http://www.revistanefrologia.com

originals

© 2013 Revista Nefrologfa. Official Publication of the Spanish Nephrology Society

Progression of residual renal function with an increase
in dialysis: haemodialysis versus peritoneal dialysis

José L. Teruel-Briones, Milagros Fernandez-Lucas, Maite Rivera-Gorrin, Gloria Ruiz-Roso,
Marta Diaz-Dominguez, Nuria Rodriguez-Mendiola, Carlos Quereda-Rodriguez-Navarro

Servicio de Nefrologia. Hospital Universitario Ramoén y Cajal. Madrid (Spain)

Nefrologia 2013;33(5):640-9

doi:10.3265/Nefrologia.pre2013.May.12038

ABSTRACT

Objective: The main objective of the study was to
analyse the progression of residual renal function
according to the dialysis technique (peritoneal dialysis
or haemodialysis) and the frequency of treatment
(two or three sessions of haemodialysis per week). As
secondary objectives, we studied the progression of
the serum concentration levels of S2-microglobulin
and the response of anaemia to erythropoietic agents.
Material and method: 193 non-anuric patients were
included. and began renal replacement therapy with
dialysis in our hospital between 1 January 2006 and 31
December 2011, with a follow-up period of over three
months. 61 patients (32%) began treatment with two
haemodialysis sessions per week. 49 patients (25%) with
three haemodialysis sessions per week and 83 patients
(43%) with peritoneal dialysis. The glomerular filtration
rate was measured as the mean of the renal clearances
of urea and creatinine. Results: The rate of decrease in
glomerular filtration was the same in patients who began
treatment with two haemodialysis sessions per week
and with peritoneal dialysis (median 0.18 ml/min/month)
and it was higher in patients who began treatment with
three sessions of haemodialysis per week (median 0.33
ml/min/month. P<.05). Throughout progression. the
glomerular filtration rate did not display differences
between the group that began with two weekly sessions
of haemodialysis and the group on peritoneal dialysis.
and it was lower in the group that began treatment
with three sessions of haemodialysis per week with
statistical significance during the first 24 months of
follow up. In the three patient groups. f2-microglobulin
concentration increased as the glomerular filtration
rate decreased and it was higher in the group on three
weekly haemodialysis sessions for the first 12 months
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of follow up. In all the controls carried out. there was
a negative correlation between the p2-microglobulin
concentration and the glomerular filtration rate
(P<.001). The erythropoietin dose was negatively related
to glomerular filtration. Patients who began with two
sessions of haemodialysis per week required a lower
dose of erythropoietin than patients that began renal
replacement therapy with three weekly sessions. The
erythropoietin dose in the peritoneal dialysis group was
below that of the group of two weekly haemodialysis
sessions despite maintaining a similar glomerular
filtration rate. Conclusions: Patients who began
treatment with two sessions of haemodialysis per week
experience the same rate of decrease in residual renal
function as patients treated with peritoneal dialysis. The
progression of the concentration of f2-microglobulin is
parallel to that of the glomerular filtration rate. Patients
treated with two haemodialysis sessions require a lower
dose of erythropoietin than those who receive three
sessions per week, but a significantly higher dose than
those treated with peritoneal dialysis, which suggests
that the response of anaemia to erythropoietic agents
is not only related to residual renal function. but also to
other factors that are inherent to the dialysis technique.

Keywords: Haemodialysis. Peritoneal dialysis. Residual
renal function. f2-microglobulin. Anaemia.

Evolucion de la funcion renal residual con una pauta
incremental de dialisis: hemodialisis frente a dialisis peritoneal

RESUMEN

Objetivo: El objetivo principal del estudio es el andlisis de
la evolucién de la funcidn renal residual segun la técnica de
diélisis (didlisis peritoneal o hemodidlisis) y la frecuencia del
tratamiento (dos o tres sesiones de hemodialisis a la semana).
Como objetivos secundarios hemos estudiado la evolucidon de
la concentracidn sérica de B2-microglobulina y la respuesta de
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la anemia a los agentes eritropoyéticos. Material y métodos:
Se incluyeron 193 enfermos no andricos, que comenzaron
tratamiento renal sustitutivo con didlisis en nuestro hospital
entre el 1 de enero de 2006 y el 31 de diciembre de 2011,
y tuvieron un seguimiento superior a tres meses. De ellos,
61 enfermos (32 %) iniciaron tratamiento con dos sesiones
de hemodiélisis a la semana, 49 enfermos (25 %) con tres
sesiones de hemodiélisis a la semana y 83 enfermos (43 %)
con diélisis peritoneal. Se midid el filtrado glomerular como
la media de los aclaramientos renales de urea y creatinina.
Resultados: El ritmo de descenso del filtrado glomerular
fue igual en los enfermos que comenzaron tratamiento
con la pauta de dos sesiones de hemodialisis a la semana
y con diélisis peritoneal (mediana 0.18 ml/min/mes) y fue
superior en los enfermos que iniciaron tratamiento con
tres sesiones de hemodialisis a la semana (mediana 0.33
ml/min/mes, p < 0.05). A lo largo de toda la evolucion,
la tasa de filtrado glomerular no mostré diferencias
entre el grupo que comenzd con dos sesiones semanales
de hemodialisis y el grupo de didlisis peritoneal, y fue
inferior en el grupo que comenzd tratamiento con tres
sesiones de hemodialisis a la semana con significacion
estadistica durante los primeros 24 meses de seguimiento.
En los tres grupos de enfermos la concentracion de B2-
microglobulina fue aumentando conforme disminuia el
filtrado glomerular y fue mas elevada en el grupo de
tres sesiones de hemodialisis a la semana durante los
primeros 12 meses de seguimiento. En todos los controles
realizados hubo una correlacion negativa entre la
concentracion de B2-microglobulina y el filtrado glomerular
(p < 0.001). La dosis de eritropoyetina se relaciono
negativamente con el filtrado glomerular. Los enfermos
que comenzaron con dos sesiones de hemodidlisis a la
semana necesitaron una dosis menor de eritropoyetina
que los enfermos que iniciaron tratamiento renal
sustitutivo con tres sesiones a la semana. La dosis de
eritropoyetina en el grupo de didlisis peritoneal fue inferior
a la del grupo de dos hemodidlisis a la semana, a pesar de
mantener un filtrado glomerular similar. Conclusiones: Los
enfermos que comienzan tratamiento con dos sesiones
de hemodiélisis a la semana experimentan el mismo
ritmo de descenso de la funcion renal residual que los
enfermos tratados con dialisis peritoneal. La evolucion
de la concentracion de B2-microglobulina es paralela
a la del filtrado glomerular. Los enfermos tratados con
dos sesiones de hemodidlisis necesitan una dosis de
eritropoyetina menor que los que reciben tres sesiones
a la semana, pero significativamente superior a la de los
enfermos tratados con diélisis peritoneal. lo cual indica
que la respuesta de la anemia a los agentes eritropoyéticos
no solo esta relacionada con la funcién renal residual.
sino también con otros factores inherentes a la técnica
de dialisis.

