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(" Abstract: Hemodialysisin children hasbenefited frommajor progressover thelast 20 years. Themorbidity of the sess onshasdecreased, aven )
disappeared, seizuresbeing exceptional, hypotensive episodes or headachesrare, and pain related to thefistula puncture effectively prevented
by xylocaine ointment. The development of urea kinetic modeling enables cal culation of the dialysis dose and indirect assessment of protein
intake, NPCR. Evenif thevalidity of thesevaluesisquestioned their combined analysisprovidesan assessment and thereforeisa“ goodthing” .
The patient also benefitsfromthetechnol ogical revolution. The newer machinesenable precisecontrol of ultrafiltration volumetric assessment
and continuoushl ood volumemonitoring during the sessi on, buffered bicarbonatehasbecomea standar d technique, synthetic morebiocompatible
membranes and specific material available for babiesfinfants have been developed. Non invasive intervention, for example blood volume
guided ultrafiltration have provided more adequate dialysis sessionsand better dry weight assessment . Last, theavailability of erythropoietin
and of growth hormone and the promising resultsfromenhanced dialysi s dose on both growth and cardiac function, all givethedialyzed child
areal increased quality of life. In theory, reduction of dialysis prescription to only a urea dialysis dose achieved by three short (3-h) dialyss
sessons, should beabandoned for |ong termdialyzed children and replaced by optimumdialysisobtained with longer (4 and morehours) and/
or morefrequent (daily: 5to6) sessons. But for suchadaily dialysisstrategy all the costsmust beconsidered. Ontheonehand thefinancial cost

\cannot beneglected.

J

INTRODUCTION

Traditiondly peritoned didysis(PD) has been the preferred modality of
diaysisin children. However with advancesin technology, hemodiadysis
(HD) has rgpidly gained popularity. During the past two decades there
have been many improvements in the technology : bicarbonate used as
buffer in the didysis solution, volumetricaly controlled ultrefiltration,
amdler didysis lines and synthetic membranes useful even for babies,
modeling of ultrefiltration rate and dialysate composition, on line
hemodidfiltration and the concept of ultrgpure didysate, i.e. Serile and
pyrogenfree. Noninvasivetechnol ogiesto assesspatient target dry weight
and accessflow offer apotentia decreasein diaysismorbidity and costs.
Recently marketed medications to improve anemia, for example
erythropaietin andironinfusion, contributeto theclinica improvement of
the hemodidysis sesson.

INDICATIONSFOR HD

In some European countries hemodiaysis (HD) is often preferred for
children over the age of fiveyears. HD isnot offered to children lessthan
5 years old unless there are important contrarindications for PD [1]. For
older children HD is applied for drop-outs from the PD program or if
there are medicd (rare) or psychosocid (more often) reasons for not
performing PD. In contrast, peritoned diayss (PD) is offered to the
younger children especialy under the age of two years or weighing less
than 10 kg. A multicenter European study has, , found that factorsranked
as firg priority for choice of therapy induded age of the child (30%),
parent choice (27%), digance from unit (14%), patient choice (11%),
socid condition (7%4), and unableto do onemode (6%).. Choosingamode
of diadyds, either HD or PD, for a child requires condderation, anong
other factors, of the probable impact of either mode of diadyss on the
maintenanceof resdua rend function (RRF), becauseof itsspecificimpact
on patient outcome. Although there is no general consensus, peritoned
diaysishasheen associated with lessrisk of RRF loss. Overdl thechoice
of themodeof didyssisjust apart of theintegrated caremodd , each child
should be considered for acombined diays s-transplantation program.

IMPORTANT CONSIDERATIONSFOR HD
IN CHILDREN

1. Provison of adequate vascular access remains the Single greatest

obstacle to successful HD, epecidly ininfants. Unlikein the USA,
where patientsfrequently useacentrd catheter for vascular access in
Europe an arteriovenousfistulaisthe most common vascular access
for chronic/longterm diaysis. According to the K-DOQI guiddlines,
the percentage of cathetersin adiayssunit for adults should beless
than 10%, although many pediatric centersdo not meet thisstandard,
becausedf thedifficulty of creatingfistulasinamdler children, espedidly
in children lessthan 2 years of age.

