulant required for the extracorporeal circuit and effects
of numerous medications required to correct uraemia or asso-
ciated imbalances created by the procedure are just some of
the considerations for each treatment session. If diverse comor-
bid conditions (and their severity) are considered together with
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FIGURE 2: Delivery of personalized medicine and VBHC necessitates evidence-informed decision-making, not just by physicians, but also by policymakers and stake-

holders. Successful implementation of VBHC (outcomes divided by costs) is achieved by assessing evidence and data for clinical outcomes and sustainability decision-
making.

modality options (low- and high-flux, online haemodiafiltra-
tion, etc.) and treatment regimens (of variable duration and
frequency), the goals of devizing standardization of dialysis
practices was understandable. We now know that such an ap-
proach has had limited success in improving patient outcomes,
which remain unsatisfactory [68].

The alternative to the current one-size-fits-all optimized
or standardized therapy delivery is to move towards a value-
for-money and personalized approach [36, 68]. For this more
patient-centric and flexible form of delivery accommodating for
individualized targets, the responsibility of achieving better out-
comes at reduced costs lies with all stakeholders [36]. Informed
decision-making is crucial to the successful implementation of
all facets of value-based delivery of dialysis, not just for physi-
cians who rely on the principles of EBM (on which guidelines are
based) but for all stakeholders and policymakers [69]. Provision
of value-based care, considering both clinical and sustainability
criteria, needs to be based on robust evidence or data to support
informed decision-making (Figure 2). Sustainable HD within the
VBHC framework in the long-term is not just about keeping the
costs of therapy in check, but is also about managing societal
burden and ecological impact of HD therapy [4, 68].

Clinical care criteria for evidence-informed health
policymaking for value-based care

Clinical decisions according to the patient pathway of CKD. The
KDIGO classification stages based on glomerular filtration rate
(GFR) and albuminuria are commonly used to define, identify
or predict the progression of CKD [64]. However, the true prog-
nosis of CKD for an individual patient is variable as underly-
ing cause of disease and other risk factors, e.g. elevated blood
pressure (BP), hyperglycaemia, dyslipidaemia, smoking, obesity,
history of cardiovascular disease, ongoing exposure to nephro-
toxic agents as well as age, gender and ethnicity, determine the
patient-specific progression pathway of CKD [70]. Management
of progression and complications of CKD are highly complex and
not always easily fulfilled by the prescription of standardized
protocols or formal recommendations from guidelines [21, 70].

With the burden of CKD increasing, future long-term sustain-
ability cannot be achieved by creating value only for end-stage

CKDwhen patients are on RRT.An inherently systemic and com-
plex condition like CKD can only be managed effectively if the
entire patient disease pathway is considered and managed co-
hesively, from the initial occurrence of symptoms backed by di-
agnosis of disease (GFR/albuminuria), to its progression until re-
nal function has deteriorated such that RRT is indicated [68, 71].
While recognizing the fact that only a small proportion of CKD
patients will progress to ESRD and require RRT, disease manage-
ment according to the stage of CKD and overall condition of the
patient is a cost-effective strategy to reduce the healthcare bur-
den of renal disease [72]. For example, earlymanagement of CKD
(together with comorbid conditions) when GFR stages G3a/G3b
are reached will delay progression of disease to CKD stage G5
and alleviate the burden of disease for patient, provider and
healthcare systems [18, 73]. Effectively managed, such a strat-
egy increases the probability of better long-term outcomes and
a significant reduction in overall costs throughout the course of
disease [33]. By providing the appropriate treatment according to
the individual, changing clinical needs at each stage of the dis-
ease, those patients eventually requiring dialysis are prepared
in advance about the therapy (options) through informed and
shared decision-making [74–76].

Evidence-based medicine and real-world evidence for decision-
making. Decision-making guided by the best possible scientific
and medical evidence is the cornerstone of clinical practice. Of
the three domains that constitute the ideals of EBM, i.e. clin-
ical expertise, patient-centered values and relevant scientific
evidence, only the last of these facets is usually acknowledged
[77]. Clinical guidelines and recommendations rely solely on
published scientific data, with emphasis on evidence from
prospective randomized controlled trials (RCTs) on which sys-
tematic reviews or metanalyses acquire their ultimate validity.
In nephrology and HD, the majority of RCTs display negative
outcomes, yet such studies still carry the weight of opinion
within the scientific community despite some trials being based
on flawed or biased methodologies [78–82]. Even metanalysis
and systematic scientific reviews from critically appraised
sources such as the Cochrane organization are contentious and
have revealed methodologically inconsistencies [83, 84]. The
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overemphasis on EBM and some of its negative unintended
consequences need to be acknowledged; the dogma that RCTs
are of absolute necessity has been challenged [85, 86].

