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Abstract Most people who make the transition to main-
tenance dialysis therapy are treated with a fixed dose
thrice-weekly hemodialysis regimen without consider-
ing their residual kidney function (RKF). The RKF pro-
vides effective and naturally continuous clearance of both
small and middle molecules, plays a major role in meta-
bolic homeostasis, nutritional status, and cardiovascular
health, and aids in fluid management. The RKF is associ-
ated with better patient survival and greater health-related
quality of life, although these effects may be confounded
by patient comorbidities. Preservation of the RKF requires
a careful approach, including regular monitoring, avoid-
ance of nephrotoxins, gentle control of blood pressure
to avoid intradialytic hypotension, and an individualized
dialysis prescription including the consideration of incre-
mental hemodialysis. There is currently no standardized
method for applying incremental hemodialysis in practice.
Infrequent (once- to twice-weekly) hemodialysis regimens
are often used arbitrarily, without knowing which patients
would benefit the most from them or how to escalate the
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dialysis dose as RKF declines over time. The recently
heightened interest in incremental hemodialysis has been
hindered by the current limitations of the urea kinetic mod-
els (UKM) which tend to overestimate the dialysis dose
required in the presence of substantial RKF. This is due
to an erroneous extrapolation of the equivalence between
renal urea clearance (Kru) and dialyser urea clearance (Kd),
correctly assumed by the UKM, to the clinical domain. In
this context, each ml/min of Kd clears the urea from the
blood just as 1 ml/min of Kru does. By no means should
such kinetic equivalence imply that 1 ml/min of Kd is clini-
cally equivalent to 1 ml/min of urea clearance provided by
the native kidneys. A recent paper by Casino and Basile
suggested a variable target model (VTM) as opposed to the
fixed model, because the VTM gives more clinical weight
to the RKF and allows less frequent hemodialysis treat-
ments at lower RKF. The potentially important clinical and
financial implications of incremental hemodialysis render it
highly promising and warrant randomized controlled trials.

Keywords End-stage renal disease - Incremental
hemodialysis - Initiation of dialysis - Residual renal
function - Twice-weekly hemodialysis - Urea kinetic
modelling

Introduction

During the upcoming decade about 1 million people in the
US are expected to make the transition to dialysis therapy
[1]. The majority of dialysis patients are currently treated
with a fixed dose thrice-weekly hemodialysis (HD) (3HD/
wk) regimen irrespective of whether they are starting dial-
ysis therapy (incident) or have been receiving dialysis for
some time (prevalent) and without consideration for their
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residual renal function (RKF) [2]. Although the regulatory
agencies might consider this HD regimen as “standard of
care” and “adequate requirement”, it is by no means perfect
[2]. The 3HD/wk regimen has been assumed, until recently,
almost as a dogma in the dialysis community [3, 4]. His-
torically, however, HD started with two treatment sessions
per week in the 1960s and 1970s, but by the early 80s the
HD frequency had increased to 3HD/wk [5]. Incredibly,
the 3HD/wk schedule has been widely accepted worldwide
without ever undergoing any randomized controlled trial
(RCT) to examine whether less frequent HD treatments
would be inadequate or harmful [6].

Over the past 30 years, major trials of HD adequacy,
modality (nocturnal, home or in-center) and frequency
(daily HD) have been anchored to 3HD/wk regimens as
the gold standard, including the HEMO Study that failed
to prove survival advantages of a higher HD dose [4]. Inter-
estingly, a recent RCT suggested that more frequent (more
than 3HD/wk, such as daily) HD may provide patient out-
come benefits [7]. Owing to this background, it is easily
understandable why a HD frequency of less than 3HD/wk
is rarely prescribed in Europe (currently in only 5.2% of
all patients in Europe [8]), and even much less so in the
US and Canada (probably less than 1% [9]). In contrast to
Europe and the US, a recent study reported that 26% of the
Chinese dialysis populations are treated using a 2HD/wk
schedule [10], which may be the result of socioeconomic
conditions, including less access to dialysis therapy and
inadequate resource availability.

Incremental HD

The optimal regimen for incident patients is not known. It
is plausible that the routine practice of fixed-dose 3HD/wk
in incident patients with substantial RKF may be harmful,
contributing to an accelerated loss of RKF [11, 12]. Incre-
mental HD is based on the simple idea of adjusting its dose
according to the metrics of RKF. Indeed, most patients ini-
tiating dialysis have some degree of RKF, often a residual
renal urea clearance (Kru) of >3 ml/min and a urine output
(UO) of >500 ml/day. Given the importance of RKF pres-
ervation in conservative therapy, it seems a contradiction
to ignore the contribution of RKF in incident HD patients.
What is important to note is that the challenge of preserv-
ing RKF or UO in HD patients has never been taken seri-
ously. Clinical practice guidelines generally advise against
less than a3HD/wk schedule as inferior. These guidelines
do not recommend an incremental transition from less to
more frequent HD over time, while, ironically, according to
most peritoneal dialysis (PD) guidelines, PD dose should
be adjusted upwards parallel to the decline in RKF, the
preservation of which is a high priority target in PD [6, 13].