2. Didydsadequacy quantification by ureakinetic modding enablesa
more ecific goproach to didyss dosing and indirect assessment of
protein intake, despite the limited vaue of smal-solute clearance.
Neverthdess it hasbeen widely accepted that clinicd resultsdepend
a least in part on the didysisdose ddlivered . In fact, asingle center
experienceshowsthebeneficia impact of longer diaysisduration on
clinicd outcomein children. Inchildrenthehemodiays sprescription
should beindividudized. Choiceof themodeof hemodiaysisshould
take into account the presumed waiting time before kidney
trangplantation asa“ judtification” for theuseof “ thebest available’
mode having the highest cost and, conversdly, being supported by
very limited/prliminary studies only.

3. Nutrition and Growth : Theimportance of the choice of materid used
for diayss and its gpplication should not obviate the need for
management of theertirechildwith ESRF, espedidly regarding optimum
nutrition. Becausedidysisper seisnot ableto correct completely the
numerousfunctionsof thekidney lost during ESRF, medicationsand
dietary recommendations are needed in children on hemodidysis.
Recombinant growth hormoneisoften needed considering thegrowth
velocity rate of children on chronic didysis.

GUIDELINESFOR HD

Thefollowing aresomeof theimportant guiddinesfor didyzing children
recommended by the European Pediatric Dialyss Working Group:

Guiddine 1. The dialysis unit

e hemodiaysis should be delivered in a diaysis center with a
multidisciplinary support team which supports individudized and
integrated thergpy

e nutrition, growth, and educationa support are of mgjor importance

Becauseof thespecific needsof children, hemodiayssshould beddivered
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at thebest, andinapediatric didysisunit. Thismay not beaviableoption
financidly indevel oping countriesespeciadly whenthenumber of children
being didysed in acentre are very few. In such stuations diaysis can be
done in a combined facility provided there are nurses and technicians
trainedinthemanagement of such children. Thisincludesthetrestment of
adolescents up to the age of 18 years and beyond depending upon their
physicd and psychologica development and trangtion arrangements to
adult units. Taking careof achildwith ESRF necessitatesanengaged team
congsting of doctors, nurses, dietician, psychologist, school teacher, play
therapist, and socid worker. This*second family or support team” should
bemultidisciplinary andimmediately availabletothechronicaly il child,
both close and disgtant enough to simulate norma family life, supporting
a proper (school) educetion, leaving al possibilities open for “full”
integration into society in the future. Hemodiadysds, in contrast with
peritoned didysis, is usudly performed in an hospitd setting, with a
frequency of threetimes per week for most patients. Thisfrequency may
be increased to address the specific needs of babies and/or adolescents
requiring “moredidysis’.

Guideline 2: Water quality

e adequateintermsof biochemical composition

o freefrommicrobiological contamination

The didysis machine needs water for dialysate production adequate in
terms of biochemical composition and free from microbiological
contamingtion, i.e. germs and endotoxins. The sandards are smilar for
those of adults and the details are mentioned in the chapter on water
treatment.

Guideline 3: The dialysis machine

e volumetric ultrafiltration control

e optionfor both singleand double-needle didyss

Inthelast decade numerousinnovationsin eguipment havebeen devel oped
by different manufacturers. But the relevance to child outcome remains
unknown, because of the absence of sufficient controlled study results.
Neverthd essthefollowinginnovationsseem essential: didysateproduction
by double dilution pumps using volumetric ultréfiltration control and
blood pumps with double pumps available for Sngle-needle diayss.
Children canbediaysed onthe samemachineprovided thepump settings
aremodified to for the smdler pediatric tubings.

Other sgnificant “high-tech” innovetions areindividua modeling of the
didysis sesson with monitoring of ultréfiltration and didysate solute
concentration (i.e. sodium, bicarbonate); polyvaency machine which
enables not only conventional diaysis but also hemofiltration and
hemodidfiltration providing the highest gandard interms of toleranceand
efficiency. Newer didys's machines provide monitoring of hematocrit
varidionasamgjor promisinginnovation anddirect ureakineticmonitoring.
All theseinnovationsenableindividudized hemodidysisfor thechildren,
but their regular application should take into consideration the baance
between the expected benefits and the costs as well asthe experience of
the gtaff in handling such eguipment.

Guideline 4: Blood lines

e avalableininfantgbabiessze

e hiocompatiblemaerid

A rangeof bloodlinesareavailablefor didyssof babiesto didydsof the
largest adolescent. They should be considered for their biocompatibility,
type of gerilization (ethylene oxide-freg), and most importantly their
contribution to the extracopored circuit volume.

