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Figure 1. Correlation between MDRD-GFR and CG-GFR
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Disease (MDRD) &213 Cockcroft—-Gault (CG) FAlo =2 A}F-A)
AE&S =39 (MDRD-GFR, CG-GFR). K/DOQI =] &4+
ATA LS HUleteE 5 WH el MDRD-GFRE 7|20 =

o oele) Woz ZHg APA duge] FBE 2D MDRD-

g #Ate] sy A8 551940191, HiHlE 1.5,
a8l3 Wi MDRD-GFRS 22.5+18.7 ml/min/1.73m?¢] %1t}
CG-GFR, Zd#lolEld A& (Cer-GFR), z28]a “™Tc-DTPA
A 2We olgste SAHT AFA oq43E (DTPA-GFR)&

MDRD-GFR¥} EE " 2z oA 2 BE Az oA

NEg 57]914 MDRD-GFRe £30% oluol xgd &

2~47]°) H]&to] rolxl CG-GFR 54%, Ccr-GFR 51%, —1#]iL
DTPA-GFR 17%% AS=7} ou| A skt (p<0.05). Egh
DTPA-GFRe] ZA¢ =®HJ  21&3 5794 i+ DTPA-
GFR/MDRD-GFR ®]7} 2.24#1.40%, CG-GFRolY Ccr-GFRell
A3t AFFA oA BEE o UAl Bt T (p<0.05). g,
dA#ao]l wWE CG-GFR, Ccr-GFR, 28] DTPA-GFR9

W

Jol e = a8 oA G935k =9tk (p<0.05).

olAo] AF A= CG-GFR, Cer-GFR, 283 DTPA-GFR<
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AFA] o 92 (glomerular filtration rate, GFR)& 217]%59] 7} & dt
A A4 3 (chronic kidney disease, CKD)9] A3} #&o] =93 AT,
At FA GzE ALTA bl A el hE g Fujele AT
7F ol stk AAMA AFTA AE SAol 7HE Aggk AAbe ols

1o

2 H 2L (inulin clearance)¢ld], o] AALE A d35}7] Ysixe A}l
A olgds AHHoRE Fsof & Byt oty A 8 S 9
gt T Aje] 283 FE o, A vl o] ol 7] "Wl ¢

Aoz AMgsh7)ol= Aol Bk, wEka, Aol e E
A A#olEld FsXo] 7]%3% Modification of Diet in Renal Disease
(MDRD) &2%0]1} Cockeroft-Gault (CG) &470.&2 AbFA o3& (7
Zt MDRD-GFR, CG-GFR)& AEsh7iu Widld Adoted Had
(creatinine clearance, Ccr), 17 1%]-Iothalamate, ""™Tc-DTPA,

al
MTe-DMSA, *'Cr-EDTA 59 F9d4E o] &3 SARoR ALA
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74 el F7F e Fo® BuFu ot ¢k 5 AV At

g gdo® YMTe-DTPAS ]88 AFFAl o 7-&3 ¥ "Tc-DMSA

ol AHHAE 4% A, Aol FTT oldtE #HAE D¢

HMTe-DMSA A1 27lo] AbpA oih&& A eatA

Aoz CG #F4 oy MDRD #2412 o]&3sle] 2t&H AFFA] o] ¥&o]
PICr-EDTAE o] &3te] =A3 A4 o 3€& 60 ml/min/1.73m*S 7]
Z0o0 2 3 W AF3E FEEE do| IgEe Eolxr) yektia )
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2003 14958 20073 12€7bA] AMdsu ot H& Al
Aeds gYo Y3t 3z T g3 Adoteld HAAL 2447 2

rh

filjo

Al o AdotEld Fa& HAE 23 PTe-DTPA A% 270
25 A83s gxfo]H A MDRD-GFRo] 90 ml/min/1.73m? 7|53l 2
1] whd A3 sxE o R E gtk vk A Aske] dA =

Y

O

MDRD-GFRel wat 27] (60<GFR<90), 371 (30=<GFR<60), 47|
(15<GFR<30) 2 57] (GFR<15)& EFalgon, A8 404 wg
40-59A4], 28)3 604 o]Foz BF3IT).

