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Abstract Preemptive renal transplantation is the method of
choice for end stage renal disease in childhood and adoles-
cence. However, without preemptive transplantation, waiting
time for kidney transplantation might exceed several years.
The poor quality of life and the extremely high morbidity and
mortality rates of dialysis patients have led to the development
of intensified hemodialysis programs in which the modes of
dialysis (short daily, nocturnal intermittent or daily nocturnal)
are different. Such programs have been shown to significantly
improve several uremia-associated parameters, such as blood
pressure, phosphate control, anemia and growth retardation, in
both adult and pediatric (children and adolescents) patients
and lead to a reduction in medications, including phosphate
binders, erythropoietin and antihypertensive agents. Fluid
limitations and dietary restrictions can also be lifted. With
respect to psychosocial rehabilitation and quality of life, noc-
turnal intermittent dialysis programs provide a reasonable
compromise of all forms of intensified programs. Experiences
and practical approaches of our own in-center nocturnal inter-
mittent hemodialysis program in the light of the recent publi-
cations are described in this review.
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Introduction

The method of choice for end-stage renal disease (ESRD) in
children and adolescents is renal transplantation. However, if

preemptive transplantation is not possible, the average time on
the waiting list currently exceeds 2 years in the Eurotransplant
region [1].

This time can be even longer if additional factors, such as a
high degree of alloimmunization, aggravate the situation.
Patients with chronic kidney diseases (CKD) are at high risk
for cardiovascular comorbidities and even death. [2, 3]. In
children and adolescents receiving renal replacement therapy
(RRT), mortality rates are 30-fold higher than those of healthy
controls [4]. Expectation of life is dependent on the type of
RRT. In 2008 the annual mortality rate in the USA was 0.31
per 1,000 patient years in children and adolescents, whereas
the mortality rate in children and adolescents after renal trans-
plantation was 3.5 per 1,000 patient-years; this rose to 36 per
1,000 patient-years in dialysis patients aged<18 years [5].

Alterations to the vascular system have been shown to be
responsible for the high morbidity and mortality rates in CKD
patients [6, 7]. Uremic vasculopathy progresses during the
higher stages of CKD (and dialysis).Whether these alterations
to the vascular system are at least partially reversible after
renal transplantation remains uncertain. Therefore, it would
appear to be appropriate to consider time on dialysis not only
as a simple bridging period to transplantation. Consequently,
dialysis modalities should be improved to provide a more
adequate therapy to attenuate medical and social conse-
quences of ESRD.

Hemodialysis (HD) and peritoneal dialysis (PD), are com-
mon dialysis modalities among pediatric patients (children
and adolescents). PD is for obvious reasons the method of
choice in younger children, while older children and adoles-
cents mostly prefer HD. In this review we focus on HD.

Conventional HD is performed for 4–5 h 3 times per week.
In pediatric dialysis patients, CKD-associated comorbidities,
such as renal osteopathy, malnutrition, growth retardation and
insufficient weight gain, are poorly controlled. Growth retar-
dation rate is correlated with time on dialysis, at least for
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conventional HD. Conventional dialysis programs are unable
to reduce these complications [8–10] as illustrated by the fact
that conventional forms of dialysis generate a clearance of
about 10 ml/min for small molecules; this clearance may be
even less for larger molecules. This means that dialysis only
keeps up to the level at which it was initiated. Most dialysis
patients have to follow a strict renal diet, including fluid
restriction, even when taking medications like phosphate and
potassium binders [11].

Social rehabilitation and quality of life of pediatric dialysis
patients are poor [12]. Full-time school attendance is only
possible every other day—if at all. Even though teachers are
present in the dialysis unit, only part of the educational cur-
riculum can be provided and the social environment of school
is missing. These circumstances are major factors contributing
to the poor quality of life of patients on conventional dialysis
treatment, and serious efforts have been made to ameliorate
this situation.