The scarcity of data from sound clinical trials, much needed
as they are, is unlikely to be adequately filled to guide the im-
provement and future direction of dialysis therapy or its provi-
sion, especially in low income countries [73, 87]. As long ago as
2004, the Cochrane Renal Group reported fewer published RCTs
in nephrology than any other subspecialty of internal medicine
[81, 86]. The logistical effort and financial restraints in a climate
of stringent ethical and regulatory control has all but halted
the desire to conduct large RCTs to resolve clinical issues re-
quiring validation or further proof. Other than some studies
initiated by industry, few HD-related RCTs are currently in the
pipeline. Real world evidence (RWE) is an alternative to data
from RCTs that is either not available at all to address spe-
cific issues, or, confounded by virtue of being inadequately pow-
ered (e.g. small sample size) or selection (inclusion/exclusion
criteria) and information bias. RWE has beenwidely accepted for
decades as supporting evidence particularly for safety monitor-
ing, with regulators today being increasingly open to real world
data where RCTs are not feasible. For example, health technol-
ogy assessment (HTA) agencies (e.g.National Institute for Health
and Care Excellence, NICE) have processes in place to include
data on a case-by-case basiswhere a clinical–economic benefit is
foreseeable [88].

With the imperfect nature of most RCTs and estimated costs
(in 2009) of conducting an RCT reaching US$15 000 per partic-
ipant, the validity of alternative sources of clinical evidence is
being reassessed by regulators [86]. The major dialysis providers
have implemented patient-centered holistic care models coor-
dinated by a physician-led network and routinely acquire data
from every patient for each treatment session. In striving to en-
hance patient experience and long-term outcomes by applying
clinical best practices, CKD management tools, data scorecards,
a wealth of real-situation information on diverse areas of HD
care is available [89–91]. Derived from tens of thousands of pa-
tients andmillions of treatment sessions over a period of several
years that RCTs are unable to match, RWE is considered to pro-
vide more meaningful insights towards the effective manage-
ment and personalization of HD therapy as well as the complex
comorbid conditions of CKD patients [92]. RWE can be analysed
in low-income countries where RCT data are less readily avail-
able. The merits of real evidence-based medicine (rEBM) where
the ethical care of the patient is the top priority as emphasized
by Greenhalgh et al. need to be considered by policy makers [85].
Usable as well as robust rEBM is now the most feasible option to
mitigate the oft-cited concerns regarding the suboptimal clinical
outcomes of HD patients and ensure the future sustainability of
the HD therapies.

Sustainability criteria for decision-making in
value-based healthcare

Economic criteria for delivery of haemodialysis. Even in the
early pioneering and developmental stages of HD it was appar-
ent that provision of routine dialysis would incur high costs par-
ticularly as it would be needed at regular intervals throughout
the patient’s life [93]. In the 1960s in the USA, a committee de-
cided who should receive HD, and payments were required—
from those patients who could afford it—in advance [52]. At the
outset it was recognized that clinical decision-making and deliv-
ery of dialysis are intricately linked with costs and profitability
for it to be sustainable. In fact, the Kt/V concept, based solely on

urea kinetics) and devised primarily as a measure of the dialy-
sis dose and adequacy of treatment, became an instrument to
reduce treatment times preferred by patients, or to allow treat-
ment of more patients [94]. By increasing blood flow rates or
using larger surface areas dialysers to increase urea clearance,
weekly Kt/V target values (for three sessions per week) could
mathematically be met, reducing treatment duration from 4 to
3 h [94]. It has since been established that rapid removal of fluid
from blood within a short time is a highly unphysiological stress
situation for the patient (as refilling from extracellular fluid is
not equally fast) and responsible for intradialytic hypotensive
episodes often requiring hospitalization—an important cost fac-
tor. The dilemma of having to balance clinical practices and eco-
nomic considerations remains and is expected to be even more
challenging in the future.

Cost drivers of CKD care and cost components per treatment session.
Healthcare providers in each country have their own system of
analysing key variables involved in the overall care of patients
with CKD and for those who eventually require regular dialy-
sis therapy. A trade-off between cost containment and quality is
an objective for all diseases but particularly necessary for dial-
ysis that consumes disproportionately higher resources per pa-
tient over their treatment lifetime [95–97]. It is not the objective
of this communication to examine the influence of multiple co-
variates on costs (which vary according to regions, countries, de-
mographics, comorbid conditions, and types of treatment and
services provided) related to HD, but to examine the key cost
drivers. Table 2 reflects a combination of healthcare provider ser-
vice delivery costs and costs incurred by purchasers in health-
care, although in some countries like USA, unit costs are the
principal driver.

