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Abstract

The majority of end-stage kidney disease patients are treated with haemodialysis (HD). Starting HD can pose physical,
social, and psychological challenges to patients, and mortality rates within the first 6 months are disproportionately high,
with intensive HD regimens implicated as a potential factor. Starting HD with an incremental approach, taking residual
kidney function (RKF) into account, potentially allows for a gentle start with reduced dialysis intensity. Dialysis intensity
(session time or frequency) can then be proportionally increased as RKF reduces. This approach to starting HD has been
reported in observational studies to result in better patient self-reported health quality of life and reduced costs, and now
several definitive randomised controlled trials are underway comparing an incremental approach to the conventional thrice
weekly paradigm. Physician concerns over the risk of inadequate dialysis, with consequent increased emergency admissions,
and practical challenges of how to estimate RKF and implement incremental dialysis have impeded widespread adoption.
Addressing these challenges is paramount to increasing the uptake of incremental HD. Careful patient selection lies at the
heart of a successful incremental HD programme. Generally, patients with a residual urea clearance of > 3 ml/min/1.73 m?
can be considered suitable for starting with incremental HD provided they comply with fluid intake, salt and other dietary
recommendations. Calculating RKF from regular interdialytic urine collections and appropriately adjusting sessional HD
clearance targets are practical and conceptual challenges. In this report we aim to disentangle these complexities and provide
a step-by-step guide for patient selection and adjusting dialysis sessional targets.
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Introduction

The number of patients with end-stage kidney disease con-
tinues to increase world-wide, and the majority of patients
are treated by haemodialysis (HD). While HD is life-sustain-
ing for many patients with kidney failure, it can be burden-
some and is associated with physical, social, and psychologi-
cal challenges. In the 6 months after HD initiation, mortality
rates are disproportionately high, with the abrupt transition
to intensive thrice-weekly HD regimens being implicated
[1]. Increased availability and access to dialysis services
has led to many patients now starting dialysis while still
having some residual kidney function (RKF), which may
persist for many months or even years. Retention of RKF
is associated with improved outcomes including control of
blood pressure, anaemia, nutrition, increased middle mol-
ecule clearance and survival benefit [2-6]. More intensive
HD can accelerate loss of RKF [7], whereas a more gradual
dialysis start may potentially be protective [8, 9].
Incremental HD utilises RKF to reduce dialysis intensity,
minimising session frequency or duration below what would
be considered standard therapy of 4 h thrice weekly. Haemo-
dialysis can be initiated at lower intensity, even starting from

@ Springer

once a week dialysis, and incrementally increased according
to individual need as RKF reduces. This is in contrast to pal-
liative dialysis with reduced session frequency or duration
and no incremental intention. Numerous observational and
two feasibility randomized control trials (RCTs) have dem-
onstrated that incremental HD can mitigate some of the bur-
dens, harms, and costs of conventional initiation [10]. Vari-
ous definitive trials are underway internationally. The IHDIP
trial is investigating the safety of once weekly HD initiation
[11]. The REAL LIFE trial is planned to investigate pres-
ervation of RKF by incremental HD, and also involves HD
frequency as low as once a week [12]. The TWOPLUS trial
is planned as a non-inferiority study of incremental dialysis
with primary composite outcome of all-cause hospitaliza-
tions, emergency department visits, or death (ClinicalTrials.
gov ID NCT 05828823). The US INCHVETS study (Clini-
calTrials.gov ID NCT05465044) will examine health-related
quality of life in incremental HD compared to thrice weekly
HD. The Australian INCH-HD study will determine the
impact of twice weekly HD initiation on the kidney-specific
component of KDQOL-SF [13].

Despite the potential benefits, incremental HD adop-
tion remains low, in part due to practical challenges of
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performing incremental HD and physician concern regard-
ing risks of underdialysis. We aim to provide a practical
guide for safe incremental HD implementation and guidance
on patient selection.

Practical ways to perform incremental
dialysis

Patient selection

One of the basic determinants of patient selection for
Incremental HD is RKF. Substantial data from observa-
tional and feasibility prospective studies support incremen-
tal HD in patients with a renal urea clearance (KrU) >3
ml/min/1.73 m? body surface area and a urine output
of > 500 ml/day [9, 14-16]. It may be possible to identify
patients with a KrU >3 ml/min with a f2 microglobulin
blood test but this approach has not been applied in safety
studies [17].