@ Springer

Potential benefits of incremental HD
Survival

The body of literature on incremental HD is surprisingly
small but of high-quality and fast growing, especially
in recent years. There are no RCTs that directly compare
standard 3HD/wk with incremental HD. The literature is
without exception observational [10, 14-26] (Table 1). As
far as survival is concerned, some studies suggest a sur-
vival advantage of incremental HD [14, 17, 21], while oth-
ers report a similar mortality compared to standard HD [19,
23, 26] and a few suggest a higher mortality compared to
standard HD [18, 20]. Taken together, the majority of the
available studies suggest a non-inferiority of incremen-
tal HD related to survival, in that there appears to be no
overtly harmful effects on survival by reducing dialysis
dose so long as a significant RKF is present. It is important
to note that subgroup analyses of a recent study showed
a worse survival of incremental versus thrice-weekly HD
only when the RKF was lowest, whereas survival was the
same or even tended to be better with incremental HD
when the RKF was higher [24]. In another study, in inci-
dent HD patients with low or moderate comorbid disease,
survival was similar for patients initiated on an incremen-
tal or conventional HD regimen, whereas it was higher for
more frequent HD [26].

Preservation of RKF

The key question is what is RKF in dialysis patients?
Traditionally, renal function is expressed as glomeru-
lar filtration rate (GFR). The gold standard estimate
of GFR is measurement of urinary clearance of inulin
[27]. This requires the continuous infusion of inulin so
it is impractical for routine clinical use. Although iso-
topic methods may have greater accuracy in determining
GFR, cost and resources limit their use in routine clini-
cal practice, and they also have their own confounders
particularly in dialysis patients [28]. Thus, interdialytic
urine collection remains the mainstay for measuring
RKF in HD patients. In the absence of a mid-dialysis-
collection point blood sample, the mean of the post- and
pre-dialysis samples is conveniently used to reflect the
mean interdialytic blood level. Ideally, urine collection
should span the whole interdialytic period rather than
just 24 h, since UO and GFR can vary significantly dur-
ing the interdialytic period [29]. However, in the real
world scenario of clinical practice, there is often a trade-
off between the ideal and what patients find acceptable
and can comply with. As such, many centers opt for a
24-h urine collection, as this is less inconvenient for
the patient. The timing of such collections in relation
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Table 1 Summary of studies examining the association between infrequent HD and clinical outcomes

References

Cohort description

Exposure (vs. 3HD/wk)

Results

Hanson et al. [14]

Lin et al. [15]

Supasyndh et al. [16]

Vilar et al. [17]

Stankuviene et al. [18]

Lin et al. [19]

Elamin et al. [20]
Fernandez-Lucas et al. [21]

Caria et al. [22]

Zhang et al. [10]

Park et al. [23]

Obi et al. [24]

Obi et al. [25]

Mathew et al. [26]

Incident HD patients (n=4888)

Prevalent HD patients (n=10,179)

Prevalent HD patients (n=74)

Prevalent HD patients (n=142)

Incident HD patients (n=650)

Incident HD patients (n=2428)

Incident HD patients (n = 639)
Prevalent HD patients (n = 673)

Prevalent HD patients (n = 2012)
Incident HD patients (n=95)

Incident HD patients (n=68)

Incident HD patients (n=285)

Incident HD patients (n=927)

Incident HD patients (n=23,645)

Incident HD patients (n=6538)

Incident HD patients (n=50,756)

2HD/wk

2HD/wk

2HD/wk

2HD/wk

1HD/wk
2HD/wk

2HD/wk

2HD/wk
2HD/wk

1HD/wk

2HD/wk

2HD/wk

2HD/wk

2HD/wk

2HD/wk

Lower adjusted mortality risk in both incident
and prevalent HD patients. This association
was attenuated after adjustment for RKF
at HD initiation (available only in incident
patients)

Similar nutritional laboratory parameters.
Greater preservation of RKF (without adjust-
ment)

Similar nutritional laboratory parameters and
protein intake, but greater energy intake

Survival advantage and lower erythropoietin
requirements in patients with significant
RKF

Higher adjusted mortality (RKF data not
available)

Similar adjusted mortality risk overall as
well as subgroups of incident and prevalent
patients (RKF data not available)

Higher 1-year crude mortality (89% vs. 85%)

Greater crude survival. Greater preservation of
RKF (without adjustment)

Greater preservation of RKF (without adjust-
ment)

with low protein diet

Greater preservation of RKF (without adjust-
ment). Odds ratio for faster RKF loss was 7.2
after adjustment for sex, urea reduction rate
and intradyalitic hypotension episodes

Comparable results to 3HD/wk initiation for
health-related quality of life, RKF and all-
cause mortality

Greater preservation of RKF. Higher mortality
after the first year of dialysis in patients with
the lowest RKF

Graded association of RKF decline during the
first year of dialysis with all-cause mortality

Comparable results to 3HD/wk initiation for
modelled mortality risk in selected patients
with adequate RKF and reasonable general
health

