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Abstract
Background Peritoneal dialysis (PD) or conventional hemo-
dialysis (HD) are considered to be equally efficient dialysis
methods in children and adolescents. The aim of our study
was to analyze whether an intensified, nocturnal HD program
(NHD) is superior to PD in an adolescent cohort.
Methods Thirteen patients were prospectively enrolled in a
NHD program. We measured uremia-associated parameters,
parameters for nutrition, medication and blood pressure and
analyzed the data. These data were compared to those of 13
PD controls, matched for gender, age and weight at the begin-
ning the respective dialysis program and after 6 months of
treatment.
Results Serum phosphate levels decreased significantly in the
NHD group and remained unchanged in the PD group. Arte-
rial blood pressure in the NHDwas significantly lower despite
the reduction of antihypertensive treatment, whereas blood
pressure levels remained unchanged in the PD controls.
Preexisting left ventricular hypertrophy resolved and albumin
levels improved with NHD. Dietary restrictions could be
lifted for those on NHD, whereas they remained in place
for the patients on PD treatment. Residual diuresis
remained unchanged after 6 months of either NHD or
PD. NHD patients experienced fewer days of hospitaliza-
tion than the PD controls.
Conclusions Based on our results, NHD results in significant-
ly improved parameters of uremia and nutrition. If individu-
ally and logistically possible, NHD should be the treatment
modality of preference for older children and adolescents.
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Introduction

Renal transplantation is the therapy of choice for end-stage
renal disease (ESRD) in children and adolescents. However,
due to the shortage of organs, and often the lack of preemptive
possibilities, time to transplantation must be bridged with ei-
ther peritoneal dialysis (PD) or hemodialysis (HD). Both pro-
cedures are well established in these patients, and both forms
are considered as being in general an equal option for children
and adolescents with ESRD, with the natural restriction that in
newborns and toddlers, preference is given to PD.

Innovative and successful variants of PD have been
developed for the delivery of optimal dialysis dosage,
treatment of complications, peritoneal access and composi-
tion of solutions [1–4]. Many of these achievements are
due to the establishment of a unique worldwide registry
for children and adolescents on PD [5]. A similar im-
provement has not been achieved for HD; only little, if
any, progress has been made, such as the introduction of
high-flux membranes and the use of hemodiafiltration
[6–8]. Therefore, based on clinical experience in adult
patients, programs have been initiated for children and
adolescents extending the time on dialysis (‘intensified di-
alysis’), thus increasing the dialysis dose delivered [9–11].
The combination of intensified dialysis with hemofiltration
has also investigated [12, 13]. Such programs offer a tre-
mendous benefit to the patient, leading us to hypothesize
that these beneficial effects, at least for some patients, are
superior to those obtained on current PD programs. There-
fore, we designed a case–control study in which we
compared data collected on adolescents who were
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prospectively enrolled in our intensified nocturnal HD
(NHD) program (cases) with data collected from a
matched PD cohort (controls).

Subjects and methods

Thirteen patients were prospectively enrolled in our NHD
program (Table 1). Patients were only included in the NHD
program upon their expressed wish and only after being en-
rolled for at least 2 months in the regular HD program (3×5 h
per week, daytime). Written consent from patients and parents
or caregivers was obtained; the program itself was approved
by the ethical committee of the Charité. NHD was performed
overnight for 3×8 h per week. Either Fresenius model 4008H
or 5008H (Fresenius SE & Co. KGaA, Bad Homburg,
Germany) or Gambro AK 200 (Gambro Group, Stockholm,
Sweden) dialysis machines were used. Blood flow was set
to the maximal possible (4–7 ml/kg/min), and dialysate flow
was set at 500 ml/min. Dialysis fluids were adapted (Na+, K+,
bicarbonate) to each individual patient. Anticoagulation was
realized in all patients with unfractionated heparin and moni-
tored by activated clotting time (ACT) (150–180 s). For all
patients, dialysate Ca2+ was set at 1.75 mmol/l and adjusted if
necessary [14].

Thirteen controls retrospectively matched for age, weight
and gender were selected for the PD program (Table 2). In
these patients either the Baxter HomeChoice (Baxter Interna-
tional, Deerfield, IL) or the Fresenius SleepSafe machines
were used. For both systems, biocompatible solutions were

used, either Physioneal or BicaVera, with glucose concentra-
tions ranging from 1.36 to 2.3%, respectively. Dialysis dosage
was set initially according to internal guidelines, but at
3 months after treatment initiation we performed a peritoneal
equilibration test and, based on the results and if applicable,
adjusted the dialysis dosage [15, 16]. Data collected on both
cohorts were compared at the beginning of renal replacement
therapy and 6 months after start of NHD or PD, respectively.