Guideline 5: Principles of blood purification

e gmdl solute dearance and more, from diffuson process (ureg) to
convection (other uremic toxins“middle molecules’) masstrangport
e hemodidiltrationisan optiontocondder toobtain“maximum” didyss
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efficiency

Uremic toxin extraction in didyss is related to a combination of the
diffusion process and convection masstrangport). In hemodiayss (HD),
blood purification depends mogtly on adiffusion process secondary to a
concentration gradient, which ensures the best eimination of small
molecules(ureg). HD dearance (K ) correlates directly with blood flow
rate. In hemdfiltration (HF), uremic toxin extraction ismostly dependent
on convection mass transport secondary to a pressure gradient, which
optimizes the eimination of both low and middle-molecular-weight
compounds. HF clearance (K,,) directly correlates with ultrafiltration
flow rate which is limited by the blood flow rate. In the post dilution
mode, i.e. replacement fluid in the venous line chamber located after the
diayzer membrane, maximumfiltrate flow rateislessthan haf theblood
flow rate; it is usualy one third, to limit the risks of excessive
hemoconcentration. Inthepredilutionmode, i.e. replacement fluid perfusion
inthearterid linechamber, whichisstuated beforethedidyzer membrane,
maximum filtrate flow rate should be two thirds of or equd to the blood
flow rate.

Guideline 6: Extracorporeal blood access and
circulation

fistulavascular accessispreferred for long-term chronichemodidysis
inyoung children, lessthan 15 kg, thetimeneeded todevel op afisula
beforeit can be used could be some months
o the double-needle technique is the standard, but single needle with
double pump system is an dterndive
e asngle lumen catheter with clamps offers for amall children an
acoeptable compromise between a very low extracorpored blood
volumeand vauablediadytic efficacy
o totd extracorpored blood volume(neadles, tubingand didyzer) should,
approximately, be less than 10% of patient total blood volume
e anticoagulaion in the extracorpored circuit is achieved either with
conventiona heparin or with low-molecular-weight heparin
e anextracorpored blood flow rate (Q,) of 150-200 mL min* m™ or
5-7mL min kgt isoften sufficient
The mogt criticd factor for success of chronic hemodidysisis a good
vasular access. internd arteriovenousfistulae (AVF), shunt (AV'S), graft
(AVG) or centrd venous catheter. The type of access used is variable
depending onfactorsin different unitsand countries, for examplesurgical
experience, paient ageand S ze, thetimeavailablebeforedidyssmust be
started, and the presumed waiting time before trangplantation. Patient
choice playsamgjor part, egpecidly with adolescents.
Catheters: A catheterismorecommonly usedinthe USA thanin Europe.
A catheter can be a primary access particularly in acute rend failure or
chronic rend failure with acute presentation, in smdl children and in the
caseof apresumed short period on chronic hemodiayss. Internd jugular
vein catheter accessissuperior to subclavianveln; it admittedly preserves
thefuture arteriovenousfistulaimplantation onthearm. Femord catheter
access should be used only for “rescue and trandent” accessif intendve
careisneeded: it iseasy to perform but with ahigher risk of infection and
thromboss. A double lumen cuffed catheter, a least 8 French, is mostly
preferred for children and hasbeen reported to haveasurviva rateashigh
as60t085%inoneyear, or aslow as 30%. Neverthdessin smdl infants
asinglelumen catheter used with the dternative damps technique offers
an acoeptable compromise between recircul ation and both the amount of
extracorpored bloodvaumeandtheachieved blood flow. Therearedifferent
sizesof cathetersfor different age groups (table 1). Thrombosis, amgor
causeof catheter failure, isreported to bebetween 9 and 46%)]. Thrombosis
causing poor flow can be corrected to savage the catheter by different
methods catheter replacement over guidewire, sysemicord anticoagulation
and local urokinase or tissue plasminogen activetor indtillation. Loss of
catheter access related to infection has decreased during the last decade;
the aggressive use of antibiotics and perhaps antibiotic lock therapy,
athough not universdly accepted, account for thislower rate of infection
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related catheter loss.
Table—1: Catheter Sze