2. AT Wy
7h AAAZ DL dH FHolEd & =H
vE A 233 AFS 2AsRed, 94 FdotEd wrE

Hitach 7600-210 (Hitachi, Tokyo, Japan) 7]7]& o]&3}o] Jaffe

2N £WE AT 8F AdolEy BEE ZAS%on, 4w
4 g0 @Y FdolEd FEE olgse] AdelEd FaEe
A kst

Cer = Ucr x V / Per
Ccr : Creatinine clearance
Ucr : Urinary concentration of creatinine
Pcr @ Plasma concentration of creatinine
V @ Urine volume for 24 hours
Ch ARTA o3k AR E4
MDRD-GFR¥} CG-GFR< ool Wyoe qtzsiglon, CG-GFR=
AEAZA (body surface area, BSA) 1.73 m?’S2. 2 B A3}t
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MDRD-GFR’ (ml/min/1.73m? = 186 x (8% Id#oleyd Ex) 1 x
(L}o]) 0208

(x 0.742, o349 Z¢)

CG-GFR’ (ml/min) = [(140-Y°]) x AF/(72 x @3 AdolEld Fx5)]
(x 0.85, o443°] 4-%)

g}, "Tec-DTPA A&7

P"Te-DTPA 5 mCig #Abo] A5 A& Bste FApet

955190H Gates 'S o] &atd APA Age Zgarrt.

e
EE 7l ARs Hordeds Ee 9EEE dehglen, A8
42 SPSS A T2 (ver. 13.0 for windows: SPSS, Inc.,
Chicago, IL, USA)= ol&std st g Adde] dA9
AF ol WE Zze] AbTA o3 AE U Alole] A#dAl=
Pearson’s correlation test& ©]&3to] 43190 2™, MDRD-GFRe|
g 4F WHoR AEd AAl o3& Hl= one-way ANOVA
test® BT One-way ANOVA test 9 H| 9= 7Z4-$E Student’s
t-test®= FASATE T3 oAy 7HA] WHOE AEEgE AFTA] o 9
A% (accuracy)E €7 93ty MDRD-GFRQ £10%, £30% ©o]ujel

ofs

¥34d g5 73 3 Chi-square test® Hlu A5G T pake 0.05
kg 7B fos Aoz ek gith
. 2=

H, PG A#HL 554194, Y HE 1.5:1
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oldtt. & WA Aol HF MDRD-GFRE 22.5+18.7 ml/min/1.73m?,
F# CG-GFRE  23.5+17.5 ml/min/1.73m?, H7 Ccr-GFRL
21.7+18.6 ml/min/1.73m? =2l WF DTPA-GFRS 29.4+19.7
ml/min/1.73m*0] 1tk (Table 1). ul’d A5 v Ad3ke] A
el BFS W, 27]7F 479 (9%), 371 111% (20%), 47] 1369
(25%), =]l 5717} 2559 (46%)°1lem, Ao met /3
moll &= 404 wRte] 1049 (19%), 40~594] 1859 (34%), 28]a 604
o] ol 2607 (47%)°] At

Table 1. Clinical Characteristics of the Patiemtsoading to CKD Stage

CKD stage 2 (n=47) 3(n=111)4 (n=136) 5 (n=255) Total (n=549)

Age (years)  54+20 55+17 6014 53+14 55+19
Male (%)  32(68%) 75(67%) 88(64%) 130(51%) 325 (60%)
BMI (kg/m?) 23.6+3.7 23.443.7 22.642.7 22.4%2.7 22.8+3.1
BSA(nf)  1.68+0.19 1.69+0.17 1.64+0.13 1.63#0.14  1.65:0.15
BUN (mg/dL) 21.4+0.4 27.339.3 45.3+14.9 69.6+24.1  50.9+26.6
Cr(mg/dL)  1.2¢0.1  1.8+0.3  3.1#0.6  7.4+2.9 4.743.3
MDRD-GFR 68.2+8.2 38.7#6.6  20.1+3.8 8.2+28  22.5+18.7
CG-GFR  63.0£12.8 39.4+8.5 21.3+4.86 10.4+3.4 23.5+17.5
Ccr-GFR  56.6£20.6 38.5+15.0 19.9+7.7  8.9+5.3 21.7+18.6
DTPA-GFR  64.3+23.9 43.0£15.9 38.6+11.9 17.6+10.3 29.4+19.7