HD hemodialysis; /HD/wk, 2HD/wk, 3HD/wk once-weekly, twice-weekly, thrice-weekly hemodialysis, respectively; RKF residual renal func-

tion

to a dialysis session then becomes important, particu-
larly for patients with less frequent dialysis schedules,
as clearance will vary with time from the previous
dialysis session and volume status [30]. RKF in the set-
ting of dialysis can be assessed in different ways: Kru
slightly underestimates GFR due to tubular reabsorption,
whereas creatinine clearance overestimates GFR due to
tubular secretion. So the composite clearance is used in
clinical practice, with the assumption that tubular func-
tion mirrors GFR [28]. Thus, although 24-h urine col-
lections remain the standard method for estimating RKF,
the question arises which clearance is most important in

patients on dialysis: Kru, the composite urea and creati-
nine clearance (GFR), or creatinine clearance? As renal
function declines, there is a relative change in the bal-
ance between tubular creatinine secretion and GFR, and
similarly some other tubular functions, such as the clear-
ance of protein-bound azotemic toxins, are relatively
preserved at reduced levels of GFR [28]. To overcome
such difficulties, other markers of filtration have been
advocated such as predialysis plasma levels of cystatin
C [31, 32], B,-microglobulin [32, 33] and p-trace protein
[32, 33]. Shafi et al. recently developed and validated
equations that estimate Kru in dialysis patients from
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serum f,-microglobulin, B-trace protein, and cystatin C
concentrations without requiring urine collection [32].
At the same time, Wong et al. developed and validated
equations that predict RKF in HD patients using serum
f,-microglobulin and f-trace protein [33]. However, it is
unclear whether any of these markers will prove suffi-
ciently accurate in the range of RKF in dialysis patients.
Given the current limitations with using urea clearance,
further research is necessary to find alternative inex-
pensive and easily measured filtration markers that are
accurate enough to estimate RKF without the need for
urine collections. Until such an alternative is found, the
regular monitoring of RKF by periodic urine collections
is required to ensure that RKF is being maintained and
that dialysis schedules do not require adjustment [29].
RKF is roughly approximated by measuring UO. While
RKF and UO do not measure the same physiologic quan-
tities—the former is a clearance while the latter is just
a fluid volume—they are closely related, as documented
by some unpublished data of our own (Fig. 1). RKF in
dialysis patients plays an important role in fluid and salt
removal, effective phosphorus excretion, middle mol-
ecule clearance, and endogenous vitamin D and eryth-
ropoietin production [9, 34, 35]. Loss of RKF is linked
to decreased survival [36, 37], likely from poorer uremic
solute clearance [36], volume and blood pressure control
[17, 38], higher erythropoietin requirements [39], more
inflammation [36] and higher left ventricular mass [40].

The available literature suggests greater preservation
of RKF with infrequent dialysis [15, 21, 22, 24].

Other potential benefits

Having 2HD sessions per week will also result in less fre-
quent arteriovenous fistula or graft cannulations, which
may prolong the longevity of dialysis vascular access [19].
The FHN study has shown that, compared to conventional
HD, more frequent HD sessions were associated with a
higher risk of vascular complications including repair-,
loss-, or vascular access-related hospitalizations [41].
Additionally, by having one less HD treatment a week,
patients can spend more time engaging in activities outside
of the dialysis center, which may lead to substantially better
health-related quality of life [9, 34, 35].

Potential harm of infrequent HD

Incremental HD is certainly not risk-free. It clearly requires
close attention to clinical conditions and chemistries of the
patient. Deterioration in chemistries or volume status may
be unexpectedly abrupt and life threatening [42]. Uremia,
a still somewhat mysterious condition, may present in ways
that are not being monitored closely such as pericarditis,
encephalopathy or neuropathy [43].

Interdialytic weight gain and ultrafiltration

Several studies have identified the long (3 days) interdia-
lytic interval as an independent risk factor for all-cause
mortality and cardiovascular hospitalization in patients
treated with 3HD/wk [44-46], likely due to fluid overload

.

Fig. 1 Relationship between 4000
residual renal urea clearance
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and/or electrolyte derangements. Although the potential
complications of the long interval may seem to counteract
the benefits of incremental HD, adverse outcomes associ-
ated with the long interdialytic interval were not observed
among incident HD patients [44], many of whom likely
have a higher RKF than prevalent patients and thus main-
tained better electrolyte and fluid balance. Moreover, it is
possible, although not yet clearly proven, that the higher
mortality of the long interdialytic interval relates to excess
dialysis and abrupt removal and shifts of fluid and electro-
lyte (e.g. potassium) [47]. The latter is more likely espe-
cially since the high mortality of long HD interval happens
on the day of the first dialysis therapy and not during the
long interval where mortality is, in fact, the lowest. Inter-
estingly, a recent study from UK showed that patients with
RKF do not exhibit the high death rate after long interdia-
lytic interval [47].

