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Evaluation of Validity Glomerular Filtration Rate Measured by Gates Method
according Region of Interest

Su-Young Park"-Sung-Min Ahn?

Y Department of Nuclear Medicine, The Catholic University of Korea, Eunpyeong St. Mary’s Hospital

? Department of Radiological Science, Gachon University

Abstract The glomerular filtration rate (GFR) has been the subject of much research as a key indicator for diagnosing,
treating, and monitoring kidney function. The gamma camera method (Gates method) is simple and allows simultaneous
acquisition of GFR and renal scintigraphy for each kidney, however its accuracy is inferior. This study aimed to inves-
tigate changes in GFR depending on how region of interest (ROD) are set up, which is one of many factors influencing
accuracy. GFR was calculated by setting the ROI for each phase of the image acquisition time (Gates-1: 0~1 minutes,
Gates-2: 1~3 minutes, Gates-3: 3~27 minutes), and statistical significance was verified based on probability value 0.05 through
ANOVA analysis, While there was no statistically significant difference among results from Gates-1, 2, 3 (p=0,481)0.05), overall
results from the Gates method tended to overestimate compared to those from the multiple blood sampling-dual ex-
ponential (MBSDE) method, When comparing averages between phases, results from Gates-2 were most similar to those
from the MBSDE method, Moreover, paired t-test p-values between MBSDE method and phases were as follows Gates-1:
0.021 (p(0.05), Gates-2: 0.280 (0.05), and Gates-3: 0.164 (p)0.05) indicating that only Gates-1 had statistically sig-
nificant differences compared with MBSDE method, Thus, setting ROl around 2~3 minutes is calculated can aid in accu-
rately determining GFR when Gates Method,

Key Words : Glomerular Filtration Rate (GFR), Multiple Blood Sampling-Dual Exponential Method (MBSDE), Gamma Camera,
Gates Method, Region Of Interest (ROI)
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A GFRI} Sl2jsialo] 4 ALESlE GRRES E-83fo]
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Floto @4 AloteEld A5 S48 Cockeroft—Gault
(CG) FAlo|Lt, Modification of Diet in Renal Disease
(MDRD) ARSIl GFRE AREstal QItH9,10].
E£3] MDRD Z4]& 200549 Isotope Dilution Mass
Spectrometry (IDMS) WHo=2 &3 I oleld A&
Akt S BAlo] WEEle] BAIA] GER Aol
2 AT SIeH1L), BHAIT MDRD 418 ol83 GFRE
ohAlollold AT tha EA BHEE Aol Ui
GFRo| Aol o2k 7h4%t iz AT} Wol ek
o] ATH3I.
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oleig THlols BTAk FApol sk AR
o] ¢t Renogram} &, - & Z}719] GFR= 54l
o 3 4 9= A7) 9o} Algto] T A1ge) 7l B
A, 82 s, ol Aol A 25 ot A ek
o] Hjdof o|27|71x)9] Hgk B7HE Hsh22] ¢
A o] o] 8313l Qlo] GatesHS o]-83F GFRY| A& g+
S Eole Wk A&sA Al ofgiet, AA] oAl
% Matrix size, 5HYU20] §5H23], vjF YA AA
[24], 32 Z001[20] 5 ole] 74 QlAge] AL Tl oS
AEst GFR AR LS =& U7] €3t =go| &g
IR Sie. S o) AL Bkl it
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Aol g B 4

B T AL A AT GABA A7) 712
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wfefa] & Lo A= Renograme 7|HEO 2 <3517
4179 ‘%P*Faﬂ F7Fk= AIZIQ1 7], 8 o] 54
A7h A &A Aol A 25 Folf o] AR} s =T}
TE5HA %Pi?f}% AIZ1Q1 ZH]7], Aol A o] Wakso] 2|
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1. g7y

2019 6¥EE 20234 6¥71A] C tjshg Y ol
2t FEol4 3o 2} F MBSDES} An7HehE: o]
43} GatesHS 0]-83F GFR HARS L& AJ3st 33 o]t

AEe IR} 1474(42.42%), oA 197 (57.58%) 0] AH )
L 507} 12(36.36%) 2 7FAF Wil HFAEe 44 27+
12,034 tH(Table 1).

