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INVESTIGATIONS ON THE RENAL SCINTIGRAM AND
RENAL UPTAKE RATE USING 2*Hg-NEOHYDRIN

Part I: Fundamental Studies of Renal Scintigram
Youichi TAKAHASHI

From the Department of Urology, Faculty of Medicine, Kyoto University
(Director Prof. : T Inada, M. D.)

The fundermental problems in the renal scintigram by means of 20Hg-Neohydrin were
investigated. Conclusions were drawn as follows.
1) Concerning the factors of definition of the apparatus, noteworthy remarks, proper
conditions and their effects for the renal scintigram were briefly described.
a) A sufficient elimination of the back scatters was able to be accomplished by using

more than 200 Kev of the detection energy.

b) The proper scan speed and line space were 40~60cm/min. and 2~3mm respectively.

c¢) Determination of the rate down ratio is profitable to be achieved on the basis of the
uptake rate.

d) The effects of back ground erase of the limitor were experimentally demonstrated under
inferiorer condition than the actual isotope distribution of the body on renal scintigram.

e) By a collimator with 7cm of the focal distance, scanning must be made at the closest
distance from the skin surface of the back.

1) The proper direction of scan must be towarded to the right angle to the long axis of
the body in the respect for comparison of the both kidneys.

g) For scanning of wide areas as kidney, an apparatus having a recording system, with a
dot of wide vertical range is suitable, even though various apparatuses have more or less
advantages.

2) The results of studies on renal uptake rate of 28Hg and the course of body back-ground
suggested that the most proper conditions for renal scintigrami in normal kidney is obtained
between 2 and a half hours and 3 hours following the intravenous administration of 203Hg-
Neohydrin.

3) An estimation of the internal radiation dose to the whole body and the kidney was
made in cases of 100pc intravenons administration of 208Hg-Neohydrin. The radiation dose to
the kidney was calculated on the basis of 208Hg-renal uptake-rate curve, which is supposed
to be more accurlate method than calculations so far used. It was found that the doses on the
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central axis of the body and on the central axis of the kidncy were 55.8 mRad and 21.7 Rad

respectively.

It is noted that the administration of 23Hg should be minified as little as

possible since the radiation dose to the kidney is considered to be rather massive.
4) For the renal scintigram, a use of highly sensitive collimalor is preferable because of its
specificity of internal radiation. A comparative study was performed on the adaptability of

several different collimators for the renal scintigram.

It was found that the 7-hole honey

cone type is qualified for our purpose, so that the standards and iso-responce curve of the

type were illustrated.

5) Using a body phantom, the size of detectable intrarenal focus was estimated. A glass
bead of 2.0 cm diameter was the smallest one detected in the kidney phantom.

Scinti-scanning was performed on experimental ischemic Kkidney.

A sufficient diagnostic

value was recognized not only in stenosis of main renal artery but also in stenosis of

branch artery.

7) On experimental stenosis of branch renal artery, the scintigram was made according to

the section method which was found to be advantageous than ordinal methods.
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MacIntyre et al'v, Horst!2 7g FaiskxfiEHOH
FEELTH. EEOHCTVREEIR time limit
FHEZGHALASOT limitor (L, RROMik
0B E h P LR AR 7> T %, scintis-
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comparison of scintigram by grade of limitor
concentration in A=1.5 (concentration in B)
concentration in A=2 (concentration in B)

concentration in A=2.6 (concentration in B)

Tem CH ok, FEDMT B T-hole honey-cone
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focus #fEDTWB DT (collimation DEB)' F
MEED &) OFfeEE TR L TW5. KB
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~) direction of scan o
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DHOEND, EHEBCHMETRE R ORFEL
RORIEERBHMEBORNERTES S .