There may be misconceptions that larger interdialytic
weight gain (IDWG) will be observed with incremental HD
schedules compared to 3HD/wk schedules, and that aggres-
sive ultrafiltration may be required. Ironically, indeed, it
is far more plausible that more frequent HD would lead to
greater IDWGs and cardiac structural abnormalities over
time, due to faster loss of RKF [11]. Rapid ultrafiltration
rates may also contribute to intradialytic hypotension, sub-
clinical cardiac stunning, and myocardial ischemia [48].
Greater IDWG (>5% of dry weight) and higher ultrafiltra-
tion rate (>10 ml/h/kg) are associated with a higher risk of
mortality [49, 50]. Other potential unfavorable features of
incremental HD include persistent azotemia and electrolyte
disturbances (e.g. hyperkalemia, hypercalcemia, and hyper-
phosphatemia), but these complications are less likely to
occur in patients with substantial RKF [34].

Application of urea kinetic modelling
to incremental HD

It is evident from the published literature [10, 14-26]
(Table 1) that there are no well-thought-out standardized
methods of applying incremental HD in practice. Infre-
quent regimens are currently being used arbitrarily, with
no systematic process for making the decision as to which
patients require less dialysis and then escalating dialysis
dose appropriately as RKF declines over time [29].

The recently heightened interest in incremental HD
[10, 15-26] has been hindered by the current urea kinetic
model (UKM)-based prescription that, by overestimat-
ing the dialysis needs in the presence of substantial RKF,
would require such high values for both the RKF and dialy-
sis dose (Kt/V) [51, 52] that it would be difficult to pre-
scribe less frequent treatments. This could cast doubts on
the usefulness of the UKM as a guide to the prescription

of incremental HD and drive the search for alternative
indices of dialysis adequacy [32, 33]. While agreeing that
evaluating the dialysis adequacy should not rely on a single
index, we would confirm the need to keep the UKM as the
gold standard, not only because it is the only established
tool for assessing and prescribing dialysis [53-55], but also
because in actual fact it is not responsible for the overes-
timation of dialysis needs. The problem is not intrinsic to
the UKM, but rather is generated by a misconception or
rather misunderstanding. The equivalence between Kru and
dialysis clearance (Kd), correctly assumed by the UKM,
simply means that each ml/min of Kd clears the urea from
the blood just as 1 ml/min of Kru does [51, 53, 56]. By no
means should such kinetic equivalence imply that 1 ml/min
of Kd is clinically equivalent to 1 ml/min of urea clearance
provided by the native kidneys. The benefits of retaining
RKF appear to be greater than one would expect from sim-
ply enhanced small solute clearance: a multivariate survival
analysis of patients on incremental HD suggested that 1 ml/
min of Kru resulted in a greater survival benefit than 1 ml/
min of HD urea clearance, possibly due to greater removal
of middle molecules by native kidneys and improved vol-
ume control [17]. There is increasing evidence to suggest
that clearance of other uremic solutes, particularly middle
molecules such as ,-microglobulin, is highly dependent on
RKF. This extends even to very low levels of RKF: patients
with Kru of <0.5 ml/min have significantly higher serum
f,-microglobulin levels than those with values between
0.5 and 1 ml/min [57]. Furthermore, RKF is the most sig-
nificant determinant of f,-microglobulin levels, even in
patients treated with convective modalities such as hemo-
diafiltration [58, 59]. The same may apply to other middle
molecules such as cystatin C [60], and protein-bound sol-
utes such as p-cresol, which are poorly removed by HD and
hemodiafiltration [38, 61]. Residual renal tubular function
may represent important removal pathways for these and
other compounds [62]. There is no universally accepted
method of incorporating Kru into dialysis adequacy calcu-
lations since different authors have declared their own pref-
erences [51, 63]. However, whatever method is employed,
urea clearance targets still need to be met since Kt/V urea
is the only marker that has been thoroughly examined in
interventional trials [4, 63]. A warning is absolutely man-
datory in the context of application of a program of incre-
mental HD to clinical practice: the greatest attention should
be paid to other parameters such as nutritional status, vol-
ume status, middle molecule removal, anemia, bone min-
eral metabolism, control of metabolic acidosis and inflam-
mation, all of which contribute to overall well-being in HD
patients [64]. It is noteworthy to underline that literature
data have shown that RKF is associated with improved
anemia control [65], blood pressure [39], nutritional status
[66] and bone mineral metabolism [67]. Volume control
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is also better due to the significant contribution of RKF to
fluid and sodium removal [68]. The general principle for
calculating the amount of dialysis required to compensate
for RKF reduction is based on the constancy of a given tar-
get value for the total (dialytic 4+ renal) equivalent continu-
ous clearance (ECC) over a week period: i.e. at any given
point in time, the sum of Kru and the component of the
equivalent continuous clearance (ECCd) provided by the
intermittent Kd, should achieve the fixed total ECC target
[51, 69]. However, fixing the total ECC necessarily implies
perfect equivalence of its renal and dialytic components.
This assumption is wrong because Kru has much greater
clinical weight than Kd; indeed, even though it may sound
illogical, it really should not matter if the fixed total target
value of 13 ml/min/40 1 is obtained by summing Kru=zero
and ECCd=13 ml/min/40 1, or Kru=13 ml/min/40 1
and ECCd=zero. This assumption is no longer tenable,
because, in agreement with a basic physiology notion,
many studies have shown that the native kidney function
is clinically much more important than dialysis clearances
[52-56].

