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i = JE M RN O R BRI R W OE .

— 7 7 v b— A EBR—

T oI

FRGIE O TP AT T4 5 B R ST AR AP I 2 D S %
M fTlebhTwd., FoRY ¥F—RICEALK
RI 7 V7 T 2z h 5 EHREE N OB BEIR T
BEWETED L O o02.

Pzl &

Standard Rickham reservoir |z Holter system
LA DE I HE (Rickham-Holter  3%{& L #% )
LR 12 mm ¢ Pudenz 3 EIZH>WTEREIT
e ~72%. %4 oHiE % Piker Dyna Camera 2. ¢
DT THA 74+ v DOFEEZIEHLTEHEE
7-%. Harbert 0, OGHE L KT 2720
Harvard infusion pump THEZPE L7-EKERY
1175 572, Y ¥F—2 1~2mCi/ml ¢ **™T¢ pert-
echnetate (°*™TcO4~ L I%F) 2 26G DEFEH &2 ]
ey sy v AEHEET0.05 ml FEA L.
WAL X D BOEEE ¥ —SEICE0E L1
fi GRiEeAs 0.5 ml/ 5Ll EolfE 4 F045) DV F—
SN{ o> time activity curve (7 ) 7 7 v Ai#R) &
K10 4piEsk Lz, 7 0 7 7 v 2 & sl
FIZHEKTL, VHF— 050 mTcOs DR

* EIRKRFEFMEESR (ME  ABRK—ZED
o SRERKEMRA R (B A% B
ZfF: 51410 H6 H ’

EHRZA: S14£12 4220
SRIEE RS « B)IRGRGEAT 13-1 (8 920)
ERKFEFIMEEER
ORI

AHE JR—* A% BE**

HERoe. RFFICREAZET LCREZER
T A WA (Sartorius Type 2463) THIEL, WEZE
Kdfo., METBEFR ORBE THIIEL .

B R

Rickham-Holter #{E (3 1 + — I WBL -
DORBfFNT VR WD, FEATIRENESZVE
MM DF I *mTcOy” BWHEL, 7 VT 7 VA
HifRIC e % i+ (Fig. ).

Pudenz EE 3V + — S I WFBF IR B B 7
OIEFEAERIIMEIC K S v, AFEERTIE0.05
ml/ L L.

Rickham-Holter #f& i % 0.0127 ml/43 5>
5 0879 mil/ 4y ¥ TELEEKE, 5D VT
5 v 2 MR ORI 13.7 456 1.0 43 F TE
b Ute. WistRofticiti s, Hillic R
PRELTH2 OEOMEREHR S L Fig. 2 O X
HICHEBNEFZE R L. ERER A oXi
logio(F)=—1.9110g;0(T1,2)—0.032 L7z b, #i
F¥uT r=—097 k7572, 7275 L Fid ik (ml/
43), Tae (4P 13RI THS.

Pudenz 3 ¢l3 & % 0.023 mi/4> 76 0.803
ml/yETE L. 2O, Tyt 4585305
1335 & L L. g ok Fig. 31RL
o & 9 iciiegkE b TR & e ) BERER (A)
DRIZ logio (F)=—1.03 logyo(T1/2)—0.02 &7z D
W%%&ufz—awtaot. —

Fig. 2 & Fig. 3 0% B 3 ##H R=ﬂm
IVBRELLETHS. RELVRYF—NDE
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A single exponential function was obtained when 0.05 m/ of pertechnetate was

injected into a standard Rickham reservoir (left hand pair), whereas injection of
0.2 m/, which is larger than the internal volume of the reservoir (0.13 m/), disturbed
the clearance curve by overflow (right hand pair). The upper curves show the
original data; the lower graphs show the same data in semilog plot.

% (ml)) ¢t » Rickham » Y ¥ — 37X 0.13 m/,
Pudenz » V) ¥ — 31X 038 ml CTdHh o 7-. HHHE
HICERE (ER A Lo/hahot.