Patient adherence to fluid and salt restriction and die-
tary advice also needs to be taken into account [15]. Inad-
equate volume control would necessitate a longer dialysis
session or more frequent dialysis, therefore weight gain
between the dialysis sessions needs to be taken into con-
sideration when assessing suitability of the patient for
incremental dialysis.

Although not usually accounted for, minimum dialy-
sis dose to achieve toxin clearance depends on physi-
cal activity and energy expenditure. Physically active
patients generating more waste products of metabolism
would require more dialysis [18]. Physical activity may

Patient  characteristics = which favour
incremental HD start

e KrU>3ml/min/1.73m?BSA

e Urine Output > 500 ml/day
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e Adequate nutrition

need to be considered when dialysing using an incremen-
tal approach by uplifting the clearance target. Older, less
active patients may therefore particularly benefit from
incremental dialysis.

A decision aid for incremental vs conventional HD start
is shown in Fig. 1.

Monitoring RKF

A standard method of measuring RKF is timed urine collec-
tion, with KrU calculated by the ratio of urea removal rate
to plasma urea concentration. [19].

KrU=U

urea

X (U vol / collection time)/P

urea’

where KrU is expressed in ml/min. U, and P, are
urine and plasma concentration of urea, respectively. U vol
is the urine volume in the collection interval. Collection time
is typically the interdialytic interval which conventionally is
taken as the interval between the first 2 dialysis sessions of
the week. However, urine collection for the full interdialytic
interval may be cumbersome. Several methods have been
reported to estimate KrU from partial interdialytic urine col-
lections ending before the next HD session (e.g. last 24 h of
the interdialytic interval).

To calculate KrU, the steady state urea during the urine col-
lection period is required (P,,.,), which is difficult to measure
in intermittent dialysis. There are a few different ways to deter-
mine P, which is most representative of steady state urea
concentration. Most simply it can be expressed as the aver-
age of post- and pre-dialysis urea concentrations between the

two consecutive dialysis sessions. An alternative expression

Patient  characteristics  which favour

conventional HD start

e KrU < 3ml/min/1.73m?BSA

* Urine output < 500 ml/day

* Interdialytic weight gain 2 2.5 kg or>5 %
of the target body weight

* Frequent episodes of pulmonary oedema

* Frequent episodes of hyperkalemia

e Erythropoietin resistance

* Younger and more metabolically /
physically active patients

¢ Hypercatabolic state

Fig. 1 Decision aid for incremental vs conventional HD start based on patient’s characteristics

@ Springer



Journal of Nephrology

of steady state urea is time-averaged urea concentration TAC
Ureas Which requires formal urea kinetic modelling. Daugir-
das et al. have reported a method of estimating TAC,., as a
function of duration of urine collection within the interdialytic
interval, urea reduction ratio (URR) during the dialysis ses-
sion, and pre-dialysis urea concentration (before the next HD
session) [20, 21]

TACy,., = R X pre-dialysis urea concentration,

where R = 1.075 — (0.0038 x URR + 0.059)

Duration of urine collection

Interdialytic interval
URR in the equation above is the urea reduction ratio.

A similar method of calculating RKF based on full or par-
tial interdialytic urine collection has been reported by Lindley
and validated using data from the BISTRO study [22]. The
method described assumes that urea generation rate remains
constant during each interdialytic interval of the week and
that solute reduction ratio is equal for each HD session of the
week. With this method it is possible to calculate KrU using
a pre- and post-dialysis urea and a partial interdialytic urine
collection provided the patient records the time when the urine
collection commenced. This method utilises estimation of the
solute concentrations at the end of the urine collection and may
provide a simplified method of RKF estimation.

Frequent interdialytic urine collection to monitor RKF is
difficult from a patient’s perspective, hence there is develop-
ing interest in estimating RKF from plasma concentration of
middle molecules such as -2 microglobulin [23-25]. This
could potentially do away with the need for interdialytic urine
collection. Factors which can affect -2 microglobulin con-
centration such as chronic inflammatory conditions, and some
cancers need to be taken into account when estimating RKF
using this method. These methods of RKF estimation have
not been applied in prospective trials and their reliability is
not yet established.

