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Abstract

Background: Chronic hemodialysis (HD) in the 1960s en-
compassed a wide variety of prescriptions from twice week-
ly to five times per week HD. Over time, HD prescriptions in
the West became standardized at three times per week,
2.5-4 h per session, with occasional additional treatments
for volume overload. Summary: When clinical trials of dialy-
sis dose failed to show significant benefit of extending time
compared with the traditional dialysis prescription, interest
in more frequent HD was renewed. Consequently, there has
been growth in home HD therapies as well as alternative di-
alysis prescriptions. Data from recent randomized clinical tri-
als have demonstrated the benefits and risks of these more
frequent therapies, with surprising differences in outcomes
between short daily HD and long nocturnal HD. More fre-
quent therapies improve control of both hypertension and
hyperphosphatemia, but at the expense of increased vascu-
lar access complications and, at least for nocturnal HD, a fast-
er loss of residual renal function. Key Messages: In the West,
the standard HD prescription is three treatments per week
with a minimal time of 3.0 h and dialysis is performed in an
outpatient dialysis center. A minority of patients will have a
fourth treatment per week for volume issues. Alternative HD
prescriptions, although rare, are more available compared to
the recent past. Facts from East and West: (1) While devel-

oped Western and Asian countries provide end-stage renal
disease patients full access to HD, healthcare systems from
South and South-East Asia can offer access to HD only to a
limited fraction of the patients in need. Even though the an-
nual costs of HD are much lower in less developed countries
(for instance 30 times lower in India compared to the US),
patients often cannot afford costs not covered by health in-
surance. (2) The recommended dialysis pattern in the West
is at least three sessions weekly with high-flux dialyzers.
Studies from Shanghai and Taiwan might however indicate
a benefit of twice versus thrice weekly sessions. In less devel-
oped Asian countries, a twice weekly pattern is common,
sometimes with dialyzer reuse and inadequate water treat-
ment. A majority of patients decrease session frequency or
discontinue the program due to financial constraint. (3) As
convective therapies are gaining popularity in Europe, pen-
etration in Asia is low and limited by costs. (4) In Asian coun-
tries, in particular in the South and South-East, hepatitis and
tuberculosis infections in HD patients are higher than in the
West and substantially increase mortality. (5) Progress has
recently been made in countries like Thailand and Brunei to
provide universal HD access to all patients in need. Never-
theless, well-trained personnel, reliable registries and better
patient follow-up would improve outcomes in low-income

Asian countries. © 2015 S. Karger AG, Basel
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The History of Chronic Hemodialysis

Since the initial development of chronic hemodialysis
(HD) therapy at the Northwest Kidney Center in 1960,
there have been numerous developments that have im-
proved the treatment of end-stage renal disease (ESRD)
using HD. Prior to 1960, HD had been reserved for the
treatment of acute renal failure, due to the need to perform
a surgical cutdown to access the vasculature required to
perform HD. The development of the Scribner shunt in
1960 [1] allowed for the development of chronic HD pro-
grams. These programs, very limited in scope initially, be-
came more feasible after the development of a more du-
rable arteriovenous fistula by Dr. Cimino and colleagues
in 1966 [2]. These developments, in part, led to legislation
in the US Congress which provided Medicare coverage of
ESRD as part of Social Security Amendments [3]. When
enrollment for this program commenced in July 1973,
only 11,000 patients were being dialyzed [4]. By 1990, al-
most 200,000 Americans were being treated for ESRD [5],
with an annual rate of increase in the numbers of in-center
HD patients of 5% for the years 1984-1986 and of 10% for
the years 1987-1989 [6, 7]. The number of patients under
ESRD treatment was 378,862, including 275,053 dialysis
patients and 103,809 patients with a functioning trans-
plant. Subsequent data from 2010 indicated that the num-
ber of ESRD patients had increased to 615,899, including
430,273 dialysis patients and 185,626 patients with a func-
tioning transplant [8]. It is estimated that more than
533,000 people in the US will be on dialysis by 2020, ac-
cording to United States Renal Data System estimates
based on a Markov model [9]. Similar increases have been
seen throughout the Western world [10-13].