Harbert 2’} infusion pump TEBE L/ F &
nm&ﬁw,Finf@mcﬁAL,vzﬁ
BTROERUER L AN 7. ERIERE,
Rickham o ) % —,3CGiZ 0.06 m/. Pudenz o )
—ATIR10m TH B LHEL, HEHEOV
CIRERNAHEFER T L2ETRLTNS.
Table 1 ;34 & O EP L R U X 5 i infusion

pump % {Ef L TH7HER L, Harbert D3RI
FREFEAL CAHE LML, Fig. 2 3503
Fig. 3 OEMRA CESWTRELEEZ VT
5 v 2 ONWH T b o THEE Lz (Table 1), ¥/,
infusion pump Tz 2T Fig. 2 XV
Fig. 3 ek D7z Fs L7z, Pudenz E Ci
=F I X { —B L. Rickhamo Y % — i
ST DRI Harbert 520 FETHEL TH
TERIE, Hax OERED SIFFICREZ - TW
7c. infusion pump iz X 2§55 & Fig. 2 T/ i
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Rickham-Holter System

Fig. 2 1In a double-log plot, a linear graph is obtained
for flow rates (m//min) plotted against radio-
activity clearance half-times (T12 in min.),
with the standard Rickham reservoir. Line A
was derived from directly measured flow rates,
while line B was derived from the clearance
formula. The regression equation of line A:

logio(F)= —1.91 log1o (T1,2)—0.032
r=-—0.97
Star points refer to the values obtained from the
infusion-pump experiment.

BELPOTEL->XTHENELERLTEY, ]’

A DIGIEBRADEPERTSH D T & 2R Lz,

7 BMEMEICH W KRE R 0.004 m//5y
2 0.01 ml/4y T -7z

£ =

P BB O Y F—SNICEA L R 02
V7 7 v AN SIEBNOWREEFE T 5 iR
£F=&m it Rudd 5238 LTWD X 5
2 Y F— N RI DD 5 WIFREBT R
PIZET Y F—SNTER EOWM TS RI OEEs
BRI THIMRICKNLT 2. T X ) hEA I
VELTYF—roRNFREFERATHITEWY. L
DUERIZR ) ¥ — " NIZEERAE T 2 2o
RI ORI —L 5.

ml
min. |
1.0

- ’\‘
w L
= S ..
< . AN
(-4 - A
3 Ne
o Bl o *x
- - o e
b [ N

[ B \

- . \\

\'
L N
N
ALl 1 L Ll LLl TN h 4 Ll Ll 1l
1 5 10 50 min.

T2
Pudenz System

Fig. 3 Double-log plot of flow rates (m//min) against
radioactivity clearance half-times (Ty2) with
the signle-lumen flushing device of Pudenz
(12 mm diameter). Line A was derived from
direct measurement of flow rate, while line B
was derived from the clearance formula.

The regression equation of line A:
logio(F)= —1.03 logio (T1/2)—0.02
r=—0.97
Star points refer to the infusion-pump data.

Harbert £,2°(% infusion pump {2 X % EBR» &
AoV ELTYF—r"oNEHEL Y b, %
B OEERED SR I (ERMERD &M
5T LEFRELTVS.

& DFEBTix Pudenz ¥ T, Witk
T, HHRRLIBEETE R o, ZTHIZERNA
TS L EERIC—ETH 5 = L BEKL,
Harbert & O#AH L b X< —FK L. LaL,
Rickham Y ¥ — ¥4, Fig. 2 IRT X HIcE
ERME X V48 5 h 7z Line A L= f¥k D Line B
BEATTRL, EROABIMEL & bIcBbT
ZZLEEWRTS. YA 7+ v OREEFIALT
Bz Tye & Harbert & L[E U X 9 i infusion
pump ZHWTH Sh iz Ty XFERITITEI L 2B
BELN, ERFHEICLIMEEIED AL
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Table 1 Comparison between each T1/2 which was determined by the experiment using
an infusion pump, the seets of ““T1,2—Flow rate” (Fig. 2, 3) and the calculations

using Harbert’s data.