Improving the management of CKD patients both before and
after the onset of dialysis treatment as well as their comor-
bid conditions can potentially reduce redundancies and leads
to cost savings [55]. In a budget constraint environment, it is ap-
parent fromTable 2 that each component listed could contribute
to cost savings by improving efficiencies or reducing waste. 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 receive sub-
optimal therapy leading to poor outcomes. The use of Kt/V as
an instrument to reduce treatment times compromised patient
well-being has already been described [94, 98]. Such measures
often have quite the opposite effect in that they incur higher to-
tal cost of care for every patient in the long run.

The dialyser costs example: impact of specifications on tenders and
reimbursement. The dialyser, and the membrane within, is not
only the centrepiece of HD therapies to lower concentrations
of uraemic toxins but also the focal point from a cost perspec-
tive.Dialyser performance specifications equate to the efficiency
of the detoxification processes and together with other crite-
ria are considered to impact clinical outcomes [99, 100]. An
enormous volume of literature deals with the effect of dial-
ysers (particularly the membrane) on patient morbidity, ad-
verse events andmortality [101, 102]. Dialyser specifications and
choice are thus important from the clinical as well as a busi-
ness perspective as they have a bearing on the price manufac-
turers can ask for in a highly competitive field.Although dialyser
costs may in some countries be a fraction of the overall treat-
ment costs, they are nevertheless a cornerstone of reimburse-
ment, decision-making for tenders and overall sustainability of
HD and thus receive more attention.
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Table 2. The principal cost-incurring components involved in the care of CKD patients. The components go beyond clinical considerations
(therapy,medications, hospitalization). The overall cost equation includes several other components that healthcare providers need to consider
when making decisions for the most appropriate delivery of CKD care

Cost driver category Components

Infrastructure Physician/nurse fees; unit (outpatient) setting; catering
HD treatment Disposables (dialyser/tubing set); solutions; machines/equipment
Medications Heparin; various classes of medications (including for comorbidities)
Hospitalization Adverse episodes; cardiovascular complications; vascular access issuesa

Transport Six trips a week
Diagnostics, lab testing Regular blood monitoring; dialysis efficiency measures; dialysis fluid safety
Waste disposal Packaging material; ‘contaminated’ dialysers; tubing sets; dialysis fluids

aVascular access is one-off cost.

Public procurement procedures list several dialyser criteria
that are conventionally part of the product specification sheets
to facilitate clinical decision-making to meet the needs of pa-
tients to achieve the best possible outcomes. However modern
calls for tenders still include outdated requirements that are ei-
ther irrelevant for current clinical practices, or, have question-
able medical value without sound scientific evidence. For ex-
ample, the ultrafiltration coefficient (KUF; mL/min mmHg) still
features prominently in data specification sheets and tender
requirements [103]. The KUF value is a measure of the effi-
ciency of dialysis: higher values indicate lower transmembrane
pressure (TMP) to achieve the same rate of ultrafiltration (fluid
removed) [104]. The parameter is redundant in modern dialy-
sis delivery terms: all dialysis machines automatically adjust
the TMP (unlike manual settings of the past) to achieve the de-
sired ultrafiltration rate to remove the volume of fluid a patient
has accumulated during the interdialytic period [105]. As Ronco
and Clark describe, few clinicians today have an appreciation of
KUF as ameasure: it is simply not needed for clinicians [106].An-
other example of questionable clinical value is the inclusion in
specification sheets of data on substances suggested for removal
during dialysis but have no relevance in terms of uraemic toxic-
ity. For example, free kappa- or lambda-light chains are elevated
in certain forms of cancer effectively and negated by chemother-
apy; in the small number of patients with myeloma, dialysis is
used as a supportive therapy in intensive care settings [107–109].
Even though free kappa- or lambda-chains are not considered
uraemic toxins in chronic HD, they are being introduced into
tenders as marketing ploys for manufacturers seeking unique
selling proposition.

Such tactics that go unchallenged add extra financial bur-
den on healthcare systems and have a negative impact on the
sustainability of dialysis therapy that is perceived as low value-
for-money form of chronic care by payers. To facilitate evidence-
informed clinical decision making, dialyser performance spec-
ifications and selection must (i) relate to clear medical needs
of dialysis patients (achievable blood flow according to vascular
access) and (ii) be defined objectively, without bias or ambiguity
[99, 110, 111]. Incorrect selection of dialysers based on specifica-
tions having little value to CKD or that are scientifically redun-
dant leads eventually to poor outcomes and incurs unnecessary
costs to healthcare systems. Many procurement procedures are
outdated with specifications having questionable clinical value,
but are included either from a historical perspective or without
due scrutiny. Procurement and reimbursement decisions need
to be made based on evidence and relevant data.