The Hemodialysis Study group (HEMO) has shown that
neither a modest increase of Kt/V nor the use of high-flux
filters are able to reduce the mortality rates of adult HD
patients on conventional dialysis [13]. Similar results have
been shown for adult patients on PD [14]. This deficiency in
conventional HD has led to efforts being made to develop
intensified HD programs through the use of hemodiafiltration
(HDF). The benefit of HDF is that it adds convective HD flow
to conventional HD flow, resulting in a more efficient removal
of middle-sized molecules [e.g. β2-microglobulin (β2-MG)]
and improved hemodynamic intradialytic stability, possibly
by the effect of cooling. Whether HDF reduces mortality is
currently a matter of debate. The CONTRAST [15] and the
Turkish online hemodiafiltration study [16] have both shown
no difference in mortality between HD and online HDF in
adult patients. However, patients, who received a convective
volume of >15 l (CONTRAST) or 17.4 l (Turkish online
hemodiafiltration study), had a significantly lower mortality
rate. This result was confirmed in the ESHOL study, where
patients on online HDF had a 30 % lower risk of all-cause
mortality [17]. However, a review of the β2-MG levels in
these studies (CONTRAST: decrease, Turkish online: un-
changed, ESHOL: increase) suggests that it is unlikely that
the effect of online HDF on mortality is attributable to the
removal of middle molecules only.

In contrast, the DOPPS (Dialysis Outcomes and Practice
Patterns Study) showed that longer time on dialysis, while
urea elimination (Kt/V) is stable, is associatedwith a reduction
of mortality. In this study, the risk of mortality was signifi-
cantly reduced when the duration of the dialysis session
exceeded 4 h; each 30 min extension of dialysis reduced the
mortality risk by about 7 % [18].

For these and other reasons, focus has been centered on
increasing the total dialysis time, which has resulted in the
development of the so-called intensified hemodialysis programs.

Intensified HD programs

First reports on intensified HD programs appeared some
40 years ago, when such an approach was established by
Guy Laurent in Tassin, France [19]. In this study, patients
were treated with a long, slow HD (24–30 h per week) and
then followed up for 10 years. The term ‘slow’ refers to the
fact that blood flow was set to submaximal values. Blood
pressure control was achieved by a strict maintenance of dry
weight (supplemented with a low salt diet, but without the use
of any antihypertensive medication). Overall survival rate
was, unprecedented even today, 85 % after 10 years.

Beginning in the late 1990s, an increasing number of
reports on intensified dialysis programs have appeared.
Intensification of HD is achieved by either increasing
the length (duration of time on HD (>5 h/session) or the
frequency (>4 times/week), or both. Basically, there are
three different modalities of intensified dialysis pro-
grams: short daily hemodialysis (2–3 h per day, 5–7 days
per week), nocturnal intermittent hemodialysis (8 h per
day, 3 days per week) and daily nocturnal hemodialysis
(6–8 h per day, 5–7 days per week). These different
programs can be conducted either at home or at the (in-
or outpatient) dialysis center. In the pediatric setting,
short daily HD (SDHD) and nocturnal intermittent HD
(NIHD) are performed in the dialysis center or at home;
daily nocturnal HD is conducted at home as nocturnal
home HD (NHHD) [20].

All these different forms of intensified HD increase the
Kt/V considerably. Weekly single-pool Kt/V with intensified
programs is 4.5–9, whereas weekly single-pool Kt/V with
conventional dialysis is 3.6–4 [21]. Moreover, intensified
dialysis programs increase not only the Kt/V but also the
clearance of middle-sized molecules, simply due to the longer
duration of the dialysis. The ultrafiltration rate per hour of
intensified HD programs can be lowered compared to those of
conventional dialysis, thus making this approach especially
attractive for unstable patients with cardiovascular conditions.
In adult patients on conventional HD, it has been shown that
high ultrafiltration rates are associated with a higher mortality
even if the dialysis session is well tolerated by the patient [22].
Movilli et al. demonstrated that patients who died within
5 years after the initiation of dialysis had higher ultrafiltration
rates than patients who survived (14.1 vs. 11.4 ml/h/kg body
weight) [22].

The “International Quotidian Dialysis Register” col-
lects data on patients on forms of intensified dialysis
[20]. The aim of this register is to analyze outcome in
a large cohort of patients under different forms of inten-
sified dialysis. “The Frequent Hemodialysis Network
Trial Group,” which has published two randomized con-
trolled trials (RCTs) on intensified HD has its origin in
this register [23, 24].
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Studies in adults on NIHD