Adding RKF with dialysis clearance

Haemodialysis provides intermittent (sessional) clearance of
uraemic toxins (K;), whereas RKF provides continuous clear-
ance, expressed as KrU. These entities are not equivalent, so
they cannot be directly added together. Combining these two
necessitates making one equivalent to the other by one of the
following ways [26]:

a. Convert continuous RKF clearance (KrU) to an equiva-
lent intermittent clearance comparable to HD.

b. Convert intermittent HD clearance (K to an equivalent
continuous clearance comparable to RKF.

@ Springer

Both approaches will allow simple addition of the dialysis
and RKF clearances [26, 27].

Converting RKF to intermittent clearance

A relatively simple way to add RKF to K is to convert RKF
(KrU) to an equivalent per-session Kt/V to allow its addition
to Kt/V from HD.

Kt/ Vi = Kt/ Vpiaysis + Kt/ Vrkr
Kt/VTotal = (Kde)/VUrea+ (KrTr)/VUrea’

where K} is the dialysis clearance, T} is time on dialysis, K,
is KrU from interdialytic urine collection, 7, is the mean
time interval between two HD sessions, and Vi, is the
volume of distribution of urea. In the above, Kt/Vpy s is
calculated using either conventional spKt/V .. or eKt/V, ..
using standard methodology.

However, continuous clearance is thought to be more effi-
cient than intermittent dialysis clearance. To account for this
difference in clearance efficiencies, the interdialytic interval
T, can be adjusted. For thrice weekly and twice weekly HD,
a T, of 5500 and 9500 min may be used, respectively, with
different values used for other HD frequencies [27]. The
effect of enhanced efficiency of RKF is more pronounced
with fewer dialysis treatments per week. Hence, the adjusted
T, value reduces for increasing HD frequency [26, 27]. Since
this method calculates per session clearance, the minimum
per session K/V., is different for different dialysis frequen-
cies. For thrice weekly dialysis the minimum per session
K /Viow 18 1.2. The target for other frequencies is not well
established; for twice weekly dialysis it is ~ 1.86 [28]. An
example of how to calculate dialysis and renal clearance
using this method is described in the Appendix.

In our centre we have been practising incremental dialysis
for more than 20 years using this method.

Converting dialysis clearance (K,) to equivalent
continuous clearance

An alternative approach is to convert K to its continuous
equivalent, followed by the addition to KrU. There are two
different methods based on this principal.

Casino-Lopez method /Fixed equivalent renal urea
clearance

The Casino and Lopez method [29] is recommended by
European Best Practice Guidelines [30].

In this method combined K, and KrU are expressed
as ‘equivalent renal urea clearance’ (EKR) as shown in
Fig. 2. Equivalent renal urea clearance is computed as
a ratio of urea generation (G) and Time averaged urea
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Fig. 2 Fixed target model for equivalent renal urea clearance

concentration normalized to 40 L which is considered to
be the volume of urea distribution in an average individual,
to allow comparison between different patients. The rela-
tionship between equivalent renal urea clearance eKt/V
and KRU was determined using a nomogram. The mini-
mum adequate equivalent renal urea clearance to achieve
eKt/V of 1.2 was 13 ml/min. This relationship is described
as follows:

EKR =1+10 x eK,/V + KrU

Rearranging the equation minimum ekt/v to achieve
equivalent renal urea clearance of =13 ml/min in the pres-
ence of varying KrU can be derived as follows:

eK,/V = 12— KrU/10

These equations apply to thrice weekly dialysis. Differ-
ent formulae are required for other dialysis schedules with
different contributions of dialysis and renal clearance to
achieve an equivalent renal urea clearance of 13 ml/min.

For twice weekly dialysis the equation derived was

EKR =1+62x% eK,/V + K,U.

With increasing HD frequency, this equation markedly
inflates the effect of dialysis clearance. An example of how
to calculate dialysis and renal clearance using this method
is described in the Appendix.

A limitation of this method is that target equivalent renal
urea clearance 13 ml/min was primarily based on dialysis
clearance (ekt/V 1.2) and assumed KrU =0ml/min. Adjust-
ing the HD clearance in patients with a significant KrU to
achieve equivalent renal urea clearance target of 13 ml/min
assumes equal contribution of HD clearance and KrU. Due
to the inability to correct for enhanced efficiency of native
RKEF, in this method equivalent renal urea clearance relies
heavily on HD clearance. Hence, it is difficult to achieve
target equivalent renal urea clearance with less frequent

=N
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Fig.3 Variable target model with maximum equivalent renal urea
clearance target

dialysis using this method. This can be overcome using the
modified method reported below.

