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Slowing the Progression of Chronic
Kidney Disease in Children and Adolescents
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Slowing the progression of chronic kidney disease is much more important in children and
adolescents with a relatively longer remaining life span. A practical way to assess the rate
of progression of chronic kidney disease is to measure the change of GFR estimated by
formulae. To slow the progression, hypertension and proteinuria have to be controlled
strictly, and hypoplastic anemia must be treated with erythropoietin. If not contraindicated,
ACE inhibitor or angiotensin receptor blocker is recommended with monitoring of the side
effects. Trials to slow the progression should be commenced as soon as the chronic kidney

disease is confirmed and needs to be continued until renal transplantation as long as residual
renal function remains. An online system, the Korean Pediatric Chronic Kidney Disease
Registry (http://pedcrf.or.kr/), provides tools that are useful in evaluation and management
of the children and adolescents with chronic kidney diseases. (J Korean Soc Pediatr Nephrol

2010;14:1-9)
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Table 1. Stages of Chronic Kidney Disease by K/DOQI Guideline [6]

Stage Description GFR (mL/min/1.73m?"
1 Kidney damage with normal or—GFR =90

2 Kidney damage with mild—GFR 60—89

3 Moderate—GFR 30—-59

4 Severe—GFR 15-29

5 End-stage Renal disease <15

‘Children less than 2 years of age need age-adjusted cut-offs
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Table 2. Formulae for Estimation of GFR in Children

1) Schwartz formula [7]
eGFR=kxheight/Pcr

k: 0.33 for preterm infant

0.45 for fullterm infant (<18 mo)
0.55 for children & adolescent girls
0.7 for adolescent boys (13—16 y)

2) Filler et al. [9]

Log (GFR)=1.962+[1.123%log (1/Cystatin C)]

3) Bouvet et al.[10]

eGFR=62.8%(S.Cr/96) "' x (cysC/1.2) “4x (BWt/45) “**x (Age/14)*%°

4) Zappitelli et al.[11]

GFR=75.94/(Cystatin C**")x1.2(if transplant)

5) Schwartz et al.[12]

GFR=39.1[height (m)/Scr (mg/dL)] **'*x [1.8/CystC] ***x [30/BUN]*1%x [1.0199] ™***x

[height/1.4]%1%8

9] 2% A (muscle mass) =719} Aaste] A
S71% st #17 A ofAle| ATt Al Extel H]s|
g TR Jdo] mdl g ufe] A $2EA A

o] Agah]E ek

3) oHH, ME, ALET|
NAPRTCS #tzollx] do] @a5 A 3%
Ho] xaLey waron[]] o]%9] t}E A%
22 A= BITH2, 14]. 34 7]9 A& = (body
mass) | W F7h= T8 719 wE Aol o
ol lrt[2]. B A A4 (sex maturation) &= ¥Hd
TEY ] W3e FHghvh= Bt o]‘:]r[15 o}
AollA] Ago] W2 Al7]|2h /\]*-‘7] + 3771
AR|sh= AG7IE o] 1A F

o

=S

o fldAte]aL[1], v AelM= AR
g whd Fgol o W] AYsh= Jlow Hay

%D} 19].

5) QF= A0l
QA 2| |

2%t #4 (angiotensin I convert-
ting enzyme, ©]8} ACE) 2] DD #-3#}8do] Al—-Q
7130 = Qg v T mE X9 Hge
01011/} A 2 A AAgko w2 Qg v T

oAM= sl ejlo] ofyels Bzt IvH20].
= KLK1 promoter?] K allele®} TGF—betal?]
TT FAAro] W3 et Aol 32 7159 A
3l A8 Qolojgh=s Bk ub[21, 22].

6) =7| A}-_r‘iﬂ 015'-}%
= AbAl ook

FAZ) Lhola}% HyEo] 9lom(l, 4, 23], ©]
U FEo] AYESEE 1 X8 S5 g

1) et
NAPRTCS9] Hire] 2J&
2] F o) W3l Aol QITH 1], &= AW o=

ol
B
o
e
N
=
ek
o2
e
=)



[2]. A Y 287 ACE 2AI7F Ao} a1y
Aol v X= 9 (The Effect of Strict Blood
Pressure Control and ACE Inhibition on the
Progression of CRF in Pediatric Patients, ©]3}
ESCAPE) 9] ®al= %31 24 ARF 4 E9+-2 50
9] HIREO R Sh= Zlo] W B e T2 Vs