Costs of Chronic Hemodialysis

The cost of providing care to ESRD patients has
continued to rise. In 2000, the Centers for Medicare &
Medicaid Services spent USD 14 billion on the ESRD pro-
gram; this amount has risen to USD 34.3 billion in 2010,
with an average cost of USD 87,945 per person per year
for HD patients [8]. Inpatient services accounted for 38%
of these costs, with 35% for outpatient care, 19% for phy-
sician/supplier costs and 8% for outpatient medications
as paid by Medicare Part D. Therefore, much of the cost
of ESRD care is due to morbidity, perhaps a result of in-
adequacies in dialysis therapy, hence the importance of
improving the ‘adequacy’ of dialysis so that the morbid-
ity, mortality and costs could be reduced.
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Fig. 1. Patient survival in the NCDS. Group I: Long duration and
low BUN. Group II: long duration and high BUN. Group III: short
duration and low BUN. Group IV: short duration and high BUN.
Long duration was about 4.5 h while short duration was about
3.25 h. High BUN was about 105-110 mg/dl while low BUN was
about 70-75 mg/dl. From [14].

Adequacy of Hemodialysis - Early Data

AsHD matured, there was a great interest in determin-
ing what an adequate dose of HD was. A variety of meth-
ods were proposed to measure adequacy of dialysis, in-
cluding measurement of blood urea nitrogen (BUN) and
the square meter hypothesis. The first large clinical trial
on the dose of dialysis, the National Cooperative Dialysis
Study (NCDS) [14], was conducted in the late 1970s and
early 1980s. In the one-year period immediately follow-
ing the study conclusion, significantly more deaths oc-
curred in the high time-averaged concentration of urea
groups than the low time-averaged concentration of urea
groups (fig. 1). A re-analysis of the study data, using a
formal mechanistic analysis approach [15], introduced
the concept of Kt/V to measure the dose of dialysis, where
K s the urea clearance, t is the duration of the dialysis ses-
sion in minutes on dialysis and V is the volume of distri-
bution of urea. It was found that Kt/V varied inversely
with morbidity, defined as ‘dropout’ or ‘percent failure’,
and the relationship between Kt/V and morbidity was
characterized as a step function rather than an exponen-
tially decreasing function. Using this approach, the per-
cent failure for Kt/V values <0.8 was expressed at a high
constant value (55%) while that for Kt/V values of >0.9
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was expressed at a low constant value (10%) [15], which
led to the conclusion that adequate dialysis for patients
receiving HD three times per week was defined by a de-
livered Kt/V of 1.0 per treatment and that a Kt/V of >1.0
per treatment was of no apparent benefit. A reappraisal
of the NCDS database by Keshaviah [16], however, edited
the mistakenly recorded data and fit them more appro-
priately to an exponential function. This re-analysis
therefore suggested that delivered Kt/V values >1.0 per
treatment resulted in a concomitant improvement in
clinical outcomes.

The provision of HD to a larger numbers of patients in
a number of first-world countries inevitably led to com-
parison of mortality rates in chronic HD patients by
country. A study by Held et al. [17] reported 5-year mor-
tality estimates for ESRD patients for the years 1983-
1988, controlled for age differences between countries as
well as the rates of diabetes mellitus. The mortality rate
for the US ESRD population was 15% higher than those
in the countries of the European Dialysis and Transplant
Association (EDTA) and 30% higher than in Japan. One
of the many possible reasons for this higher mortality rate
in US patients was that the dialysis treatment times were
decreased in the US in response to a decrease in the level
of Medicare reimbursements for HD that was imple-
mented in 1983. This change in reimbursement level also
led to a decrease in the dialysis unit staffing per patient.
Thus, the mean treatment time and Kt/V for the US ESRD
population was 9.8 h/week and 1.0, respectively, com-
pared to 12.1 h/week and 1.3 in the EDTA population.

The data from Held et al. [17], several large observa-
tional studies on the relationship between dialysis dose
and mortality [18-21] as well as the conclusions from a
professional consensus panel led three national organiza-
tions, including the National Institutes of Health [22], the
Renal Physicians Association [23] and the Hemodialysis
Adequacy Work Group (NKF-DOQI) [24], to advocate a
urea reduction ratio of 65% as the threshold for ‘ade-
quate’ HD and to profile providers accordingly.