Societal criteria for delivery of haemodialysis. The substantial
societal costs associated with treatment of CKD and ESRD are

predominantly discussed in monetary terms [50]. While it is
patently clear that sustaining life artificially for several years
or even decades is associated with costs that have eventu-
ally to be borne by the ‘society,’ i.e. the country and health-
care system the patient is part of, there is a much broader
impact of the cost of a disease that has no cure (in terms of
reversing failed kidney function). Medical ethics and costs are
intertwined: the entire endeavour of striving to improve the
suboptimal outcomes of patients by prolonging survival rates is
proactively adding a financial burden to society or healthcare
at large. The same is achieved in attempting to correct inequity
of access to dialysis therapies in low-income countries where
unaffordability of RRT leads to the deaths of millions of people
annually [4]. Making dialysis available to sustain life of ESRD pa-
tients increases per se the cost burden to individuals, insurers or
governments.

There is, however, a humanistic ‘cost’ of being on dialy-
sis therapy. The unphysiological nature of intermittent dialysis
that induces circulatory stress, both haemodynamic and non-
haemodynamic, results in symptoms that impact the QoL of
the patients [112–116]. Their collective day-to-day stress is ex-
tremely debilitating both physically and psychologically, con-
tributing to the well-documented poor HRQoL measures [117].
Implementation of patient-reported outcomesmeasures (PROM)
are important to understand the patient perspective of dialy-
sis care and are increasingly being regarded as highly valuable
instruments for quality improvement and optimization of CKD
care. Six PROM domains for determining the HRQoL have been
proposed for patientswith CKD: general HRQoL reflecting overall
burden and well-being, pain, fatigue, physical function, depres-
sion and daily activity [27]. These can be tracked by a variety of
tools each of which has its own merits and limitations and re-
cently summarized by Verberne et al. [27]. Because of the burden
associated with practicalities of data collection and their pro-
cessing, the main challenge is to convince various stakeholders
of the significance of such patient-centric value-based outcome
measures in an increasingly cost-conscious environment. The
medications (pill) burden of patients to combat the effects of
not only the uraemic syndrome but also other conditions asso-
ciated with renal failure and dialysis therapy is an impediment
to patients in terms of poor QoL. Family members of patients
often must make cost-impacting adjustments to their lives, es-
pecially for elderly dialysis patients. Inability to work is a loss
to society especially when patients have trained as profession-
als in areas with shortage of workforce (e.g. healthcare). Walker
et al. describe a number of rarely reported socio-economic con-
siderations such as employment retention, housing and other
out-of-pocket expenses patients incur when making treatment
choices [118, 119].
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Table 3. Life-cycle assessment (LCA) of dialysers to evaluate the potential environmental impact during their life cycle. Beginning with acquisi-
tion of resources, transport of raw materials, manufacturing, distribution, usage and end-of-life management (safe waste disposal), all stages
are considered (EN ISO 14040/44: 2006). The 15 environmental impact categories are grouped into five areas. The LCA of FX class dialysers
(environment awareness manufacturing) is shown in relation to its predecessor model (housing made from polycarbonate). On average, the
FX class dialysers showed a 42% improvement in terms of reduced impact on the environment

Performance improvement
versus reference for individual

categories (%)

Overall
performance
improvement

Human health preservation Human toxicity, non-cancerous effects 50 42%
Human toxicity, cancerous effects 44
Ionising radiation –39

Terrestrial conservation Acidification 54
Terrestrial eutrophication 54

Water protection Freshwater eutrophication 51
Marine eutrophication 52
Freshwater ecotoxicity 44

Atmosphere protection Photochemical ozone formation 53
Particulate matter 66
Ozone depletion 21
Climate change 52

Resource conservation Land use 35
Mineral, fossil and renewable resource depletion 34
Water resource depletion 51

