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REVIEW
 CURRENT
OPINION Kidney dysfunction requiring dialysis is a

heterogeneous syndrome: we should treat it like one
 Copyright ©

www.co-nephrolhypertens.com
a b,c d
Mariana Murea , Jennifer E. Flythe , Rastogi Anjay ,
Abdel-Rahman M. Emaade, Nupur Guptaf, Cassandra Kovachg,
Tushar J. Vachharajanig, Kamyar Kalantar-Zadehh, Francesco G. Casinoi,j,
and Carlo Basilej
Purpose of review

Advanced kidney failure requiring dialysis, commonly labeled end-stage kidney disease or chronic kidney
disease stage 5D, is a heterogeneous syndrome –a key reason that may explain why: treating advanced
kidney dysfunction is challenging and many clinical trials involving patients on dialysis have failed, thus
far. Treatment with dialytic techniques – of which maintenance thrice-weekly hemodialysis is most
commonly used – is broadly named kidney ‘replacement’ therapy, a term that casts the perception of a
priori abandonment of intrinsic kidney function and subsumes patients into a single, homogeneous group.

Recent findings

Patients with advanced kidney failure necessitating dialytic therapy may have ongoing endogenous kidney
function, and differ in their clinical manifestations and needs. Different terminology, for example, kidney
dysfunction requiring dialysis (KDRD) with stages of progressive severity could better capture the range of
phenotypes of patients who require kidney ‘assistance’ therapy.

Summary

Classifying patients with KDRD based on objective, quantitative levels of endogenous kidney function, as
well as patient-reported symptoms and quality of life, would facilitate hemodialysis prescriptions tailored to
level of kidney dysfunction, clinical needs, and personal priorities. Such classification would encourage
clinicians to move toward personalized, physiological, and adaptive approach to hemodialysis therapy.
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INTRODUCTION

In the United States, approximately 0.8 million
adults have advanced kidney failure receiving dialysis
treatments and the number is projected to double by
2030 [1–3]. Healthcare expenditures for patients on
chronic dialytic therapy mount up to $35.9 billion,
accounting for 7.2% of the overall Medicare-paid
claims in the fee-for-service system event though
they constitute 1% of the Medicare population [4].
Notably, the mortality rates in patients treated with
dialysis, while modestly improved over the last
decade, are alarmingly high, rating at 15–30% in
the first 4 months after commencing dialysis and
10–20% annually, exceeding by 20-fold that of
age-matched individuals in the general United States
population [3,5,6]. Five-year and 10 year-survival
probabilities for patients on maintenance hemodial-
ysis are worse than for patients with breast cancer,
prostate cancer, and colorectal cancer [7

&

]. Large
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KEY POINTS

� End-stage kidney disease (ESKD) is a heterogeneous
syndrome, yet its treatment with standard schedules of
hemodialysis subsumes patients into a single,
homogenous group.

� Replacing the umbrella term of ESKD with a new
taxonomy under the name of kidney dysfunction
requiring dialysis (KDRD) with stages of ascending
severity could promote personalized
hemodialysis prescription.

� By categorizing patients with KDRD based on
quantitative levels of endogenous kidney function, the
hemodialysis prescription can be adjusted
corresponding to the KDRD stage.

� Improved phenotypic characterization of KDRD, in both
the clinic and in clinical trials, is critical in order to
improve outcomes in this increasingly prevalent
patient population.

Kidney dysfunction requiring dialysis Murea et al.
investments in oncology research, relative to
nephrology research, have driven the development
of precision and immune-oncology therapies, offer-
ing hope to millions of patients with cancer [8,9].