Most recently, Casino and Basile suggested that a vari-
able target model (VTM) is more rational that a fixed one
(FTM), because it correctly gives more clinical importance
to the RKF [70]. In this regard, Casino and Basile proposed
that the total ECC target varies as an inverse function of
Kru, from a maximum value in anuria to a minimum value
at Kru levels not yet requiring dialysis. In other words, they
proposed a change in our appoach to dialysis adequacy
assessment, which is a paradigm shift, from FTM to VTM
in the prescription of incremental HD [70]. The new crite-
ria suggest that, at least in relatively healthy patients, HD
can be started at Kru~5 ml/min/35 1 on a 1HD/wk sched-
ule; this can be maintained until Kru falls below 4 ml/
min/35 1, at which point the treatment schedule should be
changed to a 2HD/wk schedule, which, in turn, could be
maintained until Kru falls below 2 ml/min/35 1, when the
3HD/wk schedule becomes really necessary [70].

Of note, comparing the results associated with FTM
and VTM for three different ECCs, namely, the equiva-
lent renal clearance (EKRc) [51], the original version of
the standard Kt/V (stdKt/V) with Kru “compressed” at
70% [56], and the current version of stdKt/V with Kru at
100% [53], the equilibrated Kt/V (eKt/V) values required
to attain VT with the original stdKt/V version were found
to be similar to those required to attain FT with the cur-
rent stdKt/V version [70]. Since the latter were also simi-
lar to the eKt/V values required to attain VT with EKRc
[70], one can realize that either adding Kru at 100%
instead of 70% in the calculation of stdKt/V, or reducing
the target of EKRc as a function of Kru, both result in
an increase in the relative weight of Kru. Hence, the two
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independent hypotheses, namely (a) adding Kru at 100%
to stdKt/V, (b) reducing the total EKRc target as a func-
tion of Kru, reinforce each other [70]. Stated differently,
the current version of stdKt/V including an increase in
the relative weight of Kru should keep on using the cur-
rent fixed target of 2.3 v/wk, which, on the other hand,
could already allow a wider use of the 2HD/wk schedule.
Clearly, Kru and UQO, as well as the metabolic and
clinical conditions, should be assessed more frequently.
In particular, the daily UO should be at least 500 ml/day
[24]. Furthermore, since the targets are about 10-15%
higher than the minimum required values, there is no
need to aim at ECC values higher than the target [70].
This approach is likely to be safe, being in agreement
with many observational data in the literature [10, 14-17,
71]. Vilar et al. reported in 650 incident dialysis patients
treated with an incremental high-flux HD program that
patients with significant RKF, despite receiving a lower
dialysis dose, had a survival advantage and lower eryth-
ropoietin requirements [17]. Mortality outcomes from the
United States Renal Data System population in 15,067
patients undertaking twice-weekly HD showed that
prevalent patients had a lower mortality risk (RR=0.76;
p=0.02) compared to thrice-weekly patients, although
in incident patients there was no significant difference in
mortality risk when adjusted for the equilibrated GFR at
HD initiation (RR=0.85; p=0.31) [14]. Similarly, data
from the Shanghai Renal Registry also showed similar
survival rates between twice-weekly and thrice-weekly
HD patients [10]. In addition to preservation of RKF, Lin
et al. [15] also reported fewer episodes of hospitaliza-
tion in twice-weekly HD patients. Nutritional and bone
mineral biochemistry status appear to be no worse in
infrequent or incremental dialysis regimens [15, 16, 71].
However, the crucial point still remains unsolved, and
an RCT comparing incremental HD with the 3HD/wk
schedule and focused on hard outcomes, such as survival
and health-related quality of life, is urgently needed. It is
also clearly evident that the group of patients that would
hypothetically benefit most from incremental HD would
be elderly patients, whose incidence and prevalence in
the dialysis population is constantly growing worldwide.
As said, the recent paper by Casino and Basile [70] sug-
gested that VTM, which gives more clinical weight to the
RKF, allows less frequent HD treatments at lower RKF
as opposed to the FTM, based on the wrong concept of
the clinical equivalence between renal and dialysis clear-
ance. To test the VIM hypothesis, an RCT in incident
HD patients should be planned: one arm should enroll
patients starting either on standard 3HD/wk or on incre-
mental HD with the FTM; the other arm should enroll
patients starting on incremental HD with the VTM.
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Conclusions

In maintenance dialysis patients, the RKF provides effec-
tive and continuous clearance of both small and mid-
dle molecules; it plays a role in metabolic homeostasis,
nutritional status, and cardiovascular health; and it aids in
fluid management. RKF is associated with better patient
survival and health-related quality of life in maintenance
dialysis patients, although these effects may be residually
confounded by patient comorbidities. Preservation of RKF
in HD patients requires a careful approach, including regu-
lar monitoring, avoidance of nephrotoxins, gentle control
of blood pressure, and a personalized initiation of dialysis
prescription including consideration of incremental HD
with a treatment frequency less than thrice-weekly [72].
In the context of incremental HD, the paradigm shift from
the FTM to the VTM, whereby the VTM would allow less
frequent treatments at lower Kru, with important clinical
and financial implications in the prescription of incremen-
tal HD, as suggested by Casino and Basile [70], appears to
be very promising. However, this needs to be confirmed by
RCTs.

