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A Fundamental Study on Radioisotope Renogram
(An Approach to the Standardization of the Renogram Equipment)

by

Nobuharu Yui
Department of Radinlogy, Chiba University School of Medicine
(Director: Prof. Dr. Hirotake Kakehi)

The radiosiotope renogram is one of the most popular functional tests of the kidney, and the theore-
tical approach of the quantitative analysis has been tried by many authors. But no generally acceptable
method of analysis has appeared. It seems that the hindrance of the development of quantitative analysis
lies mainly in the insufficient data taken by the not-standardized or imperfect instrumentations.

Though there are many factors that infuence on the radioisotope renogram, equipment is the most
important factor among them. The standardization of the renogram equipments was investigated in this
paper using the renal phantoms and patients. The assembly of the equipment and it’s application to
the patient are as follows;

1) The larger the size of the Nal crystal, the more the sensitivity. The erystal of 27'¢x 2"’ is about
five times as sensitive as that of 17’¢ 1"’ in the similar geometric conditions.

2) The thickness of the lead shield should be enough to reduce the counts of the 1-131 photopeak from
outside of the visual field to less than one percent of those from the visual field.

3) The whole kidney should be included within the complete visual field of the collimator, while any
part of the opposite kidney and the bladder should be excluded from the incomplete visual field.

4) To make measurement at the photopeak of 1-131 decreases the infuence of the body background.

5) Concerning the time constant of the rate-meter, two seconds is the most advantageous with regard

to the immediate response and the less statistical error.
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Fig. 1 Phantom of body and kidneys.
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HAIHRET7 7 ) A BIRBCE 7 » v b — 2
7 7 v b —shofEEoMBICEEHES . i
N7y v b =2 L LTRS 5.5, 1f1 3.5cm,
X 2.5, FHE0ml 0L OROKET 7 b
— & & LTEX13.50m, (1} 6.5tm, [EEX 5.5cm,
ARG 430ml 0 D% FIE L.

Rk S

WEBAF 4 ALARY L O gt —2 U ASF
5

KEBEH LY = — & -

WL 14 vFEEX 1A v FRT2 1 v
EfEx 2 4 5 Na I 5.

a2y 2 —x- (Fig. 2)
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No.l Rectangular 2.50m3, 7cm, 6CMX &cm

Type
No.2 ‘(]3“3;;1;31 2.5em5, 2.3cm,  3.0cmp
No.3 %3;2?31 2.50mp,  6ecm, 5.5cmp
No.4 jg%{iecal 2.5cmp,  10cm, 9, 5cmp
No.5 ‘%Eg:drical 2.5cmp, 7 Cm, 2.5cmp

Fig. 2 Collimators.
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No.6 Conical 5 cng, 9cm, 9.5cmeg

Type

. .
h“7%$§M scmp,  9em, 12.5emp
No.8 '(I_?))J;;;;]drlcal 5 cmg, 9em, 5cmp

IR I B Jgor Mock lodine
2) Nal gEfhiokE X &S OWT
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E Vg x1"RO 27 x2"ChDH . REDIHD S

MR 27 D EDEF EFE 2 BB A Win-
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BodOEERLIFI2afE L Es6h5 00

3 A vFHEEOREMCT L TR A T . T EE

w5 & o rhly iz BEEH SR I Bt b

L. TRl 4 v ERXIE2 A Vv

EEMCDZ EMHEEE L OWZEOKE R T

LI, @R P o 1ml o EEREGRE & 180

ml OB 7 5y v+ — 212 ANic b O THIERTTIs
Table 1 Comporison of sensitivity of 1''¢x

1" and 2"7¢x 2" Nal crystatls,

| Window | Base |

360+ 2504 300 | 200 100
130Kev50Kevl Kev | Kev | Kev_

Stand | 100 100 | 100 | 100 | 100 |
17gx17 | _ i !
: Kidney 90 | 88 i 88 87 91

' Stand | 580 | 530 | 670 630 | 490
2 X2 | ' | _
. Kidney| 500 | 490 | 590 | 550 420 |

Standard Source 1ml, Kidney Phantom 180ml
Distance 17em
Counts of Standard by 174x 17 Nal 1002

