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Treatment of chronic kidney disease in children

Joo Hoon Lee, M.D.

Department of Pediatrics, University of Ulsan, College of Medicine, Asan Medical Center, Seoul, Korea

The treatment of pediatric patients with chronic renal disease comprises management of nutritional imbalance, fluid,
electrolyte, and acid—base disturbances, mineral bone disease, anemia, hypertension, and growth retardation. The treatment
also includes administration of appropriate renal replacement therapy, if required. Adequate dietary intake of carbo—
hydrates, fats, and proteins and caloric intake must be encouraged in such patients to ensure proper growth and develop—
ment. In addition, fluid, electrolyte, and acid—base status must be regularly monitored and should be well maintained.
Serum calcium, phosphorus, and parathyroid hormone levels must be maintained at their target range, which are
determined on the basis of the glomerular filtration rate, to avoid the development of mineral bone disease. This can be
achieved by using phosphorus binders and vitamin D analogues. An erythropoiesis—stimulating agent must be administered
along with iron supplementation to maintain the hemoglobin level of the patients between 11—12 g/dL. Hypertension must
be controlled with adequate water and sodium balance and appropriate antihypertensive agents. Administration of recom—
binant human growth hormone is recommended to improve the final adult heights. (Korean J Pediatr 2009;52:1061—1068)
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19954 The National Kidney Foundation Disease Outcomes
Quality Initiative (NKF KDOQI™) (www.kidney.org/pro-
fessionals/ KDOQD ©llA ¥ AlF-Hef dish &3 94 1=
A& WE7] AABFEA R Al gke] st g 9 X 57t FiE
%L}E}ﬂ Q121 3tell 2002 WM AlF-Holek= §of tialel
d 21248} (chronic kidney disease) ©]2H= gl tjste] 441
3} o} FHo R e o] AYZ . A, AlrA| o3}
H9 A ol -9} At glo] A & B 75 o)de] 34
ol AFE = 99k A, AL o] gllete AAl o] g
o] 37§ ©]’ 60 mL/min/1.73m” vkel -2 e, o]
5 UA AREA ool webd 90 mL/min/1.73m” o4+ 3¢
Z 17](stage 1), 60—89 mL/min/1.73m*d A-$-Z 27] (stage
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A4 (body mass index), W] & A olstd A9 & =
Aatolol p . A 22 WA AR oUxde FHH
(estimated energy requirements) < 100% ¥w3l& 4 U=
2 g ouA] gl TR o] FoAA] BE Ag ndH
2o] x FHE T8 44 355 nEslof stk A A
F7F 5 WSS wRke] ofek Aol FHkE Ho FAS k=
3lotre] A9 FA1E vk Folel] v TS AT 4 Sk
Y aestEy Bas A 53 A% AR 9% 43 7=
(Dietary Reference Intake, DRI) 9] 3-8 7153+ thaF kA9

3 ¥ (acceptable macronutrient distribution range,
AMDR) ¢l 97 ate] e W srellA d&S §AFY. 2
o] wralz A% (Dietary protein intake, DPD) &= %4 4143} 3
711 ghole] o]AkAlS(ideal body weight) ol A% Jok
X% 715 (Dietary Reference Intake, DRI 100—140%,
4571911 100-120%% FA18 5 JE5 FoP. T4 v
£ Folee FAE B8 duld opninAke] EAS Ut BT
ajFolof STy, whie] FT AFH7E BE FolEolrE F7}
29l whl 1} %A 9] FolZ qalsof 3}, Elohwl (thiamin, H]
el B1), 2lEZEH1(riboflavin, WEFY B2), YolAl(niacin,
HEP B3), BE X (pantothenic acid, HJEF B5), 54
(pyridoxine, HEMY! B6), Hlo] 2. ¥l (biotin, W]E}R! B8), F1¢
W (cobalamin, BEF] B12), o}~ 572 X4 H ascorbic acid, HJEk
T C), E]E]%(retmol, vleb A), &kE T Z (a—tocopherol,
HER E), Blghl K, 94t(folic acid), 2l (copper), °}<l
(zinc) &2 A3 DRIY 100% ©)d AT = JTH b,
AT AF "] 35T A Bz vjEl AAE Folstes gttt
P EA S dhs FolEol A 84 HIERL AA1E Folsjof 3
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MZE =M AEOH(renal osteodystrophy)