Nocturnal intermittent HD is performed three times weekly,
with each session lasting at least 6–8 h, either in-center or at
home. Time per session is increased while the frequency of
conventional HD is maintained. To date, no randomized con-
trolled prospective trials on NIHD have been conducted. In
their prospective, case-controlled study, Ok et al. compared
247 patients on in-center NIHD with 247 patients on conven-
tional HD [25]. In a retrospective study, Lacson et al. com-
pared 746 patients on in-center NIHD using a propensity score
to 2,062matched patients on conventional dialysis [26]. These
are the two largest studies on NIHD published to date; other
published studies often lack control groups or only include a
small number of patients [27–31] (Table 1). In addition, the
parameters investigated differ widely among these studies.
For example, depending on the study, blood pressure control
was investigated and reported as systolic and/or diastolic
pressure and/or left ventricular hypertrophy and/or dosage of
antihypertensive medication. For such reasons a meta-analysis
of all studies does not seem feasible.

Phosphate control

Ok et al. reported a significant reduction in serum phosphate
levels in patients on NIHD (3.87 mg/dl) when compared with
patients on conventional dialysis (4.96 mg/dl), despite a re-
duced number of patients who needed phosphate binders (22
vs. 83%) [25]. In a second large study, serum phosphate levels
were also significantly lower in patients on NIHD (5 mg/dl)
than in those on conventional dialysis (5.73 mg/dl) [26]. In
three of the five smaller studies, phosphate control (lower
serum phosphate levels and/or lower amount of phosphate

binders) improved [27, 29, 30], while no change was encoun-
tered in the remaining two studies [28, 31].

Blood pressure control

In a prospective, case–control study, Ok et al. found that
predialytic blood pressure level was equal in both groups of
patients but that patients on NIHD (8 %) needed antihyper-
tensive medication less frequently than those on conventional
dialysis (22 %) [25]. Left ventricular mass in patients on
NIHD was significantly reduced (116 vs. 139 g/m2) [25].
Lacson et al. reported on the lower predialytic systolic blood
pressure levels of NIHD patients [150 vs. 147 mmHg
(controls)] [26]. In all smaller studies an improvement in
blood pressure control (lower blood pressure and/or lower
amounts of antihypertensive drugs and/or reduction of left
ventricular mass) could be observed [27–31].

Anemia control

Ok et al. also observed that the time-averagedmean hemoglobin
level in the NIHD group was higher than that in the conven-
tional dialysis group (12 vs 11.7 g/dl) [25]. Additionally, the
percentage of patients with erythropoietin therapy decreased
from 56 to 25 % in the NIHD group, while the erythropoietin
use remained unchanged in the control group [25]. Lacon et al.
reported an increase in hemoglobin levels in the NIHD group
from 11.8 to 12.2 g/dl, while hemoglobin levels in the conven-
tional dialysis group were stable [26]. In three smaller studies,
anemia control (higher hemoglobin levels and/or lower erythro-
poietin doses) improved [27, 28, 30]; in one study no difference
in anemia control was found [31].

Table 1 Studies on nocturnal home hemodialysis in adult dialysis patients

Study Study design na Phosphate
control

Blood
pressure
control

Anemia
control

Vascular access
complications

Quality of life Mortality

Ok et al. 2011 [25] Prospective
case–control

247 Improved Improved Improved n.i. Constant (reduced
under CHD)

Reduced

Lacson et al. 2012 [26] Retrospective
Propensity score
matching

746 Improved Improved Improved n.i. n.i. Reduced

Bugeja et al. 2009 [27] Retrospective
observational

39 Improved Improved Improved n.i. Improved n.i.

David et al. 2009 [28] Prospective cohort 13 No difference Improved Improved n.i. n.i. n.i.

Troidle et al. 2007 [29] Retrospective
observational

16 Improved Improved n.i. n.i. Constant n.i.

Haag-Weber 2003 [30] Prospective cohort 9 Improved Improved Improved n.i. Improved n.i.

McGregor 2001 [31] Prospective
cross-over

9 No difference Improved No difference n.i. 2 parts improved,
2 parts decreased

n.i.