Variable equivalent renal urea clearance Casino and Basile
reported a method to adjust for higher efficiency of KrU com-
pared to K. They corrected KrU to 35L (rather than 40L)
since this provides a better equivalence to 1.73m? body sur-
face area, the usual scaling adjustment used for clearance,
and introduced a concept of a variable target model, whereby
equivalent renal urea clearance target (equivalent renal urea
clearance from dialysis + RKF) changes with KrU, as opposed
to fixed equivalent renal urea clearance target [31].

Depending on the relative equivalence of KrU compared
to Kd, Casino and Basile developed maximum and minimum
equivalent renal urea clearance targets [32]. The maximum
equivalent renal urea clearance target considers HD initiation
below KrU 6 ml/min/35L and assumes that KrU is twice as
efficient as K. Therefore, with 1ml/min fall in KrU below 6ml/
min, equivalent renal urea clearance target increases by 1 ml/
min. The equation for maximum adequacy target is:

Target equivalent renal urea clearance = 12— K.U,,

where KRU, is KU corrected for V=35 L (K.U X 35/V).

One can see that for a patient with KrU 6ml/min/35L,
equivalent renal urea clearance target=6 ml/min, this patient
would not be expected to require dialysis (Fig. 3). Whereas for
a patient with KrU 4ml/min, equivalent renal urea clearance
target=8ml/min an additional equivalent renal urea clearance
of 4ml/min would be required from dialysis (EKR,) (Fig. 3).

The minimum equivalent renal urea clearance target consid-
ers dialysis initiation below KrU 4 ml/min/35L and assumes
KrU is 2.5 times as efficient as Kd. Therefore, a fall of 1 ml/
min in KrU below 4 ml/min would increase the target equiva-
lent renal urea clearance by 1.5 ml/min and EKR, will need
to increase by 2.5 ml/min to achieve this target (Fig. 4). The
equation for minimum adequacy target is:

@ Springer
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Fig.5 Variable target model adequacy map for incremental dialy-
sis prescription with maximum and minimum equivalent renal urea
clearance targets and adequacy zone

Minimum targetequivalent renal urea clearance
=10-1.5x KrU,

Any equivalent renal urea clearance value achieved
between minimum and maximum target equivalent renal
urea clearance is considered adequate (Fig. 5). Per-session
eKt/V required to achieve this variable target can then be
calculated for different dialysis schedules with varying
KrU [33], as exemplified in the Appendix. Similarly, the
per-session eKt/V required to achieve this minimum tar-
get equivalent renal urea clearance can be determined for
varying dialysis schedules and KrU. An eKt/V achieved
between maximum and minimum target eKt/V is consid-
ered adequate.

Another simplified approach to perform incremental dial-
ysis emerged from variable target model modelling which
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proposed to keep eKt/V constant and change the frequency
of dialysis as a function of KrU. Keeping eKt/V as 1.2,
which is considered adequate dialysis sessional clearance,
Casino and Basile identified the range of KrU within which
1 x weekly, 2 x weekly and 3 X weekly dialysis can be per-
formed safely [32]. There is an ongoing pragmatic multicen-
tre RCT to determine the efficacy and safety of incremental
dialysis using a variable target model [12]. Compared to a
fixed equivalent renal urea clearance target model, a variable
equivalent renal urea clearance target model allows incre-
mental dialysis to start even at once a week dialysis due to
adjustment for higher efficiency of KrU.

Standard K./V

Gotch and Leypoldt described another method of convert-
ing Kd to its continuous equivalent, expressed as standard
(std) K/V [34, 35]. It was proposed to measure continuous
equivalent of Kd from urea generation (G) and average pre-
dialysis urea concentration.

Std K,/V = G/ Average pre-dialysis urea.

This is similar to the Casino—Lopez method except that
average pre-dialysis urea was used instead of time averaged
urea concentration urea. This was based on the assumption
that time averaged urea concentration urea is lower than the
steady state urea concentration.

A weekly standard K/V of 2 equates to spK,/v of 1.2 for
thrice weekly dialysis schedules. This method is also lim-
ited by the fact that it assumes no K,U and fixed volume of
distribution [34].

