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ABSTRACT

Background. The recent interest in incremental haemodialysis
(HD) is hindered by the current prescription based on a fixed tar-
get model (FTM) for the total (dialytic + renal) equivalent con-
tinuous clearance (ECC). The latter is expressed either as stand-
ard Kt/V (stdKt/V), i.e. the pre-dialysis averaged concentration
of urea-based ECC, or EKRc, ie. the time averaged
concentration-based ECC, corrected for volume (V) = 40 L.
Accordingly, there are two different targets: stdKt/V = 2.3 vol-
umes per week (v/wk) and EKRc = 13 mL/min/40 L. However,
fixing the total ECC necessarily implies perfect equivalence of its
components—the residual renal urea clearance (Kru) and dialysis
clearance (Kd). This assumption is wrong because Kru has much
greater clinical weight than Kd. Here we propose that the ECC
target varies as an inverse function of Kru, from a maximum
value in anuria to a minimum value at Kru levels not yet requir-
ing dialysis. The aim of the present study was to compare the cur-
rent FTM with the proposed variable target model (VIM).
Methods. The double pool urea kinetic model was used to
model dialysis sessions for 360 virtual patients and establish
equations predicting the ECC as a function of Kd, Kru and the
number of sessions per week. An end-dialysis urea distribution
V of 35 L (corresponding to a body surface area of 1.73 m?) was
used, so that the current EKRc target of 13 mL/min/40 L could
be recalculated at an EKRc;5 value of 12 mL/min/35 L equal to
12 mL/min/1.73 m®. The latter also coincides with the maxi-
mum value of the EKRc;5 variable target in anuria. The mini-
mum target value of EKRc35 was assumed to coincide with Kru
corrected for V = 35 L (i.e. Krcss = 6 mL/min/1.73 m?). The
corresponding target for stdKt/V was assumed to vary from 2.3
v/wk at Kress = 0 to 1.7 v/wk at Kress = 6 mL/min/1.73 m?. On
this basis, the variable target values can be obtained from the
following linear equations: target EKRc3s= 12 — Krcss; target
stdKt/V = 2.3 — 0.1 x Krcss. Two versions of stdKt/V were
considered: the classic version (stdKt/Vgeen) with Kru at 70%,
and the current version (stdKt/Vp,,g) with Kru at 100%.
Results. The VTM with stdKt/V g, produces results very close
to those using the FTM with stdKt/Vp,ys. Once-weekly HD is
virtually not allowed by the FTM. In contrast, the VIM allows

dialysis to start at Krcss ~5 mL/min/1.73 m” on a once-weekly
HD schedule, at least in relatively healthy patients; this schedule
can be maintained until Kress falls below 4 mL/min/1.73 m? at
which point the schedule should be changed to a twice-weekly
HD schedule, that, in turn, could be maintained until Krcss falls
below 2 mL/min/1.73 m”.

Conclusions. A paradigm shift from the FTM to the VIM in
the prescription of incremental HD is proposed, whereby the
VTM would allow less frequent treatments at lower Kru, with
important clinical and economic implications. This approach is
likely to be safe but needs to be confirmed by randomized con-
trolled trials.

Keywords: dialysis adequacy, equivalent continuous clearance,
once-weekly haemodialysis, renal urea clearance, twice-weekly
haemodialysis

INTRODUCTION

The majority of patients initiating dialysis have some degree of
residual renal function (RRF). Although the importance of RRF
is widely appreciated for peritoneal dialysis (PD) patients, the
majority of haemodialysis (HD) centres do not take into
account the RRF and start patients on a thrice-weekly HD (3-
HD/wk) schedule, despite the Kidney Disease Outcomes
Quality Initiative (KDOQI) guidelines suggesting that dialyser
urea clearance (Kt/V) targets could be reduced for patients with
a residual renal urea clearance (Kru) of >2.0 mL/min/1.73 m?
[1]. In recent years, renewed interest in twice-weekly HD
(2-HD/wk) schedules and in incremental HD in general has
been shown [2]. In practice, however, such interest is discour-
aged by the current HD adequacy guidelines [3, 4] that, by over-
estimating the dialysis needs in the presence of substantial RRF,
would require such high values for both the RRF and dialysis
dose (Kt/V) [2, 5] that it would be difficult to prescribe less
frequent treatments. According to the above guidelines [3, 4],
the dialysis dose can be relatively low at dialysis inception but
should be progressively increased to compensate for any subse-
quent reduction in RRF. The general principle for calculating
the amount of dialysis required to compensate for RRF
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reduction is based on the constancy of a given target value for
the total (dialytic + renal) equivalent continuous clearance
(ECC) over a 1 week period, i.e. at any point in time, the sum of
Kru and the component of the equivalent continuous clearance
(ECCd) provided by the intermittent dialysis clearance (Kd)
should achieve the fixed total ECC target [6, 7]. The above prin-
ciple has been advocated by KDOQI [3] and European Best
Practice Guidelines [4]. However, they use two different ver-
sions of the ECC, namely the standard Kt/V (stdKt/V), i.e. the
pre-dialysis averaged concentration (PAC)-based ECC [6, 8],
and the time averaged concentration (TAC)-based ECC (EKR),
corrected for urea distribution volume (V) = 40 L (EKRc) [7],
respectively. Accordingly, there are two different targets: stdKt/
V = 2.3 volumes per week (v/wk) [3] and EKRc = 13 mL/min/
40 L [4].