Adequacy of Dialysis and Dialysis Flux - More Recent
Studies

At about the same time, the National Institutes of
Health funded a randomized clinical trial to test the im-
pact of dialysis dose and dialysis flux on mortality in
chronic HD patients. The HEMO study [25] was the first
randomized clinical trial that examined the effects of both
the dose of dialysis and the level of flux of the dialyzer
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membrane on mortality and morbidity among patients
on maintenance HD. In this 2 x 2 factorial design, 1,846
patients were randomly assigned to a standard dose
(equilibrated Kt/V e, [€Kt/Vyyea] of 1.0, approximately
equivalent to a urea reduction ratio of 65% or a single-
pool Kt/Vrea [SPKt/Vyrea] of 1.20) [26] or a high dose
(eKt/Vyea of 1.4, approximately equivalent to a urea
reduction ratio of 75% or a spKt/V ., of 1.60) and to a
low-flux or high-flux dialyzer. Flux was defined by the
clearance of 3, microglobulin, with low-flux dialyzers de-
fined as having a [, microglobulin clearance of <10 ml/
min and high-flux dialyzers defined as having a 3, micro-
globulin clearance of >20 ml/min. The study had an 84%
power to detect a 25% reduction in the primary endpoint
of all-cause mortality for each intervention.

During the course of the study, concerns were raised
that the standard-dose arm of the trial was unethical as it
provided a substandard dose of dialysis. These concerns
led to a modification of the protocol such that the low
standard and high eKt/V ., doses were raised to 1.05 and
1.45, respectively. Despite these initial concerns regard-
ing study design, the relative risk (RR) of death in the
high-dose group (mean eKt/V ., of 1.53 = 0.09, mean
SpKt/V yrea 0f 1.71 + 0.11) versus the standard-dose group
(mean eKt/V e, of 1.16 + 0.08, mean spKt/V ., 0f 1.32 +
0.09) was not statistically different, with a RR of 0.96
(95% confidence interval [CI] 0.84-1.10, p = 0.53; fig. 2).
Subgroup analysis suggested that females had a statisti-
cally significantly lower mortality rate with the higher di-
alysis dose while males had a higher mortality rate that
was not statistically significant. The results for the flux
intervention were also negative, as those patients ran-
domized to the high-flux arm had a mortality rate that
was no different from that of patients randomized to the
low-flux arm (RR 0.92, 95% CI 0.81-1.05, p = 0.23).

The flux arm of the study was complicated by the ob-
servation, unknown at the time that the study was de-
signed, that the dialyzer flux varied by both the specific
dialyzer membrane used as well as the method of re-
use [27]. Thus, cellulose triacetate membranes that were
reused using Renalin® (peracetic acid mixture) had a
marked decline in B, microglobulin clearance with each
reuse, while all membranes had an increase in , micro-
globulin clearance if bleach was used for the reuse meth-
od. These observations led to a restriction on the number
of times that cellulose triacetate dialyzers could be reused
in order to maintain separation between the two flux
arms of the study. The separation of the flux arms was
thus lower than initially planned, with a mean 3, micro-
globulin clearance of 33.8 + 11.4 ml/min in the high-flux
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group versus 3.4 + 7.2 ml/min in the low-flux group [28].
Thus it is not known whether a higher 3, microglobulin
clearance would have positively impacted overall mortal-
ity rates. Post hoc analysis revealed that in the high-flux
group, there were significant risk reductions in the risk of
death from cardiac causes and in the combined outcome
of first hospitalization for cardiac causes or death from
cardiac causes, neither of which were designated as the
main secondary outcomes for the HEMO study. In addi-
tion, those participants who had been receiving dialysis
for >3.7 years had a lower risk of death if they were ran-
domized to the high-flux arm of the trial.

Two other randomized trials have addressed the issue
of dialysis flux. The Membrane Permeability Outcome
trial was a prospective clinical trial where 738 incident
HD patients were randomized to low- or high-flux dia-
lyzers, with stratification based on a serum albumin lev-
el >4 g/dl or <4 g/dl [29]. There was no significant differ-
ence in mortality between the high- and low-flux groups;
however, in the low serum albumin subgroup, there was
a lower mortality in the high-flux versus the low-flux
group (RR 0.49, 95% CI 0.28-0.87). The EGE study was a
2 x 2 factorial randomized controlled trial that compared
the effects of high- versus low-flux dialyzers on a com-
bined outcome of fatal and nonfatal cardiovascular events
[30]. In this study of 704 participants, there was no statis-
tically significant difference in the primary outcome be-
tween high- and low-flux dialyzers (hazard ratio [HR]
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0.73, 95% CI 0.49-1.08, p = 0.1). A post hoc analysis re-
vealed that among those participants with either an arte-
riovenous fistula or with diabetes mellitus, the use of
high-flux dialyzers improved cardiovascular event-free
survival. Finally, a meta-analysis of these three trials dem-
onstrated that the use of high-flux dialyzers was associ-
ated with a decrease in cardiovascular mortality com-
pared to participants using low-flux membranes (HR =
0.82, 95% CI 0.70-0.96) [30].