CHD, Conventional hemodialysis; n.i., not investigated
a Number of patients on intensified dialysis
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Quality of life

Ok et al. measured the quality of life using the Medical
Outcomes Study 36-item short form (SF-36) questionnaire
and concluded that the quality of life remained stable in their
patients on NIHD, while that in the control group deteriorated
[25]. In the large retrospective study conducted by Lacson
et al., the quality of life was not investigated [26]. In contrast,
three of the smaller studies [27, 30, 31] did report an improve-
ment in the quality of life. For example, Bugeja et al. inves-
tigated the quality of life using a self-developed questionnaire
and found that the quality of life improved after patients
switched to NIHD [27]. Haag Weber et al. also reported an
improved quality of life after patients switch to NIHD [30],
but these authors did not report just how they measured the
quality of life in their patients. Mc Gregor et al. investigated
quality of life via the kidney disease quality of life
(KDQOLTM) instrument [31]. Following their switch to
NIHD, patients reported less uremia-related symptoms and
less physical suffering but more inference with social activi-
ties and a greater burden on their families. In this study, NIHD
was conducted at home, which may explain the burden on
patient’s families.

Troidle et al. reported no difference in quality of life (in-
vestigated via SF-36 questionnaire) [29]. However, time to
resumption of usual activities was shorter after the patients
started NIHD.

Withdrawals

Withdrawals were only investigated in the two larger studies.
In the prospective study of Ok et al., 49 of 247 NIHD patients
withdrew from the therapy because they felt uncomfortable
with in-center NIHD [25]. Lacson et al. reported that among
their active patients, 186 (42 %) were still on NIHD therapy
after 2 years; in contrast, 1,185 patients (57 %) remained
active among the conventional HD group [26].

Mortality

Mortality was investigated in the large, prospective study of
Ok et al. [25]. In this study, 247 patients on in-center NIHD
were matched with 247 patients on conventional dialysis.
Overall mortality rate was significantly lower in those
on NIHD (1.77 per 100 patient-years) than on conven-
tional dialysis (6.23 per 100 patient-years). Mean follow-
up was 11.3 months. Lacson et al. compared 746 NIHD
patients retrospectively using a propensity score matching
with 2062 conventional HD patients [26]. After 2 years,
those patients on NIHD had a significantly lower overall
mortality rate than those on conventional dialysis (19 vs.
27 %, respectively). Mortality was not investigated in the
smaller studies.

Advantage and disadvantage of NIHD in adults

In this section we focus on the advantages and disadvantages
of NIHD in comparison to those of other intensified modali-
ties (SDHD and NHHD).

Only a few RCTs of intensified HD programs have been
conducted. Most studies have been performed without a con-
trol group and with only a small number of participants.
However, the intensified HD programs have been found to
improve phosphate homeostasis, blood pressure control and
anemia control. The same advantages have been shown in
SDHD and NHHD [23, 24, 32].

Whether intensified dialysis programs improve a patient’s
quality of life is difficult to evaluate. Studies on NIHD have
demonstrated a tendency towards an improved quality of life
compared to conventional HD [25, 27, 30, 31]. However, both
of the prospective studies conducted to date show that a
considerable number of patients left the program (see section
Withdrawals) [25, 26]. Ok et al. commented that these patients
felt uncomfortable with in-center NIHD [25].

The only RCT with patients on SDHD found that the
quality of life improved compared to those on NIHD but that
only 78 % of the SDHD patients had more than five dialysis
sessions per week [23]. Suri et al. found a poor long-term
tolerability for SDHD [33]. In this large retrospective, study
30 % of the patients on SDHD switched to conventional
dialysis during the first year of therapy.

In one of the two RCTs on NHHD there was no difference
in the quality of life between NHHD and conventional dialy-
sis. In this study, only 25 % of the patients with NHHD had
more than five dialysis sessions per week [24]. In the other
study on NHHD there was an improvement in a number of
kidney-specific topics in the quality of life scores, while the
whole quality of life remained unchanged [32]. In none of the
studies on quality of life published to date were patients on
intensified dialysis in worse condition than those on conven-
tional dialysis.

Acceptance by the patients, especially of the daily in-
tensified dialysis methods, is questioned by these findings.
The efficacy of such intensified dialysis methods most
certainly depends on the attitude of the individual patient.
For the patient who might sleep well while maintaining
dialysis, the quality of life will improve; to the contrary, the
patient who cannot sleep on dialysis will quit the intensi-
fied program.

