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Quantitative assessment of experimental errors in the analysis of
133Xe clearance curve from the brain employiug digital model.
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The intracarotid inert gas clearance method by Lassen and Ingvar has been used widely for the
measurement of regional cerebral blood flow (rCBF). A digital model study has been developed for
quantitative assessment of experimental errors in the analysis of 138Xe clearance curve from the brain.
A small computer synthesized a model of the clearance curve, varying combinations of fast and slow
components. The curves were convoluted with Poisson random digits to simulate statistical fluctuations.
Identical curves were overlapped with varying time intervals to study the influence of remaining activity.

The height over area method to ten minutes was confirmed to overestimate CBF by 10-15%, with
a slow component of 20 ml/100 g/min, and the overestirnation was increased with a lower slow flow com-
ponent. The initial slope value was shown to have a close relationship with the fast flow component when
the latter was less than 100 ml/100 g/min. Errors due to statistical fluctuations were determined only
by the initial height (F, cps), as the percent standard deviation was 4Hy/H, in the height over area method
and 24H,/H, log H, in the initial slope method, where 4Hy—1/H,. Remaining activity caused errors
of 1-39%, in. the initial slope method with an injection interval of 15 minutes. The influence of remaining
activity can be eliminated with an injection interval of more than 15-30 minutes in the initial slope

method and more than 40 minutes in the height over area method.
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Fig. 1 A model of "*Xe clearance curve from
the brain. The model C (t) is built up of fast
[Cg(t)] and slow [Cw(t)] components.
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Fig. 2 The height over area method. H, and H,,
are heights at=0 and t=10 minutes respectively,
and A,, total counts under the curve between
them. The height over area flow, Fh, is calcul-
ated following the equaton (5).
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Fig. 3 The initial slope method. D is the mean
slope of the first 2 min of the logarithmically
displayed clearance curve. The initial slope val-
ue, Fi, is obtained following the equation (6).
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Fig. 4 Models convoluted with the Poisson rand-
om digits. Scatters of the models are seen to
decrease when the initial height, H,, is increased.
Reference standard flows are kept at 50ml/100g
/min (fg=80 and fw=20).
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Fig. &5 A complex model for evaluating an influ-
ence of remaining activity. Two identical mod-
els C, and C, are summed up with a time in-
terval of ¢,
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Fig. 6 Differences between the height over area
flows and the reference standards in relation to
the parameters of fg and fw.
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Fig. 7 Diflerences between the initial slope val-
ues and the reference standards in relation to
the parameters of fg and fw.
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Fig. 8 Errors of the flow values due to the stat-
istical fluctuations.

Table 1 Errors due to statistical fluctuations.
Percent standard deviations are shown to each
the initial height, Hy, of the model.

X, 50 | 100 | 200 | 500 {1000 2000|5000
height i :
over area| 12:7| 11.2[ 6.7 | 4.6 3.312.0(1.3
initial ’
slope 5.1 3.1 2.41.4|0.9]0.7]|0.2
o,
= initial slope method
E 10
g Alow = 30
= \ Alow = 50
N Alow = 70
0 —

10 20 30 40 min
injection interval

oy,

20
- % height over area method
g
: \
e
£ flow = 30

10 ;ﬂlcw = 50

<1‘low =70
S
0 \::h:EL
40 min

20 3

injection interval
Fig. 9 Increments in flow values caused by re-
maining activity. The incrementsare shown on
the ordinate and the injection time intervals on

the abscissa with representative reference standards
30, 50 and 70ml1/100g/min.