Patient Size Catheter Size

Neonate UVC-50F Umbilicus
UAC-35,50F

r
5.0 single lumen
5

6.5, 7.0 F dual lumen
3-15kg 6.5, 7.0 F dual lumen

16-30 kg 7.0, 9/0 F dual lumen Femoral / Int Jugular

>30 kg 9.0, 11.5 F dual lumen Femoral / Int jugular

AV Fidulas: Microsurgery enables creation of afunctiond AVF a the
wrigt in mogt children, even small ones. Creetion of afistulaat the elbow
isasecond-choice vascular access. With anon functiond cephdicvein, a
basilic vein transposition, i.e. superficidization, is possble. Synthetic
grafts should be reserved for children who have exhausted autologous
veinsand should beusedin children only very rardly. For al thesereasons
preoperative evauation of the vessds to determine the correct choice of
vein before the operationismandatory. The non-dominant arm should be
regarded asfirst choiceof fistulaimplantation. Thesurviva ratefor aAVF
ishigher than thesurvival ratefor acatheter, with morethan two thirds of
the children having afunctioning AVF at four years. With abadllic vein
superficidization thefistulashould not be used beforefull hedling (2to 6
weeks) to avoid a dissecting hematoma. Otherwise the time needed for
venous devel opment before use depends on the age of the patient and the
placeof theAVF (distd or proximd). Insmadl childrenthisperiod of time
is often a delay of months. Before surgery it is essential to avoid
venopuncture of the selected arm in the weeks before AV creation. It is
of interest to protect the dominant arm from the beginning of taking care
of achildwith“chronicdidysisrisk” to enable, if necessary, implantation
of afigula Such venoprotection should not be forgotten for peritoned
diaysschildren, even babies/infants. For aperiod of timebeforesurgery,
especidly for smal children, dilatation of the veinsby immersion of the
forearminhot water isadvantageous, amaneuver enhanced by placement
of atourniquet. A proxima AVF with ahigh blood flow, usudly closeto
1000 mL min*m'?, isarisk factor for cardiac failure. Nevertheess, the
major complicationisthrombos's, consequent toloca stenosis. Therefore,
follow up of the access flow is essentid, on the one hand dlinicdly:
auscultation (the sound of the AVF is maximum & the surgica site and
decreases with distance from the fisulag), observation (dlevation of the
forearm should induce emptying of the previousdilated veins and onthe
other hand by Doppler ultrasound or vascular access flow monitoring.

Application of regular access flow monitoring can be used to detect
vascular senosis before complete AV thrombosis[9]. Bt it should be
rememberedthat“ Transonic” accessflow monitoring canonly beperformed
with double-pump didysis and is not available for pediatric-sized blood
lines

Theextracorpored blood flow rateisachieved through venous puncture,
most often via two needles, one for blood aspiration cdled the arterid
needle, onefor venousrenjection caled the venous needle. Thedistance
between the neadles should be sufficient to limit recirculation, which is
best prevented by opposite orientation of the needles the arterid one
toward the fistula, the venous one in the opposite direction. Usudly the
needle size is 17-gauge a initiaion of didyss, theredfter considering
patient need and fistuladeve opment 16 or 14-gauge needles, particularly
in adolescents, can be used to achieve asufficiently high blood flow rate.
Pain rdated to the puncture should be prevented by anesthetic cream
(Emla or Amelop); this advance is important for both the children and
NUrses.

Blood Flows : An extracorporeal blood flow rate (Q,) of 150-
200mL mintm2, 5-7 mL min't kg'%, is often sufficient to achieve the
targeted godswithdoubleneedledidyds insmdl children Q. isdetermined
using body weight (BW, kg): (BW+10)x2.5=Q, (mL mi n"?). Thearterid
blood aspiration pressureshould bemonitored if possibleand kept between
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150-200 mmHg to limit endothdlid trauma.