The results are presented as mean + standardidaviat

Abbreviations: BMI, body mass index; BSA, body swgd area; Cr, creatinine; MDRD-GFR,
estimated GFR by Modification of Diet in Renal Dase equation; CG-GFR, estimated GFR by
Cockcroft-Gault equation; Ccr-GFR, measured GFR dogatinine clearance; and DTPA-GFR,
measured GFR by™Tc-DTPA.



2. WA AR VA D AT ME AT AT HE Y
AEERREEE
W s AR dAEE ERete] 243 A, BE TolA

CG-GFR, Ccr-GFR, 283 DTPA-GFRo] MDRD-GFR# ¢]m]glE
FBBAE JATE (p<0.01). CG-GFRe] 7% Ccr-GFRo]Y DTPA-
GFRell ®]3}e] MDRD-GFR¥} 7} e ko] AaaAE vepdon,
2718 AQstas 4T AF7 0.6 o] doldth Cer-GFRE 571947t
MDRD-GFR#}¢] &3 Al7F 0.6 o]/dele™, DTPA-GFR¥ MDRD-
GFR Atole] & Alee A @ANA Hlud wokth (R=0.271~0.452)
(Table 2) (Figure 1~3).

gy, Aol W2 CG-GFR, Cer-GFR, 81 DTPA-GFR¥}
MDRD-GFR Atolo] FaA#AE ool AE BHAcHl, L FolA=
CG-GFR¥} MDRD-GFR Apole] A A7t EE dA=RTolA 7HE
=%tom, DTPA-GFR¥} MDRD-GFR Alole] 2 Al47t 71wkt
(Table 2).



Table 2. Pearson Correlation Coefficients betwedtR GEstimated by Various

Methods and MDRD-GFR According to CKD Stage andepéd’ Age

CG-GFR Ccr-GFR DTPA-GFR
CKD stage

2 (n=47) 0.349 0.470 0.452

3 (n=111) 0.608 0.371 0.378

4 (n=136) 0.676 0.283 0.271

5 (n=225) 0.896 0.720 0.369
Age

<40 (n=104) 0.976 0.856 0.767

40-59 (n=185) 0.984 0.885 0.761

>60 (n=260) 0.973 0.845 0.773
Total 0.955 0.857 0.767

P-values for all reported correlations <0.01

Abbreviations: MDRD-GFR, estimated GFR by Modificat of Diet in Renal Disease equation; CG-
GFR, estimated GFR by Cockcroft-Gault equation-GER, measured GFR by creatinine clearance;
and DTPA-GFR, measured GFR ??Q“TC-DTPA.
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Figure 1. Correlation between MDRD-GFR and CG-GFR
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3. AFTA] A3t A= U Ad
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h= ]
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71Zo R 10%9 30% 23 WY olule] £dE }EL Fa T 747}o]
AFTA oI A& WS v wake] o, MDRD-GFRO] ojdh zhzhol
el mE ARFAl oHEe] wlE Fete] MluwshE WHoRL

Aol e zbF ARFAl o 3g s B A=
MDRD-GFRE 7]F22 10%2 30% 3 WY ol g2 IFE2
CG-GFRe] 7}d &9kor, Cer-GFR, 18] 22 DTPA-GFR2] =4 o] 1T},
CG-GFR9] A% MDRD-GFR®] 30% 2z #Helol xgtd ZHEo] whAg
Ak 271, 371, 471 B 5719M A2 87%, 91%, 91% B 54%E 571&
Aoletie AYErE HluA wokth w4 2143 57] At AeolE
e oy A WHoRE AFEd ARPAl o3E 25 MDRD-GFR9
30%°l x3E TEo] 2~47] TR Hste] folshAl wkokth (p<0.05)
(Table 3). ¥, MDRD-GFRol| digh Ztzte] whye] wE A3
ol g uE B3 A3}, CG-GFRI} Cer-GFRe] w4 21439
SA o= Adglol ¥lwd MDRD-GFR3F #po]7b AW wkd | DTPA-
GFRe] ZA$-ole wAd 2143k 57]9] Zx}oA] MDRD-GFRel H] 3}
SAH o8 ou A HAFTletE AoE yEbRTE (p<0.05) (Table

oleb= RiE, w4 A3 27] AN E ThE o] 7HA By
25 MDRD-GFRel Hlste] #AaHrtetes AdFs Ao SAEAA
oJu = glgich
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Table 3. Comparison of the Accuracy of Various GEftimating Methods based on
MDRD-GFR According to the Stages of CKD