A7V ool o wie] F71A thALe] o)l gJaiA A7)
wio] oS wat? . ARA] o mhgo] adtel webd & qlol
Qlo] o)Al Hi1, F&elx HlEl DO 1-F4tst #ge] i
ghol] mpebr] B9l 1, 25—dihydroxy vitamin D (calcitriol)
9 FAo] gasta, % A4 wEvt gadn®. wmd Fit
9] vlEk D 8A9F 2 A FEA7F 1A Hof B
ERl D9} 2ol it wk-go] "ol A= AL 2H "’ o)
23t Q5o oA o)xA] F-2AA SxIZo] Ewry 1 AlAF
AA, F7 7183 A - =< (osteitis fibrosa) & &2 1L
Al 29 2 (high— turnover bone lesion)©] Yepdt}, wat
FulEs ARSIIAY vER DE HEstA ARRS A &
W EE AHEOIE XRE T AfelE T4 =W A (adyna-
mic bone lesion) & & A A FHA (low—turnover bone
lesion) &] &7 BY 4 e, ojuie me] L ool i

slo] mZpdTol AF HukEa we) o] Adwd.
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ks P w24 AL 71 g Ak 5
3} o5 o7 <lEte] dukx o7 JIAAl & 2 X (parathyroid
hormone, PTH) s%& o]g35to] o] AefE =74 3lt}. KDOQI

A7 AE ATEH HL Jl ol o] mEbA] B3 H7dA 52
(intact PTH) ¥ 52 d4ata ol o] A3& = thg3
e}k, AFA| ol 3kgo] 30—-59 mL/min/1.73m*Y A% 35-70
pg/mL (3.85—7.7 pmol/L), 15—-29 mL/min/1.73m*% 73<-
70-110 pg/mL (7.7-12.1 pmol/L), <15 mL/min/1.73m*% 7
£ 150 (Aok= 200) —300 pg/mL (16.5—33.0 pmol/L) °.& &
A s2 2 (intact PTH) 55 fAStES sttt o]g} o]
53 F24 g2 2 (intact PTH) 9] =7} %vﬁ— o= T3
1ol o5t Zia} Aol AIRE AR 1 2
A Urk intact PTHE 5788 29 Cdwwt %@B‘FEE Nt
e opu]icAte] A wo] BEEHA
=7 el AA AESHE /o] 9l PTH LRt} o =4
S457] wEoltk o]& wgstr| flste] £ o d&st PTH 574
ol @A A Zoltf”. W 22 AAR= 94 Qlo] Fo]
A7E A5 °L‘£Ul*f°ﬂ o5k w Ato] A= A, e F4
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3 919 ¥ CKD stage 1-49 3¢ d5d A=
A etolof gty W) AW EA] APE F-ol= Fadr) el
= 35-55 mg/dL (1.13-1.78 mmol/L), 1-124 Afojel=
4-6 mg/dLE Aok oy, B3 o] FukEo] 9l
A ¥4 Ql w7t HXXHL ASEH S A Q19 HFHS
Agratoof e},

A 2870 Aellef oigt X80 Hxs ZEd Qe sRE
Ao R FA s B 32 R SEE HHEH A 5k
W o] Mgolu} A At i ko M 3|skE sk Aott
Dodd Q EE 2w Y, 98 A% 2 s
ol 50 oY A% & T2 =9 A33ke] g o] Fokxl
oh. whebA] Q1] HHAE Alststas] sAlel 1 Y oFES Fol
SHIL A SRR SRS U 5 RS -5 o
ol HIERN D A4 (alfacalcidol B calcitriol) & Foistt}”.

g El—g—ﬂr 2k 0-0.541%
100 mg/¥, 0.5—1A41= 275 mg/¥, 1-3A4= 460 m

g/, 4-8
A= 500 mg/, 9-1841% 1,250 mg/?. u&% o1y} F-7+A
sowo] wT ThElol 9he A9 AYW A 43 7z