Differences in the approach to diagnosis and
treatment between patients with advanced kidney
failure and those with cancer are conspicuous
(Fig. 1). In the oncology field, detailed malignancy
subcategorization is central to both cancer diagnosis
and treatment. Histopathological diagnosis is a req-
uisite for all malignant tumors; in contrast, kidney
biopsy is performed in a minority of patients diag-
nosed with kidney failure [10]. Discrete genetic,
 Copyright © 2021 Wolters Kluwe
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FIGURE 1. Illustration of a targeted treatment approach (e.g. can
disease). Treatment of cancer has benefitted from an increasingly
mainstay approach to treatment of patients diagnosed with end-st
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epigenetic, and molecular signatures derived from
tissue biopsy among cancer phenotypes underpin
patient stratification, which have enabled the deliv-
ery of personalized treatment to the cancer patient.
In fact, molecular screening systems underpin much
of drug discovery in oncology [11]. In contrast,
patients diagnosed chronic kidney disease who
progress to require dialysis are treated as if they have
one disease entity, and in-center thrice-a-week
hemodialysis is the ubiquitous approach to treat-
ment [12]. In light of this knowledge gap, several
research groups have formed in recent years, with
the goal of identifying novel diagnostic and prog-
nostic biomarkers by performing high-throughput
genetic, genomic, and epigenetic studies on native
kidney biopsies in patients with kidney dysfunction
[10,13].
TERMINOLOGY

Although such disease characterization work is in its
infancy in nephrology, it is clear that kidney failure
does not arise from a single disease entity; it is a
collection of different diseases and subtypes of kid-
ney dysfunction. Patients with advanced kidney
failure requiring dialysis treatment differ at a multi-
tude of levels including endogenous kidney func-
tion (e.g. renal urea clearance, urine output per day);
biochemical parameters (e.g. metabolic acid, elec-
trolyte, and bone mineral imbalance); and volume
overload. Given the multidimensional nature of this
illness, we must change our taxonomy and therapies
to recognize the full range of clinical conditions. To
achieve this objective, a change in disease terminol-
ogy to kidney dysfunction requiring dialysis (KDRD)
r Health, Inc. All rights reserved.
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Novel therapeutic approaches in nephrology and hypertension
with subtypes based on objective, quantifiable cri-
teria, supplemented by patient-reported experien-
ces, might prove more fruitful in guiding
individualized therapeutic approaches.

In fact, the Kidney Disease Improving Global
Outcomes international organization recently
called for refinement of the nomenclature used to
describe kidney function and disease [14]. Guiding
principles for the revised nomenclature were that it
should be patient-centered and precise, with the
ultimate goal to facilitate communication within
and across disciplines; foster consistency in trial
design, execution, and reporting; and improve out-
comes through clarity and precision. Input and
guidance was gathered from patients with kidney
disease and their caregivers. Qualitative synthesis of
thematic analysis from focus group interviews
revealed the preference to discontinuation of
‘end-stage’ term as it causes fear of unknown, pro-
vokes undue trauma, implies impending death, and
is obsolete. The term ‘kidney failure’ was less objec-
tionable, although it still prompted concerns.
Importantly, participants wanted more clarity about
the severity of disease and prognosis, including
quantitative descriptions of disease severity [14].
KIDNEY DYSFUNCTION REQUIRING
DIALYSIS IS A HETEROGENEOUS ENTITY

Clinicians arrive at the diagnosis of KDRD using a
range of signs, symptoms, and supportive laboratory
tests. Comorbid illnesses play a large role both in the
development of KDRD and in driving symptom
burden [15,16]. Although many patients deemed
to have KDRD have common patterns of clinical
presentation – for example, impaired exercise toler-
ance or physical limitations in activities of daily
living – their manifestations are widely heteroge-
neous; some patients can be relatively asymptom-
atic and have mild volume overload at GFR levels as
low as 7 ml/min/1.73 m2; other patients have signif-
icant volume overload at GFR 10–12 ml/min/
1.73 m2. As such, the diagnosis of KDRD is highly
variable for similar levels of kidney function, leading
to substantial variation in diagnosis thresholds
across patients and physicians [17,18].