Serum parameters

Phosphate, albumin and cholesterol levels were determined in
both cohorts in a central laboratory, always before a dialysis
session: in the late afternoon for PD or in the evening for
NHD.

Kt/V

The Kt/V was either calculated using the internal algorithm
(eKt/V) of the machines (NHD) using, if applicable, the
Mellits–Cheek formula to determine urea distribution volume
(V), or calculated according a standard formula (PD) [17]. For
both cohorts, residual kidney Kt/V was not included in the
calculation.

Blood pressure and end organ damage

Mean arterial blood pressure (MAP) was monitored, either
before NHD at the center, or at home, before starting PD.
Blood pressure monitors used at home were compared regu-
larly with the monitors used in-center and if there was a >5 %

Table 1 Characterization of the nocturnal hemodialysis cohort

Patient Age (years.
months)

Gender Underlying disordera Weight (kg)

1 16.3 Female D+HUS 45.3

2 12.7 Male NPH 49.2

3 17.4 Male NPH 54.5

4 17.5 Male Alport's Syndrome 62.2

5 11.9 Male ARPKD 56.5

6 12.3 Female aHUS 33.7

7 16.5 Male CAKUT 57.2

8 14.5 Male CAKUT 73.6

9 14.8 Male D+HUS 55.2

10 14.5 Female CyATox after HTx 49.6

11 17.5 Female Wegeners Granulomatosis 53.9

12 16.3 Male ARPKD 74.5

13 13.5 Male FSGS 53.2

a D+HUS:,Diarrhea-associated hemolytic uremic syndrome; NPH,
nephronophthisis; ARPKD, autosomal recessive polycystic kidney dis-
ease; aHUS: atypical HUS; CAKUT, congenital abnormalities of the
kidney and urinary tract; CyA tox, cyclosporine A toxicity; HTX, heart
transplantation; FSGS, focal segmental glomerulosclerosis

Table 2 Characterization of the peritoneal dialysis cohort

Patient Age (years.
months)

Gender Underlying disordera Weight (kg)

1 15.9 Female ARPKD 52.3

2 13,1 Male Alport's Syndrome 45.7

3 16,4 Male MPGN II 55.4

4 17.2 Male CAKUT 59.9

5 12.2 Male ARPKD 59.3

6 13.1 Female ARPKD 41.5

7 15.9 Male FSGS 55.3

8 16.0 Male CAKUT 65.3

9 15.1 Male SLE 54.3

10 15.3 Female Alport's Syndrome 56.3

11 16.3 Female NPH 56.6

12 16.9 Male NPH 69.3

13 14.0 Male FSGS 59.3

aMPGN II, Membranoproliferative glomerulonephritis type II; SLE, sys-
temic lupus erythematodes; for other abbreviations, see footnote to
Table 1
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difference, the home monitor was replaced. The presence of
left ventricular hypertrophy (LVH) was documented by echo-
cardiogram before and 6 months after the initiation of NHD or
PD [18]. Retinal changes, if any, were documented in all pa-
tients every 6 months.

Residual diuresis

Residual diuresis was determined by 24-h urine collection
before and 6 months after enrolment in each program.

Medication, dietary and fluid restrictions

In all patients, medication intake was registered and grouped
by antihypertensives, phosphate binders and potassium
binders. In all patients, dietary restrictions (potassium and
phosphate) were noted as well as fluid restrictions at the
beginning of the respective treatment and after 6 months
either NHD or PD (Table 3).

Hospitalization days

The number of hospitalization days of patients in each treat-
ment group was registered within the 6-month study period;
in-hospital days during the initiation of either NHD or PD
(especially catheter placement) were not included since initi-
ation of PD requires in general more in-center time than that of
HD/NHD and, since patients enrolled in the NHD program
already had vascular access, either via fistula or by central
venous line.

Statistical analysis

The impact of different medical treatments with respect to the
measured quantity y (e.g. phosphate) was analyzed separately
for each quantity using a random intercept model that con-
siders individual baselines for each subject. An excellent over-
view of the theoretical background and the applicability of
such models to the investigation at hand can be found in the
publication of Pinheiro and Bates [19]. All statistical analyses

were performed using the R statistical software (version 3.0.1)
[20]. The models were fitted using the nlme package [21].
Afterwards, a hypothesis system considering the differences
between the control and treatment (case) group before dialysis
and the differences within the two groups due to dialysis was
composed. The three null hypotheses that the differences are
zero were tested family-wise using the multcomp package
[22]. The two quantities for which no pre-treatment data are
available (Kt/V and hospitalization days) were analyzed as
follows: the significance of the differences between NHD
and PD group was assessed by the statistics of a t test with
the null hypothesis that both treatments are identical [20]. The
applicability of the t test, namely the normality of the observed
values, was assured given the insignificant statistics of a
Shapiro–Wilk test.

