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Abstract
Background From 2006 to 2020, 24% of children starting haemodialysis in France weighed < 20 kg. Most new-generation 
long-term haemodialysis machines do not propose paediatric lines anymore but Fresenius has validated two devices for use 
in children above 10 kg. Our aim was to compare the daily use of these two devices in children < 20 kg.
Methods Retrospective single-center evaluation of daily practice with Fresenius 6008® machines, and low-volume paedi-
atric sets (83 mL), as compared to 5008® machines with paediatric lines (108 mL). Each child was treated randomly with 
both generators.
Results A total of 102 online haemodiafiltration sessions were performed over 4 weeks in five children (median body weight 
12.0 [range 11.5–17.0] kg). Arterial aspiration and venous pressures were maintained respectively over − 200 mmHg and 
under 200 mmHg. For all children, blood flow and volume treated per session were lower with 6008® vs. 5008® (p < 0.001), 
median difference between the two devices being 21%. In the four children treated in post-dilution mode, substituted volume 
was lower with 6008® (p < 0.001, median difference: 21%). Effective dialysis time was not different between the two genera-
tors; however, the difference between total duration of session and dialysis effective time was slightly higher (p < 0.05) with 
6008® for three patients, due to treatment interruptions.
Conclusion These results suggest that children between 11 and 17 kg should be treated with paediatric lines on 5008® if 
possible. They advocate for modification of the 6008 paediatric set to decrease resistance to blood flow. The possibility to 
use 6008® with paediatric lines in children below 10 kg deserves further studies.

Keywords Child · Haemodialysis · Device · Stage 5 chronic kidney disease

Introduction

Among the 748 children treated with maintenance haemodi-
alysis (HD) in France from 2006 to 2020, 5% weighed less 
than 10 kg, 19% between 10 and 20 kg and 34% between 20 
and 40 kg at HD initiation (unpublished data from the French 
Réseau Epidemiologique et Information en Néphrologie, 

REIN, registry). Low intra and extravascular volumes and 
small vascular access are two major issues in children on 
HD. Guidelines recommend that the extracorporeal volume 
must be less than 10% of the blood volume and therefore 
less than 8 mL/kg [1]. Fresenius Medical Care® offers pae-
diatric and adult lines with volumes of 108 mL and 136 mL 
for the 5008® device and 83 mL and 122 mL for the 6008® 
device, respectively. Thus in theory, according to guidelines 
and knowing that the smallest available dialyzers have a 
priming volume of 17 mL (Gambro Polyflux2H) and 18 mL 
(Fresenius FxPaed), the paediatric set of the 6008® allows 
dialysis of children from 12.5 kg (extracorporeal volume of 
100 mL) and the 5008® from 15.6 kg (extracorporeal vol-
ume of 125 mL). The manufacturer’s operating manual indi-
cates an ultrafiltration (UF) accuracy of ± 1% UF plus ± 0.1% 
dialysate flow rate for these two devices. As such, 5008® 
and 6008® devices are the only chronic HD devices used 
in Europe and certified to be used in children above 10 kg. 
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Blood flow is the main factor of dialysis efficacy and is lim-
ited by the quality of the vascular access and lines. It is 
recommended to maintain arterial aspiration pressure (AP) 
above − 200 mmHg and venous pressure (VP) lower than 
200 mmHg to limit haemolysis, as well as a recirculation 
rate lower than 10% [1]. We report here our local experi-
ence of paediatric sets and devices proposed by Fresenius® 
in real life in our five smallest patients at the time of the 
evaluation.

Methods

We performed a retrospective single-center evaluation of 
daily practice with novel Fresenius 6008® dialysis machines, 
using low-volume paediatric sets, as compared to 5008® 
machines with paediatric lines. Each child underwent hae-
modiafiltration (HDF) with both devices in random order. 
All dialysis sessions were performed on a central venous 
catheter 8Fr–18 cm Medcomp Hemo-cathLT®. The duration 
of HDF session was constant during the study period. Blood 
flow was adjusted regularly by nurses during the dialysis ses-
sions in order to optimize dialysis efficiency, keeping AP and 
VP within the recommended range. The average blood flow 
was calculated, using the volume treated per session and 
effective duration of session. The substitution rate was set by 
default to auto-sub. In predilution mode, after 15 to 30 min 
of treatment, if substitution flow was less than 75% of the 
blood flow, nurses manually adjusted the substitution flow. 
Effective dialysis time is the time during which there have 
been exchanges between blood and dialysate, whereas total 
session time is the time between connection and disconnec-
tion. The latter includes interruptions due to pressure alarms. 
Results were presented as median (minimum–maximum). 
Mann–Whitney tests were used to compare the distribution 
of data for each child. The median of the medians of differ-
ences observed in each child was calculated as a descrip-
tive variable. This retrospective chart review was approved 
by the local IRB (Comité d’Ethique des Hospices Civils de 
Lyon, session 05/12/2022, number 22_5058).