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. This is more readily apparent when consider-
ing EKRc; paradoxically, it should not matter if the fixed total
target value of 13 mL/min/40 L is obtained by summing up
Kru = zero and ECCd = 13 mL/min/40 L, or Kru = 13 mL/
min/40 L and ECCd = zero. This assumption is no longer ten-
able, 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
[9-13]. The mistake probably derives from an underestima-
tion of the risks associated with extrapolation to the clinical
domain of the equivalence between Kru and Kd existing in the
context of the urea kinetic model (UKM), in which 1 mL/min
of RRF, represented by Kru, removes the same amount of urea
as 1 mL/min of Kd does [14]. In contrast, we propose 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, here we propose
a paradigm shift from the fixed target model (FIM) to the
variable target model (VTM) in the prescription of incremen-
tal HD.

The aim of the present study was to compare the results
expected from using the FTM with those from using the VITM
in a large group of virtual patients with a wide range of Kru and
dialysis doses and receiving 1-, 2- or 3-HD/wk schedules.
Furthermore, to verify the clinical plausibility of the proposed
VTM, data from a historical cohort of 150 patients starting HD
over a 15-year time period and followed up for at least 3 months
were analysed.

MATERIALS AND METHODS

Study design

The study design included two studies—Study A and Study
B. Approval of the protocols (in accordance with the
Declaration of Helsinki) was obtained from the Research Ethics
Committee of the Miulli General Hospital. Informed consent
was obtained from all studied patients.
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Study A: simulation study. The formal double pool UKM
was used to model the blood urea nitrogen (BUN) concentra-
tion profile over a week for 360 virtual patients characterized by
a range of Kt/V, Kru and treatment schedules. An original soft-
ware emulating the web-based Solute-Solver program was used
[15, 16], which allowed calculation of PAC and TAC to be used
for computing stdKt/V [6, 8] and EKRc [7], respectively.

Two different versions of stdKt/V were computed. The first
version is the original index, introduced by Gotch as the G/PAC
ratio [6]. The second is a modified version of the first version
and was introduced by Daugirdas et al. [8] to account for the
greater importance of Kru; it has been endorsed by the 2015
update of the KDOQI clinical practice guidelines for HD
adequacy [3]. For clarity, the two parameter versions are
denoted as stdKt/Vgoen and  stdKt/Vpg,, respectively.
Moreover, the equilibrated Kt/V (eKt/V) was calculated by iter-
ation [16, 17], to be used to predict EKRc as a function of Kru
for the 1-, 2- and 3-HD/wk schedules.

The individual characteristics of the 360 virtual patients were
obtained by changing the value of one input parameter at a
time, from an otherwise fixed input data set. The changing
parameters were: double pool Kt/V (from 0.1 to 2.0, step 0.1),
Kru (from 0 to 5 mL/min, step 1) and frequency of weekly treat-
ments (from 1 to 3, step 1). In total, there were 360 patients (20
Kt/V x 6 Kru x 3 schedules). The other input parameters were:
post-dialysis volume (V = 35 L), urea generation rate (G =
5.357 mg/min), corresponding to a normalized protein catabo-
lic rate (NPCR) = 1 g/kg/day and session length (T) = 240 min.
The inter-dialysis weight gain was assumed to vary as a function
of three levels of Kru: 0.72 mL/min (~7.2 L/week) for Kru <1
mL/min, 0.36 mL/min (~3.6 L/week) for Kru <3 mL/min and
0.12 mL/min (~1.2 L/week) for Kru >3 mL/min. Thus, the
weekly fluid gain (equal to weekly ultrafiltration) is the sum of
the weekly inter-dialysis weight gains. It is: b (the mean inter-
dialysis weight gain rate, mL/min) x 10 080 (minutes in a
week) — T x n dialysis sessions in a week; thus, weekly fluid
gain (ultrafiltration) is: b x (10080 — n x T).