Daugirdas et al. corrected the Leypoldt standard k/v for
volume changes (weekly fluid gains between dialyses) and
also developed an algorithm to add renal standard Kt/v with
dialysis standard K,/v [36]. A detailed description of this
method is reported in the Appendix. This method provides a
reliable tool to add RKF with dialysis clearance to determine
the total clearance. A UK feasibility RCT has employed this
method with the calculation procedure reported in Supple-
mentary material [9].

KDOQI 2015 guidelines suggest target weekly standard
Kt/V of 2.3 with a minimum delivered dose of 2.1 using
a method of calculation that includes the contributions of
ultrafiltration and residual kidney function [37].

Other methods

There are other simplified methods to perform incremen-
tal HD which put less emphasis on precise measurement of
RKF. Two of these methods are as follows.
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KDOQI 2006 recommendations

KDOQI 2006 Haemodialysis adequacy guidelines proposed
a simple way to take into account RKF to perform minimally
adequate dialysis. It was recommended to reduce the target
spKt/V in patients with KrU > 2 ml/min [38]. The guideline
recommends capping the allowed dialysis dose reduction
at this level of KrU. This is a step-wise approach where
patients with KRU of <2 ml/min would dialyse to achieve
normal spKt/v target and those with >2 ml/min would dia-
lyse at the same reduced dose, even if their KrU is much
higher than 2 ml/min.

Adjusting dialysis dose based on clinical
and biological surveillance

The concept of ‘Dialysis adequacy’ is limited if only consid-
ered as related to uraemic toxin clearance. Dialysis adequacy
reflects many other clinically relevant aspects of dialysis
patient care including cardiovascular disease, renal anaemia,
nutrition, fluid balance, mineral bone disorders and quality of
life. Strict clinical and biological surveillance could be an alter-
native to complex calculations of RKF and dialysis adequacy.

Based on this concept, incremental HD could be per-
formed in carefully selected patients until there is clinical
indication to increase the dialysis frequency, such a fluid
overload, hyperkalaemic events etc., irrespective of RKF
and delivered dialysis dose. There is an ongoing Australian
prospective RCT to test the non-inferiority of this approach
in health-related quality of life[13].

Discussion

Retrospective data report the quality of life and health eco-
nomic benefits of incremental HD but there are practical
and conceptual barriers to its implementation. Broad clini-
cal adaptation of incremental dialysis requires better clini-
cian understanding of the practicalities and barriers of this
approach. In this review we have explored some of the key
practical aspects of incremental HD and provided a practical
guide to perform incremental dialysis.

In essence, a safe way to perform incremental HD would
involve frequent monitoring of RKF and addition of RKF
with dialysis clearance with one the described methods.
Although incremental HD can be performed solely based on
clinical events without precise addition of RKF and dialysis
clearance, there are safety concerns with this approach, and
it requires evaluation in an ongoing clinical trial.

Frequent RKF monitoring and precise calculations
require time and effort. It also requires patient education for
effective concordance. All of these have additional financial
implications. However, there are substantial cost savings due
to reduced dialysis treatment. Vilar et al. reported health

economic benefits for incremental dialysis in an incremental
HD feasibility trial [16].

Patients with progressive chronic kidney disease gen-
erally spontaneously follow a low protein diet, with some
centres advocating 0.6-0.8 g/kg/day, or even lower protein
intakes of 0.3-0.4 g/kg/day with keto analogue supple-
ments designed to slow the progressive loss of kidney func-
tion and for conservative management [39], whereas HD
patients are recommended to eat 1.0-1.2 g/kg/day (Kidney
Disease Outcome Quality Initiate (KDOQI)) [40]. Although
some centres advocate continuing protein restriction when
patients initiate incremental dialysis, this will depend on
individual patient requirements such as body composition
and physical activity [41]. As a three-hour HD session will
clear much more urea, creatinine and phosphate compared
to 24-h urine of end-stage kidney disease patients, protein
restriction should generally be increased, with individual
targets determined by trained renal dietitians, especially as
incremental dialysis is more appropriate for elderly patients
initiating dialysis [42]. Nonetheless, patients should gener-
ally continue a low sodium, potassium, and phosphate diet.
However, initiating incremental dialysis may not provide
sufficient bicarbonate to correct metabolic acidosis, and so
patients may require on-going bicarbonate supplementation.
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