On account of KDRD heterogeneity, investiga-
tors have proposed its sub-categorization to catalyze
more personalized dialytic therapies. For example,
the sub-categorization approach proposed by Piccoli
et al. considered a wide array of items (including, but
not limited to, albumin, prealbumin, age, comor-
bidity index, residual kidney function, and inter-
dialytic weight gain) [19

&

]. As a step toward
acknowledging disease heterogeneity, a simple shift
to a more nuanced classification of the condition
 Copyright © 2021 Wolters Kluwer H
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may support more tailored dialysis treatments and
could be immediately beneficial to patients.
KIDNEY DYSFUNCTION REQUIRING
DIALYSIS SUBCATEGORIZATION

KDRD categorization can have implications for
treatment goals, in particular, for patients treated
with in-center hemodialysis for whom thrice-a-week
hemodialysis therapy is the norm. There is a need to
recognize that many patients with incident KDRD
still have residual kidney function yet all patients
receive same level of hemodialysis therapy that does
not align with their organism needs. Instead of the
formulaic approach to prescribing expensive, bur-
densome hemodialysis treatments to all patients,
therapy needs to be nuanced and adaptive to the
needs of each individual.

From a pathophysiologic standpoint, patients
with KDRD exhibit endothelial dysfunction,
impaired metabolic homeostasis, immune system
dysregulation, and chronic inflammation [20–23].
From a kidney function standpoint, a growing num-
ber of studies have shown that patients with ongo-
ing residual kidney function can be treated with less-
frequent schedules of dialysis [24–30]. Subtyping
KDRD based on endogenous kidney function would
support more physiological hemodialysis prescrip-
tions congruent with a patient’s current level of
kidney function. Casino and Basile have identified
thresholds of renal urea clearance (ml/min/35 l or
ml/min/1.73 m2) for which the hemodialysis sched-
ule can be prescribed as once-a-week; twice-weekly;
or thrice-weekly [31,32

&&

,33]. Figure 2 displays a
KDRD categorization model relying on similar kid-
ney urea clearance thresholds, supplemented by
thresholds of other biochemical parameters, urine
volume, and symptoms, which could be used to
support more personalized hemodialysis prescrip-
tions.

For holistic phenotyping, other dimensions that
indicate the degree of illness severity, such as
patient-reported symptomatology and end-organ
damage need to be incorporated. Patient symptom-
atology on dialysis and nondialysis days should be
used to ascertain the adequacy of the dialytic ther-
apy. The inclusion of other tubular secretory mea-
sures into current estimates of residual kidney
function could help inform decision-making sur-
rounding dialysis initiation and dialysis dosing in
the setting of KDRD [34]. Surrogate markers of car-
diovascular outcomes and death, such as left ven-
tricular mass index and accurate blood pressure
measurements as well as nocturnal blood pressure
and dipping pattern obtained from 24-h ambulatory
blood pressure, are also important considerations.
ealth, Inc. All rights reserved.
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FIGURE 2. Progression of kidney dysfunction requiring dialysis based on levels of endogenous kidney function. Patients with
advanced kidney insufficiency have a range of clinical signs and symptoms related to progressive volume overload and low
solute clearance. Decision to diagnose kidney dysfunction requiring dialysis (KDRD) is commonly made on clinical and
laboratory grounds of manifestations not manageable with dietary and pharmacological interventions. When in-center
intermittent hemodialysis (HD) is elected as the treatment modality for KDRD, dialysis treatment could be guided by the severity
of kidney failure estimated based on kidney urea clearance. Patients with less severe forms of KDRD – that is, stage 1 and
stage 2 KDRD – could be treated with once-a-week or twice-a-week in-center HD. Akin to the clinical evolution of patients with
chronic kidney disease, the patients in the spectrum of KDRD may advance in a sequential or leaping manner through
ascending stages of severity; or progress to more severe stage and then revert to less severe stage with episodes of
intercurrent illness; or remain in one or two stages of kidney dysfunction throughout their life. Risk factors/comorbidities play a
role in the diagnosis, clinical manifestations, and the transition from early to advanced stages of KDRD. Patient-reported
symptomatology, targeted biochemical parameters, volume management, and cardiovascular parameters are of paramount
and overriding importance in adjusting HD prescription, independent of residual kidney function levels.