Current Hemodialysis Prescriptions

Despite the negative results of the HEMO study re-
garding the dose of dialysis, the dose of dialysis in the US,
as measured by spKt/V ., climbed throughout the late
1990s and early 2000s, perhaps in part due to the wide
publicity that the HEMO study received in order to en-
hance recruitment among the 72 participating clinics
[31]; based on data collected by the Centers for Medicare
& Medicaid Services, the spKt/V ., per HD session rose
from 1.39 in 1997 to 1.52 in 2003 [32]. Cross-sectional
data from the Dialysis Outcomes and Practice Patterns
Study (DOPPS) data from 2011 provide information on
the dose of dialysis in Western countries [33]. Less than
5% of patients in Western countries dialyze less than
three times per week. The mean dialysis session length is
usually in the range of 220-245 min per session. Blood

Kidney Dis 2015;1:178-186
DOI: 10.1159/000441809

181



flow rate is quite variable, with the highest rate in North
America (413 £ 68 ml/min), followed by Europe, Austra-
lia and New Zealand (317 + 57 ml/min) and the lowest
value in Japan at (202 + 29 ml/min). The dose of dialysis,
as expressed by the standardized Kt/V, was fairly similar
in the 2.1-2.3 range, with numbers in the lower range
more likely to be seen in Japan. The percentage of pa-
tients with a standardized Kt/V <2.0 ranged from a low
of 13.8% in North America to 25.3% in Japan. The per-
centage of patients dialyzing more than three times per
week ranged from 14% in Sweden, 8% in Spain, 5% in
Canada, 4% in Italy and 2% in Australia and New Zealand
to levels <1% in the US, Germany, Japan, France and the
United Kingdom.

More Frequent Hemodialysis

The negative results of the HEMO study also led to a
critical reappraisal of whether three times per week HD
could provide a high enough dose of dialysis to impact
mortality rate. It was noted that patients in the high-dose
arm of the trial received only approximately 90 more
minutes of dialysis per week (15% increase in total time
per week) compared to patients in the standard-dose arm.
This observation led to the concept that improvements in
mortality would require the delivery of much higher dos-
es of dialysis that could not be achieved with the tradi-
tional three times per week prescription. It is interesting
to note that both short daily and nocturnal HD have their
origins in the early days of chronic HD therapy. In the late
1960s and early 1970s, daily in-center HD was conducted
both in the US and in Europe [34, 35], as was home HD
[36-39]. An early study by Bonomini et al. [35] in 1972
noted that in six patients who had uremic-type symptoms
despite increasing the time on dialysis from 22 to 30 h per
week, changing patients to short daily dialysis (3-4 h for
5 days per week) led to resolution of signs and symptoms
of advanced uremia such as anorexia, amenorrhea, severe
anemia, impotence, insomnia, polyneuropathy, pruritus
and restless leg syndrome. Improvements in these symp-
toms of uremia, as well as in blood pressure control and
left ventricular hypertrophy, were noted by other investi-
gators in both Europe and North America [40-43].

Thus, the negative HEMO study results, coupled with
prior knowledge of outcomes, on a small scale, from ob-
servational and cross-over studies with more frequent
HD, led to the development of the Frequent Hemodialy-
sis Network (FHN) Daily and Nocturnal studies. A num-
ber of different HD prescriptions were proposed for these
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studies in the early design phases of protocol develop-
ment; however, it was eventually decided that providing
a maximal dose of the effects of these more frequent di-
alysis modalities on outcomes would be more likely to
result in a positive outcome. As both the FHN Daily Tri-
al and the FHN Nocturnal Trial were designed to enroll
only a small number of patients, the primary outcomes,
of necessity, needed to be ‘soft’ outcomes and not hard
outcomes such as hospitalizations or mortality [44]. Thus,
for both studies, participants were followed for 12 months
and the two co-primary composite outcomes were death
or change in left ventricular mass by cardiac magnetic
resonance imaging and death or change in the RAND
physical health composite from the SF-36. There were a
number of secondary outcomes, including measures of
cognitive performance, self-reported depression, labora-
tory markers of nutrition, mineral metabolism and ane-
mia, blood pressure as well as rates of hospitalization and
vascular access interventions. The inclusion and exclu-
sion criteria for the two trials were similar, with the ex-
ception of residual renal function, in which the exclu-
sion criteria was higher in the Nocturnal Trial (>10 ml/
min/1.73 m? as calculated as the average of the urea and
creatinine clearances) than in the Daily Trial (>3 ml/min/
1.73 m? of urea clearance).