For sngle-needledidydsinchildrenthehighest blood flow rateisobtained
with a double pump system (venous flow higher than arterid flow)
monitored by the pressure, system cdled time pressure regulation. The
risk of recirculaion isimportant with the latter; some machineslimit this
risk more than others, especidly with the addition of clamps. Conversdly
for amdl infantsasingle lumen catheter used with the dternative clamps
technique is an acceptable compromise between recirculation and both
the extracorpored blood volume and the achieved blood flow.
Extracorporeal Circuit: Thetotal extracorporeal blood volume(needles,
tubing, and dialyzer) should preferably be lessthan 10 % of patient total
blood volume. Thisis essentid for smal children; however, the relative
normal hemoglobin level obtained with erythropaietin therapy enables
thisvolumeto be exceeded dightly without significant hypotension a the
end of dialysis session when the patient reaches dry body weight.
Neverthdess it should be kept in mind thet the higher the extracorpored
blood volume, thehigher thevolumeof returned fluid, whichwill load the
patient with fluid & theend of thedidysssesson. (Invery smdl children
the subgtitution by ar may be necessary to limit blood loss on one side
and high substitution volume on the other side, but isvery dangerousand
should be grictly monitored.) System priming with sadline, albumin, and
sometimes blood should be goplied in the firg didyss sessons with
babies or amdl infants.

Anticoagulation :Anticoagulation of the extracorpored blood volumeis
performed either by useof conventiond, heparinwith continuousinfuson
of 20to 301U kg™ h', or withlow-molecular-weight heparinat 1 mg kg'*
asabolusat thebeginning of thedidysissession. If thehematocritisover
35%, therisk of dlotting isincreased. Regiond citrate anticoagulation is
sometimes used especidly when acute dialys's is needed. Predilution
trestment, feadble in ether hemofiltration or hemodidfiltration, reduces
the risk of clotting and even endbles didysis without anticoagulation in
some circumstances. In the presence of thrombopenia heparin-toxicity is
to be suspected.

The venous blood line has a pediatric size air-trgp chamber to limit
extracorpored blood volume. The didysis membraneis protected by an
arterid chamber of expansion which in small children is often not
incorporated in the line to reduce the extracorpored blood volume.
Prevention or trestment of ethylene oxide dlergy is possble by usng
steam texilization of needles, lines, and membranes.

Guideline 7: Which dialyzer membrane to “ choose”

e gynthetic membrane, low flux, capillary configuration

e  high-flux membrane userequires use of ultrgpure didysae

e removd of ureaand other uremictoxinsdidytic should beconsidered,
especidly in chronic, long-term didysis

Three generd types of membrane are available at present: unmodified

cdlulose (low flux and so-caled bioincompatiblemembranes), modified/

regenerated cellulose (low flux or high flux; so-caled relatively

biocompatible), synthetic (low flux or high flux; so cdled relatively

biocompatible).

Thechoiceof adiayzer membraneshoul dtakeinto account thefollowing

(Teble?2):

Table-2: Hemofilters Appropriate for Pediatric Use

Hemofilter Priming Surface  Ulirafiltrationrate Membrane Manufacture
volume (mL) area(m2) (mL/min, QB =100

Minifilter, 8,15 0.2,0.8 0.5-1.5, 1-8 Polysulfone | Renal systems

Miniflter Plus

HF 400, 700 28,53 0.3,0.7 20-35, 35-45 Polysulfone | Renal systems

Multiflw 60 47 0.6 14-29 AN 69 Hospal

PAN-03, 06 33,63 0.3,0.6 15-28, 28-43 PAN Asahi

Freseneui 45 0.4 14-29 Polysulfone | Fresenius

F40

o the biocompatibility of the material towards leucocytes and
complement activation



e the blood volume priming requirement, which is membrane area
related

o the permeability, determined in the most simple way by two
characteridics

e Hydraulic permeability (C ) measured in mL per mmHg of
transmembranepressureachieved per hour, i.e ether low permeshility,
C,e Under 5mL mmHg* h'* (low-flux membrane), and high
permeabmty -over 15t020 mL mmHg'™* h'* (high+flux membrane)

e molecular pem1eeb|llty determined at leest by the molecular weight
of themolecule considered, usudly between 0.8 and 0.9 for ureaand
lower for theother uremictoxinswithacut off of zerofor dbumin. In
practice this cut off is often under a molecular weight of 20,000
Ddltons. The profile of this molecular permesbility is a specific
characterigtic of each manufactured dialysis membrane. Highly
permesable membranes give the theoretica potentid for middle-
molecular-weight (Babb theory; 500to 2,000 Ddtons) uremictoxins
being removed during didysis. In adult didysis patients the dlinical
benefitsof improved remova of middlemoleculesby highflux, large
pore, biocompatible membranes, more or less established, are:
reduction of uremiarelaed amyloidos's maintenanceor residud rend
function, and reduction of inflammation, malnutrition, anemia,
dydipidemia, and mortdity.