Kidney dysfunction requiring dialysis Murea et al.
Left ventricular hypertrophy and hypertension are
the most frequently observed cardiovascular abnor-
malities in patients with advanced kidney dysfunc-
tion and strongly predict cardiovascular mortality in
patients on hemodialysis [35–37].
KIDNEY ASSISTANCE THERAPY BASED
ON KIDNEY DYSFUNCTION REQUIRING
DIALYSIS STAGES

Dialysis is a therapy that assists the kidneys in
removing excess solutes and extracellular volume
– rather than replacing their function. In spite of the
technological and pharmacologic progress achieved
in the field of dialysis, patients with KDRD on
chronic dialytic therapy have a significant reduction
 Copyright © 2021 Wolters Kluwe
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in life expectancy compared with nondialysis-
dependent counterparts [38,39]. Furthermore, con-
ventional thrice-weekly hemodialysis has been
embraced in clinical practice without being demon-
strated that other hemodialysis schedules are infe-
rior, particularly in patients with different states of
illness severity and dialysis requirement [40]. Thus,
the terminology kidney ‘assistance’ therapy rather
than kidney ‘replacement’ therapy is more aligned
with current deliverables.

Residual kidney function should not be the sole
consideration in selecting the initial dialysis modal-
ity [41,42] as the quality of evidence comparing
patient outcomes and the decline in residual kidney
function across dialysis schedules is based on small,
mostly single-center, observational studies [43]. In
r Health, Inc. All rights reserved.
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addition to kidney urea clearance, other parameters
ought to be used to tailor the hemodialysis prescrip-
tion [40,44

&

], such as achievement of target body
weight (which is co-dependent on urine output),
target clearance, cardiovascular function, and
patient symptomatology [43,44

&

,45]. Patients with
persistent symptomatology related to volume over-
load on nondialysis days, uncontrolled hyperten-
sion or unachieved biochemical targets would be
assessed for adjustments in dialysis schedule. With
worsening cardiovascular parameters, such as rising
left ventricular mass index or elevated ambulatory
blood pressure in spite of adequate pharmacologic
therapy, more frequent hemodialysis can be consid-
ered. The Frequent Hemodialysis Network Trial
found that more frequent dialysis therapy (5 days
per week) led to reduced left ventricular mass par-
ticularly in those with reduced residual kidney func-
tion [46,47]. Although these findings make a
compelling argument for an incremental approach
to dialysis frequency, it is important to note the
degree of patient symptomatology and degree of
change in cardiovascular parameters that should
trigger changes in dialytic therapy will require defi-
nition in prospective studies.
SHOULD CLINICAL TRIALS CONTINUE TO
ADDRESS ALL KIDNEY DYSFUNCTION
REQUIRING DIALYSIS SIMILARLY?

Given the ambiguities in diagnosing KDRD, many
challenges in adjudicating this diagnosis in clinical
trials have been encountered [17]. To date, random-
ized trials of a variety of promising drugs and inter-
ventions have not been able to demonstrate clinical
benefits in KDRD [46,48–56]. As KDRD has been
considered a ‘single-stage’ homogeneous disease
category, no distinctions have been made by level
of endogenous kidney function among patients
with KDRD included in clinical trials, potentially
leading to differential intervention effects. Observa-
tional clinical studies have shown that higher levels
of endogenous kidney function in patients with
KDRD are associated with improved phosphate con-
trol [57], higher hemoglobin levels [58], better nutri-
tional status [58,59], and better survival [60–63].

This raises the question as to whether clinical
trials should be designed at including a better
defined subcategory of KDRD for whom the inter-
vention might be of most benefit. For a clinical trial
to be successful, the right patients need to be
matched to the therapies from which they are most
likely to benefit. However, while targeting trials to
specific phenotypes posited to respond to the tested
intervention may increase the ability to identify
efficacy, this approach may also limit ability to
 Copyright © 2021 Wolters Kluwer H
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enroll enough patients for a sufficiently powered
trial. Adaptive clinical trials hold the potential to
increase the efficiency of randomized controlled
trials in dialysis by identifying the patient popula-
tion most likely to benefit from alternative hemodi-
alysis treatment models, helping with sample size
reestimation in potential scenarios when fewer
patients may be required overall to ensure the same
high chance of getting the right answer, or prevent-
ing an underpowered trial, which would mean a
waste of resources [64,65].

