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Quantitative assessment of experimental errors in the analysis of
133Xe clearance curve from the brain employiug digital model.

Iwao Kanno, B.Sc., Kazuo Uemura, M.D., Yuko Miura, B.Sc.
and Koichi Yamaguchi, M.D.

Division of Radiology, Research Institute of Brain and Blood Vessels, Akita, Japan

Research Code No.: 760

Key Words:  Regional cerebral blood flow, *** Xe clearance curve, Biexponential model, Height over
area method, Initial slope method.

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).

Ho=3000
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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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*la
§
=20 —2—e height over area method
E \ 8 initial slope method
-
_E'; ‘\, flow = 50
w10
E \
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E = =
\\‘ .
‘-\‘_‘__1 Q“"“‘n—-.a____
0 o o
100 1000 10000 cps

initial height ( H )

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.
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