CKD stage CG-GFR Ccr-GFR DTPA-GFR
accuracy within accuracy within accuracy within
10% 30% 10% 30% 10% 30%
2 27% 87% 25% 61% 36% 70%
3 40% 91% 28% 74% 17% 57%
4 41% 91% 30% 71% 15% 39%
5 16% 54% 15% 51% 1% 17%

" p<0.05 vs. stage 2~4

Abbreviations: MDRD-GFR, estimated GFR by Modifioat of Diet in Renal Disease equation; CG-
GFR, estimated GFR by Cockcroft-Gault equation;-GER, measured GFR by creatinine clearance;
and DTPA-GFR, measured GFR ??Q“TC-DTPA.
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Table 4. Subgroup Analysis of the Ratio of GFR faated by Various Methods to
MDRD-GFR in Each CKD Stage and Age Groups

stoge Age
40< 40~59 >60 Total
CG-GFR 1.13+0.16 0.95+0.08 0.79+0.10 0.92+0.18
2 CCr-GFR 0.91+0.33 0.85+0.31 0.76+0.21 0.82+0.27

DTPA-GFR 0.94+0.33  0.95+0.42 0.92+0.27 0.93+0.31
CG-GFR 1.20+0.15 1.08+0.11 0.91+0.11 1.02+0.17
3 CCr-GFR 1.07+0.35 0.99+0.23 0.96+0.39 0.99+0.35
DTPA-GFR  1.06+0.49 1.27+0.27 1.07+0.34 1.11+0.38
CG-GFR 1.25+0.13 1.18+0.10 0.96+0.13 1.06+0.17
4 CCr-GFR 1.21+1.01 1.06+0.32 0.93+0.29 1.00+0.40
DTPA-GFR  1.44+0.69 1.40+0.64 1.46x0.56 1.44+0.60
CG-GFR 1.49+0.18 1.35+0.13 1.13+0.13 1.29+0.20
5 CCr-GFR 1.08+0.56 1.10+0.44 0.98+0.34 1.05+0.43
DTPA-GFR 2.16+1.39" 2.30+1.3¥ 2.22+1.50° 2.24+1.40
CG-GFR 1.34+0.22 1.25+0.17 0.98+0.17
Total CCr-GFR 1.07+0.55 1.06+0.39 0.94+0.33

DTPA-GFR 1.61+1.16 1.86%1.15 1.62+1.12

" p<0.05 vs. CG-GFR

# p<0.05 vs. CG-GFR and Ccr-GFR

T. p<0.05 vs. DTPA-GFR of stage 2 and 3

¥ p<0.05 vs. DTPA-GFR of stage 2~4

Abbreviations: MDRD-GFR, estimated GFR by Modifioat of Diet in Renal Disease equation; CG-
GFR, estimated GFR by Cockcroft-Gault equation;-GER, measured GFR by creatinine clearance;
and DTPA-GFR, measured GFR B{/Tc-DTPA.

U Ao mE 24 ARA] o3 Ak o] A
AdHF el wEl MDRD-GFR2] 10%9 30% 24+ ®9] ool x3=
352 CG-GFRo] 7F4 =9tom, Ccer-GFR, 283 DTPA-GFRY]

ofdtt. E= ol =Ape]l dAFo]l @olgol w2t MDRD-GFRE]
14

M



2 nglom,
9l

10%9 30% 22+ 9] olule] Xdd Fgo] FolAE A
CG-GFR®] Z-fol= 604 o] ol 10%< 30% 2=t
ool Egd FEo] 604 Tk FAFol HIEHY oo A EUT}
(p<0.05) (Table 5).
gk, MDRD-GFRel wigh zvzhe] wpie] mE AL o 3&o Hl=
604 o] Akl A= CG-GFRo] 0.98+0.172 1] 71 7M7h o
o4& Ccr-GFR/MDRD-GFR HI7} 1o 7bd 243
A9olE RE A= TolA MDRD-GFRo
ofgtAl  HiE st AoRE YERsT