HE =28 Fuhal S5,

2) Chifliy
#0184 (hypodysplasia), A4

g TR A Agks TS v
A

1o o& 1o
o
=
O~
b
o
2
4
=2
>
v
=
fro o
rr H

Zic, )2
7R WP BRI 23] ol A emzkee)
Ao] FL/)59 WE okaE Zefeirie vt 9)
cH23]

Hu g

A7) WY BRI WFe] 9L ul AA
ol3hro] B FHasths Wik rha]. ME ¥
B 220 Ak Ago] gsh Ul AEe] £

A M| oA profibrotic cytokine
o] sk ML) 71 8] Aite] ksl FEe] A
315 X8k F o2 AL AdlelA o2l E

Yo]o€l (erythropoietin) 2] o7} ¥+ F2H
o] H&-& AABIATHE A4 AT A3t 9lom o

YEZ Yol Wy E Qlgt AALAZo] dia
o] anti—apoptotic effect 5% Al FZ &AM
gl=t}= B}t QoH26].

o o

£ 7h2:9) Qo] ek w7} Qloit o)zio] v
120] o} 5349l AL SAlskA v

7172 EA8HA] ¢ko) 4l A 3]s} (nephrocalcino-
sis), hyperparathyroidism, A|¥ oA thA}eh
TE gRYEe Wspyt B RAow A7t

AEA FoL oAl T2V o5 x
sk Ao 7 ost 4=t} Ad2loA nonsteroidal

anti—inflammatory drug (NSAID) 2] +4 AR

ol wom v FEol] ue] A= Bt

ATH29].

_4_



A 2do] Brbsst A QIAbsS BT T
T2 2o A 1zto]7] whie] JAAAAE 7+
Avka Azpek 5= Qlt), U o] RS x4e
F7F oz glujeh = gtk whebr ZHo| &
7Fs et /RS 7H FAEES 18] 19
22 Adste] W Fge] oinjste] o 25 78k
3o AF2Q A8 A A8E & Lot vk

Z3o] 7kt QA 7 QE AN A5 E

A% A8 AApZA] A7 JAE AT 5= it o]
Q9] 24 7Fs AARES nd, Ty, Wi, A
BUES AZ4dS, udArdasy v FEe
Z18)d 2] Q13 IAIE ERIsH] HlaliA= o] A=k
o IAshRs AT FA9] iz Alge] Fesit

ZrotellA] Eta v T2 X3 e] Q1A
= < Wuhl 5o] th=2] M3k F-219] gzl
S B3l 24A1F Bt kS 50 WS olskE WA
FABR= Zlo] 27158 Asks oAlgths 2E ot

Pom FHglek(s).

RN T 1) Aol W TREe] A
Be oAtk TA9] e AY Ak gont
(301 Zsolell A= DARA v, 1AL v A
219 Aol o eS| ofalE T  ohlet
R EREC RS SE EL RS
= gelulx) gep] vRolrH3l].

DA} WA 0)919] A5 thfHE of
A golol AFH FAI h2ABL o Aok
AV el 9 @k GA o] AAEE

3 g
]
].‘t—_

9

et Ay,

ko ol
>, o o m¥4
Mo oy o

>,
ol

10 H}u} 2 ﬁzg—@ =3

tlo
O
rQL W

44

5

iy o)
= a1

o

2. RAS 9H|

xé]xo]o

RS

41 #0]337d (hypodysplasia) ol 4] €] 2]
T AYE JAFAT[32], A 7]Fo g A3t vt

ful

o,

cA149E A 13 20104

ggle] g FEH el
ACE A A2} OPX]EHV\] I 584 2tA| (angio-

tensin II receptor blockers, ARB) = 3% 7|&

Hoshh= Barh o W2, 25]. & o] 3=
Gy 7l Qlis WA FEolA ] dx
ACE SAAZ AFgsh= Ao 74 294 ARB

o B8 FAYLEFF RO ARYNEFO
Q15 Wk TR 71 At 284

Hk(erythema multiforme), %+ 7

AT T AR B8-S 2T - glonw F
5 QT 5 oRAle] W82 Azt Adst 1
ZEIATS ZUsIths Bt ddeld e
TR oRA|9 WE Aol g0 el Y% f
og gzt ek