The question of whether intensified dialysis programs will
provide longer survival for a patient is even harder to answer.
In the pediatric and adolescent clinical setting only surrogate
parameters like blood pressure, phosphate homeostasis or
nutritional status can be evaluated. In a large number of
published studies in adults, patients on in-center or home
dialysis were not separately investigated, which may have
resulted in a selection bias because home HD is associated

752 Pediatr Nephrol (2015) 30:749–757



with a survival advantage even when there is no difference
between conventional or intensified dialysis modalities [34].
Patients with higher motivation, fewer co-morbidities and a
stable social environment will prefer home dialysis to in-
center dialysis. In the prospective, controlled trials performed
to date, as well as in a number of the larger retrospective trials,
intensified dialysis and conventional dialysis were performed
at the same location, either at home or in the dialysis center
[23–26, 33]. These studies will most likely be the best ones for
investigating mortality rates. Patients on NIHD seem to have a
lower mortality rate than those on conventional dialysis [25,
26]. In their RCT on NHHD, Rocco et al. found no difference
in mortality between home NHHD and conventional home
HD [24]. The results are more conflicting for SDHD: the FHN
Trial Group conducted an RCT in which they investigated 120
patients on in-center HD versus 125 patients on SDHD. These
authors reported that mortality was lower in those patients on
SDHD [23]. In a large, retrospective study in which 318
SDHD patients were matched using the propensity score with
575 patients on conventional dialysis, the mortality rate was
higher in patients on SDHD [33]. One reason for the higher
mortality rate in patients on SDHD could be that daily dialysis
was prescribed as a rescue therapy. Therefore, patients on
SDHD could be more seriously ill than those maintained on
conventional dialysis [33]. Other reasons for the higher
mortality risk could be frequent exposure to the dialyzer,
which may cause inflammation, or more frequent cannu-
lation of the fistula, which may increase the risk of vas-
cular access complications, potentially resulting in a
greater use of catheters [33]. The greater risk of vascular
access problems was also found in two RCTs in patients
on daily HD [23, 24].

NIHD is probably the best compromise between suffi-
cient—but not too much—dialysis [35, 36]. There is also the
advantage of sparing the blood access from frequent cannula-
tion, as well as limiting frequent dialysis sessions. The burden
of therapy with NIHD seems to be less than that in the daily
modalities.

Intensified dialysis programs for children and adolescents

Intensified dialysis programs for children and adolescents
have been established in very few centers worldwide
[37–43] (Table 2).

SDHD in children and adolescents was initiated in Strass-
burg, France, as a daily in-center high-efficiency online HDF
[40]. As in adults, positive effects of intensified dialysis were
encountered in the pediatric patients. Serum phosphate levels
decreased despite phosphate binders being reduced after the
switch from HD to SDHD (1.87 vs. 1.28 mmol/l) [40].
Patients on SDHD had neither fluid nor dietary restrictions.
Antihypertensive medication was reduced on SDHD. Growth
retardation, one of the major problems in children and adoles-
cents with advanced stages of CKD, was significantly less on
SDHD. In a second study, the research group showed that
SDHD promotes catch-up growth in combination with growth
hormone therapy [41], leading these authors to speculate that
the improved response to recombinant human growth
hormone is the result of less malnutrition and cachexia,
De Camargo et al. reported on improved growth in
children and adolescents on SDHD even without growth
hormone therapy. In their prospective, observational
study, 33 % of the patients on SDHD showed a 0.5
standard deviation score (SDS) for height gain, whereas
only 8 % of the patients on conventional HD achieved
the same level [43]. The quality of life in children and
adolescents on SDHD is not currently being systematically
investigated.

NHHD is mainly performed in countries such as
Canada or Australia where distances to the next dialysis
center are unacceptably long. Geary et al. established a
NHHD program for children and adolescents in Canada
[42]. Patients had no fluid or dietary restriction after
switching to NHHD. Although quality of life was not
systematically evaluated, the authors reported that the
quality of life and school attendance improved after the
patients switched to NHHD [42].

Table 2 Studies on intensified dialysis in children and adolescents

Study Dialysis
modality

na Phosphate
control

Blood pressure
control

Anemia control Growth Days out
of school

Quality of life

Fischbach et al. 2004 [40] SDHD 5 Improved improved Improved? Improved Less n.i.

Fischbach et al. 2010 [41] SDHD 15 n.i. n.i. n.i. Improved n.i. n.i.

De Camargo et al. 2014 [43] SDHD 24 n.i. n.i. n.i. Improved n.i. n.i.

Hoppe et al. 2011 [38] NIHD 16 Improved Improved Improved n.i. Less Improved

Thumfart et al. 2014 [45] NIHD 7 Improved Improved n.i. n.i. n.i. n.i.