0.5) ObDTHDBH, Higor-FLBEmpEEEo
EFATHEEAERLEREZRL, HHERKT



670--(46)

I AEFEREGMREMEC X BT LA L%
IFighyofz. height over area 33 H, 531,000 cps
TH#I3 %, 100cps TRIOZ OFHEMEEL TR L,

100 cps PAFC ik B¥oT FHEEE2E Bin Li-.
initial slope i3 height over area fE /7 B/,
DIt FEBELAR L, Ho 2K EWEME ORI
NE L Tpote,

Fig. 9 IRBHAEOHEOHKREXRT. B)
RCEWT 2105 2D 4003 F TD Ex - BEo
Fh X Fi ofEnZk T %%, initial slope %
U* height over area ¥ - 4, 1= B8R Lo
TEHAEL I L. B xi: AR RIS « 2
KE{LdiwLicdv, i, =FLromEE
BREL LB LWl Ui, AR
B3154; DF5Fr, initial slope ¥ TlX 1 4h b3 %
DI 475 L, height over area ¥: TiTFh o
3 fEDOWME LR Lic., i, BEKHEOK
Eri3lA BB TED (1%UT) wd0m:A
IF IR VL BT T1540 0 B304y, #E T404r L |
THle.

5 =

1. Bz V75 A7

Wiz V75 v AMEED e F bz ouTit Rei-
vich B2, F—F 324235 7% VIO 4
DO ERS @ rCBF % JE LT 0% fi-<,
ThBKEE & BRI T D Mo iR S
PETHZEEHE LT B0 - ki 3
IREIDBET I\ NTIZ Y 7 5 v A i v 38508
LR Llcth ey, 4 4 OfEFIA fast & slow @
AR CEDRHEEL—FKTE. coz Lh
L7 V75 v AR R TR 2 oIS
OfE REL TS —#hEx Libicn & 25
ha. —77, BmiEEES o5EE OEFI T,
M 23 FEAE L fast J4r & slow 4o K
BIAAREE e SE2, e, 3E LS
EHTHLELLNBEEDNHS. LivL, A
GO 7V 75 A DE ?;uﬂ:v;;tsbxﬂi,
1D &7z L 3 L BT EE O Mt &R %
B DBELL BT B & LowiEd . ML
THCERERHME LT, KAE (ast B4

HARESEBHRFSME W5 8%

LOEE (slow §i4r) o 2 lomifimks o R
L',

g Ak & MK & O o 3Xe HEERGE MK
D~ P2V oy MECX DL, EhIHEOF
BB T b 10T 5 W REM: A B B 7o D IEBE D JIGE
KR WTIEMRELHET 5 o L IARAHETH
b, BFRBICID WAHWAD EN FAvHhTH
PN B)R BB E (B)K 2D Hbh X
S R—D %2V 75 v ARG WE ShTh
AEENOMER X b MFREIELOTLS. L
L, B Falbicis TS EES oE
AR RIRE T T > T D — IR L
fo. Fiz, fast R4y L slow B4y @ & 4 O iEE:
COWTHFEEOC ENXE LY, AP TR
fED=BdITE 2% 0.5 [EE L.

2. MFEEFHAEFC X HER

SR O MR EOERIT OWTEAE R
gz v 75 vAliRE b s OB T
i‘)‘hf]«‘éﬂ;ﬁgﬁ}ﬁgf'fé ij 1)1015)15020)22), Hﬁ 8
7 7 v AR ORI & OERDY e BRI oG
EhTwitw. @R TELIhBMNI V75 v
A ik e 7 A OFEMEMGTIRAE Fr 13458 2 TR~
TREDD & T BEO mff%: RT3, Lirio
T, Fr 1 Fh Z5 % Fr L Fi © 5L & 4
height over area ¥:J %\ 1 initial slope ¥:iz.
LB MR WIEORELFMETS & & Th
5.
height over area H2|3E FIAVEBLC b b 3 EE
RO ML WERE VSR F5T5. —F,
initial slope Pi3MhD HE:H A7c < & 104D
WEEZNELT 2O L2 pHEOR2 Y 75 v
A R B iR OREA RD B = L HEHETH
DEEIR EIFERTH 2. e AEOEEET
1345 4 DRFTE £ D Ui & 22 o [ i ik o2
HEEDOFHIC, $BE XA 2 mifEo%E
b4 OFHIT VT 5

height over area #ki X % mMmifiiEf{EiL slow jg
TN VE Fr X hRkEWEXRLE. thid
HEIEBTE (DRE G)ROERIEF &
Eribhb, Hb, 27075 vaARTEET (4)