Compliance with ethical standards
Funding No funding agency granted the present study.

Conflict of interest
of interest.

The authors declare that they have no conflict

Informed consent For this type of study formal consent is not
required.

Research involving human participants and/or animals This arti-
cle does not contain any studies with human participants or animals
performed by any of the authors.

References

1. Saran R, Li Y, Robinson B et al (2016) US renal data system
2015 annual data report: epidemiology of kidney disease in he
US. Am J Kidney Dis 67(Suppl 1):S1-S305

2. Toth-Manikowski SM, Shafi T (2016) Hemodialysis prescription
for incident patients: twice seems nice, bt is it incremental? Am J
Kidney Dis 68:180-183

3. Lowrie EG, Laird NM, Parker TF et al (1981) Effect of the
hemodialysis prescription of patient morbidity: report from
the National Cooperative Dialysis Study. N Engl J Med
305:1176-1181

4. Eknoyan G, Beck GJ, Cheung AK et al (2002) Effect of dialysis
dose and membrane flux in maintenance hemodialysis. N Engl J
Med 347:2010-2019

5. Blagg CR (2011) The 50th anniversary of long-term hemodi-
alysis: University of Washington Hospital, March 9th, 1960. J
Nephrol 24(Suppl 17):S84-S88

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

(2001)NKF-K/DOQI clinical practice guidelines for hemo-
dialysis adequacy:update 2000. Am J Kidney Dis 37(Suppl
1):S7-S64

Chertow GM, Levin NW, Beck GJ et al (2010) In-center hemo-
dialysis six times per week versus three times per week. N Engl J
Med 363:2287-2300

Couchoud C, Kooman J, Finne P et al (2009) From registry
data collection to international comparisons: examples of hae-
modialysis duration and frequency. Nephrol Dial Transplant
24:217-224

Rhee CM, Unruh M, Chen J et al (2013) Infrequent dialy-
sis: a new paradigm for hemodialysis initiation. Semin Dial
26:720-727

. Zhang M, Wang M, Li H et al (2014) Association of initial

twice-weekly hemodialysis treatment with preservation of resid-
ual kidney function in ESRD patients. Am J Nephrol 40:140-150
Daugirdas JT, Green T, Rocco MV et al (2013) Effect of fre-
quent hemodialysis on residual kidney function. Kidney Int
83:949-958

Golper TA, Mehrotra R (2015) The intact nephron hypothesis
in reverse: an argument to support incremental dialysis. Nephrol
Dial Transplant 30:1602—-1604

Sandrini M, Vizzardi V, Valerio F et al (2016) Incremental peri-
toneal dialysis: a 10 year single-centre experience. J Nephrol
29:871-879

Hanson JA, Hulbert-Shearon TE, Ojo AO et al (1999) Prescrip-
tion of twice-weekly hemodialysis in the USA. Am J Nephrol
19:625-633

Lin YF, Huang JW, Wu MS et al (2009) Comparison of residual
renal function in patients undergoing twice-weekly versus three-
times-weekly haemodialysis. Nephrology (Carlton) 14:59-64
Supasyndh O, Satirapoj B, Seenamngoen S et al (2009) Nutri-
tional status of twice and thrice-weekly hemodialysis patients
with weekly Kt/V > 3.6. ] Med Assoc Thai 92:624-631

Vilar E, Wellsted D, Chandna SM et al (2009) Residual renal
function improves outcome in incremental hemodialysis despite
reduced dialysis dose. Nephrol Dial Transplant 24:2502-2510
Stankuviene A, Ziginskiené E, Kuzminskis V et al (2010) Impact
of hemodialysis dose and frequency on survival of patients on
chronic hemodialysis in Lithuania during 1998-2005. Medicina
(Kaunas) 46: 516-521

Lin X, Yan Y, Ni Z et al (2012) Clinical outcome of twice-
weekly hemodialysis in Shangai. Blood Purif 33:66-72

Elamin S, Abu-Aisha H (2012) Reaching target hemoglobin
level and having a functioning arteriovenous fistula significantly
improve one year survival in twice weekly hemodialysis. Arab J
Nephrol Transplant 5:81-86

Fernandez-Lucas M, Teruel-Briones JL, Gomis-Couto A et al
(2012) Maintaining residual renal function in patients on haemo-
dialysis: 5-year experience uing a progressively increasing dialy-
sis regimen. Nefrologia 32:767-776

Caria S, Cupisti A, Sau G et al (2014) The incremental treatment
of ESRD: a low-protein diet combined with weekly hemodialysis
may be beneficial for selected patients. BMC Nephrol 15:172
Park JI, Park JT, Kim JL et al (2017) Comparison of outcoms
between the incremental and thrice-weekly initiation of hemo-
dialysis: a propensity-matched study of a prospective cohort in
Korea. Nephrol Dial Transplant 32:355-362

