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Introduction

Hemodialysis (HD) is the cornerstone treatment of kidney
dysfunction requiring dialysis (KDRD) in the United
States. Notwithstanding this medical success, HD has
transformed from a treatment individualized by patients’
symptoms to a one-size-HD-fits-all. Here we review the
history of HD, focusing on the factors that shaped it into
our current undifferentiated care. The future of HD can be
brighter, with improved patient outcomes and methods
to remove different uremic solutes, if we apply lessons
learned from the past, challenge existing preprogrammed
care, re-embrace individualized care, and develop new
technologies that augment the quality of dialysis.

HD administered thrice-weekly to achieve a mini-
mum target urea removal has been entrenched as the
standard treatment of KDRD in the United States for
more than four decades. While thrice-weekly HD
maintains life and confers operational efficiency, it
submits all individuals to uniform therapy. Insufficient
appreciation of the approach to HD during its pioneer-
ing years and of the contexts that shaped our current
adequacy guidelines have unintentionally established
uniform HD as the standard of care. In this perspective,
we summarize past to present landscapes of HD, ex-
amining factors that contributed to current thrice-
weekly practice and concluding with the future where
individualized care can be the standard (Table 1).

The Past: HD Conceptualization

HD was a historical advancement in kidney failure
treatment. With the use of assays developed in the early
1900s, kidney function deterioration was assessed by
rise in plasma levels of urea and creatinine, hence the
term uremia, originating from the Greek ouron (urine)
and haima (blood), translating as urine in blood. This
recognition of uremic solutes prompted efforts to
develop a treatment that removes them. Such was di-
alysis of blood conceptualized, grounded on the prin-
ciples of solute diffusion in liquids.! Decades of pursuits
were then invested to develop a reliable apparatus,

including HD machines and membranes with biocom-
patible materials (Figure 1).

In the mid-1940s, HD was guided by clinical man-
ifestations and was limited to the inpatient setting
because of the need for surgical access to the vascula-
ture with each treatment. The introduction of the Scrib-
ner shunt in 1960 made chronic HD possible, effecting
the first outpatient center in Seattle, WA. Dialysis
pioneers initiated HD at very low levels of kidney
function, equivalent to present-day GFR estimates of
<5 ml/min per 1.73 m?, and adjusted HD intensity on
the basis of symptoms. Owing to solute clearance
limitations of the available membranes, they pre-
scribed HD as one 10-12-hour session every 5-10 days
with increases in frequency if symptoms reemerged.
After months of chronic HD, twice-weekly treatment
would often become necessary to control symptoms.?
Advancements in membranes allowed treatments to be
shortened to 6-8 hours. In parallel, means to identify
kidney disease intensified, the number of patients with
KDRD increased, and the limited capacity of the out-
patient dialysis center was outpaced. This prompted
the establishment of the Seattle home HD program,
which interestingly started the shift to thrice-weekly
regimens. With home HD, patients and their care
partners found shorter thrice-weekly treatments to
be less onerous than longer twice-weekly treatments.3

A pivotal point in history was the establishment of
Medicare funding in 1973, rendering dialysis widely
available. Consequently, outpatient centers prolifer-
ated and in-center HD steadily became more alluring
than home HD. Thrice-weekly schedules used for
home HD were adopted in many centers, but it was
by no means enforced by dialysis pioneers. Nor did
they focus on urea removal as the index of dialysis
adequacy. At that time, adequate dialysis was defined
as the amount necessary to prevent neuropathy, and
solutes with size ranging 500-2000 Dalton (i.e., middle
molecules) were implicated, on the basis of observations
that patients with residual kidney function (RKF) re-
ceiving dialysis did not develop neuropathy compared
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Element of HD

Table 1. Summary of past, present, and future states of hemodialysis prescription

Metric of dialysis
adequacy
Frequency

Duration

Dialyzer

Dialysate production
system

173 m?