3. ME2 X=X

A Q2718 o5t v T eA 24704
Z+2] mycophenolate mofetil (6 mg/m?/dose,
twice daily) Fol7} F& 7)15S A 7Itk= o
T Ax7) Qv}35]. ® *é?loﬂfﬂ anti—lipidemic
2] ER3Eolod,
AST—-120 (Kremezin), pentoxifylline 5% %+
o7} 27t kg TR A ATk W) 9)
TH26, 36—38]. &otell M o5 oMl 9] 83+
gRlst= HEFAQl A7 d sttt

agent, carbonic adsorbent

22| AI7|

W X8 Ao
Q1 AAEe] AR} I
114 2 o] 7 Sl S8 Al
22, 4l ARl e ) ), Seblell=

5 = Zlo] AlAE Aol Slrt



[39].
R T2 WEe AAlshs ARE 7Fse A
A2 = 2 Ao 3-4tA oM =

7—10] 5=
A%she Zlo] vhgastn] sekAlelA AL Al aet
HﬂE%P%ﬁl”ﬂL%}mbﬁ*ﬂ#&c%@l

middle moleculeJ Zﬂﬂ@r %]_'-@i,
Ql, F Al TS 1 g2 07 ko] Ay Ay

=& P T8-S 7] uliEelth40, 41]. 18y
6 T

*ﬁoﬂﬁ ﬂC’ﬂ/\t

/)& 93t ok

TAE Ve 7 st AlE, 71, A-AZAS
Schwartz 2)-& ©]&3F Aof AFA] o & F74A],
/\0}% FA AT 52 gGA &l o 1 HskE
P oopuet Aot Adad v

9] 1%01] Qs L APl E| A
:rL“Hﬂ 9] AHE AlFsto] Al xgel B
558 1 Qo e 9 A 55 31 B
= AlFgroms et /\O]' T T2 el ot

A ARE TEHFY B8-S Fa ok

=S z]i]

Fo
Q

3 T2 NS AAshs A2 wg- Fasi:
g3ato] 3 Adotd
FAl o 2he-o) 37
wA et delaitt ¥
ZsHA 2w ofof sk W1EE o
O]E gtk dstol A4
1 AFelle ol §li= gt ACE oA
AL A Q'L =84 AR E AR-S= Slo] 2
Qsh} BRhg o] wale] 203t 3 97} 9Tt TH
TP W AAIE ffF e v T2l ¢
&= = 7hedt Oém Al&rE|ofof s FE o4
g wj7hA] oy Al ]%O] "ol Q= g Al
of ‘jr 2Rl gy Ao WM T2 S Al
Jo]

=3
A T2 AEe =es ok

~

mh

iz 2 o ¢
Y
in
4 JX?L

r& &
C'_L4

References

1) Mitsnefes M, Ho PL, McEnery PT. Hyper-
tension and progression of chronic renal in-
sufficiency in children: a report of the North
American Pediatric Renal Transplant Coo-
perative Study (NAPRTCS). J Am Soc Ne-
phrol 2003;14:2618—22.

2) Litwin, M. Risk factors for renal failure in
children with non—glomerular nephropathies.
Pediatr Nephrol 2004;19:178—-86.

3) Furth SL, Cole SR, Fadrowski JJ, Gerson A,
Pierce CB, Chandra M, et al. The association
of anemia and hypoalbuminemia with ac-
celerated decline in GFR among adolescents
with chronic kidney disease. Pediatr Ne-
phrol 2007;22:265—"71.

4) Soares CM, Diniz JS, Lima EM, Oliveira GR,
Canhestro MR, Colosimo EA, et al. Predic-
tive factors of progression to chronic kidney
disease stage 5 in a predialysis interdiscip-
linary programme. Nephrol Dial Transplant
2009;24:848—-55.

5) Wuhl E, Trivelli A, Picca S, Litwin M, Peco—
Antic A, Zurowska A, et al. Strict blood—



6)

7)

8)

o))

10)

11)

12)

13)

14)

pressure control and progression of renal
failure in children. N Engl J Med 2009;361:
1639-50.

NKF. K/DOQI clinical practice guidelines for
chronic kidney disease: evaluation, classifi-
cation, and stratification. Am J Kidney Dis
2002;39 (Suppl 1):S1-266.

Schwartz GJ, Haycock GB, Edelmann CM,
Spitzer A. A simple estimate of glomerular
filtration rate in children derived from body
length and plasma creatinine. Pediatrics
1976;58:259—63.