Short Daily Hemodialysis

The FHN Daily Trial was a multicenter, prospective,
randomized trial of frequent HD performed six times per
week, in-center, compared to conventional HD per-
formed three times per week in-center [45]. The 120 par-
ticipants assigned to the standard arm continued on their
pre-study dialysis prescription as long as the minimum
target eKt/V ., was at least 1.1 and the session length was
between 2.5 and 4.0 h. The 125 participants in the fre-
quent arm had dialysis prescriptions factored by V?* in-
stead of V to both minimize the effect of patients’ body
mass on the prescription and also to avoid very long di-
alysis sessions for patients with higher body mass. Thus,
the target eKt/Vn in the frequent arm was 0.9, where
Vn = 3.271 x V?3, with a session length that was between
1.5 and 2.75 h. Compliance with the dialysis prescription
was acceptable in the frequent arm with participants av-
eraging 5.2 sessions per week. There was excellent separa-
tion between groups in regards to dialysis dose, with a
weekly standard Kt/V ., of 3.54 + 0.56 in the frequent
arm compared to 2.49 + 0.27 in the standard arm. The two
co-primary outcomes were significantly improved in the
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frequent arm, with a reduction in the left ventricular
mass/death HR (HR = 0.61, 95% CI 0.46-0.82) and an
improvement in the physical health composite/death HR
(HR = 0.70, 95% CI 0.53-0.92). Participants in the fre-
quent HD arm also demonstrated improvement in the
control of hypertension and hyperphosphatemia [46].
There were no significant improvements in the other sec-
ondary outcomes, however, including anemia [47], mea-
sures of cognitive performance [48], depressive symp-
toms and self-reported mental health [49] and nutrition
and body composition [50]. Adverse effects in the fre-
quent arm included an increased risk for a first-access
event (HR 1.76, 95% CI 1.11-2.79) as well as an increase
in total arteriovenous repairs (p = 0.011), likely secondary
to the increased rate of cannulation per week in the fre-
quent arm [51].

A long-term follow-up of the FHN Daily Trial has re-
cently been published whereby the vital status of these
participants was followed for a median of 3.6 years after
randomization [52]. Most of the participants (81%) who
were in the frequent arm returned within 2 months after
the completion of the trial to a dialysis prescription <4.5
treatments per week. Despite this change to a more con-
ventional dialysis prescription, participants in the fre-
quent arm showed a significantly lower death rate during
extended follow-up, with a relative mortality HR of 0.54
(95% CI 0.31-0.93). If participants were censored after
receiving a kidney transplant, the relative HR was 0.56
(95% CI 0.32-0.99). The overall mortality rate was sub-
stantially lower in the frequent arm compared to the stan-
dard arm (0.043 versus 0.082 deaths per patient-year).

Chronic Hemodialysis Therapy in the
West

These findings are analogous to the NCDS, in which sur-
vival benefits were seen several years after the conclusion
on the randomized portion of that trial [14].

