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SUMMARY

To ensure our patients are receiving an adequate dose in every
dialysis session there must be a target to achieve this in the short
or medium term. The incorporation during the last years of the
ionic dialysance (ID) in the monitors, has provided monitoring of
the dialysis dose in real time and in every dialysis session. Lowrie y
cols., recommend monitoring the dose with Kt, recommending at
least 40 L in women and 45 L in men or individualizing the dose
according to the body surface area. The target of this study was to
monitor the dose with Kt in every dialysis session for 3 months,
and to compare it with the monthly blood test. 51 patients (58%
of our hemodialysis unit), 32 men and 19 women, 60.7 = 14 years
old, in the hemodialysis programme for 37.7 + 52 months, were
dialysed with a monitor with IC. The etiology of their chronic renal
failure was: 3 tubulo-interstitial nephropathy, 9 glomerulonephri-
tis, 12 vascular disease, 7 polycystic kidney disease, 7 diabetic
nephropathy and 13 unknown. 1,606 sessions were analysed du-
ring a 3 month period. Every patient was treated with the usual
parameters of dialysis with 2.1 m? cellulose diacetate (33.3%), 1.9
m? polisulfone (33.3%) or 1.8 m? helixone, dialysis time of 263 +
32 minutes, blood flow of 405 + 66, with dialysate flow of 712 +
138 and body weight of 66.7 + 14 kg. Initial ID, final ID and Kt
were measured in each session. URR and Kt/ were obtained by
means of a monthly blood test. The initial ID was 232 = 41
ml/min, the final ID was 197 + 44 ml/min, the mean of Kt determi-
nations was 56.6 + 14 L, the mean of Kt/\V/ was 1.98 + 0.5 and the
mean of URR was 79.2 + 7%. Although all patients were treated
with @ minimum recommended dose of Kt/V and URR when we
used the Kt according to gender, we observed that 31% of pa-
tients do not get the minimum dose prescribed (48.1 + 2.4 L),
34.4% of the men and 26.3% of the women. If we use the Kt in-
dividualized for the body surface area, we observe that 43.1% of
the patients do not get the minimum dose prescribed with 4.6 +
3.4 L less than the dose prescribed. We conclude that the monito-
ring of dialysis dose with the Kt provides a better discrimination
detecting that between 30 and 40% of the patients perhaps do
not get an adequate dose for their gender or body surface area.
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RESUMEN

Asegurar que el paciente recibe la dosis adecuada en cada
sesion de dialisis debe ser un objetivo a conseguir a corto
o medio plazo. La incorporacion de la dialisancia ionica
(DI) en los monitores durante los ultimos afios ha permiti-
do monitorizar la dosis de hemodialisis en tiempo real y
en cada sesion. Lowrie y cols., recomiendan el seguimien-
to de la dosis con el Kt, recomendando un minimo de 40 L
en mujeres y 45 en hombres o individualizar la dosis por
area de superficie corporal. El objetivo del presente estu-
dio era hacer un seguimiento de la dosis con el Kt en cada
sesion durante 3 meses, y comparar con la analitica men-
sual habitual. 51 pacientes (58% de la Unidad de hemodia-
lisis), 32 varones y 19 mujeres, de 60,7 + 14 ainos de edad,
en programa de hemodialisis durante 37,7 + 52 meses, se
dializaron con monitor con DI de forma rutinaria. La etio-
logia de su IRC era de 3 NTI, 9 GNC, 12 nefroangiosclerosis,
7 poliquistosis renal, 7 diabetes mellitus y 13 no filiada. Se
analizaron 1.606 sesiones durante 3 meses. Cada paciente
recibié la pauta habitual de HD, con dializadores de diace-
tato de celulosa de 2,1 m? (33,3%), polisulfona de 1,9 m?
(33,3%) y helixona de 1,8 m?, con duracién de 263 + 32 mi-
nutos, con un flujo sanguineo de 405 = 66, con flujo bano
a 712 x 138 ml/min, peso seco de 66,7 + 14 kg. Se valoré la
DI inicial, la DI final y el Kt en cada sesion y el PRU y el
Kt/V mediante la analitica mensual. La Dl inicial fue de 232
+ 41 ml/min, la DI final de 197 £ 44 ml/min, la dosis media
de Kt fue de 56,6 = 14 L, el Kt/V medio de 1,98 + 0,5 y el
PRU de 79,2 + 7%. Todos los pacientes recibieron una dosis
minima de Kt/V y PRU de 1,3 y 70%, respectivamente. No
obstante, si utilizamos el Kt segun el sexo, observamos
que el 31% de los pacientes no alcanzaban la dosis minima
prescrita (48,1 + 2,4 L), 34,4% de los hombres y el 26,3%
de las mujeres. Si utilizamos el Kt individualizado por su
superficie corporal, (49,1 + 4 L), observamos que el 43.1%
de los pacientes no alcanzaban la dosis minima prescrita,
con 4,6 = 3,4 L menos de dosis. Concluimos que el segui-
miento de la dosis de dialisis con el Kt, permite una mejor
discriminacion de la adecuacion de dialisis, identificando
entre el 30 y el 40% de pacientes que quiza no alcanzasen
una dosis adecuada para su género o para su superficie
corporal.