Counahan R, Chantler C, Ghazali S, Kirkwood
B, Rose F, Barratt TM. Estimation of glo-
merular filtration rate from plasma creatinine
concentration in children. Arch Dis Child
1976:;51:875-8.

Filler G, Lepage N. Should the Schwartz
formula for estimation of GFR be replaced
by cystatin C formula? Pediatr Nephrol
2003;18:981-5.

Bouvet Y, Bouissou F, Coulais Y, Seronie—
Vivien S, Tafani M, Decramer S, et al. GFR
is better estimated by considering both
serum cystatin C and creatinine levels.
Pediatr Nephrol 2006;21:1299—-306.
Zappitelli M, Parvex P, Joseph L, Paradis
G, Grey V, Lau S, et al. Derivation and vali-
dation of cystatin C—based prediction equa-
tions for GFR in children. Am J Kidney Dis
2006;48:221-30.

Schwartz GJ, Munoz A, Schneider MF, Mak
RH, Kaskel F, Warady BA, et al. New equa-
tions to estimate GFR in children with CKD.
J Am Soc Nephrol 2009;20:629—37.
Zappitelli M, Joseph L, Gupta IR, Bell L,
Paradis G. Validation of child serum crea-
tinine—based prediction equations for glo-
merular filtration rate. Pediatr Nephrol
2007;22:272-81.

Ardissino G, Testa S, Dacco V, Vigano S,
Taioli E, Claris—Appiani A, et al. Proteinuria
as a predictor of disease progression in

15)

16)

17)

18)

19)

20)

21)

22)

23)

_7_

tfgkiotalgers]x] - Al 144 A 13 2010

children with hypodysplastic nephropathy.
Data from the Ital Kid Project. Pediatr
Nephrol 2004;19:172-7.

Lane PH. Puberty and chronic kidney dis-
ease. Adv Chronic Kidney Dis 2005;12:
372—-17.

Kawaguchi H, Hattori M, Ito K. Somatic and
renal effects of growth hormone in rats with
chronic renal failure. Pediatr Nephrol 1997;
11:280—4.

Tonshoff B, Fine RN. Recombinant human
growth hormone for children with renal fai-
lure. Adv Ren Replace Ther 1996;3:37—47.
Mehls O, Broyer M. Growth response to
recombinant human growth hormone in
short prepubertal children with chronic
renal failure with or without dialysis. The
European/Australian Study Group. Acta
Paediatr Suppl 1994,;399:81—-7.

Soares CM, Diniz JS, Lima EM, Silva JM,
Oliveira GR, Canhestro MR, et al. Clinical
outcome of children with chronic kidney
disease in a pre—dialysis interdisciplinary
program. Pediatr Nephrol 2008;23:2039—
46.

Hohenfellner K, Wingen AM, Nauroth O,
Wuhl E, Mehls O, Schaefer F. Impact of ACE
I/D gene polymorphism on congenital renal
malformations. Pediatr Nephrol 2001;16:
356—61.

Lee—Chen GJ, Liu KP, Lai YC, Juang HS,
Huang SY, Lin CY. Significance of the tissue
kallikrein promoter and transforming growth
factor—betal polymorphisms with renal
progression in children with vesicoureteral
reflux. Kidney Int 2004;65:1467—72.

Liu KP, Lin CY, Chen, HJ, Wei CF, Lee—
Chen GJ. Renin—angiotensin system poly-
morphisms in Taiwanese primary vesicou-
reteral reflux. Pediatr Nephrol 2004;19:
594—-601.

Gonzalez CC, Bitsori M, Tullus K. Progres-
sion of chronic renal failure in children with



Fl

ol

24)

25)

26)

27)

28)

29)

30)

31)

FoH g aol 3

dysplastic kidneys. Pediatr Nephrol 2007;
22:1014-20.

Wong CS, Pierce CB, Cole SR, Warady BA,
Mak RH, Benador NM, et al. Association of
proteinuria with race, cause of chronic kid-
ney disease, and glomerular filtration rate
in the chronic kidney disease in children
study. Clin J Am Soc Nephrol 2009;4:812—
9.

Wuehl E, Mehls O, Schaefer F. ESCAPE
Trial Group: Long—term dissociation of anti-
proteinuric and antihypertensive efficacy
of ACE inhibition in children with chronic
renal failure. COD.OC 16 [Abstract] Pediatr
Nephrol 2006;21:1505.

