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Measurement of Regional Hepatic Blood Flow by the Intraparenchymal Xenon Technique.

Hepatic blood flow has been assessed with Xe-133 dissolved in saline solution by hepatic artery and
portal vein catheterization during laparotomy. No attempt has been made to do it by a less traumatic
approach. This report describes hepatic blood flow measurement using percutaneous Xe-133 injection
into the liver in adult mongrel dogs and in patients with various liver diseascs.

Xe-133 clearance curve was recorded in narrow cylindrical collimators connected to-a 400 channel
multiscaler.

Multicompartmental analyses were applied to the data using both the manual graphic method and
the newly developed computer method designated as “Multistep digital simulation”.

The following results were obtained.

1) The regional hepatic blood flow with Xe-133 injected into the liver parenchyma was much slower
than that with Xe-133 injected into the hepatic artery, while the highest flow was obtained when the
isotope was injected into the portal vein.

2) There was an excellent correlation between the regional hepatic blood flow with Xe-133 injected
into the liver parenchyma and that with Xe-133 injected into the portal vein. (r = 0.74, p< 0.01)

3) The mean regional hepatic blood flow by the intraparenchymal xenon technicque in various liver
diseases were as follows: Normal, 68 -1 14.4 ml/100 g/min (Mean - S.D.); Acute hepatitis, 66 - 14.7
ml; Chr. hepatitis, 53 4+ 5.3 ml; Liver cirrhosis, 49 4- 7.8 ml.

4) Xe-133 clearance curve would be considered to be made up of three components: The fast
(Ist) component the greater part of portal flow, the slow (2nd) component the hepatic arterial flow and

the slowest (3rd) component the background.
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Fiz. 1 400 channel analyser
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Fig. 2 Block diagram of 400 channel analyzer
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Fig. 3 Isoresponse curve obtained from the cylin-
drical collimator using ***Xe in water.
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Fig. 4 Graphic analysis of '**Xe clearance curve.

A=Ak O e KB ORG Bx AvTR5IL,
PERUEEE & CHET S & Lk b WESA M
Lic. JECAW ¥¥Xe o= F ¥ - 1381+
25KeV Tk 5.

3)  IIF iR

FEto 18 iz clearance curve’ com-
partment analysis (f{4) 2k b, 15T
IZ X b manual 7g HEECEENTE TV, B 100
84 ) o MifthA Rd7c?.

¥ 1z, graphical 7t o MAZEY 7L
<7z, 400channel analyser (Z3%{E |7 digital
printer Y h{§Bhic ¥ — 2% NE A C2200—150
Al computer (48K B) 2 A L, HEHEAC T
B EE TR, b0 TR 5 R
7 multistep digital simulation #:{= ) % progra-
ming % HR L1,

4) #EER

IEH R 222G OREMRYE, RENTBIMRYE S O P52
BASHEADE A — M2 X % miE 3 2 1R
FTmMThh, TOVHEL, FRAEATEDOF

305--(15) —

Table 1. Compartmen analysis of "Xe clearance
curve

A=A Akt Aek,t
£ Kxax 100

o
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. | — _fl
Percent V, _%lj;:EIE ® 100
f, f; fy

F,=f,x percent V,
Fp=F4-F,4F; (ml/100g/min)

A : Radioactivity

f : Flow rate

2+ Partition coefficient 0,74%

o : Specific gravity of the liver 1,05—1.07
Fp: Hepatic blood flow
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Fig. 5 Flow chart for '**Xe clearance curve ana-
lysis using multistep digital simulations
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Table 2. Regional hepatic blood (low measured
by intraparenchymal(1P), portal venous
(PV) and hepatic arterial (HA) routes
with"*® Xe in normal dog.

(ml/100g/min)
Case 1P ‘ PV l H A
1 51 127 102
2 51| 157
3 | @ ‘ 151
4 48 101 86
5 122 98 |
6 71 110 17
7 61 128
8 48 119
9 ) 162
10 50 121
11 67 155
12 82 175
13 60 120
14 62 152 127
15 49 | 97
16 78 151
17 [ 57 116
18 | 62 134 103
19 57 121
20 63 | 136 117
21 52 | 103
22 | 62 | 127 |
Mean ‘ 61 | 131 I 105
Intra= Hepatic
parenchymal Portal arterial
route route route

6l 131 105
{ ml/100g/min )