WY x17, 27¢x 27 Jc ey I R o K& X
D) &=z =%, FRIEE RS E oy
MTL Lic. #FExCTFhbhLnEE7 > v b
—ARDO BT TAOD EZALHDH I HEEL
7o, Table 13 17gx 17 o 5 CHEHER I 4 0
ELlL xoi iz 100% &1L, 117gx17
THE7 7 v =&, 2V x 2" CEMERR R O

BRE ¥ AR 2R 218 B34

7y v b —a% JE Uic §HUE A T e s
% TCEKHOLTH D, TR 360kev o - 2 g
% 200~ 300kev % Window ¢, ¥ Base %%
2T Integral TfFofep o X 5 FlETL
2 x 2R P x 1 D 5~ 6 {EO MR AT B .
PERERRI & 7 » v b — 2 0 B0 it TFh
LFYIOR 9 &Teo T b, Rl b EER I3 %
BW7r v b -2 Bodh®Riz e x17L27gx
YITIITEA L EDECE BB, Rl 270 x
2T g x 1 E D ERCARFNC B & B Dk
Brbhigu. 27¢x 2" % oA | Ut gl &
9% fobic it 5 R 1 %9l % & EAATEET
H55 L, FERME U TR 6 £ &
e W EER D < E T ERD DB
MEAHE OO TIEE 1 AF TH5H. Nal
AR NE 28X 2" D b D %2 B Or Y
Ly,

3) bk B o g o T

BoR 1iHZAT 5854, Na T &5z gL,
L Do T EROMEL D LTI T E S
VR AT O BB D . RO DA E S
FTHEE N IEREN B TA S E DEL TS
ERBOBIH S A2 FIMCESIT S & & AR REI
e VB ol S BIET S & LA < T
H5L, ERLHLUTERFCOMEL LD L1 b
A5 ENBEERGE I E N B AUEFTD h E v
HZEMNMEERD, B pEY— 2 vYEOd Y v
Fa 01V % X 5 iRk a fTo0e
Fig. 3 Radiorenogram with and without lead

shielding.
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B E, £EREThiRWREBRTEEAD
V) 75 Ak EoTHRBE Fig. 3ond, EHK
B WHAIIIEIBER 3~ T L ioT 5.
T2 2 =2 —DREFALDAS 7 IRITHE
ROTRRD2~6f5ICdbETSH. v 75 2a3E
ELTEADR I YiREHITE0THE D
BEAO T (Brbovixat) iEsto
vk (BERE, s 26 & kv 2759 v
F) ol ETharz BT LWEELS,
ZRIIISHER T X D 7% DL &L Yl Tic
HETE LD HUNENH S . FOBEIMETFTLTR
I OEFRREFIEFR O BEC 2585 T E
B ANEERE I e Bl o —
THE 10090 L AT 2EINNEEE 2
b,
FTCREREED I ERRREDOSHAITIL, £
DY 2—x—ZX L IAE A (International At-
omic Energy Agency) iz X b U o f5f5iE <l
ELLHE, AHHEAN T 9%, B5/fcik
B’HO 1rEfAD155 M4 T 1 ZUTieds
HERDD EOEETbhTWwE®, v »
Z OB HEERIL  MCEE U o2 AE
Fig. 4 Directional efficiency of shielding for a
point source of I1-131.
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FE LT 100 © 1T i Y% 15 0 HERBE S
PREEEZORD, 2DV /5 afn=
A= =L ADEIN o~ 1 4 v BE TH D
A%, SEEDEERAIE & VTR D X b
MU X COBEMESE L L, B o SR CRIE
L& 2 AfIEC A TCHIFEO 10000 1 LU Fic
BBk 1.eemp S kB L. Z 2 T
e wT2empEE2HFTH2 ) 2 — & —%{E
BEL, 1 o gl A oo TG R B o SEkkaE
HRIcoN Fig. 4 THD . 5O e
1% 15.25emk Uiz, v/ 73 A0ERIERERENN
WO THEANLETIOZL L E w5 b
VAR W ASEL RN B XiziEso %L E, 5
LRI ERELE O BT A& 2 AT B
5. EWROTLATWARIHAFRCHSFTI1%Y
DT & 70T w0 B 23 3 Tk BTG S o K
DERDE E DR R Lo b i pE At 2>
HEbTWwa., FEL, 75 2% T 5B
FHabE v bW 5B a0, #
EEATHOBEVBE L v EAKC TR L
R IDES>TWAEERbEH I TD &
ELEEITC TN 1o MRk & To TR
U,