Kd for the first session was computed from Kt/V, T and V.
For subsequent sessions in the week, if any, Kd was corrected
for the associated ultrafiltration rates [16].

The BUN profile was computed by numerical integration
[16, 18] of the model equations [15, 16] for proximal (presumed
extracellular) and distal (presumed intracellular) concentra-
tions, minute by minute, for the 10 080 min of a week. The
model constants were the same as in the Solute-Solver program
[16]: fixed distal compartment V = 2/3 x V, post-dialysis
proximal V = 1/3 x V, pre-dialysis extracellular V = V +
intra-dialysis weight loss and intercompartment clearance = 16
X V =560 mL/min.

Of note, since the average ratio of V to body surface area
(BSA) was ~20 [16], a V of 35 L corresponded to a BSA of
~1.73 m?, so that, by correcting EKR for a double pool volume
(V) of 35 L, instead of the previous single pool V of 40 L, we
obtained a new version of EKRc, namely EKRc;5= EKR/V,, x
35 L, with units expressed either as mL/min/35 L or as mL/min/
1.73 m® The same applied to the correction of Kru for V,
namely Krcss= Kru/V,, x 35 L, with units as mL/min/35 L or
mL/min/1.73 m”.

183

dTOILAV 1



-
<
-
<)
=4
=}

The coupled EKRc35 and eKt/V values were used to draw six
dispersion curves describing the EKRc;35 versus eKt/V relation-
ships for six different Kru levels, and for 1-, 2- and 3-HD/wk
schedules (Figures 1A, 2A and 3A, respectively). Three other
analogous graphs were obtained for the stdKt/Vp,,g versus eKt/
V relationships (Figures 1B, 2B and 3B, respectively).

In order to compare the results obtained with the FTM and
VTM, the fixed values used were 12 mL/min for EKRc35 and 2.3
v/wk for stdKt/V, respectively. As anticipated above, the varia-
ble target figures were obtained by assuming a maximum value
corresponding to the level provided by an eKt/V = 1.2, which
was considered to be an adequate dialysis dose with a 3-HD/wk
schedule in anuric patients. The latter, according to our model-
ling, corresponded to an EKRc35 of ~12 mL/min and a stdKt/V
of ~2.3 v/wk, respectively (Figure 3). The minimum target was
arbitrarily set at a Kru of 6 mL/min/1.73 m> corresponding to a
glomerular filtration rate of ~10 mL/min/1.73 m?, a level that
usually allows stable patients to be free from dialysis. Thus, the
minimum EKRc;5 was 6 mL/min/1.73 m?, while the minimum
stdKt/V was 1.7 (i.e. 6 x 10 080 min/35 000 mL). From the
above data, the following linear equations were obtained:

TargetEKRcss = 12 — Kress (1)

1 HD/wk

A 12 — Fixed Target line

TargetstdKt/VpaugorstdKt/Vgoreh = 2.3 — 0.1 x Kress 2)

For comparative purposes, we drew a series of ‘adequacy lines’,
expressing the eKt/V values required to attain either the fixed or
variable target for each Kru, ECC and schedule, respectively
(Figure 4 and Supplementary data, Figures S1-S3).

Study B: clinical study. The main clinical and urea kinetic
data from a historical cohort of 150 patients starting HD treat-
ment at the Dialysis Unit of Matera Hospital over a 15-year
period and followed up for at least 3 months were analysed.
Data were extracted from a database already used for a retro-
spective study evaluating the outcome of incident HD patients
on different treatment schedules [19]. Twenty patients were
excluded from analysis for the following reasons: large variabil-
ity of schedules and/or strategies of previous sessions (10
patients), incomplete data set (4 patients) and unreliable kinetic
results (6 patients). Thus, the final analysis was performed on
130 incident HD patients. In the present study, we analysed
only data associated with the urea kinetics measurements per-
formed at month 3 after dialysis inception, when Kru is often
present and less frequent dialysis is possible.

