Original Article

MEMOIRS
AL. MED. PROF. KANAZAWA. UNIV,
Vol. 17 39~42 1993

Quantitative Analysis Acetazolamide Effect on Cerebral
Blood Flow and Cerebrovascular Response by Radionuclide
Angiography of *™Tc-hexamethylpropylene Amine Oxime

- Shiro Tsuji*, Teruhiko Takayama**, Hiroshi Matsuda***,
Keiko Kinuya*, Hisashi Sumiya*, Ichiei Kuji*,
Norihisa Tonami*, Kinichi Hisada*, Sotaro Higashi****,

Kiyonobu Ikeda****

. and Junkoh Yamashita****

ABSTRACT

The effects of acetazolamide (Diamox®) on cerebral blood flow and cere-

bral vascular response were 'investigated using radionuclide angio-
graphy of **™Tc-hexamethylpropylene amine ‘oxime. Absolute values of
cerebral blood flow (CBF) and cerebral blood volume indices (BVI) were
calculated in 10 patients with cerebrovascular diseases by the graphi-
cal analysis. After administration of Diamox, significant increases of both
parameters were observed. Change rates of BVI were larger than those
of CBF. This method was considered to be useful to assess the drug effect
on cerebral blood flow and blood volume.
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INTRODUCTION
mTc.hexamethylpropylene amine oxime(®**™Te-
HMPAOQ) is widely used for the evaluation of cere-

bral blood flow (CBF), but most of previous reports

are only qualiative. We have reported quantita-
tive use of. this radiopharmaceutical by the angio-
graphic method”. This technique is also able to esti-
mate a vascular component, that is cerebral blood
volume, of the brain. In this report, drug effects
on both parameters were evaluated.

SUBJECTS
Ten patients with cerebrovascular diseases were
examined, 8 men and 2 women, aged 41~73 (mean

54 years). Diagnoses were based upon the clinical
histories, neuroligiéal signs, angiography, X-ray
computed tomography (CT) and magnetic res-
onance imaging (MRI) findings. Eight patients had

" brain infarction, 1 subarachnoid hemorrhage, 1

moyamoya disease.

METHODS

Radionuclide angiography was petrformed by
intravenous bolus injection of 740 MBq of ?°™Tc-
HMPAO into the right brachial vein, followed by
SPECT. Data acquisition and analysis were per-
formed using the same method described in the
previous study®. Eight patients received CBF
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Fig. 1 Comparison of absolute values of mean cere-
bral blood flow (mCBF) of before and after
administration of Diamox. Mean value of
mCBF of 20 hemispheres on the baseline study
was 40.1+5.0ml/100g/min (meants.d.), and
increased to 43.5+3.9ml/100g/min on stress
study significantly (p=0.0005).

studies on separate days, firstly without admini-
stration of acetazolamide (Diamox® ; baseline study)
and secondly with it (post-Diamox study) at 4-11
days interval, and consective CBF studies before
(baseline study) and after (post-Diamox study)
administration of acetazolamide were performede
in 2 patients.

The theoretical model of blood-brain exchange
previously reported was employed in this study®-*.
In the unidirectional transfer process, brain radio-
activity as a function of time, B (t), was express-
ed as follows :

B()=kue J;A(t)d'c +Vao A(t) (1)

where A(t) is the arterial activity as a function
of measurement time (t), = is time, ku is the unidirec-
tional influx rate, Vn is the initial distribution
volume for the tracer. Dividing Equation (1) by
A(t) yields

B _,, LAOS
A(Y) A(t)

The graphical approach by plotting B(t)/A(t)
versus from each group of data gives an unidirec-
tional influx rate of ku as a slope of a straight line
and Vn as the ordinate intercept of this line".
Absolute values of mean CBF (mCBF) and cere-
bral blood volume index (BVI) were calculated from
ku and Vn". We evaluated absolute values of both
parameters on condition with and without admini-
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Fig. 2 Comparison of absolute values of bleod volume
" indices (BVI) of before and after administration
of Diamox. Mean value of BVI of 20 hemi-
spheres on rest study was 7.1%x1.5, and
increased to 9.3+2.2 on stress study signi-
ficantly (p=0.0001). Mean value of % change

of BVI was 34.1+30.2%.

stration of the drugs, and % changes were cal- .
culated.

RESULTS

The mean value of mCBF of 20 hemispheres on
the baseline study was 40.1+5.0ml/100g/min (mean=
s.d., ranging from 325 to 49.9ml/100g/min), and
increased to 43.5+3.9ml/100g/min (37.1 to 50.5ml/
100g/min) on the post-Diamox study significantly
(p=0.0005). The mean value of % change of mCBF
was 9.2 £9.4%(—4. to 27.3% ; Fig. 1).

Mean value of BVI of 20 hemisperes on rest study
was 7.1*1.5 (4.6 to 10.1), and increased to 9.3£2.2
(6.4 to 12.5) on stress study significantly (p=20.0001).
Mean value of % change of BVI was 34.1 +30.2%

" (—19.1 to 81.0% ; Fig. 2).

Percentage changes of BVI were larger than those
of mCBF in most patients. Relationship between
both parameters of each patient was shown in
Figure 3.

DISCUSSION

Graphical analysis for quantitation of CBF gives
two parameters, the first one is unidirectional influx
rate constant (ku), which is given as a slope of a
straight line of the plot, and the other is the initial
distribution volume for the tracter (Vn), given as
the ordinate intercept of the plotted line. The units
of ku and Vn are ROlvrain size/ROlarota size/s and
ROIbratn size/ROlarota size, respectively®’ (ROI, region
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Fig. 3 Correlation of % change between blood volume
index (BVI) and cerebral blood flow (CBF) before
and after administration of Diamox.
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of interest). It is necessary for clinical usefulness
to correct ku and Vn by the ratio of ROlbrain size
to ROlarowa size. After correction by the ratio of ROI
size, we call the corrected ku as brain perfusion
index (BPI), and the corrected Vn as blood volume
index (BVI). Hemispheric BPI values showed highly
significant correlation with hemispherical mean
CBF obtained from '*¥Xe CBF SPECT study". So
we calculate CBF value from BPI using regres-
sion line equation.

The vasodiatory effect Diamox is mediated by
inhibition of carbonic anhydrase® ™. This inhibi-
tion has been suggested to produce an increase of
CBF by pH reduction, similar to the effects of
breathing carbon dioxide®. In normal tissue, this
reaction is smoothly occurred, but at the region
perfused by aterosclerosed vessels, this reaction is
poor. So perfusion of this area might be decreased
on administration of Diamox due to steal pheno-
menon. ,

We, previously reported quantitative determina-
tion of CBF using an SPECT image substraction
technique®. But by this method, underrestima-
tion of CBF after administration of Diamox was

occured, possibly because of the nonproportiona-
lity of HMPAO. Our new approach, significant
increase of CBF and BVI were observed after
administration of Diamox. This method was con-
sidered to be useful to assess the drug effect on
cerebral blood flow and blood volume.
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