Ecological criteria for delivery of haemodialysis cannot be ig-
nored anymore. Living in times of global warming, with the im-
pact of pollution and awareness that resources like water and
energy from mineral oil are limited, provision of healthcare to-
day has to be achieved with minimal damage to the environ-
ment [52]. As the annual increase in the number of patients
on HD corresponds to the growth (∼6%) in the prevalence of
CKD, a parallel increase in the ecological burden the therapy cre-
ates is to be expected. It is evident that both peritoneal dialy-
sis and HD, whether provided in-centre or at home, will create
a higher need for natural resources [120]. Moreover, a greater
generation of plastic waste from disposable products such as
solution bags, tubing sets and dialysers is to be expected [2].
After treatment, dialysers, tubing sets, used dialysis fluids, sy-
ringe needles, gloves, etc., all of which are classified as biological
waste (and potentially hazardous), need to be disposed of sepa-
rately and safely involving protocols that are both stringent and
costly [16]. Together with manufacturers, dialysis care providers
have taken initiatives that focus on reducing water- and energy-
consumption and the overall carbon footprint along the entire
life-cycle of each product (development, production, transport,
storage, application and waste management) as well as during
dialysis care (facility heating, air-conditioning, lighting, waste
disposal and investment in new technologies that are water and
energy saving) [6, 121, 122].

The scale of the problem facing healthcare systems is best
exemplified by examining the environmental impact of the dial-
yser, the central element of each HD session. If around 3.2 mil-
lion patients worldwide receive thrice weekly HD therapy, some
500 million dialyser units are produced—and disposed of annu-
ally. In an assessment of the overall environmental impact of
dialysers during each stage of their product life cycle, inputs and
outputs from the initial stages of acquisition and transport of

rawmaterials tomanufacturing, distribution, usage and product
end-of-life management were compiled and evaluated (Table 3).
According to the impact categories defined by ISO (reference CH)
15 product life cycle assessment values were applied to compare
a modern environment-friendly dialyser with its predecessor
model manufactured by less environment-conscious manufac-
turing processes. The recent model (FX-Class of dialysers, Frese-
nius Medical Care, Germany) performs 42% better than its pre-
decessor, thereby greatly reducing the (negative) environmental
impact. Moreover, as the recent model has a housing made from
lighter material (polypropylene) compared with its predecessor
that had a heavier polycarbonate housing, the reduced weight
of the dialyser positively impacts the carbon footprint during
its transport. Another example of efforts to reduce the impact
on the environment of dialysers relates to creating devices with
novel design features. By creating micro-undulations along the
length of each fibre, uniform dialysis fluid flow around each fibre
in the bundle provides high performances (clearance) at reduced
dialysis fluid flow rates, leading to significant savings in terms of
reduced water usage [123].

Such product life-cycle assessments, carried out for each
component of dialysis, enable identification of environment-
influencing stages where even minor optimization steps could
contribute towards the long-term ecological sustainability of ev-
ery aspect of delivery of dialysis [124]. Certain areas of dialy-
sis that adversely affect the environment and add unnecessary
fiscal burden for the therapy, however, have yet to addressed
adequately [20]. For example, the environmental impact of the
pills (∼20–30 pills per day, required lifelong) prescribed to pa-
tients is seldom considered. The contribution of large num-
ber of drugs used or their metabolites to the municipal sewage
systems and ground water may be significant. And as compli-
ance with medications is only ∼50%, it can be presumed that a
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FIGURE 3: The cost-effectiveness plane, showing that ‘willingness to pay’ is one of the most important payer tools to assess the value (cost effectiveness) of an
intervention. The fundamental premise of VBHC is that if value improves, patients, payers, providers and suppliers can all benefit while the economic sustainability
of the healthcare system increases.

significant proportion of the unused drugs and supplements en-
ter normal household waste and enter into the environment.
The unused medications prescribed to patients also have two
implications: firstly, about half of the substantial costs incurred
for the prescription of themedications are unnecessary, and sec-
ondly, patient non-compliance contributes to poorer outcomes
as suboptimal dosage does not have its intended effect of cor-
recting the condition the physician intended.While payers cover
all aspects of HD therapy, nephrologists, who prescribe dialysis
modalities and medication, are reimbursed for performing the
dialysis treatment itself, but the costs of medication in some
countries, unlike in the USA, are not covered within this reim-
bursement. The payment for medication comes from a separate
budget and goes to pharmacies.

VALUE-BASED RENAL CARE

Cost effectiveness and willingness to pay for therapies

Nephrologists today need to select from dialysis therapy op-
tions based not only on clinical criteria but on economic
considerations as well [125, 126]. The choice of the most appro-
priate therapy for the patient is primarily made on the strength
of published evidence (EBM) particularly based on RCTs, sys-
tematic reviews and meta-analyses, all of which provide the
basis for guidelines recommended by groups of experts. The

economic evaluation of therapies carried out by three types
of methods (cost-effectiveness, cost-minimization and cost–
benefit analyses) is often challenging from the standpoint of the
clinician, who remains an important stakeholder in decision-
making [127].While each of these approaches has its ownmerits
and limitations and involves different health benefitmetrics, the
relative usefulness of each approach is not immediately obvious
to clinicians, whose primary focus is on clinical matters than on
economic emphasis [50, 118].