B Fn504E 8 A25H

R LichA o CTEHET 2854613 Zierler D iz
HE#W X b Fh i Fr LSger—3T 55, (5)
RIERWTERZ V7 5 v A HiiR% 100 R E
TEHIcd, D4 Ay 2 Ay X h/hELTh Fh
BRELFHIIZRS., &b, slow fAyH hE
WiE Ay EOENKRELTDHFEE, Fh L Fr k
DEIHEIT S, LlED T L <, |height over area
B & 2 MIREE L G 235813 slow gy
INEL TR B Lo OREHINZE L e B
ZERERT AUNENSS,
initial slope y£I3fi% 2 V 7 5 v ARMERO Heg) 0
W% L ORI TH S L5 EEICHT W
TR EY R D 5 g TH B, Fr L Fio
e —EDBIRE R\ 2T Ol ch s, =
FAER L h fast B4y OBEES Fi o1 L
TRt % o LpRahic. BElb, initial slope
ERIE LR E O HEE W I 1 5 500, A
T 5 2en OFHECIET 5 L B2 5.
3. MEEZEEI X BEHEREE
BATRERIAZ I AT 5 FHEUE N ORI 2B o FE e
fmz= AN 1%
AN=y'N )
“TFEH I b, height over area iz o\ T %
QRS & MM Fh o HEHEBH X %
FrEAEEY R FFERAT A LR TH B,
it¥e, LT, 4131% %« 0BEROHAEBIC L 2%
Laimd. 9, GREEITH LK X
.
’ IFh=100-3
. Agor A(H, — o) — (Hy—Hyp) e Ay (10)
Ag?

5. GRE 10) R LEETI,
AFh _ A(Hy—H,;,)  AA4 a1
Fh v < et wenl(
Eln. e, Fig. 2 ROt (g)ﬁ%%ﬁ‘?hl‘f
Hyo<Hy O ‘ﬁa—mg'_égp_ (12)
10 0

DARIERALT 5. LizhvoT, ST,
AFh _, AH,

“Fh - H, (13)
E»hB.  (13) ik Fh oFHER N X 54
NERETMMEECEBRTHY, 2o, AbE
D OFIEEE Hy wXioT—HiEx sz b %

671—(47)

AL, £OkE X% Hy DFEHEBOEIE IR
ELvziERT. ORXREEETH Ltk
b, (13) Fix Fig. 8 R L e B —%
THLEELS.

initial slope #E{Z0\~TiL beight over area Ik
D &5 EGRHCHRT LB & 53R 2H < DIk
WEETHS. LvL, B2V 75 v RO =7
NEBFER X Y, A BRI X 5 EERE S MR
B 2 AL EERTHHC &, height over
area JEDZh & DAt Table 1 X 1 i31¥ 2/log H,

THEbEHZ L&D,
AFi 2 . AH, y
Fi — g H, H, a9

DEBEELC EMHESD. (14 R 0BERA
TREIXSHBE BT L\,

LLE®D X 5 ic#iEtElne X 25 EEEHks v
7 7 v A MO REFBEEC & D i2F—EEE
b, b kY owiiEEEORE AL (13) K
BB (14) R Lieado T oF a2 %
HETEXS., Hr=h2 % X% CBF JIE
TiL, 4 OMIBBMIVNETEL LE 2 DK2
V7 5 v Ao e EUE X1 5 © 2R T
hBH., = O L5 COEAR OFHEENEIGE
%, (13) XhHsiT (14) R Lichio T
WROBEYZEETAZ LAEETH .

4. FREBGTHEOE

RGO EORRT IR 2 vV 7 5 v R R
Mz HT53y 2 75 v FEOHHiZ X h B
2T B, AV AT A CREET S - OER
DUV~ y 775/ FELTWS. Licho
T, AYAF LT BT, £f77T5 BXe ¥
ADIREHEEED 2 V 7 5 v A LM EFTEED
SEAFFT % b 72 3. Fig. 9 2umpik oS v
PEOHIMBAKRE W LR LTWEDR, Zh
VRIS 2 DX WEAIE B Xe 0 2 ) T 5 R
DB DBRIHENRE R Y, FORE,
BEEoE M Hbha o Lk 3 L%
z2bhb.