Palabras clave: Hemodidlisis. Diélisis peritoneal. Funcion
renal residual. B2-microglobulina. Anemia.
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INTRODUCTION

Residual renal function is important for prognosis in patients
treated with peritoneal dialysis and those treated with
haemodialysis and its preservation should be one of the
goals of renal replacement therapy.'® The regular measuring
of residual renal function is part of the treatment protocol
for patients treated with peritoneal dialysis, since it is used
to calculate the total dose of dialysis received. However,
it is not normally analysed in patients undergoing regular
haemodialysis and it is assumed that the dialysis dose is
provided exclusively by the dialyser. For reasons that are not
fully known, the decrease in residual renal function is quicker
after treatment with haemodialysis, and perhaps this is one of
the reasons for there being less interest in it being measured.

It is common practice in peritoneal dialysis units to begin renal
replacement therapy with a low dose of peritoneal clearance
that will increase as residual renal function decreases.”® On
the contrary, it is common in periodic haemodialysis units
to start treatment with the standard regimen of three weekly
sessions of haemodialysis (3HD/week). However, Gotch
established in 1985 that if the renal clearance of urea is equal
to or higher than 2.5ml/min, an adequate dose of dialysis
can be achieved by the urea kinetic model with two weekly
haemodialysis sessions (2HD/week).’

From 2006, we decided to establish a progressively increasing
dialysis regimen for patients beginning haemodialysis
treatment, in which we consider the possibility of starting
with 2HD/week if the renal clearance of urea is equal to or
higher than 2.5ml/min. In a previous study, we observed that
patients on this regimen had better preservation of residual
renal function.'

In this study, we tried to test whether the progression
of residual renal function in patients starting treatment
with 2HD/week is similar to that of patients on peritoneal
dialysis. We also analysed the progression of anaemia and
serum [2-microglobulin concentration, as a clear influence
of residual renal function has been observed on the
response to erythropoietic agents''"'> and the level of (2-
microglobulin'"'" both in patients treated with haemodialysis
and with peritoneal dialysis.

MATERIAL AND METHOD

In this study, we have included all patients starting
renal replacement therapy with dialysis in our hospital
between 1 January 2006 and 31 December 2011 and
who remained on dialysis for more than three months.
Patients who were anuric at the time of starting dialysis
were excluded, as well as those who were carriers of a
kidney transplant and had resumed dialysis due to graft
dysfunction.
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Inaccordance with our clinical protocol, residual renal function
was measured routinely in all patients treated with dialysis by
determining the glomerular filtration rate as the arithmetic
mean of the urinary clearances of urea and creatinine. In
patients treated with haemodialysis, clearance was calculated
from urea and creatinine concentrations in urine collected
during the 24 hours before the first haemodialysis session
of the week and in the blood sample obtained immediately
before starting the session.?*!

The first measurement was usually carried out in the first
week of renal replacement therapy and was considered as
the baseline glomerular filtration rate. It was subsequently
repeated every 2-3 months until diuresis was less than 100ml/
day; from this time, it was considered that the patient was
anuric and that residual renal function was zero.

Patients treated with peritoneal dialysis started treatment with
two daily exchanges of 1.5-2 litres of glucose solution with
lactate, which is our normal starting regimen when patients
have residual renal function. As the glomerular filtration rate
decreased, the number of exchanges was increased or the
patient changed to nocturnal automated peritoneal dialysis.

In patients on haemodialysis, when urea clearance in the first
glomerular filtration rate measurement was equal to or higher
than 2.5ml/min/1.73m?, we attempted to begin treatment with
the regimen of 2HD/week (Monday and Friday or Tuesday
and Saturday) if the clinical situation allowed it, in accordance
with the criteria of the doctor in charge. This regimen was
maintained until renal clearance of urea decreased below
2.5ml/min/1.73m? or clinical symptoms and/or laboratory
changes appeared, in which case, an increase in frequency
was advised. The time on haemodialysis was initially set at
3.5 or 4 hours per session, according to whether the dry weight
was below or above 60kg. All patients were dialysed with a
high patency biocompatible membrane (polyamide with an
ultrafiltration coefficient of 71ml/mmHg/h or polysulfone
with an ultrafiltration coefficient of 55ml/mmHg/h) and
ultrapure dialysate. In our treatment protocol, the post-
dilution online haemodiafiltration technique is reserved for
patients with low or zero residual renal function. The start of
haemodialysis treatment was considered scheduled when the
patient had a functioning arteriovenous fistula.