80N g3}, o]9h o] Q19 AHFHEZ *116&3}‘?1’\1 CKD
stage 3—4°] 7% 371 €el $HH, stage 5Y A5 Wig 1 &
St I 19 w7k A 1) Bk A "olxA ¢
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carbonate) ¥} PN EAF Z-4 (calcium acetate) 7 7FA7} Q)

tl B4 ZH58] 7o) 379 1Y EE AYsta 9T Fahgo ]
oA Bt A4S Wt o] ARgaka QI okF oA o}
A EAL Zrgro] B Zpoll vlste] AU ® S5 2] ol

A1 Qe Wojmei= fak= A, A4 71w ol AG AN
Solg A5 A4 A J 4H A7) 20F 2eA ¢
% 5, 94 AAE B8 262 Fetel ok F 2500 mg2
2 FES FUEEY 9% A 1FS Tt Lo

0—0.541= 3% 210 mg, 0.5—1A= 270 mg, 1-3A= 500
mg, 4—841= 800 mg, 9—-1841%= 1,300 mg)?. $:4k3} &-Fu]
F (aluminum hydroxide) = 91 AFAAZA A= 4 Xk
WA 213 Aol A= gFrlso] Aol FAE o] AA =4
oy ZAsksT T TS I 5 V] "ol 7hsEkd
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Zol AeA AN Fx A KDOQL AHE o3 2
S8 7 Sl Aods uHst] wd § Aas VIEoR sk
2om 8.8-9.7 mg/dL (2.20—2.37 mmol/L) & FAtE= A

ek 9lar, o] W9l RbeA % 7hsshH e Erha shict
Y wZhgr v)E% 7)uke] 2 AF A4l sevelamer hydro-
chloride (Renagel) 2} lanthanum carbonate (Fosrenol) 7} 20
)9 Sevelamer hydrochloride’= ¥-%-2 02 4238% o}yl
(amine) 717} Aol Q15 Agste] F45 el Aok
7hAol v, AZI7F AX W] Edsithe @ilo] itk

Lanthanum carbonatet® #8739 lanthanum—<! 5&AE &

Aato] AL Fak Qo] F45 oAgl Y Folak FolSoA
g Ao E AF sastE wol g,

3. MEsES

ABEdFo] A& Ao ATE Bl Zgol oM EAL
E5S S8 534 2 (calcium gluconate) & A® o
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2 FARE 5 glor, 2493 nlEl DE 3 Folste s st
913} Z+45 (calcium chloride) 2] 7% @ o7 Fojgh —’F 9,,\3
EH/\]_/H /\]-_Z_.g (o) ul-sl- A 01 owg 7]__0_0]_\—5 _’_04 o]— ] qo]

Frh
4. HIEHI D

ARA] o] o] 2 ;}”3.1 ijE oA Bl D] 1-5:413}
o] 7rA4ste] Ao 1, 25—dihydroxy vita-
min D (calcitriol) 2] % g7 240 357 A
st o]xd F-3A dxlFo] sRkEnh Bk v A1d S 3

Sl5e glle] wEHE Algho] 7hastel BIE D] @4 A

gk JN b
O o
it

N *q,

Hdol

7b Zpaata, el D7F F5e fAlEely ol 5o AFTt
7asto] vlE] D Aol FukE = gtk wheka] B
GrIFo] THEo] Sl W A1F S Stolg2 HlElY] D APS
o] UeA| F gRIsfHotof gitt,

1) HIZMH HIENI D

FZeA e DO 1-F4k8) #go] o] & {AE I
UE B AE S 2-47] SrolEellx] FAT AxlFo] FRbE
o] Q& A9 25—4k3} vlE D ¥ 55 =743k 30 ng/mL
u|Rked - vjgAd st Feo H]E‘r‘ﬂ D2l ergocalciferol& 01
ia= Ak = I o= [ —Aks} wlER D s 30

ng/mL "9 9= ergocalmferolv— Ald FoishaA 219
AHE At 1 A3 AAE Zo] Foghth 26—4ks) v
B D 557F A4 49 vEh DY Folg Fukah,