Pre-dialysis blood samples were collected before injecting
any saline, heparin or other diluents; a second sample was
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FIGURE 1: Once-weekly HD schedule: simulation results of the relationship between EKRc35 (A) or stdKt/Vp,ug (B) and eKt/V for integer
Kru values ranging from 0 to 5 mL/min in virtual patients with V = 35 L (in this case Kru coincides with Krc;s). The graph can be used for
patients with V # 35, by transforming their actual Kru (mL/min) into Krcss (mL/min/35 L, or mL/min/1.73 m?). The intersection of the rela-
tionship curves with vertical lines allows quantifying either EKRc35 (A) or stdKt/Vp.ug (B), as a function of both Krcss and eKt/V. Vice versa,
the intersection with horizontal lines allows calculating the eKt/V to be prescribed. In (A), the thick horizontal line of EKRc;35 = 12 mL/min/35
L is the fixed target and corresponds to the variable targets associated with Krcss of 0. In (B), the horizontal line of stdKt/Vpqyg of 2.3 v/wk cor-
responds to the variable targets associated with Krc;s of 0.
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Kru values varying from 0 to 5 mL/min in virtual patients with V = 35 L. The legend of Figure 1 also applies to Figure 3.
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obtained 15 s post-dialysis using a slow-flow technique [3, 4].
Urine samples were collected over a 24-h period and the time
interval between the end of urine collection and pre-dialysis
blood sampling was ~1 h.

According to the Solute-Solver program, the data set used
comprised: age, gender, height, dialysis schedule, blood-draw
day of the week, pre- and post-dialysis body weight, blood flow
rate, dialysate flow rate, dialyser mass transfer area coefficient
for urea in vitro (KoA, mL/min, as reported by the manufac-
turer), pre- and post-dialysis BUN, urinary urea nitrogen con-
centration, urine volume, duration of collection period and time
interval between the end of urine collection and dialysis start.
These data were used to compute EKRcss, stdKt/Vgo, and
stdKt/Vpqyg using the UKM. A comparison was made between
the paired EKRcs3s values obtained using the UKM and the
equations predicting EKRc35 in Study A (simulation study).

Statistics

Microsoft Excel 2010 software was used for calculating
means and standard deviations, plotting the graphs and fitting
the equations. All statistical inferences were made using IBM
SPSS Statistics 20.0 (SPSS Inc., Chicago, IL, USA) and values of
P < 0.05 were assumed as statistically significant. One-way
analysis of variance (ANOVA) was performed to compare the
three groups (1-HD/wk, 2-HD/wk and 3-HD/wk schedules).
The y” test was used for distributions between groups of catego-
rical variables, and the Bland-Altman plot was used to analyse
correlations between modelled and predicted ECC values.

RESULTS

Study A: simulation study

Figures 1-3 show the relationships between either EKRc;5 or
stdKt/Vpaug and eKt/V, for discrete Kru values and for 1-, 2-
and 3-HD/wk schedules. Of note, these graphs can be used to
either quantify the ECC (as a function of eKt/V, Kru and sched-
ule) or calculate the eKt/V to be prescribed to achieve a given
ECC, as a function of the Kru and schedule. Moreover, by draw-
ing a target line, one can immediately see if a given schedule is
allowed by the available Kru. Thus, Figure 1A shows that, for
patients on a 1-HD/wk schedule, the thick horizontal line of
EKRc3s= 12 mL/min/35 L, i.e. the fixed target line, in the pres-
ence of Krczs <5.0 mL/min/35 L, could not be reached, even
with eKt/V values as high as 1.66, roughly corresponding to a
double pool Kt/V = 2.0. In contrast, the variable EKRc;5 target
could be attained for Krcss >4 mL/min/35 L and eKtV >1.5;
thus, in the presence of Krc;s= 4 mL/min/35 L, the appropriate
variable EKRc;5 target, according to equation (1), was 12 — 4 =
8 mL/min/1.73 m’, which could be attained with an eKt/V
>1.5. Figure 1B shows similar results for stdKt/Vp,y,; the fixed
target could not be reached, but the variable target could be
attained for Krc;s= 4 mL/min/1.73 m?, according to equation
(2) (2.3 — 0.1 x 4 = 1.9 v/wk), with an eKt/V = 1.2.

Analysis of Figure 2A shows that, on a 2-HD/wk schedule,
the fixed target line was crossed by the Kru curve for an eKt/V
= 1.6, so that a Kru of at least 3 mL/min/35 L with a high eKt/V
was required. According to the VIM, a Kru of at least 2 mL/
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min/35 L and an eKt/V >1.6 were needed; in fact, the target
became 10 mL/min/35 L. Figure 2B shows that, on a 2-HD/wk
schedule, a stdKt/Vpga,g >2.3 v/wk required a Kru of at least 2
mL/min/35 L with an eKt/V of ~1.6. In contrast, a Kru of 2
mL/min/35 L would require a variable target of 2.0, which was
attainable with an eKt/V of ~1.7.