Palabras clave: Adecuacion. Dialisancia idnica. Dosis de dialisis. Kt.
Monitorizacion on-line.
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INTRODUCTION

At each hemodialysis process several factors take place that
may have an influence on the dialytic efficacy, so that it
seems reasonable that control systems have been created in
order to quantify at real time and at each session the dose the
patient is receiving. In this sense, different monitoring devi-
ces have currently incorporated biosensors that measure in a
non-invasive way, and using the conductivity probes of the
devices, the effective ionic dialysance, which is equivalent to
urea clearance (K), and thus it allows calculating the dialysis
dose without additional workload, analytical determinations,
or cost."?

Systematic determination of K by the time on dialysis
allows obtaining the Kt, a real way of measuring the dialysis
dose, expressed in liters. Working with the Kt has advantages
since K and t are real and measured by the monitoring device.
If we prescribe a Kt/V we have to introduce V, and thus an al-
most always wrong value that may be manipulated during the
session.

Since 1999, Lowrie et al.* proposed the Kt as a marker of
the dialysis dose and mortality, recommending a minimum Kt
of 40-45 liters for women and 45-50 for men. In a study on
3,009 patients,” the authors observed a J-shaped survival
curve when the categorized the patients by PUR quintiles,
whereas the curve was descendent when the Kt was used, that
is to say, a higher Kt value was accompanied by higher survi-
val. In the year 2005, the Kt prescription was adjusted to the
body surface area,” which was validated in a further study.’
The aim of the present study was to undertake a follow-up of
the dialysis dose with the Kt at each session for 3 months, and
to assess the adherence to prescriptions and usual recommen-
dations, for both those based on the monthly laboratory work-
up and those referred to the Kt.

PATIENTS AND METHODS

This is a prospective study including 51 patients, 58% from
the Hemodialysis Unit, 32 males and 19 women, aged 60.7 +
14 years (range 28-82 years), on hemodialysis program for
37.7 + 52 months, and dialyzed with ionic dialysance-equip-
ped monitor. The only inclusion criteria were the availability
of ionic dialysance-equipped monitors. The etiology of chro-
nic renal failure was tubulointerstitial nephropathy,’ chronic
glomerulopathy,’ nephroangiosclerosis,'? polycystic renal di-
sease,’” diabetes mellitus,” and of unknown origin."” Every pa-
tient received a usual hemodialysis regimen with dialyzers of
2.1-m* diacetate cellulose (33.3%), 1.9-m? polysulphone
(33.3%), and 1.8-m? helixone, with a mean duration of 263 +
32 minutes (range 180-300), and blood flow of 405 + 66
mL/min (range 300-500), and bath flow at 712 + 138
mL/min, dry weight 66.7 = 14 kg. The vascular access was as
follows: 40 arterial-venous fistulas (38 endogenous and 2
PTFA prostheses), and 11 central funneled catheters. The resi-
dual renal function was considered negligible.

The patients were dialyzed with monitors 4008 S (Frese-
nius) or Integra (Hospal) equipped with OCM (On-line clea-
rance monitoring) or Diascan biosensors, respectively, which
non-invasively measure the effective ionic dialysance equiva-
lent to urea clearance by using conductivity probes. By taking
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two measurements of the fluid conductivity and the dialyzer
inlet and outlet, a mathematic model is applied of two equa-
tions for two unknown values, which allows knowing the ef-
fective ionic dialysance corrected for ultrafiltration and recir-
culation through the vascular access.

