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RENAL REPLACEMENT THERAPY IN CHILDREN
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("Abstract : Chronic kidney disease (CKD) is characterized by an irreversible deterioration of renal function that gradually progresses to end-stage renel disease )
(ESRD). Once the estimated GFR declines to less than 30 mL/min per 1.73 m2 and the child isin Sage 4 CKD, it istime to start preparing the child and the family
for renal replacement therapy. Some form of renal replacement therapy will be needed when the weekly renal Kt/Murea falls below 2.0, which approximates a
creatinine clearance between 9 to 14 mL/min per 1.73 2. Children usually have a range of treatment options for kidney failure. The family should be provided with
information related to preemptive kidney transplantation, peritoneal dialys's, and hemodialysis. The best rehabilitation of uremic children can be achieved by renal
transplantation. Thisis the only modality that facilitates growth and development in children. In an ideal scenario, pre-emptive kidney transplantation is the gold
standard asit gives superior patient and graft survival with minimal side-effects. The other advantages are economic because of the cost savingsin terms of dialysis
expenses. The aim of dialysisisto bridge the period of terminal renal insufficiency until transplantation becomes possible. Many children begin with dialysis to stay
healthy until a suitable kidney becomes available. Sometimes, a transplant itself may stop working, and the child may need to return to dialysis. Peritoneal dialyss
is much more common in infants and younger children, in large part due to vascular accessissues, and hemodialysis becomes more common in older adolescents.
Although transplantation is the treatment of choice for children with ESRD, maintenance dialysis can provide satisfactory life expectancy for patients with no
possihility of trangplantation or highly sensitized patients. Peritoneal dialysis can be performed by parents at home, overnight with a cycling machine. Hemodialysis
usually takes place threetimesaweek, but it may be required more often in smaller children. Each treatment lastsfrom3to 4 hours. An early diagnosis of CKD and
prompt referral to an appropriate centre would help in increasing the rates of pre-emptive renal transplantation in children in our country. For those in whom

\ Iransplant is not an immediate option dialysis offers a bridge till this therapy becomes an option. Y,

INTRODUCTION

Chronic kidney disease (CKD) is characterized by an irreversible
deterioration of rend function thet gradudly progressesto end-stage
rend disease (ESRD). Children develop end-stage rend disease
(ESRD) a an annud rate of 0.5to 5.5 per million population. CKD
has emerged as a serious public hedlth problem. In the past decade,
the incidence of the CKD in children has steadily increased, with
poor and ethnic minority children disproportionately affected!.
The definition and classification of chronic rend disease may help
identify affectedindividuas, possibly resultingintheearly ingtitution
of effectivetherapy. Toachievethisgod, theKidney Dissase Outcomes
Qudlity Initiative (K/DOQI) working group of the Nationa Kidney
Foundation of theUnited Statesdefined CK D as* evidenceof structurd
or functiona kidney abnormadities (abnorma urinalysis, imaging
sudies, or histology) that persist for a least 3 months, with or without
adecreased glomerular filtration rate (GFR), as defined by a GFR of
lessthan 60 mL/min per 1.73 " 2,
ESTIMATION OF GFR
The GFR is equa to the sum of the filtration rates in al of the
functioning nephrons; thus, estimation of the GFR gives a rough
measure of the number of functioning nephrons. A reductionin GFR
implieseither progression of theunderlying diseese or thedeve opment
of asuperimposed and often reversible problem, such as decreased
rend perfuson due to volume depletion. The norma GFR varies
with age, gender, and body size. Children achieve adult values for
mean GFR at gpproximately two years of age The etimation of the
GFR by the cretinine clearance in a24-hour urine collectioniseasy
to perform, but has limitations including frequent incomplete
collections, epecidly ininfantsand young childrenwho arenct toil et-
trained.
The work group on chronic kidney disease (CKD) for the Kidney
Disease Outcome Quadlity Initiative (K/DOQI) recommends thet in
children, thelevd of GFR should be estimated from the Schwartz. In
the Schwartz equation, GFR is caculated by the following:

GFR =k X Height (cm) / Pcrest
Height representsthebody height measured in centimeters, and Pereet
istheplasmacregtinine. The congtant k isdirectly proportiond tothe
muscle component of body, and varies with age. The vaue for k is
0.33in premature infants through the first year of life, 0.45 for term
infants through the first year of life, 0.55 in children and adolescent

girls, and 0.7 in adolescent boys.
CLASSIFICATION

The observetion that many of the complications of CKD can be
prevented or delayed through early detection and treatment prompted
the K/DOQI workgroup to develop a formd staging system for
stratification of CKD based on the level of kidney function,
|ndependent of the primary rend diagnosis.
® Jagel disseseisdefined by anorma GFR (> 90 mL/min per
173n)
® Sage?2 dissaseisaGFR between 60 to 89 mL/min per 1.73 m?
® Jage 3 discaseisa GFR between 30 and 59 mL/min per 1.73
ny
® Sage4 dissaseisa GFR between 15 and 29 mL/min per 1.73
ny
® Sageb5dissaseisaGFR of lessthan 15 mL/min per .73 m? or
ESRD.

