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Fig. 1 Protocol of measurements of cerebral blood

flow and oxygen metabolism by positron emis-
sion tomography in cases of intravenous infu-
sion of 250-300 m/ of 109% glycerol solution
(a), or inhalation of 5% carbon dioxide (b),
respectively.
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Fig. 2 Results of glycerol loading in 14 subjects. The changes in CBF, CMRO2 and OEF
between control (left) and post-glycerol loading (right) are shown respectively in
each case. The shaded area represents mean + one standard deviation of 18 normal
subjects. CBF: @ —@® (m//100 m//min). CMROQO:: O—O (m/ O2/100 m//min).

OEF: m—m (%).
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PLAIN CT

CE-CT

GLYCEROL

Fig. 3 Fifty-eight-year-old male with glioblastoma multiforme in left occipital lobe
(case 4 in Fig. 2). (a): Plain and contrast enhanced X-ray CT showing marked
subcortical enhancement in the left occipital lobe and corpus callosum. (b): CBF,
CMRO: and OEF images in control (top) and after glycerol loading (bottom) cor-

responding to the slice of X-ray CT.
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i

Fig. 4 Thirty-five-year-old female with meningioma in left sylvian fissure (case 7 in
Fig. 2). (a): X-ray CT showing extremely enhanced tumor with surrounding
edema in the left temporal lobe. (b): Corresponding PET images in control (top)

and after glycerol loading (bottom).
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Fig. 5 Results of 5% CO: loading in 9 subjects. The changes in CBF, CMRO: and OEF,
and the shaded area as well as the symbols are represented as same manner as

in Fig. 2.
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Fig. 6 Forty-four-year-old male with cerebral infarction due to the stenosis of left
internal carotid artery (case 2 in Fig. 5). (a): X-ray CT showing no abnormalities
except a small low density area in the left frontal cortex which indicates a small
cerebral infarction. (b): Corresponding PET images in control (top) and after 5%,

CO2 loading (bottom).
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PLAIN CT

CONTROL

5% Coz

Fig. 7 Sixteen-year-old female with cerebrovascular moyamoya disease (case 7 in Fig. 5).
(a): X-ray CT shows no abnormalities except the ill-demarcated small low density
area in the left occipital lobe which is regarded as cerebral infarction. (b): Cor-
responding PET images in control (top), and after 5% CO:2 loading (bottom).
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Lk -7z, Fig. TiczofREH & L TRER T D
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MABP 3 il fiLjiit © autoregulation o> #fi P % 36 it
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Table 1 PaCO: and Mean Arterial Blood Pressure

(MABP) before and after 5% CO:2 loading

PaCO: (mmHg)

MABP (mmHg)

Case
before after before after
1 37.0 46.8 100 106
2 43.0 46.3 104 110
3 44.5 48.0 131 155
4 38.5 45.0 116 140
5 40.7 47.7 136 150
6 39.6 49.4 114 120
7 39.2 46.0 127 136
8 33.6 42.7 111 123
9 41.3 45.8 not measured
mean 39.7 46.4 117 130
S.D. 3.2 1.9 12.9 18.1
p value <0.001 <0.005
S.D.=standard deviation.
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Fig. 8 The relationship between control values and per cent changes in CBF (m//100 m//
min), CMRO2 (m/ O2/100 m//min) and OEF (%) with glycerol infusion in
14 cases. The open circles indicate the cases with increased intracranial pressure,
while the closed circles show the remainders. The horizontal and vertical shaded
areas represent mean value 4 one standard deviation of short term reproducibility
in 6 patients, and control values in 18 normal subjects, respectively.
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Fig. 9 The relationship between control values and per cent changes in CBF, CMRO:2
and OEF after 5% CO: loading in 9 cases. The coordinates and the shaded areas
are shown in same manner as Fig. 8. The open circles indicate the cases with
moyamoya disease, while the closed circles represent others.
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Summary

Clinical Usefulness of Positron Emission Tomography in the Evaluation of
Regional Cerebral Blood Flow and Cerebral Oxygen Metabolism
Under Glycerol and Carbon Dioxide Loadings

Shuji TANADA*, Yoshiharu YONEKURA*, Michio SENDA*, Hideo SAir*,
Toru Funta*, Kanji TorizuKA*, Akira KOBAYASHI**, Waro TAKI**,
Masatsune ISHIKAWA**, Hajime HANDA**, Kiyoshi HARADA***,
Hidenao FUKIYAMA*** and Masakuni KAMEYAMA***

* Department of Radiology and Nuclear Medicine, ** Department of Neurosurgery,
*** Department of Neurology, Kyoto University School of Medicine

Cerebral blood flow (CBF) and oxygen metab-
olism (CMRO32) were studied in normal cerebral
cortices by positron emission tomography using
continuous inhalation method of oxygen-15 labeled
carbon dioxide and oxygen, and single inhalation
method of oxygen-15 labeled carbon monoxide.
The values of CBF, CMRO32, and oxygen extrac-
tion fraction (OEF) in cerebral cortices of 18
healthy normal volunteers represented 40+ 7 m//
100 m//min, 3.24+0.5m/ O2/100 m//min, and 0.43 +
0.07, respectively. In cases with glycerol loading,
CBF increased in 10/14 cases. Studies of 6 cases
with intracranial pressure indicated the presence
of mechanism by which depressed CMRO:z im-
proved and was kept in normal values. The loading
of 5% carbon dioxide showed an increase in CBF
in cases with cerebral infarction, which implied

the good cerebral vascular response to the elevated
arterial carbon dioxide, but no particular changes
were observed in CMRO: which seemed to be less
responsive to the elevated arterial carbon dioxide
level. In cases with moyamoya disease, 5%, carbon
dioxide loading showed no changes in CBF and
CMRO2. This suggested the poor cerebral vas-
cular response to the elevation of arterial carbon
dioxide, while X-ray CT failed to demonstrate any
abnormalities in corresponding areas.

Positron emission tomography proved to have
a great potentiality regarding the evaluation of the
changes in cerebral blood flow and cerebral oxygen
metabolism under various loadings.

Key words: Positron emission tomography,
Cerebral blood flow, Cerebral oxygen metabolism,
Glycerol, Carbon dioxide.
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