For conventiond didysslow-flux membranesaresLitable, buttoachieve

hemdfiltration or hemodidfiltration high-flux membranes are necessary.

Thehigher the hydraulic permeahility, the higher isthebackfiltrationrisk;

this process could be limited both by permanent convective flow from

the blood compartment to the diaysate compartment, as ultrefiltration

(HF, HDF, or at least weight loss) and by use of ultrgpure didysate.

Synthetic membranes seem the best theoretical choice but clinical

judtification of therdatively higher cogt isuncertain . Judtification for use

of high-flux synthetic membranes, as used in orHline HDF, remains a

matter of debate for children on diadysis for short periods only while

waiting for their kidney transplant.

Reuse of the membrane is not recommended in children.However in

devel oping countrieslikeoursonemay havetoreusediaysersbecause of

cogt congderations.

Guiddine 8: The Dialysate

bicarbonate buffered,

low caciumleve (1.25 mmol L™) becomesthe standard,

glucose concentration at physiologicd leve,

o didysatequdity control (germsand endotoxins) isrequired
Thedidysateis prepared as adilution of concentrate with weter, idedly
with ultrapure water. The composition of the didysate is smlirato that
usad inadultsand will be ddt within ancther chapter. The current use of
ord cacium carbonate as a phogphate binder has mandated the need to
decrease the cacium concentration of the didysate, usudly a alow rate,
1.25mmol L Ca?, lessoftena anormd rate, 1.5 mmoal L™, avoidingthe
“higtoricaly” highleve of 1.75 mmol L'* Ca Theneedfor glucoseinthe
dialysate is of importance and should be near the physiological
concentration. Higher glucose concentrations or the introduction of
parenterd feeding during didysiswill drive the potassum into the cells,
leading to ineffective potass um-extraction.

Newer machine capabilities enable didysate profiles to change during a
didysis with respect to sodium and ultrefiltrate profiles to increase
tolerated weight loss, and hicarbonate profiles, to enhance phosphate
removd. Intermittent ultrefiltration rates, enabling better plasmarefilling
isthemost common profileused. Smilarly, thedidysateflow ratecan be
adapted to need, usudly in the range 300 to 800 mL min'®. In generd
practice, 500 mL min'? is used. The didysate flow is usudly in the
oppodite direction of the blood flow, separated by the membrane of the
didyzer. Didytic therma exchanges seem of importance especidly for
babies and/or high-flow didysate use, leading to a risk of patient
hypothermia. Control of therma exchanges during a didyss session is
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thereforeavailableon anew machine.

Guideline 9: Post-dialytic dry weight assessment
and adjustment

particularly difficult to definein growing children

no “unique’ optimum method, importance of adlinicd “pediatric’

experience

need for regular assessment inagrowing child
o closecollaboration with pedidric rend dietician
Patient dry weight is defined asthe weight a the termination of aregular
diayss sesson, beow which the patient will become symptomaticaly
hypotensive. Incorrect estimation of dry weight will lead ether to chronic
fluid overload or chronic dehydration. Estimation of dry weight is
particularly difficult in children for many reasons. Firg, the hypotensive
tendency during adiaysissessonismultifactorid and not only related to
theultrefiltration rate but d so to the plasmarefilling rate capacity. Second,
body composition, i.e. tota body water ratio to tota body mass, is
variablewith age, epecialy duringinfancy and puberty. Ininfantsandin
adolescents dry weight must be assessed dmost monthly to follow rapid
body composition changes during a rapid growth period. This is dso
important under anabolic conditions such as with growth hormone
trestment, and conversely under catabolic conditions such astheill child
with intercurrent infections or reduced food intake.
Clinicd criteria used to assess hydration status are important but not
aways relisble. Measurement of the diameter of the IVC (IVCD) by
ultrasound, expressed asanindex to body surface-areainmm m'?, and the
decrease on degp inspiration, caled the collgpse index, expressed as a
percentage (%) seems to be an accurate nor-invasive method eesily
performed seridly. An1VCD between 8.0and 11.5 mm m2and acollgpse
index between 40 and 75 % is cond dered asrepresenting normovolemia
However, unlikebody impedance, interdtitid volumeand sodium baance
arenotreflected by IVCD. Infact dl thesegpproacheshaveto beba anced
by dinicd judgment and experienceand combined with nutritiond support.
Achievement of dry weight during ultrefiltrationisassociated withadrop
of thehematocriteleve . Ultréfiltrationiswell tolerated until acertainlevel
of decrease of initid hematocrite, caled “crash hematocrite’ a patient
individua characteridtic, usudly over 10%blood volumereductionover a
3-h sesson. If the hematocrite curve is fla over time during a didyss
sesson, the patient could be considered as being over his optimum dry
weight. Inpractice, monitoring of hematocrit (or blood volume) and guided
ultrafiltration should avoid both fluid overload and hypotensive “crash
hematocrit” and consequently gpproach more precisdy the patient dry
weight.