TREATMENT CHOICESFOR KIDNEY
FAILURE IN CHILDREN

Oncetheegtimated GFR declinestolessthan 30mL/minper 1.73m2
andthechildisin Slage4 CKD, itistimeto sart preparing the child
and the family for rend replacement therapy. Some form of rend
replacement therapy will be needed when theweekly rend Kt/\VVurea
falsbeow 2.0, which approximatesacrestinine clearance between 9
to 14 mL/min per 1.73 m2. However, rend replacement therapy is
often initiated before children reech these levels for the following
ressons.
e Limitationsof totd caorieintake resultinginfalureto thrive
e Clinicd symptomsattributableto uremia
e Deday in psychomotor development and/or educationd issuesfrom
progressve CKD
Children usudly have a range of treatment options for kidney
failure The family should be provided with information related to
preemptive kidney transplantation, peritoneal dialysis, and
hemodialyss Inmost cases, thegod isto haveasuccessful transplant
that alows the child to lead the most normd life possible. The best
rehabilitation of uremic children can be achieved by renal
trangplantation®. Thisisthe only modality that facilitates growth and
development in childrent. Theam of didysisisto bridgethe period
of termind rend insufficiency until transplantation becomespossibleb.
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In an ided scenario, pre-emptive kidney trangplantation is the gold
dandard asit gives superior patient and graft surviva with minimal
Sde-€ffects. The other advantages are economic because of the cost
savingsintermsof didysisexpenses’. Thereisagrester potentia for
preemptive rend transplantation in children due to having parents
who areahdf haplotypematch, arerdatively young and hedlthy, and
are willing to donate a kidney. But viable kidneys are not dways
readily available, and not al children can have a transplant. Many
children begin with didyss to stay hedthy until a suitable kidney
becomesavailable. Sometimes, atrangplant itself may stop working,
andthechild may needtoreturnto didyss Theregidtry of theNorth
American Pediaric Rend Transplant Cooperative Study (NAPRTCS)
reportsthat of patientsinitiating rend replacement therapy in pediatric
centers

e Onequarter of children underwent preemptiverend transplantetion
e  Onehdf were sarted on peritoned diaysis

e Onequarter were started on hemodiayss

TRANSPLANTATION

Transplantation means that a hedlthy kidney from adonor is placed
ingdeachild’sbody to take over thejob of filtering wastesand extra
fluid from the blood. The donor may be astranger who hasjust died
or aliving family member or friend. Once kidneys fail because of
chronickidney disease, function cannot berestored, sotrangplantation
is the closest thing to a cure we have. A child with a transplant will
il need to teke medicinesevery day, follow arestricted diet, and get
regular checkups to make sure the new kidney is accepted and
functioning in the body. Over the last decade there has been a
progressive improvement in result sof kidney transplantation in
children. A retrospectiveanaysiswasdoneof 39 pediatrictransplants
(age at trangplant <18 yrs) done at our centre over the lagt 10 years.
The 1-year paient and graft surviva was 89%. Three year patient
and graft surviva was 70%. Kgplan Méer reveded actuarid graft
survival a 5 years of 50%. The mgor cause of graft loss was
noncompliance with immunosuppressive egents’. An andyssof the
next 61 transplants however reveded a distinct improvement when
due attention was paid to compliance. In along-term Swedish study
of childrenwho received cyd ogporine, prednisolone, and azethioprine,
5- and 10-year dlograft survival rates were 77 and 66 percent,
respectively. Patient surviva is better in pediatric rend transplant
recipients than adults®®.

Preemptive Transplantation

Preemptive transplantation means that the child receives a donated
kidney beforediadys sisneaded. Somegtudiesindicatethet preemptive
transplantation reduces the chances of rejecting the new kidney and
improves the chances that it will function for along time. Another
advantage epecialy inacountry like oursisthe cost saving because
of avoidanceof didyss’.