At each dialysis session, initial ionic dialysance, final ionic
dialysance, and Kt were recorded. On a monthly basis, the se-
cond generation Daurgidas Kt/V was calculated from routine
laboratory work-up and the percentage of urea reduction
(PUR). A follow-up of the dialysis dose administered was
done, as well as of adherence to the recommendations on
dialysis dosing:

— Recommendations from the main Clinical Guidelines,
the most widely used to date: Kt/V > 1.3 and/or PUR >
70% .51

Gender-adjusted recommendations: Kt/V > 1.3 in men
and 1.6 in women.""

Recommendation of Kt > 45 liters according to the SEN
Guidelines."

Recommendation of Kt 40-45 L in women and Kt 45-50
L in men, within the recommended upper limit, Kt > 45
L in women and Kt > 50 L in men.*

Recommendation of Kt adjusted by body surface area.®

These recommendations individualized for each patient
and body surface area (BSA) are shown in table 1.

The results are expressed as arithmetic mean + standard de-
viation. The Student’s t test has been used for the analysis of
statistical significance of quantitative parameters. A p value <
0.05 has been considered to be statistically significant.

RESULTS

One thousand six hundred and six sessions with ionic dialy-
sance from the 51 patients included during a follow-up period
of 3 moths were recorded, whereas analytical samples were
obtained at 153 sessions (one per month per patient). Due to
logistic problems dealing with changes to spare monitors or
technical problems, ionic dialysance could not be recorded at
every dialysis session.

About the follow-up at each dialysis session, mean initial ID
was 232 + 41 mL/min (range: 145-313 mL/min), and mean
final ID was 197 + 44 mL/min (range: 122-254 mL/min). The
mean Kt dose was 56.6 + 14 L (range: 34.8-88.3 L).

By means of monthly laboratory work-up, we obtained a
mean Kt/V value of 1.98 £ 0.5 (range: 1.30-3.20) and a mean
PUR value of 79.2 + 7% (range: 65-92%). The graphical plot-
ting of the dose obtained by monthly laboratory work-up (153
measurements) and that obtained by Kt at each session (1606
measurements) is shown in Figure 1. The Kt during the first
month was 57.2 = 14 L, during the second one 56.4 + 13.7,
and during the third one 55.9 + 13.7. It is observed that the
dose was kept constant during the three follow-up months
with both ID determinations and laboratory work-up.

All patients received a minimal Kt/V dose of 1.3, although
when analyzing by gender only two women did not reach a
minimal Kt/V of 1.6. Ninety percent of the patients obtained a
PUR = 70%, and five patients did not reach that target. About
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Table I. Minimal dialysis dose prescription targets adjusted by gender and body surface area (BSA)