2) &MY HIEII D

W AR 2-47] Solzelx 25—-418) RIEH DY 5
7} 30 ng/mLE ZAeAA FHE x1Fo] sikd A
© W A S 57]ellA AL =7 300 pg/mLE 23
Aol 1-54t8 Hojgl alfacalcidol i 1,25—-0]5413)
o] 9l &3 HlEM DQ! calcitriol & o1 3tt}H(alfacalcidol
& 923} AR calcitriol v]=o| 22 HwE 1z QrhP . B
WA FRFE 2ds] AaME il Folshe A Bohe 4
Q A FA} i PR Folahs Zlo] gaprt e . B
WA 32 st B YR 74T A9 @43 vEl D
Sk, T SETF v A A 849

FHE Folaly] AlEtebe AY QW FE
3). %Ha H]E}”] DE qusl o= ¥

A

R

ﬂl‘iﬂ

1o
4
9
mlm
O{N
rXL

= /dL n) ‘{}EE i oA
Fojaly] A&, weldE (WA 2143 5704 A}%ﬂ 3
6.0 mg/dL, A7) o] Mol 7.5 mg/dL o]4Fel 7
ZukE A9 vjEl DO Rl Fuala ¢ ATAAS Tl
o @A) 2 e Q1 ST 71E] #4973 ek De
PEFS ZolL BAE FAF O ek v AEe
[e]

HlER D fARAZE o] QA

o= paricalcitol, doxercalciferol, maxicalcitol, falecalcitol
gol Qom? FueIXE paricalcitolo] AHE 7bEahe Aole]
M ekdsty A o7 AFEE 4= Qlvkn BaE T Qe 1Y,
93 ulekn DE 349 o FofstuA Bt Qe Frrt
Aol i AP FEE BRI} 30%04 dAs 4 AS
2499 WER Do) £28 25-50% FAANGY. B
E—"%O] O pg/mL (16.5 pmol/L) Ul RLCAS %‘i?a} 735 o]

fol

R B2E 57} 1,000 pe/ml ol A&HOR F7b
3 Qi Amel WhgekA S nae, nABZF e W)

Hgo] Fuke w i FA 27 557 500 pg/mL ©]
Ao FTtEo oA de] A3l dd, I IxF Fol
&1k o (calciphylaxis) F-#7dA) -2 AAlE (e A F4H4
A AAlE F B 24 At okl & a8 g vk
% A NPT} =S PTc—Sestamibi AW Alste] F344)
A S oFE ERlsta HAE FoE AR TR o o
9l 253} CT, MRI & A&E 7% Sk F3734 2A)
% 72417 e calcitriol 59 /443 nlEly] DY FoE 1d
stal, FE F 4-6AT o] 23 el sEE St o
23} Zrgo] A How Hold Ay IR s Ze
1-2 mg/kg?] &Fow AW FAfsto] o] 23 Zg 25 AN
3} ATk

6. ZE =M E XI=Z6l= 2= (calcimimetic agents)

Cinacalcet hydrochloride (Sensipar)”} @A L34 ‘2
# TEAE A5k oFE (calcimimetic agents)'Z 55
oFgolth. A olE ZE 1A €A (calcium sensing
receptor) & A=3ko] A J M G2 Bulg gaain?
T S 22e] #ul7h RAaEW o] o] Fhawe] A
How i 2t 2 Fert e Y webs g3 7
#3719 F7F glo] A AXTE s eR A5 ¢

= oAIZE HH, F3PEA AAlEe] BAd dofeelr FEs

N
‘{

]:H/‘\_]’Eﬂ— ,{’: O] _9_ EHZ]] X]E‘ﬁﬂi E:]—%]_' ‘{’: 9‘}]\]:]_1? 14)’
7.4 %
na Ao} e AEw A wo) Myl

AdA g W
A 3AdElofof g HE G A 7 <l }(erythropmetm)/]
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4 PA =7 A} (recombinant human erythropoietin) 2] 7}
QA Aol At wjg- FolA Al HH?.