As a general rule, patients on peritoneal dialysis receive
a daily oral dose of 80mg of furosemide; patients on
haemodialysis with a regimen of 2HD/week also receive this
dose of furosemide on the days on which they do not undergo
dialysis.

The end date of the study was 30 June 2012. The rate of the
glomerular filtration decrease (ml/min/month) and 24 hour
diuresis (ml/month) was established as follows: in patients
who began with the regimen of 2HD/week, the difference
was calculated between the baseline glomerular filtration
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rate and the glomerular filtration rate in the last measurement
carried out before treatment on the aforementioned regimen
was ended due to transplantation, death, recovery of renal
function, transfer to peritoneal dialysis or to a regimen of
3HD/week or the patient’s glomerular filtration rate on
the end date of the study if the 2HD/week regimen was
continued; the difference was divided by the months elapsed
between both measurements. In patients who began with
3HD/week or on peritoneal dialysis, the difference was
calculated between the baseline glomerular filtration rate
value and the last glomerular filtration rate value obtained
before it was considered that the glomerular filtrate had
disappeared (diuresis below 100ml/day), or the glomerular
filtration rate before ending treatment with dialysis (due to
transplantation, death or recovery of renal function), or the
value of the glomerular filtration rate before the change of
technique (transfer from haemodialysis to peritoneal dialysis
or vice-versa), or the glomerular filtration rate value at the
time of the end of the study in the event that the patient had
preserved residual renal function at that time and remained
with their original dialysis technique. This difference was
divided by the number of months in the period analysed. The
same procedure was carried out to calculate the decrease in
diuresis.

In each of the groups studied we collected glomerular
filtration rate value on the dates closest to 6, 12, 18, 24,
30 and 36 months on dialysis. In patients without residual
renal function on the dates analysed, the glomerular filtration
rate value was considered equal to 0. On the same dates
on which the glomerular filtration rate was determined, the
following parameters were collected: serum haemoglobin
and 2-microglobulin concentrations and the weekly dose of
erythropoietin (IU week/kg).

Statistical analysis

To test the goodness of fit of the data to a normal distribution,
we used the Kolmogorov-Smirnov test. The results are
expressed as mean + standard deviation for normally
distributed data. The decreases in the glomerular filtration
rate and diuresis are not normally distributed, and the results
are expressed as median and the 25th and 75th percentiles
(interquartile range). Quantitative variables were compared
with the Student’s t test, Mann-Whitney test or ANOVA,
as appropriate. Qualitative variables were compared with
% test. The relationship between variables was assessed
using Spearman’s test and Pearson’s test, as appropriate. We
used the log-rank test to compare Kaplan-Meier survival
curves. The data analysis was carried out with the intention
to treat: each patient was assigned to their initial group of
treatment regardless of subsequent changes. The progression
time corresponds to the time of dialysis treatment, and it
was censored at the time of death, kidney transplantation,
recovery of renal function or loss of progression due to
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transfer to another hospital. P values <.05 were considered to
be statistically significant.

RESULTS

From 1 January 2006 to 31 December 2011, 224 patients
with preserved diuresis were incorporated into the chronic
dialysis schedule of our hospital and remained on dialysis
for over three months. 31 patients with kidney transplants
who recommenced dialysis treatment due to chronic
graft dysfunction (24 treated with haemodialysis and
7 with peritoneal dialysis) were excluded. One hundred
and ninety-three patients began treatment with renal
replacement therapy for the first time and they are those
included in the study group. One hundred and ten patients
began treatment with haemodialysis: 61 (32%) with the
regimen of 2HD/week, because they had baseline renal
urea clearance equal to or higher than 2.5ml/min/1.73m?,
whenever their clinical situation allowed it, in accordance
with the criteria of the doctor in charge (2HD/week
group), and 49 (25%) with the regimen of 3HD/week
(3HD/week group). Eighty-three patients (43%) began
treatment with peritoneal dialysis (PD group). Of the 49
patients who began treatment with haemodialysis with
the regimen of 3HD/week, 25 had baseline urea clearance
higher than 2.5ml/min/1.73m?, but the doctor responsible

originals

decided to begin with the aforementioned regimen due to
clinical complications such as heart failure, high blood
pressure or volume overload. Of the 110 patients who
began treatment with haemodialysis, 55 (50%) did so as
scheduled haemodialysis, with an arteriovenous fistula as
vascular access. It was more common to start scheduled
haemodialysis in the group which began treatment with
2HD/week (35 patients, 64%) than in the 3HD/week group
(20 patients, 36%), but the difference was not statistically
significant (y? 2.98, P=.124).

The characteristics of patients at the start of treatment are
displayed in Table 1. Patients who began treatment with
peritoneal dialysis were younger and had lower Charlson
index (age-comorbidity) values and a higher baseline
glomerular filtration rate than patients treated with
haemodialysis, while these variables were not significantly
different between the groups on 2HD/week and those on
3HD/week. Patients in the 3HD/week group had lower
baseline diuresis than those in the other two groups. The
prevalence of diabetic nephropathy was similar in the three
groups.