Typically, comparative cost-effectiveness is captured as cost
per quality-adjusted life year (cost/QALY). The willingness-to-
pay concept is a pragmatic way to assess the health benefit (i.e.
outcome-based EBM) in monetary terms for cost–benefit anal-
ysis, the most common form of economic evaluation [73]. It al-
lows assessment of the value of a new intervention on a plot of
costs (y axis) against clinical (health) effectiveness or outcomes
(x axis); frequently, the comparator (‘current standard of care’)
is plotted at the origin [128, 129]. In Figure 3, the graph illustrat-
ing that 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 scrutinized by payers as being unfavourable. Payers prefer
(new) interventions that either deliver same outcomes at lower
costs, or even higher outcomes at same costs. The methodology
allows assessment of clinical effectiveness of the therapy rela-
tive to costs; significantly, it is centred around the foundations of
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FIGURE 4: The cost-effectiveness plane, showing the payers ‘willingness to pay’ for cHHD (3×/week, 4 h) and iHHD (e.g. 8 h thrice weekly/day or nocturnal and
5 × 3 h) compared with conventional (3×/week, 4 h) iCHD.

EBM decision-making that clinicians are familiar with [130]. For
CKD and HD, the International Consortium for Health Outcomes
Measurement (ICHOM) CKD Working Group proposes hospital-
ization and cardiovascular complications as key outcome mea-
sures as they are significant cost-increasing factors [27].

Cost-effectiveness of more intensive and home
haemodialysis treatment schedules

Improving outcomes by changing HD practice patterns was rec-
ognized in the formative years of dialysis and has been ad-
vocated ever since [131]. The conventional thrice weekly 4 h
treatment regimen used for most HD patients is a compromise
between adequate dialysis and affordability; regardless of the
causes, the uraemic state persists in many patients even when
reaching their dialysis adequacy targets and a typical dialysis
patient faces a life of poor quality and a significantly shortened
survival. More intensive HD could improve patient outcomes
[132–135]. HD can be intensified by increasing duration (time),
frequency (number of sessions/week) or both.Alternatively, dial-
ysis efficiency can be increased without changing duration or
frequency by selecting more efficient modalities (e.g. haemodi-
afiltration,HDF). All intensificationmethods increase removal of
small solute, but not of certain larger molecular weight uraemic
toxins whose removal is time dependent. Due to their compart-
mentalization within the body, the kinetics of removal of β2-
microglobulin and phosphate for example is slower than urea
clearance (used to calculate Kt/V) [136, 137].

Several dialysis delivery strategies have been considered and
implemented in recent years focussed mainly towards improv-
ing patient outcomes [34, 41, 68, 130]. Modalities such as short
daily or long intermittent and quotidian nocturnal HDhave been
reported to be associated with a variety of clinical improve-

ments, as well as improvements in QoL and lower standardized
mortality ratio [116, 138–140]. We examine the health economic
implications of such strategies with some examples.

Cost effectiveness of intensive or home versus conventional
haemodialysis. A cost-effectiveness analysis can be used to
compare conventional in-centre dialysis (iCHD) with conven-
tional home haemodialysis (cHHD), having the same duration
(4 h sessions) and frequency (thrice weekly). In Figure 4, iCHD as
the current the ‘current standard of care’ is at the origin of the
plane. Moving patients from in-centre to home HD (but main-
taining the time and duration of treatment) would result in cost
savings (no transport required, or less cost related to nurse and
physician time) and would thus be positioned below the point
of origin (iCHD) on the y axis. As a better QoL (patient in com-
fort of own home and surroundings, flexible timing, presence of
partner/family) is perceived by the patient, the point moves to
the right on the x axis. Taken together (costs and outcome), the
therapy from the payer’s perspective is in the lower right quad-
rant of the CE-plane.

However,maintaining the conventional 3 × 4 h regimen does
not fully exploit the full potential of having HD therapy at home,
where higher frequency or longer duration can be achieved. If
more intensive (e.g. longer duration of 8 h but 3×/week, or 3 h
sessions 5×/week) home HD therapy (iHHD) is delivered, the
effectiveness-cost relationship changes. Both the QoL and costs
(more disposables if treatment frequency is increased; more
heparin, water, concentrates and energy requirements for both)
would increase, positioning the therapy in the upper right quad-
rant in Figure 4. As in iHHD the additional medical benefits out-
weigh the higher costs; iHHD is still considered cost-effective
over iCHD. In the USA, the dialysis provider charges the payer
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FIGURE 5:Clinical and economic value of iHHD (relative to conventional iCHD). Such analyses are the basis of VBHC and are carried out by health technology assessment
agencies to guide the payability of therapies based on the clinical benefits obtained based on evidence.