Results of experiment using

T1,2 based on

Shunt infusion pump T2 from the calculation
apparatus Fig. 2 or 3 according to
Actual flow T2 (min) Harbert’s data***

R* 0.011 11.0 10.0 4.5

R 0.022 7.0 7.0 1.8

R 0.046 5.3 4.8 0.9

R 0.109 3.5 3.1 0.45

R 0.231 2.9 2.1 0.18

R 0.49 1.7 1.4 0.09

R 0.98 0.8 1.0 - 0.05

p** 0.045 19.3 19.0 15.0

P 0.094 7.8 9.6 7.5

P 0.226 2.8 4.2 3.0

P 0.50 1.5 2.0 1.5

P 0.96 0.8 1.05

0.8

* means a standard Rickham reservoir
* %

*kk

7z. —J5 Harbert & 03t U7z S5 755%0.06 m/
ZHAWTHE LK Ty & infusion pump % fn

THELNZZ VT T 2N HRDIz Ty &

L RE 572, 2%V Rickham y 4 — 2o

WD OMEELRE LS5 TV D Z & AV

Liz.

Y Y= NADEARESCEABLLE 7 VT T~
2 AT FIFE+ Iz oW, infusion pump %
AvwTRE Lz Za, A 2~3 HRICHES
B THIETLEE LIZERHEOLNRD Z L AbhTe.
FEAR REIHAE L7z v,

%

99mTc-pertechnetate # M=K R DY F—
MIZEAL, U HF—#o time activity curve o
R LER SN TO S EMRREEZ R 25
A, ROBIZKEDTHILENRDD. (1) BEEAF
TIREENBRIEICT AR E <15, (2) Rickham
Y HF— S~ OFEAFRIZ 0.05ml f7iz+ 5. 3) ¥
2R 584, Rickham v+ — <z Fig. 2,
Pudenz 0 ) ¥ — S OKT Fig. 3 OEH A 2FH
T5.

S0
afg

means a single lumen flushing device (12 mm in diameter) for the Pudenz system
T1,2=0.693 x 0.06/F in R-H apparatus and T1,2=0.693 x 1.0/F in P apparatus

(KR OBES X, W49 4E T 5 14 [ A AREY:

ARAITRELE)
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Summary

Examination of Cerebrospinal Fluid (CSF) Flow Rate Through the Implanted Shunts
—Phantom Experiments—

Toshio MAEDA, Hirofumi MORI, and Kinichi HISADA
Dept. of Nuclear Medicine, Kanazawa Univ. Medical School.

Satoru KADOYA
Dept. of Neurosurgery, Kanazawa Medical College.

We performed phantom examination to deter-
mine CSF flow rate through the ventricular shunt,
(Rickham-Holter system and Pudenz system).
The shunt systems operated as siphon under the
gamma camera. *»TcO,~ of 50 to 100 ¢Ci was
injected into the reservoir and removal of it from
the reservoir was expressed as a time-activity
curve, and clearance half-time (T,,:) of radio-
activity was determined from this curve. Increased
weight in lower container divided by the duration
of the water transfer yielded the flow rate (F).
Ty2 and F were plotted on double-log scale and
they showed linear relationship. In Rickham-
Holter system, the regression equation was log;o(F)

=—1.911log;0 (T1,2)—0.032 and in Pudenz system
it was log;o (F)=—1.03 log;o (T1/2)—0.02. The
data of Pudenz system were as the same as that cf
Harbert’s report. In the case of Rickham-Holter
system, however, our results showed that experi-
mental volume (Vexp) changed with flow rate
(Table 1), while Harbert et al. reported that Vexp
was constant. Then we re-examined according to
Harbert’s method using Harvard infusion pump
and confirmed that our data were proper. There-
fore, the above regression equation for each
reservoir should be used to calculate CSF flow
through the shunt.
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