}) dot RU* recording system
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(2) B scintigram OEBEEHIC oW T

28Hg-Neohydrin 580 EHEBBET oW T
L, B 040500, B b DI 3RMECTEAS
Hh T3, Fig. 3 i1 29Hg-Neohydrin 50pc #*1E
EEEHCHRAERS L, ZOoBOBERRY kT
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Fig. 3 ?20Hg-Neohydrin uptake-rate curve

I YVEBEGCRELOTH D (BRRAUEEC
DLTREMERR). Zh X5 EMIRNREH#]LS
~3. 0B R T WERRIIRS Lo 5. L
L renal scanning & & Y BOREZB B 12D,

BRI % isotope DEMENEE X v b, BRAEER
O activity 32 HEPBENE - ELNET
$»%. *zT Hg-Neohydrin 50uc #RPIREH
DEBRIC T B AT RO D isotope DMK
BEBROFBIEOER ALV THEX L b D%

Table 1
G e e nbied o
1.0 40.0 27.0 1.48
1.5 43.0 25.0 1.72
2.0 44,0 21.0 2.10
2.5 45.0 20.5 2,24
3.0 42.5 19.5 2.18
3.5 39.5 18.5 2.13
4.0 37.0 18.0 2.05
4.5 35.0 17.0 2.05

Table 1 iR BERKELEATNWCLID 77 v b
—~ 2B HWTCHALALLOT, MPFRELKCD\TL
—EWED count L{ERMESGEH L. 0
FBOH & TR D LB EERLTT OIS, 2 FE
HchBH. isotope DMARSHD BAEEE O ac
tivity SHBIT R EELNE, EEBDY L LTED
BWUAORXEEEL VY T AERA Y v F DL
EoRkbE i, D% b5 %2 RRA D 3R
T CTHHENDS.

(8) collimation DO

scintigram  23% Ofi{d % FFE T 2 7o DI EER S
M eFhuEie by, scintigram D& E
L L scintillation crystal ok X & collimator
OFEEEIRTA. Do T radio-isotope scanning
W HTIE collimation ORIEITIEHICEER I T
B2, FRBOBRILBEEE ORI b, Hokkic
BT 3R OB A EE R collimator %
BATEOBERFIHITT & CTH 5. Kakehi imih
¥ collimator XK DT/ EINS.

A. Single hole collimator

1. cylindrical
2. conical inverted
3. conical, obverted
B. Multichannel collimator
1. focused
a. honey cone
i several to 280 holes
ii hexagonal or round shaped holes
b. spiral plug (miller)
c. slit plug (miller)
2. non-focused (Scott cone)
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s B EE L LT collimator OERIDOHRY
BLALXS L T503HFhERN BRED
scanning HESHAWHLRTWS 32 holes 3T 19

Vaa\ F

Fig. 4 7 holes honey-cone collimator

holes 7c &’ honey cone TII—MRTBHEINIR
25, BREMME S 150~200pc OEEHFBLETHY, %
BT BRCHTREOBFILE &b 100pc OB
SR BRICITEYS TH ol LEREREF Z-
HP SO TEERRRLL S £ TH ORI
MAER L T 4 80 7 hexagonal shaped holes %
#o focused type @ honey cone # collimator %
B, Foiy BB collimator & HEEL
renal scanning KX+ 5EBEYHRHE L. ohE
% No. 1, No. 2, No. 3, No. 4 L{R#L, K40
%% Fig. 4. a, b, ¢, d RLA. No. 1, 2 13488
O plug RLBKEDTH %A, No. 3,4 Tk plug
111/2 DEXC collimator o crystal filicfEL,
half cone ¢FL T\ 5. aperture i3k4£H No.1
1t 30mm, No. 2 ¥ 25mm, No, 3 {% 20mm, No. 4
1t 15mm Lo T\w5b. 2D focus specificity
H I~ B 7 area-source KU point source
Ol B @hhs U T iepd’ Fig. 5 R Fig. 6 ¢
BB, BEDOENSL T X conical>half-cone>T7
holes honey-cone>19 holes honey-cone T3 %.
half-cone T %Z® focus M43 ETHAeHKRERR
LR U BRI E 7 b, B X HRE
DEEENH V. 7 holes honey-cone TCITRREILLR
BH5A, MBRXECKFCEL LY, i 6~12cm

#e 3

_&_ B

7 HOLES COLLIMATOR

HONEY-CONE TYPE HALF-CONE TYPE
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Fig. 5 Focus specificity of 7 holes honey-cone
collimator (area source)
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Fig. 6 Focus specificity of 7 holes honey-cone
collimator (point source)

TR E—FTH%. point source TIXFEI half-
cone } 7-holes honey-cone & OZETHETHS.
No. 1 & No.2 BlcizZEELBEoh k0.