4) 2Y A—Fx—RonT

v/ 75 2By RIETETFoR T2 Y 2 —
2=k b FERLODOESTHHE BEbh
5. BEEEAHELT ¥ X143 FTR PR
WHERTWREIRIEE o —FAFCERE RS o
WY A= 2—DREFEPEL LTHLEHFI D
T REL TR HRA T35
EREBR Tz, ¥ Bodfish® 377 v b —
LEENC X D BEEAY 2 75y v VB8R D
{FT5DRIIHETFOE = V) 2 — 2 —B3FFRE
ELTWS. Lrdsii@tadmhe L ¥l e
Y7 VBRHWERS XS Il oThbitiFoiE
Eh bz VERC ALK T ED L&,
BEFD2 ) 2 —x —TI3RAEL ERECITS = 2280
Rz LB oTL LARWEEFD= ) 2 — &
—EAWAEANET Rz, Nordyke2o2920 43
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—x—%RAIEL, W% blind TfF 5 kg
LTWwb. Lo LBEERKEWE Lh2F B
DAL ADTL BOTRHERELTHIR
WeEWwWi HoTikisw., BfEv s 75 2acBHub
A=Y 2 —x-— T Rectangular, Conical, Cylin-
drical =20 Type 2% 5H, WFhoHED
FRBET BB EWD Z EBY ERETIE
b ates B[R R TP AN Bl P VR
T L D EW D ST oD B
HEhTuEic b, EBcizl”gx 1//Na 1
Aobos5fE, 2¢x2"Nal fobo 3, &
EF8fD =V & — & — % T HEHRE L.
(Fig.2)

1) SELERFIoWT

=) 2 —x2 -2 B R & IEMTEHIHSE
BhEhEERDenie, 1ml oEREREE,
ThiFiEo ¥ #&EAR 180ml OF77 v
b= a EEKREMHILIcHEZ 7 v = ahE
T EZAREELE2 ) 2 -2 —&HNT
HAL, EEGEEE 77 v — ADHKED
e Refe. Table 2 3u 3 h b EEUERE 0515
fi%d 100% & E Lt EDBE 77 v F—2DH
HOBDERTHS. 2V £ — 2 —DFEHFIT-
Thi gD b % MB 12 BT No. 113#13.5
cm, §9mpEHY, fiuivFhd A CERN
No. 2 1% 4.8cm, No. 3% 9.5cm, No. 4 |X14cm,
No. 543 2.5em, No. 6(x13cm, No. 7 (x18cm,
No. 8z 5emk 7goT 5. SELEHEIE XK
¥\ No.1,4,6, 7 TIRIZIENG & TeoTwb, =

HaRE 2B S5 BT W35

Table 2 Conuting rate percent of kidney
phantom to standard source with
each collimator.

1'% 1" 2116 % 21"
Collimator |—| 1| 2 Pq Fh’?a
@ﬁowﬂﬂ%@%waﬁﬁ
250450 '9189[3@ 91|42.94|93 9.3’?5
132;53“ 90]80{7?|8?[90 129293 92;::

Standard 1ml, Kidney Phantom 180ml
Each 10uCi**'I Depth of Source in Body
Phantom Tem
Counts of Kidney Phantom
Counts of Standard

VA= —=%g L Wi THIiRIT0% TH D H
LEESAFEF X VREFhES LIV BLE
Lo ThBEHIBE LTA L TH S, fEoT
B B k&L +5 2 ek ThH B . FiE:
WX BERUFEROKRE EDEIC X BERFRA
EdE\ . SEARIFEF X b ey No. 374,80
B BRI BTN E 3T L. B0
Pood o C—EEWEL MGy, BeIE
LFHAIL X 5 T3 RIBETRLEREIF LY
REVEWS T ENRE—GEERA S,

e 22759 v FOREE VBRFHLTARS,
—fFE k77 v r—2a (181D LofERE
Bo B 2 AR5, Bk77 v —a0kioy
REE 7 7 v b — A0 idEED 10040 11T is
H., OISR LTHEZ7 v F—a%EEX 70D
L ARRBELTEHMET e, B77 v —aA

x 100 (%)

Table 3 Countingrate percent of body phantom to kidney phantom with each cellimator.