Figure 3A shows that, for patients on a 3-HD/wk schedule,
the current EKRc;5 target of 12 mL/min/35 L was associated
with eKt/V values ranging from ~1.2 to 1.3 in anuria to ~0.7 in
the presence of Kru = 5 mL/min/35 L. Obviously, much lower
eKt/V values were required for the VIM in the presence of sub-
stantial Kru. Similar results are shown in Figure 3B; the target of
2.3 v/wk on a 3-HD/wk schedule required eKt/V values ranging
from 1.2 in anuria to 0.3 for Krc;s= 5 mL/min/35 L.

Figure 4 shows the relationships between Kru and eKt/V val-
ues required to attain the target for the different ECCs, and for
one, two and three HD sessions per week. In other words, they
compare the relative efficacy of the three ECCs in terms of
‘adequate’ eKt/V at equal Kru. Moreover, these graphs can be
used to both assess the ECC and prescribe the eKt/V. In addi-
tion, these graphs not only confirm the results shown in Figures
1-3, but they also allow comparison of the eKt/V lines associ-
ated with the three ECCs. Figure 4A also provides a comparison
between stdKt/Vgeen, and stdKt/Vp,.g the associated eKt/V
lines are nearly coincident, particularly at lower Kru values.
Figure 4B, based on the results given in Figure 4A, compares the
results obtained using EKRc;s with the VIM with those
obtained using stdKt/Vp,,, with the FTM; on a 3-HD/wk
schedule, there was a striking similarity between the two lines,
particularly for Kru <4 mL/min/35 L. On a 2-HD/wk schedule,
the two lines ran almost parallel at a distance of 0.2-0.3 eKt/V
units. On a 1-HD/wKk, only the EKRc35 line was possible.