Table 1, Socio—demographical variables

N % M+SD
M 14 42,42
Sex
w 19 57.58
Age 10s 1 3,03 44.27+12.03
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N % M=SD
20s 5 15.15
30s 3 9.09
40s 10 30.30
50s 12 36.360
00s 2 6.06
Total 33 100

2. AAedE
D) 954 E o]F A4 H(MBSDE)

AR NA AAF 30 AFH oF 1500 mlo] & HF
S5 SFGIAL 315 o] A o] e A Fae} 3—way
stopcock, 23 Gauge scalp needles ©]-&3Fo] WAL <9
OF3Z ¥me—DTPA 37 MBq (1 mCi)/0.5 ml-& FAFSHIT)
FAZ] Yo BE WAMI YTt FojEesE el
4= 10 mlS F7F U7 & FAF Alof] ARRE ARFEEL
WANsS tHA] S48k AA| Folel ®Akso] oF& ALt
Bl

FZREAL P™pe—DTPA 37 MBq (1 mCi)/1 ml-& 1:5000
OS2 B)Msto] S FH] F ARGRE aRESO| Y
A= thA] S7ste] AA| FolE WAkso] o ALtbst
ATt

PAEULE FolohA] g2 vt A5 s 5
3 F 43)(FAF F 10+, 30+, 180+, 2400 AA Z

5 mle] N A 3IH T YAEZ]7](Centrifuge 5930,
KUBOTA, Japan) (Fig. )& ©|-&3}o] 3,200rpmoj|4] 10

w7 4 Belele] @S welsor

Fig. 1. Centrifuge 5930 (KUBOTA, Japan)

Az BZ7)|(Messia DS 8150, Shinjin Medic's Inc, Korea)
(Fig. 2)& o838l 2 AXPE= 1 ml * 17)E test tube]
B BEEAL 1 ml + ) Basle] 248 20l
o 1 ml2 25 H 55252439 @42 Captus 3000 AH]
(CAPINTEC, USA) (Fig, 3)2] Well count modeZE ©]-&3}o]

LR PARSS cpm B8R ST,

Fig. 3, Captus 3000 (CAPINTEC, USA)

N o] WAFG-2 PrTeo] High7|E o] 83t
oz Agte] g dF WAy 529 1
. Hog dF WAl T ols Al
X(Double exponential)S w2t AHA[26] HE
AIZPE (AL 3 108, 308, 1808, 2408) zHzF 2%
& AR (Y, Y2)3 AIZHt, min, X&)9] DataZ o]
g5fo] o]F X4 A& 2HJSHal Sapirstein 50| A|A]
3t o X2 A B, D161 helato] uaE 2A HS
(Non—linear curve fitting)2 E3] A4 a), as, by, bye
AhESEATHFig. 4).
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Y= al*eib't+a2*eib2t (Eq. 1)
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Fig. 4, Double exponential curve of MBSDE
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AEE A an an, b, beE FARE AP QofEe] &

“F(Injection Dose, ID, mCi)Q} A Eq. 29 thelsto] 2|

FHOR GFRE A&
GFR= (ID*b,*b,)/ (asb, +ajb,) (Eq. 2)
2) Zui7tulebg o83 GatesH
@ OﬂAPES_:]E
shxjol 7] Folmls WAkso] Bekat ok 2457 Sl

9mpe—DTPA 111 MBq (3 mCi)7}

L.O

Sojgke FA1e) WAt
AoH A A= ZHo]E|(Low Energy High
Resolution, LEHR)E—;—H 30 cm "olR oA 1E87)
ASSHAL HAPE TRE & 22 Pes 117 AS
si9ict

LEHR Z&|H|o|E]& 23t Symbia Evo Excel (Siemens,
Germany) (Fi. 5) Aol 4545 42 ok
H]—/\}-/H _,]o]:& (] x~]2,<_ X-hJH H o 2 %7} /\]_5}04
g 55k9th F4EE Al A3 Parameter+

A]2] Phaset= Renogram= 7|WHo.2 AAJ3}4
WA, 47124, a7 I(AIZh & 4

Fig. 5, Symbia Evo Excel (Siemens, Germany)

Table 2, Parameters of Glomerular Filtration Rate study using
gamma camera (Gates method)

Parameter Value
Matrix size 64 « 64
Zoom factor 1.23

Energy level 140 keV £ 10%
Image Phase 1 1 sec = 60 frame ( 1 min) — Gates-1
acquisiion ~ Phase 2 5 sec # 24 frame ( 2 min) — Gates-2

(Total 27 min) ppase 3 30 sec « 48 frame (24 min) — Gates-3
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Tinase 3~5 min
4

Secretory Pése:
20~40 sec

Excretory Phase:
3~5 min later

Bladder Activity

Radioactivity

Vascular Phase:
15~20 sec

f

Tij2: 7~10 min

15 20 Time(min)

o

10

Fig. 6. Renogram[27]

(2) Fd=A

Syngo MI Applications VB21B (Siemens, Germany)&
Agstol 5 54 B2 A4S JPRAE Agsioih

B4e] B ol Gk 4 B 7], BEAR S0
of Taylor W441£128] o188 S oIS Akkslel g

py N ]
I THTable 3).