FIGURE 6: Clinical and economic value of HV-HDF relative to conventional high-flux HD. ESA, erythropoiesis-stimulating agent.

for additional treatments, even though payers may be reluctant
to pay for additional treatments beyond the thrice weekly pre-
scription.

From such cost effectiveness analysis carried out by HTA
agencies on behalf of payers or governments, the balance be-
tween the clinical value (effectiveness) of an intervention and
the costs associated with it are analysed side-by-side (Figure 5).
Significantly, this analysis is based on informed decision-
making for the clinical therapy-related considerations (EBM,
publications, guidelines, systematic reviews), as well as eco-
nomic deliberations involving costs (direct product, personnel,
dialysis centre, transport, medications, etc.).

Cost effectiveness of high-volume haemodiafiltration versus
high-flux haemodialysis. Together with the therapy delivery
conditions (e.g. duration and frequency of therapy), the other
important determinant of efficiency removal of uraemic toxins
and excess fluid is the choice of dialytic treatment modality.
Collectively, based on the patient’s individual overall condition,
these factors are considered decisive factors impacting both pa-
tient outcomes and costs incurred. Online HDF (OL-HDF), used
worldwide for thousands of patients, is a treatment modality
that has been shown to present multiple clinical advantages for

patients [141–145]. OL-HDF involves the mechanism of convec-
tion to achieve more efficient removal of larger uraemic toxins
and the degree of convection is related to the convective vol-
ume achieved for each patient [146–152]. The cost-effectiveness
of high-volume OL-HDF (HV-HDF) has been analysed and Fig-
ure 6 summarizes its economic and clinical value [144, 153].
While there is variability between countries in terms of the rela-
tive economic value of components shown in Table 2, it must be
noted that any increase in the total costs affects the healthcare
system in its entirety.

CONCLUSION

Mitigating the overall burden of chronic kidney disease
to ensure future sustainability of haemodialysis

About 89% of patients on dialysis worldwide receive HD [4]. It
keeps patients alive for several years, some for decades, yet their
burden of disease is reflected by substantially lower HRQoL than
for the general population, or comparedwith patientswith other
chronic conditions [154]. Healthy longevity for end-stage CKD
on dialysis patients needs to be achieved. Dialysis is a resource-
intensive therapy [52]. Even before CKD patients reach the stage
when dialysis is required, the condition incurs high healthcare
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costs with a graded association between severity of CKD and
costs [53]. As dialysis consumes disproportionately higher pro-
portions of healthcare budgets, healthcare systems of all coun-
tries irrespective of the size of their economies have concerns
regarding future sustainability. The rising prevalence of underly-
ing causes of ESRD, the number of dialysis patients living longer,
aging multimorbid patients and shortages of medical personnel
are expected to greatly increase the burden for healthcare sys-
tems and payers [155, 156].

Unless the focus shifts from costs to investing in value—
maximizing the best outcomes out of the amount spent—
sustaining future provision of dialysis therapywill bemore chal-
lenging. To bring about a meaningful change that balances im-
proved patient well-being while curtailing the high costs, re-
vised strategies having the buy-in of all stakeholders (patients,
providers, payers and policymakers) need to be adapted. The
process of successful implementation of value-based systems
begins with measuring value (outcomes meaningful for pa-
tients and associated costs), setting and communicating value
(benchmarking) and coordinating care around patient profile,
and culminates in development of payment models that reward
value. Above all, a divergence from current practices all stake-
holders are accustomed to needs to be considered across the
entire value chain landscape.

Management of the condition of CKD requires early recog-
nition and intervention—from the outset when reduced GFR
and/or albuminuria are diagnosed, to progression to advanced
stages of disease; interventions at the earlier stages of CKD de-
lay progression of disease to the more severe phases [73, 157].
For example, glycaemic control may delay progression of CKD
and increases the probability ofmore favourable long-termprog-
nosis [21]. Such an approach also has the benefit of more pa-
tient involvement and awareness in their overall condition that
could lead them to make life style adjustments to help control
the multimorbidity. Interventions targeting specific symptoms,
or aimed at supporting educational or lifestyle considerations,
make a positive difference to people living with CKD. To better
manage the challenges of a life with a debilitating condition, the
holistic renal care of along the entire patient disease pathway
thus needs to shift beyond providing RRT. In committing to al-
low CKD patients to live purposeful lives withmeaning, all deliv-
ery of care (diagnostics, therapy intervention, addressing associ-
ated comorbid conditions) needs to be addressed collectively—
with social needs and environmental and affordability consid-
erations.