W 3ESE BT ROPTTY RUBRET 2
collimator %34, coaxial collimator lHFRLMF
scintigram CTEEOKRHL ECHECTWS. Thé
B U %8RkC 7 holes honey-cone (X X1 LKA D
*EL, LBOEROD HHEED scanning K&
DR, L L—Ehby 5 & R CRIEEH,EHEE
EEEDOTWEEBRHLEVWEWI EbB D, BR
DB collimator % V- CEEBORAEALT 2 &
BELIHN, HAUCEEODBEATREBINIRL R
BDTHAH5. FOBSILERATWIWERRS
BHALECERT HLENRDHDOIIBRTHS.

RICIRB IS\ T R D T4 collimator Dy

T, HE»5 Omm, 20mm, 50mm 1R T point
source % BT HH L CHLED L ORI 35 ¢
pm ¥EWCHSE Fig. 7 ofi/es.

i
1 AU
0 w20 -20 20

0
- = 20 mm
- 50mm

Fig. 7 Specificity of 7 holes honey-cone
collimator

No. 1, 2 ©F» No. 3, 4 X b BB INE AR
FEi3o2HL . 19 holes honey-cone I} & & iZ 8~
% ERED ST DRBE-: T FE 4 EEO
collimator (IR, £ AEEHO S TIIV I renal
scanning @ L T\ 5 & Bihfzh3, half-cone type
O OTILEVBEINEL o5, FHLE
AL KRECHEL EDOREAND D, BIMOMIRFIIC
3% & No. 1,2 o collimator % f~T\»%. No. 1
collimetor ¢ isoresponce curve % Fig. 8 1277

Or

cm|/10 20 20 10

7 6 5 4 3 2 /4 0 / 2 3 4 5 6 7iem

Fig. 8 28Hg isoresponce curves in air of the
7 holes honey-cone (No. 1).
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2 Tem THEARIED FORBICE D ULREOSFER
BEL W EXSRERTWS. Chx AV LH
HIRIT0S SRERPNCEENB LELLRS.

208Hg-Neohydrin & X % renal scan OFF,
ORI ILENY hole AV K RREDE - D% AW
BOMREHE BB, L isotope DRERFIC
IR RABEENL CREIORV- b OREL
54, 19 holes honey-cone 7g & DFEIC hole D
%\ b OHEBR NP RV LRI S WL TH
ot {HL - D4 in focus & 7ot I E
o scanning TH B L\ 5 # L, BRINTIIFRETE
FyDicw, BRELU BMERNIERTHZ LIRS
THIBEXEL DLENDS.

@ AImHBECDONT

ZEOMH T\ 5 radio-Neohydrin % Chlor-
merodrin lmg 2% 110~120puc D HHSEELXH
L, & 50~100pzc TH %A%, Chlormerod-
rin & L CEEERED 1/100 b MlcisWETH 5.
FEDTKBFIRF E LCOFRBEEOMBIIGHAN L LT

D3p-Neohydrin W &

0 « 0 ( [

20r

%% % 7o\, R-1 renogram ERBWHBRTHS
s1I.Hippuran e -5 & 23Hg-Neohydrin {38k
PGB, RWEAEEE S M1 © 8days XL *Hg
L A7days THD. RO THRESICELUERCHT AR
SHEERRIL A OERE L bRER ISV,

2 HRUED isotope DEH T HEIOVWTEDR
BHREAHETE T e, KROBKREY BV,
1. BXEf 110gm, £5i% 60kg © ERXHT
5.
2. BNIN¥EE 3 cm, BE 10cm OMFE, £HITER
20cm, E& 60cm DOMFETS.
3. AT 7o isotope Me L BERSHL,
HERELIEKRECET .
4. 3Hg o effective half life iX#E®HIR5ED
T5%HEEE S B ¥ Tk 6 Fefd], TOHB%1CDOWT
137 H & L exponential HET 5.
5. BRcirs ®Hg BERRIKFBoWwT Fig. 9
CaRTHETHEIN, BRIz OEEGD isotope A1
BECHMTS.