Table 3, Kidney depth calculation formula (Taylor equation)

Kidney depth (cm) Celculation formula

Right kidney 15.13*(Weight/Height)+0.022:Age+0.077

Left kidney 16,17%(Weight/Height)+0,027+Age-0,940
FE TEY W Y99S S SRt A5H 3
QA QAT A7be] Phase WE TRelo] Wivls
Gates—1, HH1|7]+&= Gates—2, HJAd7]+= Gates—32 HH3}
Sch. 7t Phase ¥ Sob TREE TR Feo B
QL ARG N AR Fee TR WIS o
of] AA3IHThFig. 7). Split functionS 2~3E0 2 #-&
ofo] Eq. 33} 22 Gates 32{[19]°] ti}5}o] Phase &

GFRE 278l FAlo] B 715 FAE fssiar)

¥ ¥ |

-

Fig. 7. Region of Interest in Gates-1 (A), Gates-2 (B) and
Gates-3 (C)
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Cri— Crprg n Cri= Oy o Al 7He] EAIE [-ol8E-2 p-value 0.481 (p0.05)E
GPR= | 100)(9.81270) — (6:82519) frefat Alolr) gl Ao veht BAH R folo] §lo]
A5 Agak ek,
(Eq. 3)

Crx: 95 3% T 99 7I2E
O H2= T 74 Qo] 7j9E 2. Gates—1, Gates—2, Gates—3 M| 7§ 22| 95%
Ot 95 B 799 7hee s vl
Cime: 5 T2 WiIT9Y 7IE Alte] Btk AgstA vlastr| Sl 95% A=k
Corenst A 2 A7) 7H0E & FIBHITH Table 5) (Fig. 8). GFR] 95% AIZ774
Cpostini® TAF & FAP] 7HEE H 31 Fto] wol EAfsto] Btgke] Afol7} 5614
W ARz o] 4y A40.153) okrha & 4= Qi)
xSt FE S 5 & oE7ER] 9] 2 A

(3) S 24

A5 BAS SPSS EAIZE I (Ver, 21,0 for windows: 2
SPSS, Inc., Chicago, IL, USA)S o|&3lo] S35t} T
Gates—1, Gates—2, Gates—39] A7E= AHAo] HEZE Y] oo —‘7
Bt} 95% 412|712 Hlaskr] 918 ANOVA #413 191 5
o}, EZF ANOVA EA40A AR /o] veld wi=
Bonferroni's method S o]8510] AFEAAL AlHsl7|2 5}
At} MBSDEE 7|+ 2 & Gates—1, Gates—2, Gates—32}2] b 1 l l
A A = AR 0] Ado] HEE| o] Paired t—testE ol
olato] BA] HAslelon] BE HAGIA povaluel 0,05 T e 5

HRtel SAH 2 Fefet Aozt gl Alom sttt Fig. 8. Comparison of 95% confidence

according to GFR of phase (N=33)

74 9
. 2 =t 3. MBSDES} Gates—1, Gates—2, Gates—32| paired

t—test A1}

- - 3 M i 2o IR H|m )
1. Gates—1, Gates—2, Gates=3 M| 7§ w2l Tk HliL MBSDES} Gates—1 3-98H2-2 pvalue 0,021 (p<0.05)

ANOVA EA A1} Phase ¥ GFRQ| H+ H|ul+= Table 2 G935t x}o|7) Y= Al R UEEIL Gates—22] *}o]
49} ZHo] Gates—1, Gates—3, Gates—2 <=2 =7 YE: = p—value 0,280 (p0.05), Gates—32] Z}o]= p—value

Table 4, GFR according to Phase (N=33)
Phase (Mean + Std, Deviation)
Gates-1 Gates-2 Gates-3
GFR (mL/min) 134,32 £ 28,46 126,52 + 26,37 128,44 + 26,65 0.738 0.181

Table 5, 95% Confidence according to GFR of phase (N=33)

95% Confidence Interval

N Phase -
Min, Max,
Gates-1 12423 144 41
GFR (mL/min) 33 Gates-2 1717 135,86
Gates-3 118,99 137.89
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Table 6, GFR paired t-test (MBSDE and Gates)
Paired Difference . ,
— df Sig (2-tailed)
Mean Std, Deviation Std, Error Mean
MBSDE & Gates-1 -13.81 32,71 5.69 -2.42 32 0.021
MBSDE & Gates-2 -6.00 31.35 5.46 -1.10 32 0.280
MBSDE & Gates-3 -7.93 31.96 5.56 -1.43 32 0.164

0.164 (0.05) 2 MBSDEE Gates—13} -2J3F }o]7} QL
gk, U A] Gates—29} Gates—32H= -3-2]3t 2}o]7} ¢l=
Ao 2 YePGTHTable 6),
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