Long Nocturnal Hemodialysis

These findings are in marked contradistinction to the
FHN Nocturnal Trial. The Nocturnal Trial was a multi-
center, prospective, randomized trial in which partici-
pants were randomized to either three times per week
conventional HD lasting 2.5-5 h per session or nocturnal
HD six times per week with a duration of 6.0-8.0 h per
session [53]. Due to difficulties with recruitment, the
sample size was reduced from 250 to 90 patients. As in the
FHN Daily Trial, there was excellent separation between
groups with a mean + standard deviation weekly standard
Kt/V yrea 0f 2.59 + 0.69 in the standard arm compared to
4.72 + 1.08 in the frequent arm. Dialysis sessions were
performed 2.91 + 0.21 times per week in the standard arm
compared to 5.06 + 0.8 times per week in the frequent
arm. The mean weekly duration of dialysis was 12.6 +
3.9 hin the standard arm and 30.8 + 9.1 h in the intensive
arm. There was no benefit shown in the frequent arm for
either of the two co-primary outcomes, with a HR for
the left ventricular mass/death outcome of 0.68 (95% CI
0.44-1.07, p = 0.095) and a HR for the physical health
component/death outcome of 0.91 (95% CI 0.58-1.43,
p = 0.68). There was improvement, however, in the con-
trol of both hypertension and hyperphosphatemia. In
those participants in the frequent arm who dialyzed
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>35 h per week, 60% required the addition of phosphorus
to the dialysate to help prevent hypophosphatemia. There
was no difference, however, between groups for the other
secondary outcomes, including anemia, depression, cog-
nitive function or nutrition (as measured by serum albu-
min levels) [47-50]. Finally, in the more frequent arm,
there was not only a trend for increased vascular events
[51] (p = 0.076), there was also a more rapid decline in
residual renal function over the 12-month intervention
period (fig. 3) [54].

The Alberta Kidney Disease Network Study was also a
randomized trial of more frequent nocturnal HD com-
pared to conventional HD [55]. In this trial, 52 partici-
pants were followed for 6 months after randomization;
the primary outcome was change in left ventricular mass,
while secondary outcomes were focused on quality of
life, mineral metabolism, control of hypertension and
anemia. There was a significant decline in left ventricular
mass in the frequent arm (-15.3 g, 95% CI -29.6 to —1.0)
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that was of greater magnitude than that seen in the FHN
Nocturnal Trial (-10.8 g, 95% CI —23.7 to +1.8). This dif-
ference in the left ventricular mass finding may be sec-
ondary to several issues, including technical differences
in how left ventricular mass was measured, the higher
baseline left ventricular mass in the Alberta Trial com-
pared to the FHN Trial, and the longer vintage of ESRD
in the Alberta Trial (median of 3.5 years) versus the FHN
Nocturnal Trial (median of 1.08 years, 10th and 90th per-
centiles 0.1-10.7 years), which likely also resulted in dif-
ferences in residual renal function at baseline. A higher
residual renal function would result in lower interdialytic
weight gains, which in turn may mitigate any positive ef-
fects on left ventricular mass due to the nocturnal in-
tervention. There was improvement in control of both
hypertension [55] and hyperphosphatemia [56], but no
improvements in anemia [55] or quality of life [57].
Similar to the FHN Daily Trial, a long-term extension
study was conducted in participants in the FHN Noctur-
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nal Trial [58]. Upon conclusion of the 1-year FHN Trial,
these participants were free to change their HD prescrip-
tion. Participants were followed for an average of 3.7
years. The overall mortality HR for those receiving noc-
turnal HD was 3.88 (95% CI 1.27-11.79, p = 0.010). If
participants who received a renal transplant are censored
at the time of renal transplantation, the HR is 5.98 (95%
CI1.71-20.92,p =0.002; fig. 4). If one accounts for chang-
es in modality by using an as treated analysis by dialysis
prescription, with a 12-month running treatment aver-
age, the HR for mortality was still elevated at 3.06 (95%
CI 1.11-8.43, p = 0.03). A Bayesian analysis was per-
formed due to the small numbers of participants in order
to provide a complementary approach to interpreting
data when small sample sizes are present. These Bayesian
analyses revealed that the probability of a clinically sig-
nificant benefit were very small, suggesting that it was
very unlikely that the utilization of frequent nocturnal
HD would result in an improvement in the mortality rate
compared to conventional three times per week HD.

The Future of Hemodialysis

What does the future of HD hold? In the short term,
there are several new home HD machines that are in var-
ious stages of clinical development that may make home
HD less complicated and thus help decrease caregiver
burden [59]. Longer-term, continued improvement in
miniaturization and nanotechnology may lead to the de-
velopment of viable wearable HD devices [60, 61] and
bioengineered kidneys, including de novo organogenesis,
cell transplantation, growing a kidney in vivo, reseed-
ing a kidney and implantable artificial kidneys [61-64].
These latter therapies may ultimately provide a defini-
tive treatment for ESRD and replace HD as a treatment
for ESRD.
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