Table 2 displays the decrease in diuresis and the glomerular
filtration rate in the three groups of patients. The glomerular
filtration rate and diuresis decreased more rapidly in the 3HD/
week group, with no differences being observed between

Table 1. Data at the start of dialysis

Group A Group B Group C
2HD/week 3HD/week PD
(n=61) (n =49) (n =83)
Age (years) 63.1+ 155 64.8 +10.7 53.8+ 145 Avs.B: P=0.504
Avs. C: P<0.001
Bvs. C: P<0.001
Male 41 (67 %) 39 (80 %) 60 (72 %) P=0.350
Female 20 (23 %) 10 (20 %) 23 (28 %)
Diuresis (ml/24 hours) 1663 + 862 1210 £ 659 1714 + 895 Avs. B: P=0.002
Avs. C: P=0.731
Bvs. C: P<0.001
Glomerular filtration rate (ml/min/1.73m2) 6.10 + 2.13 541 +2.87 6.99 + 3.21 Avs.B: P=0.166
Avs. C: P=0.046
B vs. C: P=0.005
Charlson index 6.3+28 724 47 +25 Avs.B: P=0.167

Avs. C: P<0.001
Bvs. C: P<0.001

Diabetic nephropathy 12 (19.7 %)

11(22.4 %) 15 (18.1 %) P=0.829

2HD/week: two weekly haemodialysis sessions; 3HD/week: three weekly haemodialysis sessions; PD: peritoneal dialysis.
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Table 2. Decrease in diuresis and the glomerular filtration rate

Group A Group B Group C
2HD/week 3HD/week PD
Decrease of diuresis (ml/day/month) 50 (0-133) 82 (40-200) 40 (10-97) Avs.B: P=0.027

Avs. C: P=0.538
Bvs. C: P=0.001

Decrease of glomerular 0.18 (0.01-0.39)

filtration rate (ml/min/month)

0.33 (0.03-0.90)

Avs.B: P=0.036
Avs. C: P=0.641
Bvs. C: P=0.021

0.18 (0.06-0.35)

The results are expressed as a median and the percentiles 25 and 75.

2HD/week: two weekly haemodialysis sessions; 3HD/week: three weekly haemodialysis sessions; PD: peritoneal dialysis.

the 2HD/week and PD groups. There was no statistically
significant correlation between the decrease in the glomerular
filtration rate and the baseline glomerular filtration rate
(r=.118, P=.098) or age (r=.0757, P=.293), but there was
a positive correlation with the Charlson index (r=.157,
P=.027). The decrease in the glomerular filtration rate
was not influenced by the presence of diabetes mellitus
as the cause of renal failure: diabetic 0.22 (0.01-0.53),
non-diabetic 0.20 (0.04-0.42) ml/min/month (median
and interquartile range, P=.884), or by patient sex: male
0.18 (0.03-0.44), female 0.24 (0.05-0.46) ml/min/month
(median and interquartile range, P=.194) or in the subgroup
of patients treated with haemodialysis due to beginning
scheduled or non-scheduled haemodialysis: scheduled
start 0.23 (0.05-0.67), non-scheduled start 0.19 (0.02-0.55)
ml/min/month (median and interquartile range, P=.470).

The progression of the glomerular filtration rate in the three
groups of patients is displayed in Table 3. From the control

in month six onwards, there were no statistically significant
differences between the 2HD/week and PD groups. In the
3HD/week group, the glomerular filtration rate continued
to display statistically significant differences with respect
to the other two groups until the control at month 24.

In Table 4 we display the progression of serum [32-
microglobulin concentration. Between the 2HD/week
and PD groups, there are only statistically significant
differences at baseline. In the 3HD/week group, serum [32-
microglobulin concentration is higher until the control at
month 18 with respect to the 2HD/week group and until
the control at month 12 with respect to the PD group. In
all the controls carried out, including baseline, there was a
negative correlation between the level of 2-microglobulin
and the glomerular filtration rate (P<.001 in all controls).
The concentration of P2-microglobulin increased
throughout progression as the glomerular filtration rate
decreased (P<.001).

Table 3. Progression of the glomerular filtration rate (ml/min/1.73 m2) in the three patient groups

Baseline 6 months 12 months 18 months 24 months 30 months 36 months
2HD/week group 6.10+2.13 461 x291 3.9+295 3.33+2.99 24425 1.83x3.06 1.86 + 3.1
(n=61) (n=53) (n=34) (n=26) (n=14) (n=9) (n=7)
3HD/week group 541x£287 272+2.84 1.88+255 1.22+2.01 0.82+1.41 1.23x2.23 1.21 2.1
(n =49) (n=38) (n=29) (n=23) (n=15) (n=12) (n=10)
PD group 6.99 +£3.21 554 x3.21 415+345 384+369 256+253 1.77+1.80 1.28x2.19
(n=83) (n=78) (n =55) (n=36) (n=27) (n=22) (n=13)

2HD/week group compared with the 3HD/week group: P<.05 after 24 months; P<.01 after 6, 12 and 18 months.

2HD/week group compared with the PD group: P<.05 in the baseline
3HD/week group compared with the PD group: P<.01 in the baseline
months.

control.
control and after 12 and 24 months; P<.001 after 6 and 18

2HD/week: two weekly haemodialysis sessions; 3HD/week: three weekly haemodialysis sessions; PD: peritoneal dialysis
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Table 4. Progression of serum levels of beta-2 microglobulin (mg/l) in the three patient groups
Baseline 6 months 12 months 18 months 24 months 30 months 36 months
2HD/week group 19.3+7.4 20.9+6.4 23.3+7.1 25.7+9.6 26.6+9.9 31.7£9.9 31.4+11
3HD/group 27+184 29.4+11.1 32.6+94 33.9+11.7 37.1£17.7 37.8+15 31.8+134
PD group 16.7+£5.6 21.1+£7.9 24.7+9.6 28.2+11.1 28.9+9.7 30.7+7.9 34+8.6

2HD/week group compared with the 3HD/week group: P<.01 in the baseline control and after 18 months; P<.001 after 6 and 12

months

2HD/week group compared to the PD group: P<.05 in the baseline control
3HD/week group compared to the PD group: P<.001 in the baseline control and after 6 and 12 months
2HD/week: two weekly haemodialysis sessions; 3HD/week: three weekly haemodialysis sessions; PD: peritoneal dialysis