Symptoms, nerve conduction
studies

One to two treatments per week,
progressing to three
treatments per week on the
basis of RKF and symptoms

6-8 h per treatment at once-
weekly or twice-weekly
frequency

® Plate dialyzers

® Coil dialyzers

® Cellulosic membrane

® Recirculated solution

® Sorbent systems

1.73 m?
spKt/Virea

Three treatments per week
regardless of RKF

3—4 h per treatment at thrice-
weekly frequency

® Hollow-fiber dialyzers

® Capillary and biocompatible
membrane

® Single-pass solution

® Premanufactured solutions

P e Past Present Future
rescription
Setting Home HD more common than Facility-based HD more On the basis of patient preference
facility-based HD common than home HD with individualized
prescription
Initiation Mean eGFR* <5 ml/min per Mean eGFR® >10 ml/min per Mean eGFR <8 ml/min per

173 m?

Symptoms, small and middle-
molecular weight solutes

One to two treatments per week,
progressing to three
treatments per week on the
basis of RKF and symptoms

Variable, depending on RKF,
volume status, and
comorbidities

Portable, miniaturized
apparatus

® Sorbent systems
® Carbon block to regenerate

Dialysate base solution ® Acetate

® Bicarbonate (cardiovascular
benefit compared with acetate)

dialysate

® Sorbent-loaded mixed-matrix
membranes

® Individualized bicarbonate
and electrolyte concentration
on the basis of real-time blood
measurement during HD
treatments

“Between early 1960s and early 1980s.
PFrom mid-1980s to present.

HD, hemodialysis; spKt/Vrea, single-pool Kt/V ea; RKF, residual kidney function.

with anuric patients receiving HD using cellophane mem-
branes with smaller size cutoffs. This led to careful consid-
eration of RKF in removing such solutes* and therefore the
argument that HD be prescribed according to the plasma
accumulation of middle molecules.

The Present: Conventional HD

The growth of outpatient dialysis centers necessitated
operation-efficient care which, along with reimbursement pol-
icies, solidified the movement to preprogrammed thrice-
weekly care. Sorbent-regenerated dialysate systems that were
once at the core of dialysate production were subsequently
abandoned. Many disputed the decision of thrice-weekly HD
as an inaugural therapy, pronouncing “there is no reason to
assume 7 priori that every patient requires three instead of two
HD per week” and “dialysis times established to prevent all
patients in a center from developing chronic neuropathy are
excessive for patients with some RKF.” They noted “the pre-
scribed frequency of HD was the result of an incremental
process” and cautioned that overdialysis may induce new
symptoms.? However, despite observations linking the contri-
bution of RKF in controlling uremic symptoms, the movement
to thrice-weekly HD prevailed.

The growth of chronic HD raised two questions: how to
quantify the dose and what dose renders better outcomes.

To address these questions, the National Cooperative Di-
alysis Study (NCDS) and Hemodialysis (HEMO) study
tested the effect of HD-based solute targets and outcomes.®
The NCDS showed that targeting a lower plasma urea level
reduced morbidity. A reanalysis of the data, however,
showed that the marker single-pool Kt/ V rea (SPKt/Viyrea),
which is roughly proportional to the reduction of urea levels
by a single HD treatment, was a better predictor of out-
comes than absolute urea levels. The HEMO study sub-
sequently showed that intensive spKt/V, 1.7 did not
reduce mortality versus 1.3, thereby establishing the min-
imum goal of 1.2 while targeting 1.4.

The contexts of these trials warrant emphasis. First, the
main objective in both trials was to determine purely the
contribution of HD-based solute targets to outcomes.
Patients with RKF, categorized as creatinine clearance
>3 ml/min (NCDS) or urea clearance >1.5 ml/min per
35 L (HEMO), were excluded to eliminate confounding by
the kidneys’ contribution to solute clearance. Second,
thrice-weekly HD was the regimen for both trials. These
trials therefore established the minimum HD-based
solute targets for patients with little to no RKF receiv-
ing thrice-weekly HD. Finally, the development of
spKt/Vyrea solidified thrice-weekly HD. As originally
calculated, spKt/ V. applies only to a single treatment,
and adequacy is defined as achieving this spKt/V ., on
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Figure 1. A timeline of the evolution of HD. From conceptualization to contemporary practice, HD transformed from individualized treatments
offered to a small patient population to uniform prescription offered to a large patient population. We envision a future that borrows elements
from the past (i.e., individualized treatments) and capitalizes on scientific and technological progress. HD, hemodialysis; NCDS, National