Geary et al. 2005 [42] NHHD 4 Improved No change Improved? n.i. Less Improved

SDHD short daily dialysis; NIHD nocturnal intermittent dialysis; NHHD nocturnal home dialysis
a Number of patients on intensified dialysis

Pediatr Nephrol (2015) 30:749–757 753



Studies on children and adolescents on NIHD

The concept of in-center NIHD in children and adoles-
cents was established in Berlin, Germany, in 2005 [38].
In a first publication, 16 children and adolescents were
prospectively investigated before and after switching
from conventional HD to NIHD. Since then the program
has been carried out as an prospective observational
study [38].

In this group of children, serum phosphate levels decreased
from 2.1 to 1.4 mmol/l after the switch to NIHD despite a
reduction in the use of phosphate binders. Blood pressure
control improved on NIHD: the predialytic mean arterial
blood pressure declined from 102 to 93 mmHg, and antihy-
pertensive medication could be reduced. Preexisting left ven-
tricular hypertrophy, which was present in two patients when
on HD, resolved on NIHD. Anemia control improved during
the study. Hemoglobin levels rose from 10 to 11 g/dl while
erythropoietin dosage remained stable. Following the switch
to NIHD, dietary and fluid restrictions could be lifted in every
patient. Potassium binders could be reduced. The protein
catabolic rate increased (from 1.2 g/kg/day on conventional
HD to 1.5 g/kg/day on NIHD). The appetite of most patients
improved. The quality of life was investigated with the SF-36
questionnaire. After 4 months on NIHD, the general well-
being improved by 13 %, social efficiency by 22 %, psycho-
social well-being by 11 % and vitality by 12 %. Days absent
from school declined from 37 days during the 6 months when
the patient was on conventional dialysis to 12 days in 6months
after the switch to NIHD [38].

To further improve NIHD, HDF was implemented. Based
on their clinical experience, Fischbach et al. reported that
high-efficiency HDF also had beneficial effects in the pediat-
ric setting [44]. Thumfart et al. combined NIHD with HDF
(NHDF) in a prospective cross-over study [45] and found that
serum phosphate concentration was significantly reduced in
both intensive dialysis modalities, with NIHD lowering the
phosphate concentration by 0.43 mg/dl and NHDF lowering it
by 0.5 mg/dl despite the discontinuation of phosphate binders
[45]. Predialytic mean arterial blood pressure was significant-
ly reduced by 8 mmHg in patients on NIHD or NHDF despite
a reduction of antihypertensive medication. Dietary and fluid
restrictions could be lifted in all patients irregardless of dial-
ysis regimen (NIHD or NHDF). Albumin levels were signif-
icantly higher in the patients on NIHD and NHDF. There was
no difference in the concentration of trace elements and vita-
mins in children on conventional HD, NIHD and NHDF. This
finding is even more noteworthy because convective volume
in the NHDF setting exceeded 30 l. One logical explanation is
that any losses were fully compensated due to increased
appetite and improved nutritional status of the patients. The
most important effects on patients in this study were attributed
more to the switch of the patients from conventional HD to

NIHD than to the effects of HDF alone [45]. However,
Kt/V was even higher in children on NHDF than in
those on NIHD. Therefore, HDF may be a promising
treatment modality that allows further improvement of
dialysis efficacy even in children treated with intensified
dialysis.

Practical aspects of NIHD in children and adolescents

At our center, we started NIHD as a prospective observational
study in 2005. To date, more than 20 patients, mainly
adolescents, have been included in our NIHD program.
The dialysis regimen consists of three 8-h sessions of
NIHD per week (9 p.m. to 5 a.m.). Based on our
experience, Monday, Wednesday and Friday are the
most suitable days for the patients. With this scheduling
of dialysis sessions, the patients are able to attend
school two days per week after a dialysis session. To
allow the patients some recovery, the nocturnal dialysis
sessions start around 9:00 p.m. and are terminated
around 5:00 a.m. Patients can therefore sleep up to 1–
2 h without dialysis before getting up. NIHD is per-
formed via a fistula or catheter. Fistulas are punctured
using the rope-ladder technique by medical staff or by
the patient him/herself. At the present time, convention-
al HD machines (e.g. Fresenius 5008H) are used with,
if necessary, pediatric tubing systems. Heparin is used
as an anticoagulant in all patients. If necessary, activat-
ed clotting time is regulated to between 150–180 s by
altering the heparin dosage. Blood flow is set at a
maximal possible flow. For NHDF, convective flow is
set at one-third of the blood flow in the postdilution
mode. We are currently using the Fresenius 5008H
machine in the ‘autosub+’ mode. The composition of
the dialysate (sodium, potassium and bicarbonate) is set
after the initial electrolyte composition has been deter-
mined. The concentration of calcium in the dialysate is
initially set at 1.75 mmol/l and adjusted, if necessary
(Table 3). The care of the patients is realized by one
specialized dialysis nurse for a maximum three patients.