Parameters associated with anaemia are expressed in
Table 5. In the baseline control, there were statistically
significant differences between the three groups with
regard to haemoglobin concentration and erythropoietin
dose. The Charlson index was negatively related to
baseline haemoglobin (r=-0.33, P<.001) and positively to
the weekly dose of erythropoietin (r=0.33, P<.001). In the
group of patients treated with haemodialysis, the scheduled
start was associated with higher baseline haemoglobin
(10.8£1.5 vs. 9.6+1.6g/dl, P=.004), at a lower dose of
baseline erythropoietin (104+61 vs. 168+781U weekly/kg,
P<.001). Throughout the remainder of progression, there
were no longer differences in haemoglobin concentration
in the three groups. The weekly erythropoietin dose was

lower in the PD group throughout progression, but the
differences were statistically significant until the control at
month 18 with respect to the 2HD/week group and until the
control at month 36 with respect to the 3HD/week group.
The erythropoietin dose was lower in the 2HD/week group
with respect to the 3HD/week group until the control at
month 12. In all the controls carried out, except for the
control at month 36, there was a statistically significant
negative correlation between the erythropoietin dose and
the glomerular filtration rate.

Follow-up time on dialysis was 18.6+13.4 months (94.8
patients-year) in the 2HD/week group, 24.7+19.6 months
(101.1 patients-year) in the 3HD/week group and 22.4+16.8

Table 5. Progression of the parameters related to anaemia in the three patient groups

Hb (g/dl) Baseline 6 months 12 months 18 months 24 months 30 months 36 months
2HD/week group 105+ 1.3 115+1.2 1131 1M1.7+12 11.8+0.9 11.7+0.8 11.4+0.5
3HD/week group 99+15 11.5+£1.3 11.4+1.3 11.2+1.4 11.5+£0.9 11.3+£1.2 11.3+£1.8
PD group 114+13 12+14 116+16 11.6+11.5 116+1.6 1M4+12 1M1+13
2HD/week group compared with the 3HD/week group: P<0.05 in the baseline control.

2HD/week group compared with the PD group: P<0.001 in the baseline control.

3HD/week group compared with the PD group: P<0.001 in the baseline control.

EPO Basal 6 months 12 months 18 months 24 months 30 months 36 months
(Ul week/kg)

2HD/week group 18+ 71 110 = 67 100 + 62 111 +£129 105+ 130 113 +124 125+ 106
3HD/week group 147 £ 78 155+ 70 144 + 98 150 + 96 134 + 85 138 + 87 133 £ 69

PD group 54 + 61 52 + 51 52 + 58 53+ 71 58 +49 70 £ 54 80 + 48

2HD/week group compared with the 3 HD/week group: P<0.05 in the baseline control and after 12 months; P<0.01 after 6 months.
2HD/week group compared with the PD group: P<0.05 after 18 months; P<0.001 in the baseline control, after 6 months and after
12 months.

3HD/week group compared with the PD group: P<0.05 after 30 and 36 months; P<0.01 after 24 months; P<0.001 in the baseline

control. at 6, 12 and 18 months.

2HD/week: two weekly haemodialysis sessions; 3HD/week: three weekly haemodialysis sessions; PD: peritoneal dialysis; EPO: erythro-
poietin; Hb: haemoglobin
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(154.8 patients-year) in the PD group, without there being
statistically significant differences between the three groups.
During the follow-up time on dialysis, 15 patients were anuric
in the group that started with the regimen of 2HD/week
(25%), 25 patients in the group that started with the regimen
of 3HD/week (51%) and 17 patients in the PD group (20%)
(P=.007 between the 2HD/week and 3HD/week groups,
P<.001 between the 3HD/week and PD groups, P=.701
between 2HD/week and PD groups). Of the 61 who started
renal replacement therapy with 2HD/week, 25 changed to
the 3HD/week regimen due to a decrease in residual renal
function after a period of time ranging from 3 to 25 months
(946 months). 23 patients received a kidney transplant in the
2HD/week group (15 while they were being treated with two
weekly sessions of haemodialysis), as well as 16 patients in
the 3HD/week group and 42 patients in the PD group. Of
the 83 patients who started peritoneal dialysis treatment,
10 were transferred to the haemodialysis technique after a
period of 21+16 months (range 3-48 months) on the initial
technique. Ten patients in the 2HD/week group (mortality
10.5/100 patients-year), 16 patients in the 3HD/week group
(mortality 15.8/100 patients-year) and 14 patients in the PD
group (mortality 9/100 patients-year) died. The Kaplan-Meier
analysis did not display statistically significant differences in
survival between the three groups of patients (log-rank 2.127,
P=.345) (Figure 1).

Of the 83 patients who started treatment with peritoneal
dialysis, 19 changed to automated peritoneal dialysis with a
cycler during the study period; of the total 110 patients who
started on haemodialysis, 13 received treatment with the
convective technique throughout progression. All patients
experienced a significant reduction in or complete loss of
residual renal function.

DISCUSSION

The main objective of our study was to study the influence
of different dialysis techniques and regimens on the
decrease in residual renal function. We have compared the
progression of residual renal function as measured by the
glomerular filtration rate in patients treated with peritoneal
dialysis and two haemodialysis regimens: two and three
sessions a week. We excluded from the study patients who
recommenced dialysis after kidney transplant dysfunction,
since their residual renal function decreased faster* and
their prevalence was higher in the group of patients treated
with haemodialysis.