Gender Weight (kg) BSA (m?) Kt/V PUR (%) Kt (gender) Kt (BSA)
1 Male 85.0 2.03 1.3 70 50 54.0
2 Female 65.0 1.76 1.3 70 45 49.2
3 Female 46.5 1.42 1.3 70 45 42.4
4 Female 66.0 1.70 1.3 70 45 48.0
5 Male 53.0 1.58 1.3 70 50 45.7
6 Male 71.0 1.82 1.3 70 50 50.3
7 Male 53.0 1.74 1.3 70 50 48.8
8 Female 53.5 1.50 1.3 70 45 441
9 Female 66.5 1.75 1.3 70 45 49.0
10 Female 68.5 1.78 1.3 70 45 495
11 Male 78.0 1.93 1.3 70 50 52.2
12 Male 72.5 1.86 1.3 70 50 51.0
13 Male 68.0 1.83 1.3 70 50 50.2
14 Male 75.0 1.94 1.3 70 50 52.4
15 Male 68.0 1.79 1.3 70 50 49.6
16 Male 91.0 2.10 1.3 70 50 55.1
17 Female 46.0 1.41 1.3 70 45 42.0
18 Male 73.0 1.86 1.3 70 50 51.0
19 Male 60.0 1.67 1.3 70 50 47.7
20 Female 70.5 1.81 1.3 70 45 49.9
21 Female 49.0 1.45 1.3 70 45 42.9
22 Male 99.0 2.20 1.3 70 50 56.8
23 Male 73.0 1.95 1.3 70 50 52.4
24 Female 97.0 2.19 1.3 70 45 56.7
25 Male 78.0 1.97 1.3 70 50 53.1
26 Male 45.0 1.43 1.3 70 50 42.4
27 Female 43.0 1.34 1.3 70 45 40.7
28 Male 73.0 1.82 1.3 70 50 50.3
29 Female 46.0 1.44 1.3 70 45 429
30 Female 47.0 1.43 1.3 70 45 42.9
31 Male 78.5 2.01 1.3 70 50 53.7
32 Male 52.0 1.55 1.3 70 50 453
33 Male 69.5 1.86 1.3 70 50 51.3
34 Female 77.0 1.90 1.3 70 45 51.7
35 Male 72.5 1.86 1.3 70 50 51.0
36 Male 65.0 1.78 1.3 70 50 49.5
37 Female 65.5 1.70 1.3 70 45 48.0
38 Female 53.0 1.57 1.3 70 45 457
39 Male 87.5 2.07 1.3 70 50 54.7
40 Male 72.0 1.88 1.3 70 50 51.3
41 Male 60.0 1.69 1.3 70 50 48.0
42 Female 49.0 1.52 1.3 70 45 44.5
43 Male 79.0 1.99 1.3 70 50 52.0
44 Female 69.0 1.74 1.3 70 45 48.8
45 Male 77.0 1.92 1.3 70 50 52.0
46 Male 72.0 1.71 1.3 70 50 48.4
47 Male 73.5 1.88 1.3 70 50 51.3
48 Male 68.5 1.82 1.3 70 50 50.3
49 Female 47.0 1.42 1.3 70 45 42.4
50 Male 72.0 1.87 1.3 70 50 51.3
51 Male 63.5 1.72 1.3 70 50 48.4

the recommendations on Kt prescription, 78% of the patients
reached a minimum of 45 L. However, if we use the gender-
adjusted Kt as the reference, 31% of the patients did not reach
the minimal prescribed dose (48.1 = 2.4 L), 34.4% of male
patients and 26.3% of female patients. Finally, if we adjust
the prescriptions to the Kt adjusted by body surface area, 49.1
+ 4 L, we observed that 43.1% of the patients did not reach
the minimal prescribed dose, with 4.6 + 3.4 L lower dose than
prescribed, in 14 patients the difference was < 5 liters and in 8
patients > 5 liters (table II).

The vascular access had an influence on the dose reached.
Patients dialyzed through an arterial-venous fistula (40 pa-
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tients) had a mean Kt of 59.2 + 14 L, whereas in those dialy-
zed through a central funneled catheter (11 patients) the mean
Kt was 46.9 + 5 L, of whom seven did not reach the prescri-
bed dose. The differences by time, Qb, Qd, and dose between
both groups are shown in table III.

DISCUSSION

The present work shows a different, more stringent, way of
carrying out the control and follow-up of the dialysis dose. It
is different both because of the way of determining the dose
(Kt expressed in liters) and because of the close follow-up at
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Kt (L) Table Ill. Variations in the dialysis dose by type of vas-
70 cular access
60 57.2% 56.4% .
1.606 sessions — —— —@ 59% (n"iV:o) ((Zzt:it;r SIG
” Td (min) 260 + 33 275 + 26 NS
40 i i Qb (mL/m@n) 419 + 64 354 + 47 P <0.01
1 5 3 Qd (ml/min) 740 + 121 609 + 151 P<0.0]1
Kt/v 2.05+0.50 1.86 + 0.54 NS
Months PUR (%) 79.9+7 76.7 7 NS
Kt (L) 59.2+14 469 +5L P <0.001
PUR (%)
90
79.5% 78.9% 79.1% . .
80— @ & —9 and/or PUR of 65% is recommended, although the ideal
153 sessions should be a Kt/V of 1.3 and PUR of 70% in order to assure
70 these minimal requirements.” These recommendations are
also recommended by the European,” Canadian," British,”
€0 1 ' ) ' 3 and Spanish Guidelines of the Spanish Society of Nephro-
Months logy."
Using the Kt offers some advantages: both K and t are real-
time measurements from the monitor, which cannot be mani-
3 KtV pulated by the user and they may be used at every dialysis
199% 197% 197% session with no additional cost. The J-shaped survival curve
2 O ® O that occurs when the patients are categorized in quintiles by
153 sessions the PUR or Kt/V values® is avoided, and we may identify a
1 subgroup of patients that seem to be receiving a high dialysis
dose if measured by the Kt/V or PUR, but which may be con-
0 1 ' 2 ' 3 sidered under-dialyzed if we use the Kt. In 1999, the initial
Months recommendations were done according to gender, with a mi-
nimal Kt of 40-45 liters in women and 45-50 in men;* in the