With a deeper appreciation of the physiological stresses im-
posed by intermittent dialysis on patient wellbeing and out-
comes, a ‘one size fits all’ approach—currently the rule rather
than the exception—is favourable neither to patients nor to
healthcare systems [158]. Dialysis modality and dose, treatment
time and frequency, electrolyte and prescription of medications
are prescribed in a generalized manner, relying on the guidance
provided by professional organizations without due considera-
tion of the patient’s specific clinical profile. While such a direc-
tion was necessary in the formative years of dialysis when bet-
ter scientific understanding and technological improvements of
the CKD and dialysis had to be delineated, the situation is quite
different now. Dialysis is a routine procedure now where the
key determinants of therapy quality are well known even if not
totally resolved. Improvement of outcomes—and hence value—
requires adapting these therapy determinants to patient needs
(rather than vice versa) by tailoring prescription according to
the patient’s symptoms, metabolic changes over the course of

the disease and treatment tolerance. Identification of a patient’s
risks helps define more appropriate and individualized therapy
by stratifying patients according to their risk of adverse short- or
mid-term outcomes. The studies of Couchoud et al. and Peeters
et al. have shown the predictive value of such validated risk
stratification algorithms to improve patient-centred outcomes
[159, 160]. For example, by harnessing data pools and knowledge
acquired from scoring systems key treatment features specific
(e.g. incremental dialysis, nocturnal dialysis or adapted dialy-
sis schedule) can be altered to reduce premature mortality of
CKD stage V patients transitioning to dialysis. More personal-
ized or precision medicine targeting optimization of fluid and
sodium control, blood pressure management and customizing
electrolyte prescription could lead to better treatment tolerance
and acceptability by HD patients.

Today’s technology, involving biosensors and sophisticated
analytics, provides tools that help individualize patient treat-
ments and facilitate adjustment of treatment parameters ac-
cording to the patient’s specific clinical profile and needs. Auto-
mated, self-adapting systems adapted within ‘smart machines’
and clinical workflows governed by adaptive algorithms incor-
porating feedback control loops are no longer a vision. Re-
cently, Kuhlmann et al. described a conductivity-based algorith-
mic electrolyte balancing module (EBC) embedded within the
HD machine that helps achieve zero diffusive sodium balance
[161]. Restoring and controlling fluid volume homeostasis has
always been a major challenge in the delivery of haemodialysis
as uniform dialysate sodium prescription still gives rise to intra-
dialytic symptoms or postdialytic thirst, depending on the pa-
tient’s natremia gradients. With the EBC, the machine automat-
ically individualizes dialysate sodium to patient plasma sodium
with an absence of clinical manifestations, increasing patient
comfort. The potential cost savings of such automated moni-
toring systems are additional benefits while resolving clinical
dilemmas and improving patient QoL [162].Artificial intelligence
has been proposed recently for clinical guidance and decision-
making support in adapting dialysis prescription (e.g. ultrafiltra-
tion rate, dialysate sodium, treatment time) to ensure an optimal
fluid status control and tominimize a haemodynamic stress. Im-
proving efficiency of treatment during each session and impact-
ing improved outcomes are the benefits of the approach of indi-
vidualized comorbidity management.

The challenge of applying this framework to the renal set-
ting (value-based renal care) is that CKD itself is caused by other
major chronic conditions such as diabetes and hypertension,
but also directly contributes to cardiovascular disease, the ma-
jor cause of death in CKD and dialysis patients [22]. Addition-
ally, as CKD is an extraordinarily complex set of physiological
conditions intricately linked to numerous metabolic disorders
and perturbations, measurement of ‘meaningful outcomes’ is
extremely challenging. Hence, there is currently a high variabil-
ity in measures of patient outcomes that also differ in terms of
their number and composition, e.g. those proposed by the ERA-
EDTA registry and those proposed by ICHOM [27]. Additionally,
international standards are needed to guide aspects like tender-
ing, to re-focus on delivering value (maximizing outcomes per
amount of money spent) that can be achieved in different ar-
eas for patients, payers and providers by reducing inefficiencies
in today’s healthcare systems A stepwise approach from simple
to complex is thus required for a systematic implementation of
a strategy to transition from the current fragmented care to a
fully integrated care model that harmonizes outcome measures
along the entire patient pathway [68].
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