2ZHD/wk FT stdKt/Vp,

16 4 3HD/wh FT stdkt/Vp.,,
14 4 2HD/ wh VT stdKy/ Vi,
s 39 IHD wh VT sty Ve,
g1
L . ——— T
64 TS ESmme—— Tl
L
24 T,
0 T
0 1 2 3 4 5
B.
1.8 1
16 A
1.4 4
2 1.2 1 o
) P S i P
@ 03 { IHD/Wk VT EKRCys @ o e el
~~~~~

0.6 4 2HD/ Wk FT stdKt/ V.,

0.4 | 3HD/WK FT StdKt/ Vg,
ZHD/wk VT EKReys

7 3HD/wk VT EKRcye

_______

0 : 2 3 4 s

Kru mL/min/35 L
FIGURE 4: (A) Comparison between eKt/V fixed target (FT)
‘adequacy lines’ for stdKt/Vp,yg (solid lines) and variable target (VT)
‘adequacy lines’ for stdKt/V o (dashed lines) on 2-HD/wk and 3-
HD/wk schedules. (B) Comparison between eKt/V fixed target
‘adequacy lines’ for stdKt/Vp,yg (dashed lines) and variable target
adequacy lines for EKRcs5 (dashed lines) on 2-HD/wk and 3-HD/wk
schedules. The once-weekly ‘adequacy line’ is shown only for the var-
iable target EKRcs5 (dotted line).
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schedules and for Krcss ranging from 0 to 5 mL/min/35 L. The fitting equation for each schedule is shown at the top of the curves. Of note,

2= (eKt/V)?; x = eKt/V.

Figure 5 shows the relationships between the dialytic compo-
nent of EKRcss (dEKRcs3s= EKRcs5 — Kress) and eKt/V deliv-
ered for 1-, 2- and 3-HD/wk schedules and for Krc;s ranging
from 0 to 5 mL/min/35 L. The three curves show excellent poly-
nomial fitting (R* ranging from 0.987 to 0.999). It must be
underlined that the three equations shown in Figure 5 predict
only the dialytic component, i.e. dEKRc;s; thus, KRess needs to
be added in order to obtain EKRcss. Therefore, the three com-
plete predictive equations are:

1—HD/wk : eEKRcss = Kress

3)
—0.5082 x (eKt/V)? +3.6195 x eKt/V — 0.0032

2 — HD/wk : eEKRc3s = Kress

(4)
—0.9646 x (eKt/V)” +7.5954 x eKt/V — 0.1598

3 — HD/wk : eEKRcss = Kress

5
—1.6259 x (eKt/V)? + 11.305 x eKt/V — 0.0032 ®)

Study B: clinical study

The main clinical and urea kinetic data of 130 incident HD
patients are shown in Table 1. Three groups of patients were
reported: 30 on 1-HD/wk, 60 on 2-HD/wk and 40 on 3-HD/wk
schedules.

Most of the data were not different among the three groups,
with some remarkable, but at least in part expected, differences
in the 3-HD/wk patients: more females; lower urinary output,
Kru and V,,; and higher NPCR, EKRcs5 and stdKt/V.
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Some data are particularly noteworthy. Firstly, Kru com-
puted according to the Solute-Solver program, using double
pool UKM and the modelled averaged whole body urea nitro-
gen concentration (Cwb) during the 24-h urine collection
period (KruCwb), was very similar to Kru computed by dividing
the product (urinary urea nitrogen concentration x urine out-
put) by measured pre-dialysis BUN (KruCp0) (R* > 0.99)
(Figure 6). This relationship has useful clinical implications; it
allows the measurement of Kru by simply using the 24-h urine
collection, thus avoiding urine collection over the whole inter-
dialytic period, which is particularly cumbersome on less fre-
quent treatments. In fact, the two Kru values differed by ~5-
10%, as a function of the schedule and inter-dialysis time
period. This could be clinically insignificant, but, if necessary,
an accurate kinetic estimate of Kru from 24-h urine collection
can be easily obtained by using the Solute-Solver software [16].

Secondly, the EKRc;5 values obtained using the predictive
equations (3-5) slightly overestimated those obtained with for-
mal UKM—the mean difference being 0.25 * 0.35 mL/min/35
L, ie. 2.0 = 2.6% (Figure 7). To obtain such excellent results
with the above predictive equations, the true (or at least a realis-
tic) value of V5, is needed to transform Kru into Krcss. Thirdly,
and most importantly, data in Table 1 show that, when using
the FTM, adequate treatments were attained by 3-37% (1-HD/
wk schedule), 43-83% (2-HD/wk schedule) and 90-98% (3-
HD/wk schedule) of patients. Much better results were obtained
when using the VTM; adequate treatments were achieved by
53-100% (1-HD/wk schedule), 83-100% (2-HD/wk schedule)
and 98-100% (3-HD/wk schedule) of patients.
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Table 1. Main clinical and urea kinetic data of 130 incident HD patients; the latter studies were performed during and between two dialysis sessions about

3 months after HD initiation

1-HD/wk 2-HD/wk 3-HD/wk P
n (males/females) 30 (21/9) 60 (39/21) 40 (15/25) 0.007*
Age (years) 64.6 = 14.61 71.6 = 13.23 66.4 = 18.57 0.084
Pre-dialysis body weight (kg) 63.5 £ 12.17 63.0 = 12.70 63.8 = 15.47 0.953
Post-dialysis body weight (kg) 62.1 = 11.51 61.2 = 12.37 61.7 = 15.06 0.942
Blood flow rate (mL/min) 265 *+ 32.6 269 *+ 30.6 270 = 34.5 0.814
KoA (in vitro) (mL/min) 896 * 133 863 = 101 850 * 130 0.248
Session length (min) 236 + 13 232 + 18 224 + 19 0.017
Pre-dialysis BUN (mg/dL) 78 £23 73 £20 70 £ 25 0.339
Post-dialysis BUN (mg/dL) 22*+8 19+7 19 =8 0.351
Urinary output (mL/day) 1878 *+ 651 1369 * 616 837 * 440 0.0001
KruCp0 (mL/min) 4.6 * 1.79 32 £ 1.50 20 *1.11 0.0001
KruCwb (mL/min) 44 *+ 1.64 32 * 147 2.1 *1.15 0.0001
spKt/V 1.43 = 0.246 1.55 = 0.287 1.55 £ 0.256 0.108
eKt/V 1.27 £ 0.219 1.37 £ 0.256 1.36 £ 0.25 0.151