Diseased Lidneys

Vein

Transglanied
ey

Kidney transplantation
Bladder Transplanted ureter
Living Donor Kidneys
About haf of the kidneys transplanted into children are donated by
family members—usudly a parent—or a family friend. Potentia
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donors need to be tested for matching factors and to make sure that

donating a kidney will not endanger their heglth. Mot people can

donate akidney with littlerisk.

A kidney from aliving donor often has advantages over a kidney

from aperson who hasjust died.

e A kidney fromaparent isguaranteed to match on at least three of six
proteins, mismatched proteins may cause rgjection.

e Living donation dlowsfor grester preparation and for the operation
to be scheduled.

e A kidney from aliving donor may bein better condition because it
does not have to be trangported from one site to another.

Deceased Donor Kidneys

The cadaveric transplant programme in Indiais in infancy. In US
every person who needs an organ from adeceased donor isregistered
with ta central network which maintains a centraized computer
network linking all regiona organ gathering organizations and
transplant centers. How long thechildwill havetowait for atransplant
dependson many thingsbut isdetermined primarily by how goodthe
match isbetween the child and the cadaveric donor. When akidney
becomesavailable, thehospita that hasobtained thekidney reportsto
the network registry, where the centra computer generates alist of
compatiblerecipients. In our country the cadaveric donor programme
is yet to take off and living donor transplantation remains the
predominant choice.

DIALYSS

There are 2 types of didyss: hemodidysis and peritoned didyss.
When preemptivetransplantationisnot an option, thechoicebetween
thetwoformsof dialysisisgenerdly dictated by technical, socid, and
complianceissues, aswell asfamily preference. Peritoned didysisis
much more common in infants and younger children, in large part
due to vascular access issues, and hemodiadysis becomes more
common in older adolescents. However, hemodiaysis can be
performed successfully ininfants and very young children.

(a) Hemodialysis

Although transplantation isthe treetment of choice for childrenwith
ESRD, maintenance HD can provide satisfactory life expectancy for
patients with no possibility of transplantation or highly senstized
patients. In hemodidyss, the child’sblood issent through afilter to
removeharmful wastes, extrasdt, and extrawater. Hemodidysishelps
control blood pressure and keep the proper baance of potassum,
sodium, cacium, and bicarbonate. Hemodialysis uses aspecid filter
cdledadidyzer. Duringtrestment, blood travelsfrom thechild'sbody
through tubes into the diayzer, which filters out wastes and extra
water. Then the cleaned blood flows through another set of tubes
back into the child’ sbody. Thediayzer isconnected to amachinethet
monitors blood flow and digposes of the wastes. Regarding dialysis
technique , the extracorpored circuit (‘tubing’) must be adapted to
the size of the patient. The entire circuit volume should not exceed
10-15 per cent of thetota blood volumeof thechild. Insmall children
and infants, diadlyser and tubing should be ‘primed’ with blood to
prevent circulatory collapse. Heparinisused to prevent clottinginthe
extracorpored circuit. The usud loading dose &t initigtion of HD is
2000U/m?2, themaintenance dose 400 U/m?/h; monitoringisusualy
performed by measuring activated clotting times (ACT). In patients
with highrisk of bleeding or heparin-induced thrombopenia, regiond
citrate anticoagulation should be used.

Hemodialyssusudly tekesplacein acentrethreetimesaweek, but it
may be required more oftenin smaler children. Each trestment lasts
from 3to4 hours. A recent advancement ishomehemodiayss, which
dlowsmoreflexibility inscheduling but requiresthe caregiver toteke
weeksof training. During trestment, the child can dohomework, reed,
write, deep, tak, or watch TV10. Children who are to receive
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hemodiaysiswill need eva uetion of their vascul ature for placement
of an arterio-venous (AV) fistula several months before the first
trestment. Alternatively acuffed doublelumen catheter can beplaced.
The use of AV fistula, the recommended type of vascular accessin
adults, is limited in children due to the sze of their vessdls. The
NAPRTCS database reports that 78.6 percent of children receiving
hemodiayssuseanexternd percutaneouscatheter for vascular access,
11.8 percent have an AV fistula, and 9.2 percent have an arterio-
venousgraft. The5 year patient surviva ratefor children receiving
chronic HD was 95 per cent, being comparable with the results of
living-rel ated donor transplantation (92 per cent). Long-term results
of chronic HD in infants are worse; in one single-centre report
(including 20 infants with 11 receiving transplants) the overdl 14
year surviva was 60 per cent and sgnificantly better in children
weighing greeter than 5 kg (73 per cent) than thoseweighing less (20
per cent) at initiation of HD*,