The decrease in residual renal function and diuresis was
the same in patients treated with peritoneal dialysis and
those who started with the 2HD/week regimen; both
groups had a similar glomerular filtration rate throughout
their progression. Patients who started renal replacement
therapy with the 3HD/week regimen had a quicker decline
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Figure 1. Actuarial survival graph
PD: peritoneal dialysis: HD: haemodialysis.

in residual renal function and maintained a glomerular
filtration rate below that of the two previous groups during
the first two years of progression. The baseline glomerular
filtration rate was higher in the group of patients treated
with peritoneal dialysis, but we did not observe a correlation
between the decrease of the latter and its baseline level.

The reasons why the loss of residual renal function is
faster in patients treated with haemodialysis than in
peritoneal dialysis patients remain unclear. The induction
of inflammatory reactions by the dialyser membrane or
dialysate is one of the reasons considered. Isolated studies
have observed a similar decrease in the rate of residual
renal function in both techniques when patients undergoing
haemodialysis are treated with ultrapure dialysate and
high-flux membrane.?*** All patients in our study used this
type of dialysate and membrane, however, the decline in
residual renal function was greater in the group that started
haemodialysis with the normal regimen of 3HD/week. The

Nefrologia 2013;33(5):640-9
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higher preservation of residual renal function in patients
treated with 2HD/week had already been observed by Lin
et al.” in a prevalent, selected population followed up for
6 months (23 patients treated with two weekly sessions and
51 with three weekly sessions). The reason is unclear and
cannot be attributed to differences in hydration status or
blood pressure control, because in a cross-sectional study
in our unit we found that both parameters were similar
in patients treated with two or three weekly sessions of
dialysis.!"

Unlike other studies, we did not observe a relationship
between the rate of decrease in residual renal function and
age, the baseline glomerular filtration rate or the existence
of diabetes mellitus.?®?” As with other authors,?® we did
observe a correlation between the decrease in residual renal
function and the comorbidity index. Patients who started
renal replacement therapy with peritoneal dialysis or with a
2HD/week regimen received a low dose of oral furosemide.
We do not believe that this treatment had a bearing on
the preservation of residual renal function, since there
is no evidence that furosemide preserves the glomerular
filtration rate in patients on dialysis;* its administration
may even accelerate the rate of decrease.”’ In patients
treated with peritoneal dialysis, the repercussions of using
icodextrine, biocompatible solutions or the automated
technique on the preservation of residual renal function is
a controversial subject.?* It is not clear if the convective
techniques of haemodialysis have a protective effect.** In
our dialysis unit, automated peritoneal dialysis and on-line
haemodiafiltration are usually reserved for patients with
low or no residual renal function and we cannot analyse
its potential influence therein.

Several studies attribute a prognosis value to the level of 32-
microglobulin in patients treated with haemodialysis.?>
Residual renal function is one of the factors that
determine its serum concentration in patients treated with
haemodialysis or peritoneal dialysis.'"'¢"" In our study,
baseline concentration of $2-microglobulin was different in
the three patient groups. We attribute this to the differences
observed in the glomerular filtration rate at the beginning
of dialysis, since, although the difference did not reach
statistical significance between the two haemodialysis
groups, there was a highly significant correlation between
the baseline values of f2-microglobulin concentration and
the glomerular filtration rate. The subsequent progression
of B2-microglobulin concentration was parallel to that of
the glomerular filtration rate: there were no differences
between patients treated with peritoneal dialysis and those
who began haemodialysis with a2HD/week regimen and the
levels were higher in patients who began renal replacement
therapy with a 3HD/week regimen. In the three groups,
2-microglobulin concentration increased as residual renal
function decreased and in all the controls carried out there
was an excellent correlation between both.

Nefrologia 2013;33(5):640-9
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Patients treated with peritoneal dialysis require a
lower dose of erythropoietin than patients treated with
haemodialysis.’”* One reason that may explain this
phenomenon is the difference in preservation of residual
renal function, since the latter influences the response
of anaemia to erythropoietic agents in both types of
dialysis.'”'S In a cross-sectional study, we found that
patients treated with the 2HD/week regimen, and therefore,
with better residual renal function, required a lower dose of
erythropoietin to maintain identical levels of haemoglobin
as patients treated with a 3HD/week regimen.'® The
current study confirms these findings: the difference
in erythropoietin dose between the two haemodialysis
regimens was maintained throughout progression while
differences in residual renal function persisted. Until
the month 36 control, the dose of erythropoietin had
a statistically significant negative correlation with the
glomerular filtration rate. However, patients treated with
peritoneal dialysis required a lower dose of erythropoietin
than patients in the 2HD/week group, despite maintaining
similar residual renal function throughout progression.
The better response of anaemia to erythropoietic agents in
peritoneal dialysis cannot be exclusively attributed to better
preservation of residual renal function, but rather, it must
be influenced by other factors. It should be highlighted
that haemoglobin concentration and erythropoietin dose
were different in the three patient groups at the beginning
of dialysis treatment. These data may be explained in part
by the negative influence of the age-comorbidity index
and the non-scheduled start in the haemodialysis group on
anaemia.

In conclusion, patients who began treatment with
dialysis with the 2HD/week regimen had a rate of
decrease in residual renal function that was equal to that
observed in the group of patients treated with peritoneal
dialysis. Both patient groups maintained a similar
glomerular filtration rate throughout progression,
which was significantly higher than the GFR of the
3HD/week group. The progression of 32-microglobulin
was similar, which confirms the importance of residual
renal function on the serum concentration of the latter.
Patients who began treatment with the 3HD/week
regimen required a higher erythropoietin dose than
the other two groups, but the erythropoietin dose with
peritoneal dialysis was significantly lower than the
2HD/week regimen, which indicates that, as well as the
glomerular filtration rate, other factors inherent in the
dialysis technique influence the response of anaemia to
erythropoietic agents.