Obi Y, Streja E, Rhee CM et al (2016) Incremental hemodialysis,
residual kidney function, and mortality risk in incident dialysis
patients: a cohort study. Am J Kidney Dis 68:256-265

Obi Y, Rhee CM, Mathew AT et al (2016) Residual kidney func-
tion decline and mortality in incident hemodialysis patients. J
Am Soc Nephrol 27:3758-3768

. Mathew AT, Obi Y, Rhee CM et al (2016) Treatment fre-

quency and mortality among incident hemodialysis patients

@ Springer



528

J Nephrol (2017) 30:521-529

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

in the US comparing incremental standard and more frequent
dialysis. Kidney Int 90:1071-1079

Smith HW, Goldring W, Chasis H (1938) The measurement of
the tubular excretory mass, effective blood flow and filtration
rate in the normal human kidney. J Clin Invest 17:263-278
Davenport A (2016) Measuring residual renal function in dial-
ysis patients: can we dispense with 24-hour urine collections?
Kidney int 89:978-980

van Olden RW, van Acker BA, Koomen GC et al (1995)
Time course of inulin and creatinine clearance in the interval
between two haemodialysis treatments. Nephrol Dial Trans-
plant 10:2274-2280

Wong J, Vilar E, Davenport A et al (2015) Incremental haemo-
dialysis. Nephrol Dial Transplant 30:1639-1648

Bhavsar N, Appel L, Kusek J et al (2011) Comparison of
measured GFR, serum creatinine, cystatin C, and beta-trace
protein to predict ESRD in African Americans with hyperten-
sive CKD. Am J Kidney Dis 58:886-893

Shafi T, Michels WM, Levey AS et al (2016) Estimating resid-
ual kidney function in dialysis patients without urine collec-
tion. Kidney Int 8§9:1099-1110

Wong J, Sridharan S, Berdeprado J et al (2016) Predict-
ing residual kidney function in hemodialysis patients using
serum f-trace protein and P,-microglobulin. Kidney Int
89:1090-1098

Kalantar-Zadeh K, Unruh M, Zager PG et al (2014) Twice-
weekly and incremental hemodialysis treatment for initiation of
kidney replacement therapy. Am J Kidney Dis 64:181-186
Kalantar-Zadeh K, Casino FG (2014) Let us give twice-weekly
hemodialysis a chance: revisiting the taboo. Nephrol Dial Trans-
plant 29:1618-1620

Shafi T, Jaar BG, Plantinga LC et al (2010) Association of resid-
ual urine output with mortality, quality of life, and inflammation
in incident hemodialysis patients: the Choices for Healthy Out-
comes in Caring for End-Stage Renal Disease (CHOICE) study.
Am J Kidney Dis 56:348-358

van der Wal WM, Noordzij M, Dekker FW et al (2011) Full loss
of residual renal function causes higher mortality in dialysis
patients; findings from a marginal structural model. Nephrol Dial
Transplant 26:2978-2983

Marquez 10, Tambra S, Luo FJ et al (2011) Contribution of
residual renal function to removal of protein-bound solutes in
hemodialysis. Clin ] Am Soc Nephrol 6:290-296

Menon MK, Naimark DM, Bargman JM et al (2001) Long-term
blood pressure control in a cohort of peritoneal dialysis patients
and its association with residual renal function. Nephrol Dial
Transplant 16:2207-2213

Wang AY, Wang M, Woo J et al (2002) A novel association
between residual renal function and left ventricular hyperthrophy
in peritoneal dialysis patients. Kidney Int 62:639-647

Suri RS, Larive B, Sherer S et al (2013) Risk of vascular access
complications with frequent hemodialysis. J Am Soc Nephrol
24:498-505

Liu S, Diao Z, Zhang D et al (2014) Preservation of resid-
ual renal function by not removing water in new hemodialy-
sis patients: a randomized, controlled study. Int Urol Nephrol
46:83-90

Libetta C, Nissani P, Dal Canton A (2016) Progressive hemodi-
alysis: is it the future? Semin Dial 29:179-183

Foley RN, Gilbertson DT, Murray T et al (2011) Long interdia-
lytic interval and mortality among patients receiving hemodialy-
sis. N Engl J Med 365:1099-1107

Zhang H, Schaubel DE, Kalbfleisch JD et al (2012) Dialy-
sis outcomes and analysis of practice patterns suggests the
dialysis schedule affects day-of-week mortality. Kidney Int
81:1108-1115

@ Springer

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Krishnasamy R, Badve SV, Hawley CM et al (2013) Daily vari-
ation in death in patients treated by long-term dialysis: compari-
son of in-center hemodialysis to peritoneal and home hemodialy-
sis. Am J Kidney Dis 61:96-103

Rhee CM, Kalantar-Zadeh K (2015) Implications of the long
interdialytic gap: a problem of excess accumulation vs. excess
removal? Kidney Int 88:442-444

Burton JO, Jefferies HJ, Selby NM et al (2009) Hemodialysis-
induced cardiac injury: determinants and associated outcomes.
Clin J Am Soc Nephrol 4:914-920