Results

From 19/04/2022 to 13/05/2022, 102 sessions were per-
formed in five children weighing 12.0 (11.5–17.0) kg and 
aged 2.9 (2.5–3.7) years. For all children, blood flow and 
volume treated were 25% and 21% lower with 6008® vs. 
5008®, respectively (p < 0.001 for each child). In the four 
children treated in post-dilution mode, substituted volume 
was 21% lower with 6008® vs. 5008® (p < 0.001 for each 
child). Effective dialysis time was not different between the 
two generators; however, the difference between total session 

duration and effective dialysis time was slightly higher for 
three out of five patients with 6008® vs. 5008® (p < 0.001), 
due to treatment interruptions. For the last two patients, a 
similar trend was observed, however without reaching statis-
tical significance. Lactate dehydrogenase (LDH) and hapto-
globin serum levels measured at the end of sessions were not 
different between the two generators. Table 1 summarizes 
these data, patient per patient.

Discussion

Ultrafiltration accuracy is of major importance in the young-
est children to maintain haemodynamic stability during 
sessions and thus prevent ischemic damages [2–5]. This 
accuracy was found to be poor in an in vitro study of two 
available continuous kidney replacement therapy machines 
[6], and ranges from 20 to 50 mL per hour according to the 
user manuals of the maintenance HD machines; it depends 
on the type of long-term HD machine and the dialysis 
modality. In addition, the maximum recommended extra-
corporeal blood volume is 10% of the patient’s total blood 
volume [1]. These elements explain that there are no main-
tenance HD machines still available and cleared in Europe 
for use in children below 10 kg and only one machine for 
children between 10 and 20 kg, namely the Fresenius 6008® 
device.

Paediatricians are grateful to the last two manufacturers 
still offering small volume lines in Europe, i.e. Baxter with 
AK98® device (36, 85, and 100 mL) and Fresenius with 
4008® (56 mL) and 6008® (85 mL) devices. Of these, only 
Fresenius devices can be used for HDF. The former Frese-
nius 5008® device with paediatric line of 108 mL is still 
used in numerous paediatric units but is not produced any-
more. For the Fresenius 6008® lines, the extracorporeal vol-
ume of the paediatric set has been reduced compared to the 
adult 6008® set by using thinner lines on the outside of the 
pump. The Fresenius 6008® paediatric lines are longer than 
those of the 5008® paediatric set and have a smaller diam-
eter both for the venous and the arterial lines; for example, 
for the venous line we measured a length of 230 cm (ver-
sus 185), an external diameter of 4.3 mm (versus 5.5) and 
an internal diameter of 2.7 mm (versus 3.8) in the 6008® 
paediatric lines, as compared to the 5008® paediatric lines 
(respective values for 6008® adult lines of 196 cm, 7 mm 
and 4.8 mm, respectively). Smaller extracorporeal circuits 
should nevertheless allow sufficient blood flow rate, as this 
is a major parameter for achieving substitution targets [7, 8], 
as well as dialysis adequacy in a limited time [1]. Through 
this report, we want to highlight the fact that devices with 
lower volume lines can do worse than devices with relatively 
higher volume. Indeed, when comparing the two devices 
5008® and 6008® with paediatric lines in our five smallest 
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patients at the time of the retrospective evaluation, blood 
flow, blood treated and substituted volumes obtained with 
6008® were lower than with 5008® to maintain AP and VP 
within the recommended ranges. In the current absence of 
an effective solution from manufacturers, we have chosen to 
keep the 5008® generator for patients weighing 10 to 17 kg 
and we use the 6008® device with paediatric set in children 
below 10 kg as an off-label use. This practice in these latter 
children deserves further studies.

Our results advocate for modification of 6008® device 
paediatric set with shorter and larger diameter tubing in 
order to decrease resistance to blood flow and thus enable 
higher blood flow rate and dialysis efficiency.

The Fresenius 6008® is a new generation device that 
offers patients weighing more than 40  kg many useful 
options such as online monitoring of urea clearance, blood 
volume controlled ultrafiltration, temperature control, 
assessment of vascular access recirculation, monitoring and 
control of sodium transfer during HD sessions [9] as well 
as the possibility to switch during the session from double-
needle to single-needle mode without changing the blood 
lines. We regret that these options are not offered to patients 
weighing less than 40 kg and plea for a more intensive part-
nership with industrial partners so as to allow the smallest 
children to have access to the same quality and efficiency of 
equipment as the one offered to adult patients [10].
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