' [ . o0 e ,
G| /23 45 6 T 8 9 WU 23 KIS T 20 2 22 25 ebes

(0~24hrs)

(2~25days)

(26~ 49days)

7] PO TS S G ST SN D WOV WS WY W S SN S S S S S DU S S T 1
23 4 5 6 7 8 9 /0 (1 2 /3 /4 /5 1617 /8 19 20 2 22 23 24 25 days

26 27 28 29 30 31 32 33 34 35 36 37 38 39 <) 4 42 43 44 45 46 47 48 49 .
Fig. 9 28Hg-Neohydrin uptake-rate curve

6. Fig. 9 T50H UBIIWENIHEOLTHEL,

£ 2 I QSR NP s

7. TREMET B ORI LTHAREL, A

BADE KITERF R 5 b DETS.

T BHEL 2 hWEAE OOl EDOFRREIAT S b

OREHRTS. R Fig. 9 OMBIISMECR~NS)

BT, FEBECOWTERLCLDTHS.
A) 2ROl EofE:

i) 8 MicksiE (Do)
Co : $MhD isotope OFFOWE (xc/gm)
Ep : B MOFH=RA ¥~ (Mev)
lpc 13 3.7x104/sec DEFHERHYT 0T, A
B lgm CRINEND =R AF ~iT
3.7x10¢ Co-Ep (Mev/sec)
t sec MICBUINE M B =F ¥ —i%
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Da(t) = ﬁay X 104C,-e- Epdt
— 3.7 X 10400 . E_ﬁ (1 _e_xt)
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5L 2 3EEER. Tef RAHEREY L ThE

0.693¢
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Mev (ﬁj—ﬁaﬁj@%‘ﬁtbi Sec) ........................... (1)

1 erg=6.25x105Mev, 1REP=93 erg, 1RAD=100
erg 1Xnb
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Do) == o5 x107%03 C E#* 603

0.693¢
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(l—e Teff )REP (BEE A7 hour)
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2Hg (3—&KD B fEE L L OREK= XA F —~(Enas)
% 0.208Mev CH 5. 8 Mo RN F —1ZEHFEAS7 b
AEFTR, FOFH=ZAF~ (B 1% 1/3Ema
LEh, BEHAECEBLTUIZ2EYE) 8% 04
Epee VAVHRBD U LIEREIIERESY BV
FHM I, B E Epik 0.11Mev LEHIN T
AOTZ D% fiv-5E LT3

Teff=6hrs (REL & 5)

t=30 hrs (¥4 isotope D7SHHMEEM XN S DIX
b4y 0hrs Hins. )

2 &b
_ 2.29 100
Dp(SO)_mx 60000 %0.11x6
_ 0.693%30
(=)
=3.5ImREP
=3.26mRAD

308 B 2 iR & LT EREMBIIRVLTIE,

25uc
60000gm

=0.11Mev
Teff="7day
t—>o0 Ehh

Cn=

3, @ RKxh
=29.0mREP
=27.0mRAD
=Dp(30) +D(c0)
=3.51mREP+29.0mREP
=32.51mREP
=30.02mRAD

i) 7 #iC X BIRE ()

T BEERY Ir (7/mc-hr at lem), H#EFo
isotope OFFDOWEL Co (mc/gm) 354, A
e P ESER AV 2on 5 s Ce s
av (z/hr). AL P & dV Moy | E5oR
IREBE v &T5.