AR
A3E Kt DTPA-GFRe]
ARFAL IS
accuracy within
30%

H| 5}
(p<0.05) (Table 4)
Ccr-GFR

CG-GFR
accuracy within

30% 10%
10% 28%
29%

AT
O O [e)
Table 5. Comparison of the Accuracy of Various GEftimating Methods based on
DTPA-GFR
accuracy within

10%
55%
9%

42%

MDRD-GFR According to the Age of Patients

30%

20%
58%
15%

Age (years)
10%
50%

22%

67%

10%
60%
24%

<40
17%
1 93%
Abbreviations: MDRD-GFR, estimated GFR by Modificat of Diet in Renal Disease equation; CG-
GFR, estimated GFR by Cockcroft-Gault equation;-GER, measured GFR by creatinine clearance

40~59
42%

>60
p<0.05 vs. <40 and 40~59 groups
and DTPA-GFR, measured GFR ${fTc-DTPA
IV.

AVTA] AB}EE R
] -

W F28)



sl Aol QoA Agsel gk 1 FoA g A

7 54 W AgAds Hrtetr] s FolEuxE O 7]Fl
He HHE dAsoF sted, & dFelA+= MDRD 324& o]&3td
T35 AFTAl AFES 7|$2E 3t MDRD #2412 19999 Levey
5ol 162879 FAE UFOE iothalamate clearance® ©]-83}4]
FHE FAoR, 20060 FAHE FAol wRHAoH, AANAE

449 ool de olgd ATFA o WEY HEH FHom

=
SAJMY, dwtdor 4 FdotEde d® Jaffe WoR BE=
alkaline picrate ¥, @& =AW, high performance liquid
chromatography (HPLC), Z18]3il isotope dilution mass spectrometry
(IDMS) 5% ol&3te] FAHsA dF. £ AFoAE Jaffe HOR
=74% 93 AdoteldS o] &5t AbTAl AFeS AF=EsileT, o
WS S0l Mg &olsttts Aol e del ®Hl nonchromogen
A otEd-E 5437 wmol Jaffe oz SAHE 4 AdotHdES
AT A AA AFFA AJIEo] Hlste] oF 10~20% AE HHA

€2 MDRD F2oAE Jaffe oz A3 I3 FAdoleld,
a8z AR jEE MDRD #AoAE IDMSE =A3 Fdolgde

AHEstlEEl 2 AFelA = HF Jaffe HOE SAI AdotHdS

e
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ARESFRAAIRE HZe] MDRD &4 ©]&3dt A=d AMTAl oA3dE&S
7122 &Qlth. MDRD &2lo] wx 7] 74 7 9 AMEH AR
AREA Ad3kg AE Fae 197690 2HEH Cockeroft-Gault
Fog, o] Fa dA A FAHotE IS ALEEte] AMFA &S
2bZ3skth, MDRD-GFR¥ CG-GFRe] AT E Hlul 2435 7|9 79
AF ANEL AvEd, AErt fFAEITHE AT BaE YA
MDRD-GFRe] CG-GFRell ®]ste] of At A+ Hirt ¢
B Aot o]y o]ffollA B AFeAE A/delA A
AET F JdowA, g AREE AL A, AA AFFA of & Bl
9 x15= MDRD-GFRE 7]1& 2.8 33ith

AT AW v Ao A9 AR d#Eglol CG-GFR¥Y
MDRD-GFR Atele] AaAaA7E 7b F%ow, MDRD-GFRe] 10%%
30% 22 W9 oldel] =3E FER= 7MY E=U%th ol= MDRD-
GFRolY CG-GFR EF @4 Y otEdE 722 & 325 o] &3t
A= Zol7] wWEow AzZtdct wrdHo], MDRD-GFRel thdk CG-
GFRO| HlE= SATAR o9& AR 18T & AFAE HITh o&