Vp (mL) 30 735 £ 6569 27 951 £ 6291 27 016 £ 6352 0.049
NPCR_2p (g/kg/day) 0.99 £ 0.254 1.12 * 0.309 1.21 % 0.405 0.020
EKRc;5 (mL/min/35 L)—double-pool UKM 8.76 = 1.755 12.1 £ 2.222 14.6 * 3.157 0.0001
EKRc35 (mL/min/35 L)—equations (3-5) 8.86 = 2.021 12.5 £ 2.45 14.8 * 2.144 0.0001
stdKt/Vgoren (V/wk) 1.89 £ 0427 2.41 * 0.453 2.87 = 0.604 0.0001
stdKt/Vpayg (V/Wk) 2.21 = 0.545 2.77 %= 0.600 3.18 = 0.500 0.0001
EKRc35>12 mL/min/35 L, n (%) 1(3) 26 (43) 36 (90) 0.0001*
EKRc35>12 — Krezs mL/min/35 L, n (%) 30 (100) 60 (100) 39 (98) 0.911°
stdKt/Vpaug >2.3 v/wk, n (%) 7 (23) 32 (53) 39 (98) 0.0001*
stdKt/Vpayg >2.3 — 0.1 x Kress viwk, 1 (%) 16 (53) 50 (83) 39 (98) 0.015%
Data are mean * standard deviation unless otherwise indicated.
One-way ANOVA was performed.
*The ” test was used for distributions between groups of categorical variables.
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FIGURE 6: Relationship between KruCp0 and KruCwb. The former
was computed by dividing the product (urinary urea nitrogen con-
centration x urine output) by measured pre-dialysis plasma urea
nitrogen (BUN Cp0); the latter was computed by dividing the same
product by modelled averaged whole body urea nitrogen concentra-
tion, which is a water concentration, so that the correlation between
the two values is excellent (R* > 0.99).

DISCUSSION

The recent interest in incremental HD has been hindered by
the current UKM-based prescription that, by overestimating
the dialysis needs, even in the presence of substantial RRF,
would require such high values for both the RRF and dialysis
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FIGURE 7: Bland-Altman plot comparing EKRc3;5 calculated with
UKM and the predictive equations given in Figure 5.

dose (Kt/V) [2, 5] that it would be difficult to prescribe less
frequent treatments. This could cast doubts on the usefulness
of the UKM as a guide to the prescription of incremental HD
and push the search for alternative indices of dialysis
adequacy [2, 5]. While agreeing that evaluating dialysis
adequacy should not rely on a single index, we would like to
remark on the need to keep the UKM as the gold standard,
not only because it is the only established tool for assessing
and prescribing dialysis [3, 4, 14], but mostly because we have
to realize that it is not responsible for the overestimation of
dialysis needs. The problem is not intrinsic to the UKM but
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rather is generated by a misunderstanding—the equivalence
between Kru and Kd, correctly assumed by the UKM, only
means that each mL/min of Kd clears the urea from the blood
just as 1 mL/min of Kru does [2, 5, 13]. 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. The latter, in addition to a wider spectrum
of solutes cleared, exert clinically important endocrinological
and metabolic effects. As a logical consequence, here we sug-
gest that a variable target is more rational than a fixed one,
because it correctly gives more clinical importance to the RRF.
We have selected EKRc to test our VTM hypothesis because
such an index has the same units as Kru [7]. However, we
have explored the possibility of using a variable target also for
stdKt/V, for which the relationship with Kru is more complex.
For clarity, it would be useful to deepen the discussion about
the rationale for quantifying the renal clearance with respect
to the dialysis clearance in the context of an incremental dialy-
sis strategy. Thus, to calculate the amount of dialysis required
to compensate for RRF losses, it is necessary either to trans-
form RRF into Kt/V units or viceversa, to transform Kt/V into
ECC units, so that the two components can be summed up
[7]. The approach based on ECC is the current one, essentially
because it can be used with all dialysis schedules [7]. However,
there is no consensus on the specific ECC to be used. In fact,
there are two different indices, namely EKRc computed from
the G/TAC ratio [4, 7] and stdKt/V computed from the G/
PAC ratio [6, 8], replacing TAC with PAC. Gotch suggested
using PAC to give more importance to the BUN peak versus
TAC, and at same time to ‘compress’ the HD clearance to
result in equivalent weekly clearances for HD and PD [6, 20].
At that time, a weekly Kt/V of 2.0 was the adequate dialysis
dose on PD, and this was the stdKt/V value corresponding to
an adequate Kt/V of 1.2 on a 3-HD/wk schedule [6]. This
seemed to unify the adequacy criterion for both HD and PD
[6, 20]. However, it was realized later that a weekly clearance
of 1.7 would suffice on PD [10]. A recent alternative hypothe-
sis to justify the ‘compression’ of the clearance induced by
stdKt/Voren has been suggested by Depner and Bhat [21];
this could mimic the behaviour of sequestered small-
molecular-weight solutes, which would have a high post-
dialysis rebound, and thus a TAC value more similar to PAC
[20, 21]. More recently, however, Daugirdas et al. [8] recog-
nized that, in any case, the ‘compression’ of Kru associated
with stdKt/Vgeien is going in the wrong direction, because
Kru should logically be added at 100% strength to the weekly
clearance, as EKR is. On this basis, the KDOQI 2015 update