Conflicts of interest

The authors declare that they have no conflicts of interest
related to the contents of this article.

647



originals

José L. Teruel-Briones et al. Progression of residual renal function in dialysis

REFERENCES

10.

11.

12.

13.

14.

648

Bargman JM. Thorpe KE. Churchill DN (CANUSA Peritoneal Dialysis
Study Group). Relative contribution of residual renal function and peri-
toneal clearance on adequacy of dialysis: a reanalysis of the CANUSA
study. J Am Soc Nephrol 2001;12:2158-62.

Termorshuizen F. Korevaar JC. Dekker FW. van Manen JG. Boeschoten
EW. Krediet RT. for the NECOSAD Study Group. The relative contribu-
tion of residual renal function compared with peritoneal clearance for
patient survival and quality of life: an analysis of the Netherlands Coop-
erative Study on the Adequacy of Dialysis (NECOSAD)-2. Am J Kidney
Dis 2003;41:1293-302.

Termorshuizen F. Dekker FW. Van Manen JG. Korevaar JC. Boeschoten
EW. Krediet RT. for the NECOSAD Study Group. Relative contribution of
residual renal function and different measures of adequacy to survival
in hemodialysis patients: An analysis of the Netherlands Cooperative
Study on the Adequacy of Dialysis (NECOSAD)-2. J Am Soc Nephrol
2004;15:1061-70.

Bragg-Gresham JL. Fissell RB. Mason NA. Bailie GR. Gillespie BW.
Wizemann V. et al. Diuretic use. residual renal function. and mortality
among hemodialysis patients in the Dialysis Outcomes and Practice Pat-
tern Study (DOPPS). Am J Kidney Dis 2007;49:426-31.

Liao CT. Chen YM. Shiao CC. Hu FC. Huang JW. Kao TW. et al.
Rate of decline of residual renal function is associated with all-cause
mortality and technique failure in patients on long-term peritoneal di-
alysis. Nephrol Dial Transplant 2009;24:2909-14.

van der Wal WM. Noordzij M. Dekker FW. Boeschoten EW. Krediet
RT. Korevaar JC. et al.; for the Netherlands Cooperative Study on the
Adequacy of Dialysis Study Group (NECOSAD). Full loss of renal residual
function causes higher mortality in dialysis patients; findings from a
marginal structural model. Nephrol Dial Transplant 2011;26:2978-83.
NKF-K/DOQI Clinical practice guidelines for peritoneal dialysis adequa-
¢y: update 2000. Am J Kidney Dis 2001;37(1 Suppl 1):5109-15.
Garcia Pérez H. Pérez Behasco V. Arrieta J. Pérez Fontan M. La prescrip-
cién de diélisis peritoneal. Evaluacién de la dosis de didlisis adecuada.
Nefrologia 2006;26 Suppl 4:67-85.

Gotch FA. Keen ML. Care of the patient on hemodialysis. In: Cogan
MG. Garovoy MR (eds.). Introduction to dialysis. New York: Churchill;
1985. pp. 73-143.

Fernandez-Lucas M. Teruel-Briones JL. Gomis-Couto A. Villacorta-Pérez
J. Quereda-Rodriguez-Navarro C. Mantenimiento de la funcién renal
residual en hemodidlisis: experiencia de 5 anos de una pauta de didlisis
incremental. Nefrologia 2012;32:767-76.

Lopez-Menchero R. Migual A. Garcia-Ramoén R. Pérez-Contreras J. Gir-
bés V. Importance of residual renal function in continuous ambulatory
peritoneal dialysis: its influence on different parameters of renal replace-
ment treatment. Nephron 1999;83:219-25.

Wang AY. Wang M. Woo J. Law MC. Chow KM. Li PK. et al. A novel
association between residual renal function and left ventricular hyper-
trophy in peritoneal dialysis patients. Kidney Int 2002;62:639-47.

Vilar E. Wellsted D. Chandna SM. Greenwood RN. Farrington K. Residual
renal function improves outcome in incremental haemodialysis despite
reduced dialysis dose. Nephrol Dial Transplant 2009;24:2502-10.

Shafi T. Jaar BG. Plantinga LC. Fink NE. Sadler JH. Parekh RS. et al.
Association of residual urine output with mortality. quality of life.
and inflammation in incident hemodialysis patients: the Choices for

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Healthy Outcomes in Caring for End-Stage Renal Disease (CHOICE)
Study. Am J Kidney Dis 2010;56:348-58.

Lars Penne E. van der Weerd N. Grooteman MPC. Mazairac AHA.
van den Dorpel MA. Nubé MJ. et al.; on behalf of the CONTRAST
investigators. Role of residual renal function in phosphate control
and anemia management in chronic hemodialysis patients. Clin J
Am Soc Nephrol 2011;6:281-9.

Amici G. Virga G. Da Rin G. Grandesso S. Vianello A. Gatti P. et
al. Serum beta-2-microglobulin level and residual renal function in
peritoneal dialysis. Nephron 1993;65:469-71.

McCarthy JT. Williams AW. Johnson WJ. Serum beta 2-microglobulin
concentration in dialysis patients: importance of intrinsic renal func-
tion. J Lab Clin Med 1994;123:495-505.

Fry AC. Singh DK. Chandna SM. Farrington K. Relative importance of
residual renal function and convection in determining beta-2-micro-
globulin levels in high-flux haemodialysis and on-line haemodiafiltra-
tion. Blood Purif 2007;25:295-302.