Gouva C, Nikolopoulos P, Ioannidis JP, Sia-
mopoulos KC. Treating anemia early in
renal failure patients slows the decline of
renal function: a randomized controlled trial.
Kidney Int 2004;66:753—60.

Han KH, Lee SH, Lee HK, Choi HJ, Lee BH,
Cho HY, et al. Risk factors for the progres-
sion of pediatric chronic kidney disease —
a single center study. J Korean Soc Pediatr
Nephrol 2007;11:239—246.

Schwarz S, Trivedi BK, Kalantar—Zadeh K,
Kovesdy CP. Association of disorders in
mineral metabolism with progression of
chronic kidney disease. Clin J Am Soc
Nephrol 2006;1:825—31.

Gooch K, Culleton BF, Manns BJ, Zhang J,
Alfonso H, Tonelli M, et al. NSAID use and
progression of chronic kidney disease. Am
J Med 2007;120:270 el—7.

Klahr S, Levey AS, Beck GJ, Caggiula AW,
Hunsicker L, Kusek JW, et al. The effects
of dietary protein restriction and blood—
pressure control on the progression of
chronic renal disease. Modification of Diet
in Renal Disease Study Group. N Engl J
Med 1994;330:877—84.

Chaturvedi S, Jones C. Protein restriction
for children with chronic renal failure. Co-

o
[N

’
2
o
ol
s
ol
lo,
™
o2
12
2

32)

33)

34)

35)

36)

37)

38)

_8_

chrane Database Syst Rev 2007:;17:CD0OO
6863.

Ardissino G, Vigano S, Testa S, Dacco V,
Paglialonga F, Leoni A, et al. No clear evi-
dence of ACEi efficacy on the progression
of chronic kidney disease in children with
hypodysplastic nephropathy——report from
the ItalKid Project database. Nephrol Dial
Transplant 2007;22:2525—30.

The GISEN Group (Gruppo Italiano di Studi
Epidemiologici in Nefrologia). Randomised
placebo—controlled trial of effect of ramipril
on decline in glomerular filtration rate and
risk of terminal renal failure in proteinuric,
non—diabetic nephropathy. Lancet 1997;
349:1857—63.

Litwin M, Grenda R, Sladowska J, Antonie-
wicz J. Add—on therapy with angiotensin II
receptor 1 blocker in children with chronic
kidney disease already treated with angio-
tensin—converting enzyme inhibitors. Pe-
diatr Nephrol 2006;21:1716—22.
Trachtman H, Christen E, Frank R, Rini J,
Palestro C, Perelstein E, et al. Pilot Study
of Mycophenolate Mofetil for Treatment of
Kidney Disease due to Congenital Urinary
Tract Disorders in Children. Am J Kidney
Dis 2008;52:706—15.

Fried LF, Orchard TJ, Kasiske BL. Effect of
lipid reduction on the progression of renal
disease: a meta—analysis. Kidney Int 2001;
59:260-9.

Perkins RM, Aboudara MC, Uy AL, Olson
SW, Cushner HM, Yuan CM. Effect of pen-
toxifylline on GFR decline in CKD: a pilot,
double—blind, randomized, placebo—control-
led trial. Am J Kidney Dis 2009;53:606—16.
lida S, Kohno K, Yoshimura J, Ueda S, Usui
M, Miyazaki H, et al. Carbonic—adsorbent
AST—120 reduces overload of indoxyl sul-
fate and the plasma level of TGF—betal in
patients with chronic renal failure. Clin Exp
Nephrol 2006;10:262-7.



39)

40)

Levin A. The advantage of a uniform ter-
minology and staging system for chronic
kidney disease (CKD). Nephrol Dial Trans-
plant 2003;18:1446-51.

Shemin D, Bostom AG, Lambert C, Hill C,
Kitsen J, Kliger AS. Residual renal function
in a large cohort of peritoneal dialysis pati-

41)

tfgkiotalgers]x] - Al 144 A 13 2010

ents: change over time, impact on mortality
and nutrition. Perit Dial Int 2000;20:439—44.
Guzzo I, Mancini E, Wafo SK, Rava L, Picca
S. Residual renal function and nutrition in
young patients on chronic hemodialysis.
Pediatr Nephrol 2009;24:1391-7.