Fig. 6 '*Xe clearance curve in dog. (Case
No. 18)
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Fig. 7 Comparison between portal route and intra- |
parenchymal route administration of '*3Xe solu-
tion (Dog)
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Intraparenchymal route Portal route Hepatic arterial route
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Fig. 8 Rapid sequential scintiphotoes using '**Xe. (Normal dog liver)
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Table 3 Premedication and general anesthesia

1. Premedication: Atropine sulf. 0.01mg/kg
I. M. (30min. before)

2. Induction: C1-581 2mg/kg. I. V.
Succinylcholine chloride 40-60mg. I. V.

3. Maintenance: N,O: 0,=3.5L: 1.5L
Non-rebreathsng technique with Ruben’s
valve controlled respiration
(Bird Mark 4 and 8)
Gallamine 2mg/kg. I.V,

EERFAFIIR 1 EdiA L (10), zh kb
198X e A fryie 250pCif 5 ml 2k A LCIFA S
YOKEHE LD 2 hFTC, 84)ul clearance cumve
FH Ui, 20, X7 v ETRPIREE 2
o, WG % 77 —F D (0E % HER L

B
L,
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Fig. 10 Umbilico-portal injection route of '**Xe,
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Fig. 11 The optimal site and direction of the percutaneous intraparenchymal injection of **Xe.



310—(200

Intraparenchymal

route

Portal route

HARE SO it 54 W5 5

; Mean

003 @%0 @ O

NN

0200 mfwo 000 O

e

2

50 100 |5'0
(ml /100g / min )

Fig. 12 Regional hepatic blood flow in man. (no liver disease)

Table 4 Regional hepatic blood flow in man during abdominal surgery. (ml/100g/min)

. %~I“Jit_l?n —— intraparenchymal portal Diagnosis
ase o =
1];“:13:‘51: lobe "‘\\ Right Left Right =~ Left (no liver disease)

1 SF 68y 5 51 84 | 107 89 Gastric polyp

2 SM G0y %) 65 78 78 Gastric cancer

3 KN 46y B 41 52 69 69 Esophageal ca. '
4 HI 48y ? 62 62 Gastric cancer ‘
5 HD 30y e 158 128 cholelithiasis |
6 KK 60y Q 48 46 70 65 Gastric cancer

7 TS 30y Q@ 96 140 Duodenal ulcer

8 SK 54y e 98 106 Gastric cancer

9 YY 43y @ 85 83 Cholelithiasis

10 MF 63y 5 65 41 110 96 Gastric polyp

11 TA 52y o) 82 70 125 120 Duodenal ulcer
12 TT 44y @ 52 64 26 103 Pancreatic ca.
13 oM 6ly 9 8 77 114 110 Cholelithiasis

14 NS 54y 5 64 96 Duodenal ulcer

15 Y S 48y ) 71 133 Gastric polyp

Mean 67 65 103 93

16 MT 6ly 2 100 61 acute hepatitis
17 MA 60y Q 54 96 33 acute hepatitis
18 YS 62y @ 74 56 39 71 acute hepatitis
19 TU 40y ] 33 52 L. cirrhosis
20 oT 40y S | 52 441 L. cirrhosis
21 SS 56y o 48 69 | 8 99 |  Banti’s syndrom
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Right lobe Left | Table 5 Regional hepatic blood flow with um-
g obe bilico-portal route (ml/100g/min)
E o Hepatic
=23 Pt age lobe Diagnosis
-E, = Right Left
o T KY 46y © | 123 115 | no liver disease
§- KO 58y ) | 69 56 | acute Hepatitis
£ MK 26y & | 88 73 | chr. Hepatitis
B RS 40y & 81 80 | chr. Hepatitis
SO 5y & 42 50 | L. cirrhosis
10 58y & 69 65 | L. cirrhosis
o OT 40v & 52 44 | L. cirrhosis
) B
e | KK 30y & 96 163 | Hepatoma (cirrhosis)|
_ LMT 28y © | 78 | Banti's syndrom |
£
o
o
. ) \”““Mu
s AT EEE
Fig. 13 Case No. 10 M.F @G8y. 5 (no liver s b o
disease) SO
£ 5's
™ ’ 4
> 1504 o
E L
O B— . , ,
Fig. 15 Umbilical vein portogram in a patient
® O 'O with liver cirrhosis
2
o
- 23
2
o
o (D O Mo liver disease [ j_(]_lm_—{}{g; HD—D0—0

: Acute hepatitis ___0_0__@_()0.8 __.._0__80__0
O C =0.74 (p (0.0| ) Chvenic hepatitis _08—(@;_0— O