Guideline 10: Urea dialytic kinetic, dialysis dose,
and protein intake assessment (nutrition)

Ureakinetic modding (UKM) has been widdly accepted asamethod for
diays's dose assessment despiteits limited va ue as a unique measure of
didyssadequacy. UKM fecilitatesidentification of underdidyzed petients
and recognition of dietary compliance. Themeasuresmost widdly usedto
gauge didyzer trestment are Kt/V, thet is didyzer urea dearance (K)
multiplied by duration (t) of the dialys's sesson and divided by urea
volume (V) of digtribution, and the normaized protein catabolic rate
(nPCR). Ureadidytic reduction rate (URR) is derived from the pre and
post-diayss serum ureava ues and quantitates urearemova by didysis.
URRwhen expressed asthedifference between preand post-urea, divided
by the prediaysisvaue, should & least equd to or higher than 0.60. URR
is proportiond to didyss efficiency, and thus to urea didytic clearance.
URR is inversdly proportiond to the urea refilling rate of the blood
compartment and theextrace lular space (EC) fromtheintracd lular space
(1C), cdled the transcdlular ureamasstransfer coefficient (Kie). Usudly
ureadidytic dearancein childrenislow in comparison with thehigh Kie
which is between 200 to 2000 mL min™ (6 to 12 mL min* kg* BW).
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Neverthdess, after diaydsthe concentration of ureaiin plasmaincresses
rapidly inaninitid period, usudly until 60 minpostdidyss. Thepredidyss
blood sample should be taken from the arterid line, before any rindng.
Becauseof thepracticd difficulty inobtaining thepostdiaysisequilibrated
urea sample 60 min after the end of the didysis, different indices have
been proposad to estimate Ceg, for example usng a6 min or a15min

post trestment sample. The most important rule of the ureaend diayss
sample should bethe use of the* stop didysateflow method”, meesuring
urea 6 min after angio access was removed and cardiopulmonary
recirculation completed.The other mgor cause of error for the Kt/
cdculdionisdeterminationof V. TheV, hencethe TBW, could becd culated
from aformulaor determined by bioimpedance measurements.

Guideline 11: Dialysis dose and outcome

only “smal solute urea clearance’ prescription?

aminimum Kt/V urea level of 1.2-1.4 is thought to be desrable;

adequecy tests should be performed monthly

didyssand residud rend smal-solute clearance are not equivalent

diayss prescription should be adequate before being optimum, not

only a“ureadidyssdosg’
Althoughtheoptimumleve of Kt/Vrequiredismetter of debate, aminimum
Kt/V levd of 1.2-1.4isnow thought to bedesrable. Overdl, thisKt/V as
anindex of didysisdose should only be andlyzed in comparison with the
nPCR, hencethe diet, protein and cdoricintake. Increesing didyssdose
seemsto haveadirectimpact onnutrition and thecombination of increased
diayssdoseand adequatenutrition can promotenorma growthin children
treated with long-term hemodidyss. Therefore manutrition should be
avoided by usng adiet survey and anthropometric measurements.
Didyss prescription should be adeguete before being optimum . In long
term chronic dialyzed children the individualized prescription should
condder dl the available new drategiesto fully preserve et the best “the
lifechances’ .