recommends computing a ‘dialysis-associated’ stdKt/V and
then adding back Kru on a 1:1 basis, eliminating the 30% com-
pression of Kru [3]. We have called it ‘stdKt/Vp,,, and com-
pared it with EKRcss. However, we also computed stdKt/
VGoten to extend the comparison to the three ECCs. Almost
unexpectedly, we found that stdKt/V gec, with the VIM pro-
duces similar results to those of stdKt/Vp,,, with the FTM,
and both results are also very similar to the ones associated
with EKRc;5 using the VITM (Figure 4). This means that our
hypothesis of a variable target and the addition of Kru at
100% to the ‘dialysis-associated’ stdKt/V could be viewed as

The VIMinthe prescriptionofincremental HD

two sides of the same coin—both increase the weight of Kru
by about the same magnitude. Figure 4B summarizes the main
results of our study and could represent the key graph for the
prescription of incremental HD. In short, for a 3-HD/wk
schedule, one could equally use either EKRc;5 with the VIM
or stdKt/Vp,ug with the FTM. The same could apply to a 2-
HD/wk schedule, although using stdKt/Vp,,, would require a
slightly higher eKt/V. For a 1-HD/wk schedule, only EKRc35
with the VTM could be used.

The results of Study A (simulation study) were confirmed by
Study B (clinical study). It shows that, whereas the fixed target
was largely attained only in patients on a 3-HD/wk schedule,
the variable target was attained in the great majority of patients
on 1-HD/wk and 2-HD/wk schedules, particularly with refer-
ence to EKRc;;.

In agreement with recent literature data [22-25], we would
also like to point out that starting HD with an incremental
approach could help to preserve RRF and thus increase the time
period on a less frequent treatment schedule. Old beliefs still
remain that, in contrast to PD, RRF should inevitably abate
soon after starting HD [26, 27]. However, recent data have
shown that RRF could be better preserved by improving dialy-
sate purity [28], dialysis membrane biocompatibility [29, 30]
and overall dialysis biocompatibility, such that an identical
decline of RRF in high-flux biocompatible HD and continuous
ambulatory PD has been demonstrated [31]. With recent evi-
dence that a frequent treatment schedule can increase the loss
of RRF [32], it is straightforward to infer that a less frequent
treatment schedule could help to preserve RRF [33]. Results
from many observational studies of patients on a 2-HD/wk
schedule are in agreement with the above hypothesis [22, 24,
25]. Furthermore, our own data [19] extend the latter hypothe-
sis, showing that a 1-HD/wk schedule seems to preserve RRF
better than a 2-HD/wk schedule.

Finally, our long-term experience in the field allows us to
give some practical advice. The current target of 2.3 v/wk of the
current stdKt/V would already allow a wider use of the twice-
weekly HD schedule. Clearly, the Kru and urinary volume, as
well as the metabolic and clinical conditions, should be assessed
with increased frequency. In particular, the daily urinary vol-
ume should be at least 500 mL/day [33]. 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. Our empirical observations are in agreement with some
recent literature data, showing that an excessive amount of dial-
ysis could lead to a faster loss of RRF [21]. This should be kept
in mind when we are faced with a patient with elevated BUN
levels who has to start dialysis; some sort of conditioned reflex
leads many clinicians to start with an intensive dialysis pro-
gramme, which could cause an irreversible reduction of kidney
function, just as an aggressive ultrafiltration could do.

However, the crucial point still remains unresolved, and a
randomized controlled trial comparing incremental HD with
the 3-HD/wk schedule and focused on hard outcomes, such as
survival and quality of life, is urgently needed. It is hard to
believe that the 3-HD/wk schedule, which is considered as ‘the
standard of care’, has been widely accepted worldwide without
having ever been studied in a randomized controlled trial.
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In conclusion, a paradigm shift from the FTM to the VIM
in the prescription of incremental HD is proposed, whereby the
VTM would allow less frequent treatments at lower Kru, with
important clinical and financial implications. The new criteria,
in agreement with our long-standing clinical experience in the
field of incremental HD, suggest that, at least in relatively
healthy patients, HD can be started at Krc;5 of ~5 mL/min/35 L
on a 1-HD/wk schedule; this can be maintained until Krcss falls
below 4 mL/min/35 L, at which point the treatment schedule
should be changed to a 2-HD/wk schedule that, in turn, could
be maintained until Krcss falls below 2 mL/min/35 L, when the
3-HD/wk schedule becomes really necessary. This approach is
likely to be safe, being in agreement with many observational
data in the literature, as well as with the recent KDOQI endorse-
ment of the addition of Kru at 100% to the dialysis stdKt/V [3].
However, this needs to be confirmed by randomized controlled
trials.
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