Figure 1. Monthly progression of the dose expressed in Kt/V, percentage
of urea reduction, and Kt.

every dialysis session. The higher demand placed comes from
the fact that by comparing with the usual analytical recom-
mendations, the adherence the minimal Kt dose was not rea-
ched in 30% and 40% of the study patients when adjusting by
gender or body surface area, respectively.

The current recommendations on the dialysis dose are
based on monthly analytical determinations, although many
times they are done every 3 to 6 months. An American multi-
center study recommends a Kt/V > 1.3 and/or PUR of 70%.*
According to the hemodialysis practice guidelines (DOQI) of
the National Kidney Foundation, a minimum Kt/V of 1.2

year 2005, they were individualized by body surface area.®
Later on, these indications were valid’ observing that patients
receiving 4-7 liters less than those prescribed increased their
mortality by 10%, in those with 7-11 liters less the mortality
was increased by 25%, and in those receiving > 11 liters less
than prescribed the mortality was increased by 30%. In the
present study we observe that following the classical pres-
criptions of Kt/V or PUR, almost all patients received the re-
commended dose, whereas if we used the Kt only 60%-70%
of the patients reached the target dose, these patients having
lower dry weight and a catheter as their vascular access.
Different studies having used ionic dialysance in hemo-
dialysis expressed it as the Kt/V, and they concluded that the
Kt/measured by ionic dialysance is different from the Kt/V
measured by laboratory work-up, although there exists a co-

Table Il. Differences between the prescribed dose and the dose reached according to the different recommen-

dations
Dose prescribed Dose reached Patients adhering % of patients adhering

KtV > 1,3 1.3 1.98+0.5 51 100%

PUR > 70% 70 792 +7 46 90%

Kt>45L 45 56.6 + 14 40 78%

Kt Women > 45L 48.1 +2 534+ 12 35 69%

Men > 50L 585+ 14

Kt by BSA 49.1+4 56.6 + 14 29 57%
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rrelation,'®" similarly to what happens with hemodiafiltra-
tion,* showing that there exists an inter-method variability. In
order to obtain the Kt/V it is necessary to introduce the V, a
very inaccurate value that may be obtained by anthropometri-
cal equations such as Watson’s, by calculating the measured
Kt divided by the analytical Kt/V,* or by bioimpedancio-
metry.”> Other methods using total or partial collection of the
dialysis fluid** are more accurate although less practical to
be used in routine clinical practice. The Kt/V determined by
ionic dialysance usually yields an underestimation when
compared with the Kt/V calculated by the second-generation
Daurgidas’ formula obtained from the laboratory data.

Another issue deserving our attention is that working with
ionic dialysance increases the accuracy of the results since the
measurements are done at each dialysis session. In the present
study, using the Kt for dose follow-up was done in more than
1600 sessions as compared with 153 analytical measure-
ments, which represent a monthly determination per patient
according to the recommendations contained in the K-DOKI
guidelines.” Generalizing the use of the Kt will allow an accu-
rate comparison of the different groups of hemodialysis pa-
tients.

We may conclude that the follow-up of the dialysis dose by
using the Kt achieves an adequate control of the dialysis dose,
allows for better discrimination of adequacy to dialysis, and
identifies 30% to 40% of the patients not reaching their target
dose by gender or body surface area, respectively. Its use is
recommended in a routine way in all patients usually recei-
ving dialysis with monitors measuring the ionic dialysance.
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