Hgedt-Rasmussen HIXEfTTHM7 V75 A
fER OBRE DA BIMET 5 & Lic X h B KE
BT A MER{TR2TWAP®, Lal, ©




672—(48)

DLHEL BXe AR DO 7 —F7 7 7 bR JE
ORISR X ARSI B ST L
LSEER MEN Tebhsd L B, Baix
Fig. 9% b iz, T THWZ YV 75 vAhiED
MmiftEfEE *Xe AR % 5252210
X REHS RO E O IEX 1770\ RIF bR
ZETWA,

LlE, Bz V75 vl O AT & 2
T ADERE B E LT, M2 Y 75 vAalifio
FENT AR L ORI O\ T DEAW I F o 2 1
=T Aot R a0k, vk, EEOML
IR TR DR ERBEOO &2 Th B EH
mfE Hy ORFEREC DWW THRET 5T
ETHB.

% B

188Xe g7 V7 5 v AR fast B4 K O° slow
BGr @ 2 EOIREBB X DS L v 5 REET
CTvELETARMBERL, M2V 735 vAlhiE
FRHT_E o> FEAY 7 IR A o\ CRE R T BT A A
RAALTOREREE .

1) height over area ¥ (3T IT—ED LR T=
TAOMEMPBREMEEL D KEEEZRL, slow
B4 At 20ml/100g/min C (% §#910%H4T Hot-.
initial slope ¥:i% fast J4)»1100ml/100g/min 3
TOHERT slow B4y @ fHi & o3 fast jisy ©
A X D mfEEHE F 2.

2) METEEC X A5 EFEGHEEON D EY
OIATEEE He T—@icE b, mitEEoH
ST IR EEAEfRZS 13 height over area 3% 4H/H,,
inhitial slope P:At 2. 4Hy/Hyelog H, Th % Hh
fo. 7ol L, dHy=v'H, Th5.

3)  HEEAE R 1) B B AR R AR

FRAN54r D4, initial slope JT1 %053 %
OWME & 27, T, BERSED gy ¥

FBicid initial slope #:C154)% 5304y, height
over area 7ET4047 1A o 7 AREIRIGE Y HEC
ot

x W

1) Fieschi, C., Prencipe, M., Agnoli, A., Battistini,
N. and Bozzao, L.: Experimental errors of

2)

3)

4

5)

7)

8

=

9)

10)

11)

12)

13)

HAEFRERESER #535% #Hs 5

the intracarotid injection method for rCEF
measurement, and their statistical evaluation.
Brain and Blood Flow (Ross-Russel, R.W. ed),
London, Pitman Medical Fublishers, (1971),
8—-11.

H¢edt-Rasmussen, K., Sveinscottir, E. and
Lassen, N.A.: Regional cerebral blood flow
in man determined by intra-arterial injection
of radioactive inert gas. Circ. Res., 18 (1966),
237—247.

Hgiedi-Rasmussen, K.: Regional cerebral
blood flow. Acta Neurol. Scand., 43, Suppl.
27 (1967).

Hutten, H. and Brock, M.: The two-minutes-
flow-index (TMFI). Cerebral Blood Flow
(Brock, M. et al. eds), Berlin, Heidelberg,
New York, Springer-Verlag, (1969), 19--23.
R B, @A : Personal Communica-
tion (1972).

B R, AR BETHEBCLBR]
AA-SHBROYaiv—vav (1) 2%t
RIAs-vrsdaR Aok, FERS
&, 31 (1972), 1270—1285,

Ingvar, D.H. and Lassen, N.A.: Quantitative
determination of regional cerebral blood flow
in man. Lancet, 2 (1961), 806—807.