Ir-Cu-e"/ﬂ e ti
= I;C 5 gy

=I;Cog
|L g=jye"l"2’ dV. 4% 20cm X 60cm OFET

3 DRk LTk g=200
I;=1.2y/mc-hr at lcm?®
Co=100pc _ O.lmc
60kg  60000gm
Teff=6 hr.
¢=30 hr.

0.1 6
ex10r <200% 5693

_ 0.693x30
S
=3.36mREP
=3.13mRAD
30RSR B &2 & LT LRI T,

Coz 0.025mc
°T B x10%gm

Teff=7x24 hr.

t—o0

#eo>T Dy(30)=1.2x%

#oT,

0.025 7% 24
107 0% 5503

=24.2mREP
=22.5mRAD

Dr(e0)=1.2x




70 EfE—9Hg-Neohydrin i X %, '& scintigram ROBERROWR £15

Dy =Dr(30) +Dr(c0)
=27,6m REP
=25,6m RAD
Dp+Dr=32.5mREP+27.6mREP
=60.1m REP
=55.8m RAD

B) bt b o

Fig. 9 o ®Hg MRKOEMEL b &ic LCHE
+3.

i) 8 Bic X BBRE (D)

a) 0~2485 (D)

(2) R I ) KEEIEOBET 2.29Ca- By REP 4¢
ST DREHE 2.29@?2:1% <55,

= _ Xape - A
Ep=0.11 (Mev), Ca= T01gm” Ko ARG

BEOBRREOTISL. 3 Xa=395.0 (uc/gm).

393.0

Dp@=2.29x0.11 x 110

=0.90 REP
=0.87 RAD

b) 2~25H (DBw)
Rk LT (), (4 XX

011 . 1244

110
=6.84 REP
=6.36 RAD

Dpwy = 55.0 %

c) 26~498 (Dsw)
R LT (3), (4 Rxb

_ 0.11
Dg =55.0x WX 72.5

=3.99 REP
=3.71 RAD

d) 508 L% (Dsw)

FEHCHE AR Te B OTHELERF % b 2 T
Teff wfAT3.

Co=2HS_ | T=47d, t—o0, Eg=0.11 (Mev)

110gm
FoT (B, W) RXD
Dﬁ(a)=55-oco'f_:ﬁ'6%§§—
= 55.05¢2x0.11 <47
110x0.693
=7.46 REP
=6.94 RAD

a)b)e)d) Xh B BT X HARENT
Dp=Dgwy+Dpwm +Dpwe) +Daa

=0.90REP +6.84REP +3.99REP
+7.46REP
=19.2 REP
=17.9 RAD
ii) 7 e X %8 (O
a BRI 35HEE Ir. Ca-g TRLINS. I
=1.2 (7/mc-hr at lcm), co‘:TlT)%Eﬁ' wE
3cm X 10cm OFED g 1345.5.
22‘4) 0 ~24850 (Drw)
3Ca=393.0 THBMD

Doy = 1.2x45.5x393.0
T@ =10 % 10

=0.195 REP

=0.183 RAD
b) 2~2580 (Drm)
ki L C

Dyoy= L2X455X24 _ 104 4

110x 108
=1.48 REP
=1.38 RAD

c) 26~498 (Drw)

Eik= P
_ 1.2x45.5x24
Dro="T1ox10e <723

=0.86 REP
=0.80 RAD
d) 50B LM (Dr@)

C,=0:002me
" 110gm

Di oy = 1:2X45.5 X 2% 47 % 24
@ T10% 10° % 0.693

=1.62 REP
=1.50 RAD

, T=47%x24 hr

o T
Dy=Dy@+Dre»+Dy+Dr @
=0.195 REP+1.48 REP+0.86 REP
+1.62 REP
=4.16 REP
=3.86 RAD
Y BRE B BT X ARENT
Dysg=D,+D;
=4.16 REP+19.2 REP
=32.36 REP
=21.7 RAD

BHCONTOMEE 55.8m RAD TR b
D, EAEEEL 217 RAD THMA X /o ET
$%. THL1ED 7 SRR O HRES 0.5 RAD



BiE—2Hg-Neohydrin & X %, % scintigram RUOBEIROWIE 218 71

&, ‘Ml-Hippuran 20pc E:isoMEsiLsico
W 0.2m RAD, ot 30m RAD B8¢H %D
CHERTLHEHLNTHB. fE>T 2Hg-Neohydrin
BHIMRBRETDI T & T, BARER B
FBiB A, BAL X BEHHER s X EET
BHETHAHS.