Counts of Body Phantom

Counts of Kidney Phantom X 100 (%)
Nal 1"gx 177 2" 27
Collimator | — | 1 | 2 | 3 | 4 5 - s | 7 | 8
R J a0z | 99| 79| 96| 182 | 61 | 380 | 144|194 | 6.9
2050 | 435 | 12.0 | 104 | 12.5 | 15.5 | 0.1 | 40.5 wa‘ 23.2 | 12.8
|
| 100Kev ' , i -
BoesY | 42.8 | 1.5 | 10.1 | 11.8 | 14.8 | 9.9 | 40.2 Hh‘ 22.2 | 11.2
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@ mnet counts # 100% & & LT HE77 v b —
A net counts % Z RICHAH 10047FETEDL
Licons Table3 TH % . EFLWUHFAKEVLO
FhEWL DI LTEEAY 2 759 v FDRE
WhRE., Lo REFIREEEE Y
275V FOREYITHEENREL LS.
Fhiffg= ) 2 — 2 —0EERFEE LTS A
LDiEFoRkEIAINILL, Th ksl
BEHOTAFICIED ., L LBokE @A
ERHD, WREBECREYEHTCTSC LD
L &R H BT ARIERLRKEHD L DOR(E
JALhnE#el 2%, 2) A—x—No.1o
HEDFE L No. 4 oHFIITIER UALIcin b 23y
th3v 2 759 v Vo 8z No. 10 Jihdis
. 2RSS Rectangular Type o J5 73k
LlgonTWwhichEE2bh, ZoMTHEARO®
REARNE K X { 75 b fo\ ~Rectangular Type
o Jjss Conical Type X h#LFEFIEEZ b
D, Vgx1 & 27¢ X2 DEIAFELERET OME
WiekabolBbhad, FllEg Tk 360Kev
Y wMETAH LNV 2 ST VR
Arte S HSEA R Z 0 iz oW TR BT,
Fig. s i\ Fh i FLATAFI D IRE W=
) 2 —x — Nod,6, 7 & {Ho>THFMH Tk
BEov, 772k bolzb0ThHaH No 4T
LB D0EMON D HEEEL, KROAR—
FHnTe B B0 LT No. 7 #Hvicd ik
BRI O D ECAEICEL, Thicfid Ar —

Fig. 5 Radiorenogram with wide collmators.
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FRE L DPBRLHTHD. ZOBEFoME R
3 Ol R IUA R b B . No. 6 1358
LETFO kX 1k No.4 2 HF D EHLBINHR
SELRE AR E Wbl 2 FBoRRo X 5 e
LigoTwad, ZoXjic=a) £ —X—D5EEH
FoJREXoB IV 75 2D ELDEEL
%,

i) RNEEREFIToWT
REEAHENCH B b 0EfFEmEo—HL»RE
Tewin BEFIEELS e b . ThitllEL X 5 &
THBFRITNTCEEREFARCH O TRELREA
CABIWHRBW., —HAEL X 5 &35St
Fig. 6 Influance of opposite kidney in incomplete

visual field, expressed as percentage to detected
kidney counts.

0l oC
N 72 0.1%

Reclangular 1'% x INal 380130 Kev

DYDHEREEHFACADL LETAAY 2775
v P el B bARZEREFIHEER A 1EF/hE g
ONRBRWEELZBRS, [{—2) 2 —2—TH
EEHAE2D L L WV AELRTFOKRE &%
Frho LMD, Fig.6irz) 2 —4%— No.
1 % FCHEREEY 2 2, el N o bl
Bol@Ey RictoThs. EAFEREDS ¥
EH, FHIL L 5 &1 5B ot EEcs LTl
WEOHEEX EARTRLTH S . Pl
P fE o—AAD & 3%, Fak ELMHBA
b L12%wcish . b LIEIE 0 HH R 1 OERH
FLLEThEToBBRTFICRERbDERA
5L, IEFLNDEE Y 7 750 v FolEE
LWL TL B THD 5 MbARELEFR R B
TGS DOBRBVWERLD. Thitiiz) 2 -2
—DOFRSE (k& HAEREF TOMER) #5518
BEL b Lisirhadiis b inys,
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Fig. 7 Changes of counts by differences of kid-
ney sizes and positions.