1. Mg MA =X (erythropoiesis stimulating agent)

AbE AT AT A X A= 50—150 U/kg/3]9] &
FOoR F 33 Yt FAIR Folah Fo] & YU FHH g4
27} Aga] AR o] W AET YL YJeiA W
o] o] Aryo I #eld (ferritin) 4 EAN2T A X3} )
H] (transferring saturation, TSAT)7} #AasiAl HoZ T8

4

% ool WS wEsTolol AHY, AR AL AAT WY
220 QA Sfak Tt ol 9w AW FALZ Fol@ 4 g,
e FALZ Folgt A9l W17k 20-24407F Al A

Ao FARR T8 A9 6-8AITFOE ¥ 7E w9 FrobA A
WU} 25 grolof tEE 7hsebd Fap FAME Fojgitpt 17,
AT AN FH AR okm A& AIREE AdEt] st
darbepoetin—alfa (Aranesp)©] 7NEHQEd], oA A|LAt
& (sialic acid residue) & seatell wEbA] AW RE717F A
@%E}% Zo] YdE & AT Y A AR N A3 &
FAE (N-linked glycosylation) & F7}ste] A|&AF AHE9)
A= 59 oY uty)E AW Falw Foldk 739 25.3
AIZE, T3t FARR Fold A 9-olli= 48—70A13F AE=7HA] oA
A Hol, AgF oz F 13 k= AFE Folste A= 7Hest
A HAH?. o
ceptor activator), hematide, HIF (hypoxia—inducible fac-
tor) PEAl 52 AMEE APF- ik XA (erythropoiesis
stimulating agent)Eol s glom o]ejgl okE So] A
3l 9 Ao S Dol shA AT Wl okgr) (|4 Ao
ZHH?, /\}a AzxF AT A 3] AAE Fof W Q)
£ W AH3 Stofol|x o] B A KDOQI A3
2] 11-12 g/dLE fAFH 7. g dala gro] 13.0 gf
dLE 233k ges AH Az AT G 3 A &
oJeks 2d3ok 5“4'18) Wgo] AN Wy 1248 5
(corrected reticulocyte count) & Alitete] 1.5% wwtd 34
oA 8 AdT Aol A Q& gnlgith olmell&
AT A F QAL §F AE 44, 25 AR, I 5
28 5 dsior & 7/4\01‘:}15).

o=

19]9|%= CERA (continuous erythropoietin re-

2. HE HH

5, Ao A, s

o] FHaA7] 4% Adejela, Ad A
AR Aol U ofshene

51 - SfloF S, H2® (ferritin) 3 EAA
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e
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I
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H#™ ¥3} AH (transferring saturation) S 7 sto] #H2j€l
100 ng/mL v4k EdAHAA Z3} AE7F 20% 1|9k A9 A
T AAE BEEgoior dhrh Hwe AT e A —Zr/‘}i +
olgh &= QP g FAME JRsslAw 25 £Ho] B
9T A o] g-Fo] A5 Erbssto] AHA v, 75‘
AAE - 278 HY (ferrous salt) S AFE3lH Foi7} 71
st © %}fE Ak o] Qle vk, 253 2s)A H%J‘{r
eE o]_]_ i/\l EE l:ﬂt]] M/\]. _4 H
ke 4 Q. AT HEARNZ Tt
Ago] A&E g AW FALR FoiabA frh
FAF AAll= 9 AE# A (iron dextran), 252401 A
YEEEY (ferric sodium gluconate complex), ¥ A3
(iron sucrose, venoferrum) A So] I} @A E A A
ALl A5 A kA7t TRk 5 lor R AR AE &%
< WA Fole Bl WS Awsolof Y. HE A AlA
£ AES BEske slolA wil¢ 3R WA P Aola F4
go] Zojr] Hr} W ggow Fold ¢ oY Fuelae
venoferrum A7} AHE- 7Fsebe 13] 3—-7 mg (0.15-0.35
mL)/kg A 15l 1-338] Foi& &= 9tk
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. /\1%31],
A3 9] Tl "3@_ SRR 1-50}7(] A A0 wEba] &
T AR Flol5e 759 Ay} 7)o uk= ko] HA}

o} %
NS &elstal, &gk Yyl ] (g dol9] 2/3& da
Z =99 80-100%% & T U Z)E olgste] AL
g3he sk Ao) T, B d¢ 54 Boe
24A)17F o]FA "¢t (ambulatory blood pressure) 7o) 4
AFe] dste] mighy ogk 1St 55 dobr 57 SlojA F o
Aokt ARE 4 5 9Joere®® ozdo] frpd 2443t ol
3 ks F4ske Zlo] Erh

Zof ¥ AIRA FrolFellA mE Y] Al dnkAo® Al
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