Results

Epidemiology

Both groups contained four female and nine male patients.
The median age of patients included in the NHD and PD
groups was 14.8 (range 11.9–17.5) and 15.9 (range 12.2–
16.9) years, respectively. The median weight of patients in
the NHD and PD groups was 55.3 (range 33.7–74.5) and
56.3 (range 41.5-69.3) kg, respectively (Tables 1, 2).

Kt/V and residual diuresis

The Kt/V inNHD patients was significantly higher than that in
the PD patients (2.7 vs. 2.1, respectively; p<0.001) (Fig. 1a).
Residual diuresis was equal in both groups before and
after 6 months of dialysis. Before starting dialysis, residual
diuresis was 0.19 ml/kg/h in patients in the NHD group
and 0.17 ml/kg/h in patients in the PD group (p=0.99).
After 6 months of dialysis, residual diuresis was 0.22 ml/kg/h
urine in the NHD patients (p=0.2), and 0.15ml/kg/h in the PD
patients (p=0.4) (Fig. 2a).

Blood pressure and cardiovascular parameters

The MAP in both patient groups before starting dialysis was
equal [80 (NHD group) vs. 83 mmHg (PD group); p=0.59].
After 6 months of the respective dialysis treatment, the MAP
had fallen significantly in NHD patients (−6 mmHg;
p<0.001), but had remained stable in PD patients (+1 mmHg;
p=1) (Fig. 2b). Ten patients in the PD group needed antihy-
pertensive treatment, whereas only three patients receiving
NHD needed antihypertensive medication (Table 3). After
6 months of dialysis, none of the NHD patients showed
LVH (3 preexisting cases before entering the program), while

Table 3 Medication and dietary restrictions of the cohorts

Medication and
dietary restrictions

Peritoneal dialysis
(n=13)

Nocturnal hemodialysis
(n=13)

Treatment
initiation

After
6 months

Treatment
initiation

After
6 months

Potassium binders 7 8 10 1

Phosphate binders 12 12 11 1

Antihypertensive drugs 11 10 11 3

Dietary restrictions 13 13 13 0

Fluid restrictions 9 10 7 0
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five patients of the PD cohort had LVH (4 preexisting, 1 new).
None of the patients in either treatment group suffered retinal
damage at any time point.

Cholesterol levels in both groups before starting dialysis
were equal [171 (NHD group) vs. 195 mmol/l (PD group);
p=0.13]. After 6 months of dialysis, cholesterol levels in
NHD patients had fallen significantly (136 mmol/l; p<0.01),

Fig. 1 Observed differences in Kt/V (a) and number of hospitalization
days (b) between the peritoneal dialysis (PD) and nocturnal hemodialysis
(NHD) cohorts. The corresponding boxplots, includingmedian (thick, black
horizontal line in boxes) and mean (asterisk), are shown. The whiskers
represent 1.5 times the interquartile range above the upper quartile and
below the lower quartile. The differences between the distributions for the
two groups were tested via a t test and are significant at p<0.001)

Fig. 2 Observed laboratory differences for cholesterol (a), phosphate (b)
and albumin (c) between the peritoneal dialysis (PD) and nocturnal
peritoneal dialysis (NHD) cohorts. a–c Top row Difference between the
NHD and the PD group before starting dialysis, middle row difference
between 6 months of NHD and initiation of NHD, bottom row difference
between 6 months of PD and initiation of PD. The significance of each of
these differences is tested simultaneously and the corresponding 95% CI
are shown
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whereas those in PD patients remained high (202 mmol/l;
p=0.66) (Fig. 3a). Phosphate levels before dialysis fell
within the same range in both groups (2.3 mmol/l; p=0.99).
After 6 months of dialysis, phosphate levels were significantly
lower in NHD patients (1.5 mmol/l; p<0.001), whereas in PD
patients phosphate levels remained high (2.2 mmol/l; p=0.36)
(Fig. 3b). One patient in the NHD cohort and 12 patients in the
PD group required phosphate binders (Table 3).