Longitudinal Horizontal
= Jo0 SR Lo @""
FIN AN .
@ 40 o ~. - . @

N
2w’
8 w @
20t
éé!f?a’?.?cm 2101 2em
|ower ——s- upper med =—lat

Fig. 8 Relation between flared angle and depth
of collimator.

RN v

- N —

I r*d =

i) /R

2 ) 2 —F—OEERFIERNCIEETIE
FALAREETHIIBVWETZENERTH WS
L ELMENED . ThidBokEsrAc:
DRI EE, TERVWRKEICTLLhNELIE
Wis < EREICIRRET 5 & & SR i L\ SIS
HBH. B77vF—2a (180ml) pEFEN=Y
A—%—No. 3 pERFEFIE—FTD L 58K
77V —athoEZomn Lz ALk E, Zh
¥ ETAEA 1 i BE) S CRELY Fhe, F
R LTNE 77 v —2a (50ml), KE7
7V bh—& (430mD) TEHAIL, Bok& 3ol
WEREEDIEIC X HFHEEOZE Lo EIGE Ric
o Fig. 7TH%. ZoEBFERkE BT
BT EEAECHTLES L, o k& X

EARE SR RF QM B2T8 35

DBREL ESBENT D Z Lic X D EHBEIME <
B, Fhill, 29 2 -2 —R{EET B4,
ZOFEERFITLRPAEARS X S LichHis
Ml Bbhs .

—fm =2 Y 2 -2 —DREFOLME LTINS
BEMCHERE T, MAERCENS TELER
FRCLEIFRINEWS ZENEEE, FoT
Fig.8ofnd 2V 2 =2 -0 x L1, 0
MEofEsy o 3, $imc Lo
FHX VOEE a, Borli b, WEFHEEEE
HRERdE LT
_ﬁ% ~ <tan a< x(fb-‘lz-fg;‘:_dg)-—zad
BHALL, ChEflc oy xtdrRnws
ZEMHEES . B LT Fomofhic
RBX, WEHEEREESE M v B Tl L v B
METOEMY LI VA LTRDS
ha, Coffic LTkpbhda ) 2 — 2 —fF
SIIHEIHETH A MO XRS5 0T
TR Te B I 2B & OB HE LK Ci iR
h Rectangular Type ¢ =2 ) 2 — & — L7105,
a, ¢ ik FE 2B L%, b ko fbs
EDHZERIVBTOT/EH A —HkDH=a Y 2 —
F=E6h% . EENR2 Y 2 -2 —2FRT
DHECIFOWEE L 7ens L, i 7em, X
# ldem, T fERE RS 5 om, B R X D EERE
b FEF oY semic kS THEITIERB OB
FCoWTHATAC EATREEBbR S,

5) FHHUEZoWT

—iMEH L 74 P ¥ — 7 4% Differen-
tial CHPFTDONRAY 7 759 v Koy
e THERTEFILE L X hT%. L L Disc-
riminator G, 5% VSALITF T %A 2 F+5F
ELRBERSCE WO HFIENH S . Hillikc
IDVEEAY 2759 v FOEENE DT
DhEnS o Era ) A2 —DliER T ot d
ELRABELT, —~ LBk Tr v r—nd
[Eo ¥ %Ak, B77 v F—A0 net cou-
nts HTAEE7 7 v F—A® net counts &
BARTRbTZ L DB L7 (Table 4).
L1 D 360+£30Kev D 73 ¥ — 2 DEHRE L
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Table 4 Difference of body backgrounds by
counting methods.

Counts of Body Phantom

Counts of Kidney Phantom 100 (%6)
Counting : |
Method Window ‘ Base |
Enerﬂv b zggii 300 | 200 100E

% 14_4f 19.2J 15.8 | 17.2 | 17.6

2'¢x 2’ Nal, Conical Collimator

Kidney Phantom 180ml Body Phantom 181
Each 10pxCi *'1 Depth of Kidney Tem
Distance from Crystal Face to Kidney 17cm

Fig. 9 Change of counts by differences of mea-
suring distances and depths of kidneys.
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Fig. 10 Time constants are setted at 0.5sec. (left)
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Fig. 11 Intial spikes with different time
constants,
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Fig. 12 Comparison of initial spikes by rate
meter and multiscaler.
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