Shoij T, Tsubakihara Y, Fujii M et al (2004) Hemodialysis-asso-
ciated hypotension as an independent risk factor for two-year
mortality in hemodialysis patients. Kidney Int 66:1212-1220
Flythe JE, Kimmel SE, Brunelli SM (2011) Rapid fluid removal
during dialysis is associated with cardiovascular morbidity and
mortality. Kidney Int 79:250-257

Casino FG, Lopez T (1996) The equivalent renal urea clearance:
a new parameter to assess dialysis dose. Nephrol Dial Transplant
11:1574-1581

Shemin D, Bostom AG, Laliberty P et al (2001) Residual renal
function and mortality risk in hemodialysis patients. Am J Kid-
ney Dis 38:85-90

(2015) NKF-K/DOQI clinical practice guidelines for hemodialy-
sis adequacy: 2015 update. Am J Kidney Dis 66:884-930
European Best Practice Guidelines Expert Group on Haemodi-
alysis (2002) 11.3 Haemodialysis dose and residual renal function
(Kr). Nephrol Dial Transplant 17(Suppl 7):S24

Sargent JA, Gotch FA (1980) Mathematic modeling of dialysis
therapy. Kidney Int Suppl 10:S2-S10

Vilar E, Farrington K (2011) Emerging importance of residual
renal function in end-stage renal failure. Semin Dial 24:487-494
Fry AC, Singh DK, Chandna SM et al (2007) Relative impor-
tance of residual renal function and convection in determining
beta-2-microglobulin levels in high-flux haemodialysis and on-
line haemodiafiltration. Blood Purif 25:295-302

Penne EL, van der Weerd NC, Blankestijn PJ et al (2010) Role
of residual kidney function and convective volume on change in
beta2-microglobulin levels in hemodiafiltration patients. Clin J
Am Soc Nephrol 5:80-86

Oates T, Pinney JH, Davenport A (2011) Haemodiafiltration ver-
sus high-flux haemodialysis: effects on phosphate control and
erythropoietin response. Am J Nephrol 33:70-75

Vilar E, Boltiador C, Viljoen A et al (2014) Removal and
rebound kinetics of cystatin C in high-flux hemodialysis and
hemodiafiltration. Clin ] Am Soc Nephrol 9:1240-1247
Bammens B, Evenepoel P, Verbeke K et al (2003) Removal
of middle molecules and protein-bound solutes by perito-
neal dialysis and relation with uremic symptoms. Kidney Int
64:2238-2243

Masereeuw R, Mutsaers HA, Toyohara T et al (2014) The kidney
and uremic toxin removal: glomerulus or tubule? Semin Nephrol
34:191-208

Gotch FA, Sargent JA (1985) A mechanistic analysis of the
National Cooperative Dialysis study (NCDS). Kidney Int
28:526-534

Basile C, Lomonte C (2012) Kt/V urea does not tell it all. Neph-
rol Dial Transplant 27:1284—-1287

Penne EL, van der Weerd NC, Grooteman MP et al (2011) Role
of residual renal function in phosphate control and anemia man-
agement in chronic hemodialysis patients. Clin J Am Soc Neph-
rol 6:281-289

Wang AY, Sea MM, Ip R et al (2001) Independent effects of
residual renal function and dialysis adequacy on actual dietary
protein, calorie, and other nutrient intake in patients on con-
tinuous ambulatory peritoneal dialysis. J Am Soc Nephrol
12:2450-2457



J Nephrol (2017) 30:521-529

529

67.

68.

69.

Wang AY, Woo I, Wang M et al (2005) Important differentia-
tion of factors that predict outcome in peritoneal dialysis patients
with different degrees of residual renal function. Nephrol Dial
Transplant 20:396—403

Chandna SM, Farrington K (2004) Residual renal function:
considerations on its importance and preservation in dialysis
patients. Semin Dial 17:196-2001

Gotch FA (1998) The current place of urea kinetic modelling
with respect to different dialysis modalities. Nephrol Dial Trans-
plant 13(Suppl 6):S10-S14

70.

71.

72.

Casino FG, Basile C (2017) The variable target model: a para-
digm shift in the incremental haemo dialysis prescription. Neph-
rol Dial Transplant 32:182-190

Teruel-Briones JL, Fernandez-Lucas M, Rivera-Gorrin M et al
(2013) Progression of residual renal function with an increase
in dialysis: haemodialysis versus peritoneal dialysis. Nefrologia
33:640-649

Mathew AT, Fishbane S, Obi Y et al (2016) Preservation of
residual kidney function in hemodialysis patients: reviving an
old concept. Kidney Int 90:262-271

@ Springer



	Is incremental hemodialysis ready to return on the scene? From empiricism to kinetic modelling
	Abstract 
	Introduction
	Incremental HD
	Potential benefits of incremental HD
	Survival
	Preservation of RKF
	Other potential benefits

	Potential harm of infrequent HD
	Interdialytic weight gain and ultrafiltration

	Application of urea kinetic modelling to incremental HD
	Conclusions
	References