2Hw o\ TIL Greenlaw et al o total body
scintillation counting iz X % 28Hg-Neohydrin o
BREMBRCEOTGH A L. FEORBHEERIET
13, MNHOBBE L DHHEANEIEL, B—Vg Teff
DHREL Y LD biphasic excretion pattern oJ
PREEBEWVEBRbNIhLTHS. LD\ Tk
phantom % i\~ C OB EERREREC 2 CEHEL
DT Greenlaw et al O EEH(200puc 5B
T 10.68 RAD) XD IEMTH S L& LT
5.

(5) phantom 8w X % R8O KE

&5 Ihic WHg-Neohydrin ILEHBEECILE
TR0, FoEE, BESUIEE, Zlf L0
BB scintigram i X h RIBGR L LTHRIEIENR BT
D5 FIIBRIFFENRBZOTH A5, BLTENE
DREZXDRBEHRIP LB O MEELD. &
OBRHRFR 2 RDBLZ L LT, LUT phantom 35k
I\, BRI OWTRE L.

KEX 10x5x5cm DEFEARYBHRAL L,
Fig. 10 R T/ IATIKEIC LD, KOERES D

oRe 31

Fig. 10 phantom

B oOFPOE COERY Tom & Lic. °Hg 13
BRI 1250, AT 9.3 x105uc/cc L7t Bk
it zhid 28Hg-Neohydrin 50pc #iRFAI#¥5-
%2 BRI AT BERSTRBEE LD TH S
(BIERR). BHAOFCERI K~ 1.0cm, 1.5
cm, 2.0cm, 2.5cm, 3.0cm @75 AERRE AN T scann_
ing #frok (Fig. 11, b).Fig. 11, a &R TH1.0
RO L5cm iz sk, 2.0cm KL E
DHIRBIBEELTELLBAIRETHS. #OTZ
DOEBET AR EE 2.0cm B EREHTTEDL
2B 58/ NERETH O,

FEED scanning IRV TIL, B OB EE
DEERREBHD D, HicF oD collimator @ in focus
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Table 2
TPBIs VT TV ARR
o R f& | BRIRES | B scintigram RPF GFR  F.F. Urine flow
(cc/min)  (cc/min) (%) (cc/min)
I H BEIIRESE / Wy B 11.2 6.0 0.536 0.60
! E IEH L IR w 23.4 13.3 0.568 1.00
L/ :
E EW IE H 34. 4 17.7 0.515 1.04
I
7 £ BhRESs ##A=: dot 0.0 0.0 0.000 0.00
It B OBEIRSERSE | TR L | BORRE 15.2 7.4 0.487 0.56
A
£ IEW ” 1 w 22.6 12.3 0. 544 0.77
- B BENRS R , IR 10. 1 0.535 0.535 0.33
B
£ IEW 4 na w 24.9 0.566 0. 566 0. 66
R

Fig. 12, a retrodrade angiography : experimental segmental ischemia of the r-kidney (I1,).
b renal scintigram ; experimental segmental ischemia cf the r-kidney (IL,).

Fig. 13 a retrogra(.ie 'angiography ; experimental segmental ischemia of the r-kidney- (11)-
b renal scintigram ; experimental segmental ischemia of the r-kidney 1p).
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Fig. 14 renal scintigram ; experimental
ischemia of the r-kidney (1,). .
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Fig. 16 sectional scinitigram of experimental segmental ischemia (II,).

a, section-4 b,

section-3

¢, section-2 d, section-1
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Fig. 17 sectional scintigram (factorial me-
thode) of experimental segmental
ischemia (IIg).
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