(b) Peritoneal Dialysis

Peritoned didysis can be performed by parents a home, overnight
withacycdingmachine. Thispotentidly alowstheleast disruption of
homelife, school, andwork atendance, when compared toambulaory
peritoned didyss, which oftenrequiresadiaysisexchangeprocedure
to beconducted during school hoursand hemodidysiswhichreguires
three weekly trestments of a leest 3 to 4 hours (not counting travel
time). In developing countries like India, pediatric hemodidysis
fadilitiesarescarceand thereisno maintenance hemodiayssprogram
inmost of thenephrology centers. ThusCPD remainstheonly availadle
option asa bridge between ESRD and transplant in remaote aress'.
Inaddition, accesstoanearby hemodiaysiscenter may not bereedily
avallable to patients and their families or the personnel may not be
trainedto carefor children, especidly pre-pubertd childrenandinfants.
Peritoned dialysis usesthelining of the child's dbdomen, called the
peritoned membrane, to filter blood. CPD is most often based on
patient and family preference, center philosophy and availability of
desired expertise. Children who are to initiate peritoned diayss
undergo abdomind surgery for placement of a peritoned diaysis
catheter. 1dedly, there should be a period of 10 daysto 3 weeksto
provide for hedling of the abdomind wound to occur prior to the
initigtion of didysist. Peritoned didyssismorecommonininfants
and young children than hemodiaysis due to the above mentioned
vascular access problem. The peritonedl didyss solution containsa
mixture of minerals and dextrose dissolved in water and isinserted
intotheabdomen through asoft tube. Thedextrose, drawsnitrogenous
wadtes, dectrolytesand extrawater fromthetiny blood vessdsinthe
peritonedl membraneinto the didyss solution. After sometime, the
used solution—now |oaded with the wastes and extra fluid thet the
kidneys would have filtered out—is drained from your child’s
abdomen through the tube. The period thet didysissolutionisin the
abdomen is caled the dwell time. The abdomen isfilled again with
freshdidysissolution, and thecyclerepeets. Theprocessof emptying
andrefilling theabdomeniscaled an exchange and takes about 30to
40 minutes. Following catheter placement, PD is darted with alow
exchangevolume (300 mi/m2or 10mi/kg). Small amountsof heparin
(200 1E/1) can beadded to prevent catheter obstruction by fibrinclots.

Peritoneal dialysis
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The exchange volumeis dowly increased over severd daysand the
exit dte is repeatedly checked for leskage of didyss fluid. The
exchange volumes are increased to 1000-1500 ml/m 2, the find
volume, during thesecond week. Some centreshavegained experience
with intraabdomind pressure measurements, which may be helpful
in adjusting the diaysis dose to the individua need of the patient™.

Peritoned dialysis can be donewith or without acycling machine,

e Continuous ambulatory peritoneal dialyss (CAPD). CAPD
requiresno machineand canbedoneinany clean, well-lit place. The
didysis solution passes from a plastic bag through the catheter and
into the abdomen, where it staysfor severd hours with the catheter
seded. After thedwdl time, thechild drainsthedidysissolutioninto
adrain bag for disposd. Then the same catheter isused to refill the
abdomenwith fresh solution so the dleaning processcan beginagain.
With CAPD, the didyds solution stays in the abdomen for 4to 6
hoursor more. Most people changethe dialysissolution at least four
times aday and deep with solution in their abdomen at night. With
CAPD, it isnot necessary to perform an exchange during the night.

e Continuous cydling peritoneal dialyss (CCPD). CCPD usss a
mechine caled acyder tofill and empty the child’s abdomen many
times & night during deep. In the morning, the child begins one
exchange with a dwell time that lasts the entire day. An additiona
exchange without the cycler may be added in the middle of the
afternoontoincressetheamount of wasteremoved and toreducethe
amount of fluid left behind.

Bothtypesof peritoned didysscan beperformedinthehomewithout
help from anurse or doctor®. If your child is very young, you will
need to help with the exchanges or set up the cycler. Older children
can do it themselves. The child and the family needs detailed
ingtructions and extensve training so that they fed confident when
performing these exchanges.

The most common problem with peritoned didysisis peritonitis, a

serious abdomina infection that can occur if the opening where the

catheter entersthe body becomesinfected or if contamination occurs
asthecatheter isconnected or disconnected from the bags. Peritonitis
requires antibiotic treatment.
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