Guideline 12: The dialysis session, prescription,
and monitoring

e individud prescriptionisrequired: babies/infants/children specificities
o  asementandadjusmentisnesded regulaly inamdl/growing children
e psychologica preparation of the child and hisfamily isneeded, pain
prevention is essentid

The fird didysis session is of importance to induce child and parent
confidence, therefore gppropriate preparation is needed. The site of the
puncture of thefistula, most often with adouble needle, Szegauge 17, is
carefully chosen and determined so that the needles are sufficiently
separated tolimit recircul ation. Pain preventionisessentia by application
of a xylocaine ointment (Emla) one hour before needle insertion.
Psychologica preparation of the child and family is aso needed to limit
“anxious stress’ . An aseptic procedure is essentid. The extracorpored
cdrculaionisadaptedtotheleve of arterid aspiration pressureif meesurable
by the machine to prevent endothdlid vascular trauma (not less than
“150 mmHg). The venous return pressure should not be more than
+200 mmHg to prevent endothdlid vascular trauma.

During thefirst didysissesson, theblood flow rateismaintained & alow
leve to prevent the dysequilibrium syndrome secondary to too efficient
solute remova during this first sesson. Therefore, the blood flow rate
should be gpproximately 3mL kg* BW (or 90 mL m'?), or even less, 0
that ureaclearancewill belessthan 3 mL min™ kg* BW, whichisusudly
well tolerated even in smdl children and limits the development of the
dysequilibrium syndrome. Theduration of thefirgt didysssesson should
beshort, nomorethan 3 h, or adapted to the ultrafiltration need. If needed,
mannitol infuson (1 g kg™ BW over 1to2 hduringdidyss) iseffectivein
preventing the syndrome. Symptoms usudly disgppear afew hours after
theend of thediaysis. Theextracorpored blood flow rate, the duration of
the session, and the number of sessonsaweek isprogressively increased
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to individual patient need. Usually a blood flow rate of 150 to
200 mL min* m'2 and three sessons per week for 3 to 4 h per sesson
achieve the minimum target prescription of 1.2 to 1.4 Kt/V.
Thedurationof adidysissessionisoften prescribed toreachtheanticipated
dry weight at the end of the session. The total amount and the rate of
ultrafiltration needed must be tolerable. A weight loss per hour of 1.5 to
2% of the BW is standard and most often well tolerated. Intermittent
ultrafiltration with bicarboneate buffered didysate which is not too warm
(so called “ cooled didysae’), anormd “high” level of sodium (140 to
144 mmal L"), whichisnot morethanthenorma concentration of sodium
per liter plasmawater, anorma hematocrit over 30% and optimally near
35% but not higher , and amode of diaysis based on hemdfiltration, i.e.
(optimally HDF) are some of the major “tricks’” used to enhance
ultrafiltration tolerance. Intolerance of weight loss usualy becomes
symptomatic &t the end of the didysis session, when the patient is neer
his dry weight. Continuous blood volume monitoring during the sesson
should become ared dinica support to enable optimum ultrfiltration
tolerance (notion of crash hematocrit).

CONCLUSIONS

Hemodidyssin children has benefited from magor progress over thelast
20years. Themorhidity of the sessions has decreased, even disgppeared,
saizures being exceptiond, hypotensive episodes or headaches rare, and
pain relaed to the fistula puncture effectively prevented by xylocaine
ointment. The development of ureakinetic modeling enables caculation
of the didyds dose and indirect assessment of protein intake, NPCR.
Evenif thevdidity of these vauesis questioned their combined andys's
provides an assessment and thereforeisa* good thing”. The patient dso
benefits from the technologica revolution. The newer machines enable
precise control of ultrafiltration volumetric assessment and continuous
blood volume monitoring during the session, buffered bicarbonate has
become astandard technique, synthetic more biocompatible membranes
and specific materia available for babies/infants have been developed.
Noninvasveintervention, for exampleblood volumeguided ultrefiltration
have provided more adequate dialyss sessons and better dry weight
asessment . Ladt, theavailability of erythropoietinand of growthhormone
and the promising results from enhanced didysis dose on both growth
and cardiac function, al givethedidyzed child ared increased qudity of
life. In theory, reduction of dialys's prescription to only a urea didysis
doseachieved by three short (3-h) didysissessions, should be abandoned
forlongtermdiayzed children and replaced by optimum didysisobtained
with longer (4 and more hours) and/or more frequent (daily: 5 to 6)
sessons. But for such a daily didyss strategy al the costs must be
consdered. Ontheonehandthefinancid cost cannot beneglected. For the
patient bearing the burden, on the other hand, such an intensive didysis
prescription is acceptable only as.
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