Nutritional status and dietary restrictions

Serum albumin concentration did not differ between both
groups at the beginning of the dialysis treatment [40 (NHD
group) vs. 38 g/l (PD group); p=0.84] (Fig. 3c). After 6 months
of dialysis, albumin levels in NHD patients improved (+1.7 g/l;
p=0.02), whereas albumin levels in PD patients remained

stable (+0.5 g/l; p =0.84). Ten PD patients had fluid restrictions.
All PD patients had dietary restrictions regarding potassium and
phosphate intake, while none of the patients on NHD had any
fluid or dietary restrictions (Table 3).

Social rehabilitation

During the 6-month study period, patients receiving NHD
stayed 6 days in the hospital, whereas PD patients were hos-
pitalized for 14 days (p<0.001) (Fig. 1b).

Discussion

The results of our study demonstrate that, at least for the co-
horts and time span investigated here, several uremia-
associated parameters, as well as indicators of quality of life,
significantly improved in patients in a NHD program when
compared to matched patients in a PD program.

Among our study subjects, NHD patients displayed a sig-
nificantly higher Kt/V than patients on PD. Whereas a small
increase of Kt/V did not influence mortality in adults, the use
of an intensified program generating a Kt/V that is two to
threefold higher has been associated with improved survival
[23, 24]. Thus, we conclude that intensified dialysis programs
could improve long-term outcome also in children and ado-
lescents. Given the shortage of organs worldwide and the re-
stricted life-time of an organ, it can be anticipated that children
with ESRD will have a significant life-time on dialysis.

The NHD cohort also showed significantly lower MAP
despite a reduction of antihypertensive medication and free
access to fluids. As cardiovascular morbidity and mortality
is excessively high in patients with ESRD, NHD seems to
be the method that provides a better outcome [25–27]. Addi-
tionally, NHD eliminates phosphate more efficiently than PD.
As phosphate has been identified as one of the major factors
triggering uremic vasculopathy, it can be speculated that the
superior removal of this compound results in a better cardio-
vascular risk profile [28–30]. This hypothesis is further sup-
ported by our finding that none of our NHD patients showed
LVH 6 months after starting the program. Finally, cholesterol,
which also contributes to vascular disease, was significantly
lowered in patients on NHD, whereas the cholesterol levels of
our patients on PD remained high.

Interestingly, residual diuresis was not reduced after
6 months in either the NHD or the PD patients. This finding
in particular has often been used as an argument for PD rather
than for HD, as conserved residual diuresis has been associat-
ed with morbidity and mortality improvement [31, 32]. Our
study shows that this argument does not hold true for the
comparison of PD and NHD; moreover, conserved residual
diuresis might even contribute to the significantly better

Fig. 3 Observed differences in residual diuresis (a) and mean arterial
pressure (MAP; b) between the peritoneal dialysis (PD) and nocturnal
hemodialysis (NHD) cohorts. a, b Top row Difference between the NHD
and the PD group before starting dialysis, middle row difference between
6 months of NHD and initiation of NHD, bottom row difference between
6 months of PD and initiation of PD. The significance of these differences
are tested simultaneously and the corresponding 95% confidence intervals
(CI) are shown
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results of NHD. Residual diuresis may be more conserved in
patients on NHD because of better volume and blood pressure
control.

In addition to these uremia-associated factors, the quality of
life was markedly improved in NHD patients. First, the
amount of medication prescribed could be significantly re-
duced (antihypertensives, phosphate and potassium binders).
Second, patients on NHD had neither dietary nor fluid restric-
tions. Third, and probably most important, patients were hos-
pitalized less than patients on PD. In particular, the occurrence
of catheter dysfunction and peritonitis contributed to the infe-
rior result of the PD cohort in terms of number of days hospi-
talized. That our patients on NHD were able to attend school
with few disruptions than those on PD implies that theymight,
in the future, due to a better education and grades, contribute
to social welfare systems rather than becoming dependent for
life on such systems.

Our study has a number of limitations. The study design
with retrospectively matched PD controls is not optimal. PD
patients visited the dialysis center every 4 weeks, whereas
NHD patients were visited weekly by a pediatric nephrologist.
The number of patients in each group is quite small. All of
these factors could confound the results. Prospective studies
with more patients are needed to clarify our results.

In summary, if intensified programs are logistically and
individually feasible, NHD should be given preference over
PD for older children and adolescents. Moreover, although the
setting of a nocturnal dialysis program requires a team effort
that involves physicians, nurses, social workers, psychologists
and dietitians, the unprecedented beneficial effects of intensi-
fied programs (including short daily dialysis) pose the ques-
tion of whether such programs should become the standard
and not the exception of HD.

Conflict of Interest None.
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