Ingvar, D.H. and Lassen, N.A.: Regional
blood flow of the cerebral cortex determined
by krypton 85. Acta. Phys. Scand., 54 (1962),
325—338.

Ingvar, D.H., Cronqvist, $., Ekberg, R.,
Risberg, J. and Hgedt-Rasmussen, K.: Normal
values of regional cerebral blood flow in man,
including flow and weight estimates of gray
and white matter. Acta Neurol. Scand., 41,
Suppl. 14 (1965), 72—78.

wE M, LHAk, Unf--:Xe Ry
77 AR o ETRHERC L L B, ER
BFLEMETE, 11 (1973), 358—362.
Kassel, N.F. and Reivich, M.: On line
analysis of cerebral blood flow clearance curves.
Brain and Blood Flow (Ross-Russel, R.W.
ed), London, Pitman Medical Publishers,
(1971), 34—38.

Kety, 5.8. and Schmidt, C.F.: The deter-
mination of cerebral blood flow in man by
the use of nitrous oxide in low concentrations.
Amer. J. Physiol., 143 (1945), 53—66.
Lassen, N.A., Hgedt-Rasmussen, K., Sorensen,
S.C., Skinhoj, E., Crongvist, 5., Ingvar, D.H.
et al.: Regional cerebral blood flow in man
determined by krypton 85. Neurology, 13

(1963), 719—727.



HEF1504E 8 A25H

14)

15)

16)

17

~—

18)

McHenry, L.C., Jaffe, ML.E., and Goldberg,
H.I.: Evaluation of the rCBF method of
Lassen and Ingvar. Cerebral Blood Flow
(Brock, M., et al. eds), Berlin, Heidelberg,
New York, Springer-Verlag, (1969), 11—I14.
Oeconomos, D.:  Stochastic analysis and slope
determination of linear and semilograithmic
clearance curves respectively. Practical con-
siderations. Cerebral Blood Flow (Brock, M.,
et al. eds), Berlin, Heidelberg, New York,
Springer-Verlag, (1969), 24—26.

Olesen, J., Paulson, O.B. and Lassen, N.A.:
Regional cerebral blood flow in man deter-
mined by the initial slope of the clearance
of intraarterially injected '¥Xe. Stroke, 2
(1971), 519—540.

Paulson, O.B., Cronqvist, 8., Risberg, J. and
Jeppesen, F.I.: Regional cerebral blood
flow: A comparison of 8-detector and 16-
detector instrumentation. J. Nucl. Med., 10
(1969), 164—173.

Reivich, M.: Observations on exponential
models of cerebral clearance curves. Research
on Cerebral Circulation (Meyer, J.S., et al.
eds), 135—144, Charles C. Thomas, Spring-

19)

20)

21)

22

—

23)

673—(49)

field, Illinois, U.S.A., 1969,

Reivich, M., Slater, R. and Sano, N.: Further
studies on exponential models of cerebral
clearance curves. Cerebral Blood Flow (Brock,
M., et al. eds), Berlin, Heidelberg, New York,
Springer-Verlag, (1969), 8—10.

Sveinsdottir, E., Thorléf, P., Risberg, J.,
Ingvar, D.H. and Lassen, N.A.: (Calculation
of regional cerebral blood fow (rCBF):
Initial-slope-index compaired to height-over-
total-area values. Brain and Blood Flow (Ross-
Russel, R.W. ed), London, Pitman Medical
Publishers, (1971), 85-—93.

Veall, N, and Mallett, B.L.: The partition
of trace amounts of xenon between human
blood and brain tissues at 37°C. Phys, Med.
Biol., 10 (1965), 375—380.

Waltz, A.G., Wanek, A.R. and Anderson,
R.E.: Comparison of analytic methods for
calculation of cerebral blood flow after in-
tracarotid injection of **Xe. J. Nucl. Med.,
13 (1972), 66—72.

Zierler, K.L.: [Equations for measuring blood
flow by external monitoring of radioisotope.
Circ. Res., 16 (1965), 309—3521.