In addition, as disease manifestation and symp-
tom-based treatment approach is at the core of
individualized dialysis treatment, patient engage-
ment during study design and conduct is pivotal
in order to build knowledge around their complex
care management in health systems [66]. Further-
more, clinical trials with multistakeholder input
(e.g. caregivers, providers, and administrators, in
addition to patients) and mixed methods process
evaluation can optimize implementation and sus-
tainability of new hemodialysis therapy models
[67,68]. Qualitative participant interviews can cap-
ture patients’ experiences to better understand their
views surrounding the dynamic nature of disease
monitoring (e.g. serial timed urine collections for
incremental hemodialysis prescription) and hemo-
dialysis treatment delivery. Qualitative interviews
with dialysis stakeholders can probe organizational
and contextual factors that could affect real-world
implementation and sustainability of individual-
ized hemodialysis treatments.
FUTURE DIRECTIONS

It is important to acknowledge lack of robust data to
support a stage-based approach to treatment of
advanced stages of kidney failure with dialysis. A
prerequisite for KDRD phenotyping is longitudinal
data acquisition in large, well characterized cohorts
[69]. This will enable characterization of distinct
KDRD phenotypes, categorized by sociodemo-
graphic and clinical data, by using consensus clus-
tering analysis [70]. Future clinical trials of KDRD
should account for the heterogeneity of patients
when considering inclusion/exclusion criteria and
study design; and should a priori consider subgroup
analyses to highlight specific KDRD subgroups that
may derive greater benefit from a particular inter-
vention. Furthermore, it will be interesting to iden-
tify degrees of KDRD clustering or endotypes in
different KDRD stages and determinants of stage
transition. Such studies can identify subpopulations
of patients with KDRD that have different risks of
KDRD stage progression, cardiovascular events and
death. Of paramount importance in clinical trials is
ealth, Inc. All rights reserved.
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Kidney dysfunction requiring dialysis Murea et al.
to test whether tailoring hemodialysis prescription
based on levels of residual kidney function and
clinical symptoms is an effective and well tolerated
approach. Of note, several ongoing clinical trials are
using thresholds of kidney urea clearance, similar to
those depicted in Fig. 2, to establish clinical effec-
tiveness of less frequent hemodialysis in the form of
once-weekly or twice-weekly hemodialysis vs.
thrice-weekly hemodialysis [71–74,75

&&

].
Akin to methods of malignancy characteriza-

tion, the phenotyping of KDRD should evolve with
the study of associated biomarkers, improving the
granularity of the phenotype. Identification of
serum markers that reliably predict imminent KDRD
progress from one stage to another will optimize
dialysis treatment by eliminating the risk of under-
dialysis from delays in dialysis schedule intensifica-
tion. Applying unbiased proteomics methods com-
bined with disease-focused and hypothesis-driven
approaches will be one way to push forward our
understanding of KDRD phenotypes. Addition of
metabolic readouts (metabolomics) will also be
important, as these represent nutritional influences,
important in patients with KDRD [76]. A system
detailing specific, underlying biologic processes
can assess the specific pathophysiological factors
contributing to a patient’s KDRD burden. For exam-
ple, inclusion of molecular parameters of dysfunc-
tion in vascular beds, immune function, cytokines,
and mitochondrial function may identify endotypes
of patients within larger disease categories or stages.
However, many of these variables are dynamic, so
routine measurement followed by data synthesis
may prove to be a formidable task.
CONCLUSION

Improved phenotypic characterization of KDRD,
both in clinical practice and research settings, is
critical if we are to improve outcomes and quality
of life in this increasingly prevalent patient popula-
tion. More nuanced terminology and our suggested
staging model may support more patient-tailored
and kidney failure stage-tailored dialysis prescrip-
tions. Subtyping ought to be studied and refined in
prospective studies to generate evidence-based
approach to individualized dialytic therapy. What-
ever scheme will be developed for KDRD phenotyp-
ing, it should be flexible (i.e. have the capacity to
adapt to new findings) and practical (i.e. can be
classified in a variety of settings), with the goal of
driving specific therapies in distinct KDRD patients.
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