MDRD ¥4l Zgsol AA #AL CG Tt TFH At

(|

A dl FFotEdY diRE AMTAl oIE Sske] WA AR
ARE 29 Axolre FHlE Bt wjdEy, oA AxTelA
wH = Fdelelde A7lE Ash @AM oL FUkeA "ok
mEbA 24417 WS o]&dte] FAT Cer-GFRE Al7ls A}
Aol A= AA AFFA o] ol Hste] oty = Aol Ak #
ATl "R 21E3 5794 RF MDRD-GFRel tgk Cer-GFRE]
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HI7E 1 ol dollg ®, 27]0lAE 238 1 ©l8k® Cer-GFRol AMEA]
A& S 938 FaHrbetrth Ee Cer-GFRO] MDRD-GFRE] 30%
oz Welel xTgd FEo] 51~74%°] EIHSCL ol#F Ave
24707 AW FHe #AZE A A4 WEez Atgdrh F,
a9 ol HAGA o]Folxthd MDRD-GFRe] 10%¢ 30% <24
e el x3E FEo] wobne ¥ oyt WA AdF 379
47]9] %= MDRD-GFRel gk Ccr-GFRO] HI7F 1 ol4fo] HAE
Ao Yzdn

Age R, B AT ARFAl ofakge] SO AREEIE e
FALALE o8 ""Tc-DTPA ZHAtolth QldelA AbFAl o3&

e gl AgEHE WAM FI9LE olgd AAmE -

4
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Abstract
Comparison of various methods for estimating glomer ular filtration rate

in patientswith chronic kidney disease

Dong Hyun Kim

Department of Medicine

The Graduate School, Yonsel University

(Directed by Professor Shin-Wook Kang)

Objective: Accurate estimation of glomerular filtration rgtéFR) is crucial
for the detection of chronic kidney diaease (CKID).clinical practice,
several methods have been used to estimate GFfdyetare limitations in
each method. This study was performed to investitfa variation in GFR
measured by different methods in patients with CKD.

Method: A total of 549 patients with CKD stage 2-5, whodarwent
biochemical test for serum creatinine, 24-hour eirstudy for creatinine
clearance (Ccr-GFR), arld™Tc-DTPA renal scan, were enrolled. GFR was
also calculated by using Cockcroft-Gault equati@G{GFR) and MDRD
equation (MDRD-GFR). The correlations between MDBBR and GFR
estimated by other methods were analyzed accotdirtbe stage of CKD
and the age of patients (<40, 40~59, a6d years).

Results: The mean age of patients was 55+19 year with ata 1.5:1 and
the mean MDRD-GFR was 22.5+18.7 ml/min/1.73@8G-GFR, Ccr-GFR,
and estimated GFR by’™Tc-DTPA renal scan (DTPA-GFR) correlated
significantly with MDRD-GFR in all CKD stages and &all age groups
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(p<0.01). Compared to patients with stage 2-4 CKipwever, the
possibilities of CG-GFR, Ccr-GFR, and DTPA-GFR ®within 30% range
of MDRD-GFR were significantly lower in stage 5 CKiatients (p<0.05).

In addition, the ratio of DTPA-GFR/MDRD-GFR in petit with stage 5
CKD was 2.24+1.40, which was significantly highéran those of CG-
GFR/MDRD-GFR and Ccr-GFR/MDRD-GFR  (p<0.05), indingt
overestimation of GFR by"Tc-DTPA in patients with advanced CKD.

On the other hand, the accuracy of various GFRresitng methods was
higher in patients aged more than 60 years comgaréxt others.
Conclusion: CG-GFR, Ccr-GFR, and DTPA-GFR correlated signifiba
with MDRD-GFR, but there was a wide variation in KSestimated by
various methods. Therefore, a careful interpretatib€G-GFR, Ccr-GFR,
and DTPA-GFR is needed according to the stage ob @GKd the age of
patients.

Key word : chronic kidney disease, glomerular filtrationte;aMDRD
equation, Cockcroft-Gault equation, creatinine @eae,’*™Tc-DTPA renal

scan
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