Cooperative Dialysis Study.

each of three-weekly treatments. The weekly adequacy
measure standard Kt/Ve, that is routinely used for
peritoneal dialysis could be used to incorporate RKF in
patients receiving HD of any frequency schedule. This
weekly measure, however, was developed after spKt/
Vurea-guided thrice-weekly HD had already gained sub-
stantial momentum.

A prescription of virtual maximum effectiveness, be-
yond which few (if any) clinical advantages are derived,
thrice-weekly HD targeting spKt/V yrea is recommended
as a minimum dialysis prescription—regardless of indi-
vidual patient circumstances.® Consequently, patients
with appreciable RKF who lacked representation in
NCDS and HEMO but now encompass a substantial
proportion of incident patients have been absorbed
into a system-centered HD practice. The contribution
of RKEF to solute clearance, while incorporated routinely
in the prescription for peritoneal dialysis, has been
largely ignored for HD despite data showing that en-
dogenous kidney function affords excretion of complex
molecules that are poorly removed by HD.® Many stud-
ies have shown that maintaining full-dose, HD-based
urea clearance at thrice-weekly treatments provided
no benefit in patients with appreciable volume and sol-
ute removal afforded by RKF.” However, RKF is
neither measured nor incorporated routinely in the
HD prescription.

The Future: Individualized HD

Awareness of the limitations with one-size-HD-fits-all
approach and the biased incorporation of RKF in peritoneal
dialysis (but not HD) have been mounting. Updated guide-
lines and a growing number of studies endorse assessing
adequacy as a composite of kidney-based and HD-based
urea clearances.” Beginning in 2000, the Kidney Disease
Outcomes and Quality Initiative guidelines allowed HD
dose to be reduced (either by duration or frequency) for
patients with RKF, defined as GFR >5 ml/min. These
recommendations were further refined to reducing HD dose
when kidney urea clearance is >2 ml/min in the Kidney
Disease Outcomes and Quality Initiative 2006 and 2015 and
the European 2019 guidelines. An impressive step forward
was made for peritoneal dialysis by abandoning the use of
solute-targeted adequacy, placing instead emphasis on pa-
tients” well-being.®? Perhaps this is the direction the HD
community will follow, starting with incorporation of
RKEF into the HD prescription and recognition that patients’
well-being is not restricted to a specific quantity of
HD-based small solute removal. Indeed, in some countries,
incremental HD programs are already integrated as a new
standard of care; their experiences will enhance the findings
from ongoing clinical trials.”?

Hesitance to abandon entrenched practices and lack of
studies to objectively compare different streams of HD care
are some of the factors that contribute to the slow progress
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toward individualized HD. Ongoing and planned clinical
trials that compare outcomes between RKF-coupled versus
RKF-uncoupled HD prescription will hopefully boost
adoption of individualized treatment (NCT05465044 and
NCT05828823). Development of electronic platforms that
integrate RKF into clinical reports and policy reforms that
allow prescription adjustment for RKF could further pro-
mote person-centered care. HD prescription should also be
adjusted for other individual needs, such as volume control,
acute illnesses, or goals of care. In addition, there is renewed
interest in the concept of sorbent systems to increase dialysis
efficiency while reducing water consumption. Moreover,
advances in sorbent technology may allow for removal of
solutes which are poorly cleared by conventional HD, such
as middle molecules and solutes that bind to plasma
proteins.'”

Improvement in HD care requires understanding of the
underlying contexts from which the treatment was de-
veloped and a willingness to adopt new practices. The
future of HD will be brighter, with improved patient
outcomes and methods to remove nonurea uremic sol-
utes, if we could learn from the past to change the current
paradigm.
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