Liw Trrhasi: -+ — —— e
A 3 mean ren _D_BDﬂ B I

504 Bonti's gyndrome 4 A e e —
Metastatiec liver
{ gastric cancer | 0—0 {
ml / 100g / min T
. AL X ol 0—o — 0 e
50 100 ; Ne
Intraparenchymal  route ! 50 &0 70 & %

Fig. 14 Comparison between portal route and in- {ml / 1093 /i)
administration of '¥*Xe Fig. 16 Regional hepatic blood flow in man uti-

traparenchymal route
lizing intrahepatic injections of *Xe,

solution in man. (Right lobe)
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Fig. 17 'Xe clearance curve in man utilizing

percutaneous intraparenchymal injection.
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DEEHBEINT 5 EMHEHIhTwa. -0
LrEL 8D LA %O 13Xe clearance curve |
LTI EE T X 1 {44 % 2 - Fast component
(B 1HEH) 3FE & UTMIRIMTED HHED , Slow
component (2 ) X3 & LT FFBHIR it
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B TWH D EF 5.

Z iz Birtch 590 %Kr % f\~7- Radioauto-
graphfRIC X BER L 13IF-F L, e EEZE 0T
7o clearance curve ¢ Computer T3 8 4>
MloMET2~3HE LSS 912575 L
<FHME & simulate Udefi & 23EFC X < fit L
CE L L —-HT 5.

BRIy, Frem$Erebia+ 5 sk, ME
DIPE JHE DR E BB OFERELE D L CE
oAk LTwa. —F, PR, Fo
FHi kL, FFof4d, KRS fRes
HLECEET, SHICEE, b2 F) 7o
EMERF IS TH D L Wbl T B, = ol
WA 2 [l x OBRST-BIR & PR OB
TR % 5 T 5 BB OBRTH Y, K4 Mmik
ZIET D LRFRHETHHLEEL OIS,

T, FFTERONCH O M 2 e+
S, FA3ES LOEERD 2 TS ~ R
PEEWE L. FofEfikd, Fs5cmTm
EEROF A EFEI I LindiE % <, BT
ZOHDLONENDl. ORI X 510
Moz ER O 1%Au-colloidik® iz ¥ 2 RBP4 %)
PR EIEC T A bh A, FofkiE
ERFHO ECEELR OO THAEEL DI B.

185X e A AV AR X 5 FF b iy, ol
TEREDBAHERTEME 7 A Xe o BB~ DT 2
o7 INEEEAT &\ 5 Y BRI (instantaneous
diffusion equilibrium!®) H>3< jmwn, bR
Fe MR ROV 3@ 52T iR A3 L Tw
HE0EE 2 bh, %Au-colloid &= B1I-HSA %
ERLIIFZ v 7 5 v A X 5 BT OA LTI
MEDICH L, PRk EMELESZS, “hb
DORELE DM WAL A S i EEOWE
HTH Y, Fi- ¥I-Rose Bengal:3 55 Bradley
O B S PEY o fFfifaiic b EA S hin
R 5. 3 bic ¥Xe FEWFHIREFIRPIE:
A LUCREMTRERFIEAERERT T
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LT R LHIECE A FEN BB,

FE O i EHE LD, FI1RRLE WM
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<, partition coefficient & LC 2 =0.74% f\»
fo. S RiE Com®iz 2 IEW RN 5 ik
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B ROIMETH D & XTI, in vive o
B 5 EEEE O AENSEBAZ LD = LH
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PlEic i~ 7e 88 Xe Az RIEHTE AT X 5 BT I
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PMBEECH b, FERBFAICHTHE Hh Tl
MEECE S ERHRLRBH (H17), % Dfi
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LRAERTH D, REREREEY O 2ERER
ki b fEar T B .

V ¥ &
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&2 OREC L B MR, I PORHELAL,
PVTIR$£<, HARChbOFRELZR L
.

2) 18Xe clearance curve |3 8 4 OHIE T
% L3 L7 b, fast component (551 }IH)
133 E LCMRIMIE A, slow component (5% 2 4f
H) 133 & UTHFBhIRIMIE %, %8 3 AHE 1 back-
ground % FbTh D EHE L bhb.
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4) '¥Xe clearance curve fEHTICIL, FFE:
Z J % graphical analysis %475 —7, Computer
izt % Digital simulation # 47\~ R FERM:
b0, MmbEiE L.

5) Xe JFSREGERNEAGEC X B I i &R
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<, FFERBIRG 2 MFCREE % AOHE i #1288 L1g
5.
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