Table 3 Practical aspects of NIHD in children and adolescents

Parameters Settings

Anticoagulant Heparin (or others); ACT 150–180 s

Blood flow 4-6 ml/min/kg body weight

Dialysate flow 500 ml/min

Dialysate Set after initial electrolyte determination
Calcium usually 1.75 mmol/l

Time 8 h

ACT activated clotting time, NIHD nocturnal intermittent hemodialysis
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Medical supervision is performed by a pediatrician spe-
cialized in pediatric nephrology.

Advantages and disadvantages of NIHD in children
and adolescents

Intensified dialysis programs are an efficient modality to
improve intermediate outcomes in dialysis patients. Especially
in children and adolescents, in whom the morbidity and
mortality are extremely high in comparison with the
age-adjusted general population, the best dialysis option
should be offered.

Advances in SDHD have resulted in a protocol where the
patients can be seen by the medical staff every day but can
sleep at home, which is very important for younger children.
For older children and adolescents, social rehabilitation in
school or the job-related environment can be difficult on
SDHD.

NIHD programs are probably the best compromise be-
tween more but not too much dialysis. Especially in urban
areas, NIHD can be performed in-center which may lower the
burden of care, as in NHHD, on the patient’s family. Dialysis
overnight might offer the patient the whole daytime for
school, work and free time. Our patients usually have no
problems with the sleep disturbances during nightly dialysis
sessions that have been reported in adults. Up to now, only
one patient has quit our program due to insufficient sleep.

NIHD needs a team effort that involves physicians, nurses,
social workers, psychologists and dietitians. The nurses in
particular have to accept extended working times and work
night shifts.

One problem of the NIHD program is the funding by health
insurance companies. All intensified dialysis programs are
rather expensive during childhood, as children are much more
demanding on dialysis relative to adults. Therefore, one spe-
cialized dialysis nurse takes care of a maximum of three
patients. Such programs require additional financial resources.
Currently, for nocturnal dialysis programs the dialysis center
is reimbursed for only one “conventional” day, while SDHD
receives financing every single day. However, the higher costs
of intensified dialysis could ultimately be offset—even
surpassed—by future earnings. That patients, especially those
on NIHD, can attend more school implies that they might in
the future, due to their better education, contribute to social
welfare systems rather than being dependent their entire lives
on such systems.

Conclusion

Intensified dialysis programs are a promising option which
should be reconsidered in every dialysis patient. The

beneficial effects of intensified programs raise the question
of whether such programs should become the standard and not
the exception.

Summary points

Intensified programs:

– are feasible in children and adolescents;
– reduce medication prescription and dietary restrictions
– reduce uremia-associated comorbidities, such as

hyperphosphatemia, anemia and arterial hypertension;
– allow, in the form of NIHD, school attendance;
– increase the quality of life in most of the patients.

Multiple choice questions (answers are provided following
the reference list)

1: The term intensified dialysis refers to:

A. Increasing blood flow
B. Increasing dialysate flow
C. More visits of the patients by staff
D. Increasing time on dialysis

2: Average single pool Kt/V in intensified programs is:

A. 1.8–4.3
B. 4.5–9.0
C. never higher than 6.0
D. 3.5–5.8

3: In intensified HD programs, phosphate control is on
average:

A. better than on conventional HD
B. unchanged compared to conventional HD

because of the increased nutritional status
C. dramatically improved, if HDF is added
D. age dependent

4: To optimize HD the most promising approach is:

A. double time on dialysis
B. add HDF
C. optimizing blood flow
D. using high flux filters and increasing dialysate flow

5: In adult patients complications of vascular access on
SDHD are:

A. reduced in comparison to conventional HD
B. increased in comparison to conventional HD
C. unchanged in comparison to conventional HD
D. have not been investigated
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1. D
2. B
3. A
4. A
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