Lars Penne E. Van der Weerd NC. Blankestijn PJ. van den Dorpel
MA. Grooteman MPC. Nubé MJ. et al.; on behalf of the CONTRAST
investigators. Role of residual kidney function and convective volu-
men on change in beta2-microglobulin levels in hemodiafiltration
patients. Clin J Am Soc Nephrol 2010;5:80-6.

Daugirdas JT. Van Stone JC. Bases fisiolégicas y modelo cinético de
la urea. In: Daugirdas JT. Blake PG. Ing TS (eds.). Manual de didlisis.
Barcelona: Masson SA; 2003. pp. 15-48.

National Kidney Foundation. K/DOQI Clinical Practice Recommenda-
tions for Hemodialysis Adequacy. Guideline 6: Preservation of re-
sidual kidney function. Am J Kidney Dis 2006;48(Suppl 1):568-70.
Madar H. Korzets A. Ori Y. Herman M. Levy-Drummer RS. Gafter U.
et al. Residual renal function in peritoneal dialysis after renal trans-
plant failure. Perit Dial Int 2010;30:470-4.

Schiffl H. Lang SM. Fischer R. Ultrapure dialysis fluid slows loss of re-
sidual renal function in new dialysis patients. Nephrol Dial Transplant
2002;17:1814-8.

McKane W. Chandna SM. Tattersall JE. Greenwood RN. Far-
rington K. Identical decline of residual renal function in high-flux
biocompatible hemodialysis and CAPD. Kidney Int 2002;61:256-65.
Lin YF. Huang JW. Wu MS. Chu TS. Lin SL. Chen YM. et al. Compari-
son of residual renal function in patients undergoing twice-weekly
versus three-times-weekly hemodialysis. Nephrology (Carlton)
2009;14:59-64.

Moist LM. Port F. Orzol SM. Young EW. Ostbye T. Wolfe RA. et al.
Predictors of loss of residual renal function among new dialysis pa-
tients. J Am Soc Nephrol 2000;11:556-64.

Liao CT. Shiao CC. Huang JW. Hung KY. Chuang HF. Chen YM. et
al. Predictor of faster decline of residual renal function in Taiwanese
peritoneal dialysis patients. Perit Dial Int 2008;28 Suppl 3:5191-5.
Singhal MK. Bhaskaran S. Vidgen E. Bargman JM. Vas SI. Oreopou-
los DG. Rate of decline of residual renal function in patients on
continuous peritoneal dialysis and factors affecting it. Perit Dial Int
2000;20:429-38.

Coronel F. Pérez Flores |. Factores relacionados con la pérdida de fun-
cion renal residual en didlisis peritoneal. Nefrologia 2008;28 Suppl
6:39-44.

Nefrologia 2013;33(5):640-9



José L. Teruel-Briones et al. Progression of residual renal function in dialysis

30.

31.

32.

33.

34.

Montenegro J. Saracho R. Gallardo I. Martinez I. Mufoz R. Quin-
tanilla N. Use of pure bicarbonate-buffered peritoneal dialysis fluid
reduces the incidence of CAPD peritonitis. Nephrol Dial Transplant
2007;22:1703-8.

Rodriguez Carmona A. Pérez Fontan M. Garcia LE. Garcia FT. Diaz
CH. Use of icodextrin during nocturnal automated peritoneal
dialysis allows sustained ultrafiltration while reducing the peri-
toneal glucose load: a randomized crossover study. Perit Dial Int
2007;27:260-6.

Rabindranath KS. Adams J. Ali TZ. Daly C. Vale L. MacLeod AM.
Automated vs continuous ambulatory peritoneal dialysis: a system-
atic review of randomized controlled studies. Nephrol Dial Trans-
plant 2007;22:2991-8.

Michels WM. Verduijn M. Grootendorst DC. le Cessie S. Boe-
schoten EW. Dekker FW. et al.; for the NECOSAD Study Group.
Decline in residual renal function in automated compared with
continuous ambulatory peritoneal dialysis. Clin J Am Soc Nephrol
2011;6:537-42.

Lars Penne E. van der Weerd N. van de Dorpel M. Grootman MPC.
Lévesque R. Nubé MJ. et al.; on behalf of the CONTRAST Investiga-
tors. Short-term effects of online hemodiafiltration on phosphate

35.

36.

37.

38.

39.

originals

control: A result from the randomized controlled convective trans-
port study (CONTRAST). Am J Kidney Dis 2010;55:77-87.

Cheung AK. Rocco MV. Yan G. Leypoldt JK. Levin NW. Greene T. et
al. Serum beta-2 microglobulin levels predict mortality in dialysis pa-
tients: Results of the HEMO study. J Am Soc Nephrol 2006;17:546-
55.

Okuno S. Ishimura E. Kohno K. Fujino-Katoh Y. Maeno Y. Yamakawa
T. et al. Serum beta2microglobulin level is a significant predictor of
mortality in maintenance haemodialysis patients. Nephrol Dial Trans-
plant 2009;24:571-7.

Coronel F. Herrero JA. Montenegro J. Fernandez C. Gandara A.
Conesa J. et al. Erythropoietin requirements: a comparative multi-
center study between peritoneal dialysis and hemodialysis. J Nephrol
2003;16:697-702.

House AA. Pham B. Pagé DE. Transfusion and recombinant hu-
man erythropoietin requirements differ between dialysis modalities.
Nephrol Dial Transplant 1998;13:1763-9.

Domenici A. Comunian MC. Fazzari L. Sivo F. Dinnella A. Della
Grotta B. et al. Incremental peritoneal dialysis favourably compares
with hemodialysis as a bridge to renal transplantation. Int J Nephrol
2011;2011:204216.

Sent to review: 11 Apr. 2013 | Accepted: 9 May. 2013

Nefrologia 2013;33(5):640-9

649



