16

Table 2. Cerebral blood flow (mL.minute”.[100 gram of perfusable tissue]”), myocardial
blood flow (mL-minute'-[100 gram of perfusable tissue] ), and normalized myocardial blood
flow (100mL.mmHg ' -[heart-beat] ' -[gram of perfusable tissue] ")

Rest Hypocapnea Hypercapnea
Cerebral blood flow 39.8 £5.3 27.0 £6.3% 48.4 £10.4*
Mpyocardial blood flow 78.2 £12.6 55.1 £14.67 88.7 £22.4
Normalized myocardial blood flow 934 £16.6 64.5 £18.37 90.5 +14.3

Significance of changes compared with the three groups: *P < 0.05, 1P < 0.01
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A physiologic model for recirculation water
correction in CMRO,, assessment with '°0,
inhalation PET

Nobuyuki Kudomi, Takuya Hayashi, Hiroshi Watabe, Noboru Teramoto, Rishu Piao,
Takayuki Ose, Kazuhiro Koshino, Youichirou Ohta and Hidehiro lida

Department of Investigative Radiology, Advanced Medical-Engineering Center, National Cardiovascular
Center Research Institute, Osaka, Japan

Cerebral metabolic rate of oxygen (CMRO,) can be assessed quantitatively using '*0, and positron
emission tomography. Determining the arterial input function is considered critical with regards to
the separation of the metabolic product of *0, (RW) from a measured whole blood. A mathematical
formula based on physiologic model has been proposed to predict RW. This study was intended to
verify the adequacy of that model and a simplified procedure applying that model for wide range of
species and physiologic conditions. The formula consists of four parameters, including of a
production rate of RW (k) corresponding to the total body oxidative metabolism (BMRO,).
Experiments were performed on 6 monkeys, 3 pigs, 12 rats, and 231 clinical patients, among which
the monkeys were studied at varied physiologic conditions. The formula reproduced the observed
RW. Greater k values were observed in smaller animals, whereas other parameters did not differ
amongst species. The simulation showed CMRO,; sensitive only to k, but not to others, suggesting
that validity of determination of only k from a single blood sample. Also, k was correlated with
BMRO., suggesting that k can be determined from BMRO.. The present model and simplified

procedure can be used to assess CMRO, for a wide range of conditions and species.
Journal of Cerebral Blood Flow & Metabolism advance online publication, 5 November 2008; doi:10.1038/jcbfm.2008.132
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Introduction

Cerebral metabolic rate of oxygen (CMRO,) can be
quantitatively assessed using '"O-labeled oxygen
(**0,) and positron emission tomography (PET). This
technique is based on an estimation of influx rate of
150, to the cerebral tissue from arterial blood. Using
information of cerebral blood flow (CBF) that may be
obtained either from a separate scan with **O-labeled
water (H;°0) or from the clearance rate '*0, of tissue,
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the oxygen extraction fraction (OEF) can also be
calculated. The arterial input function must
be determined before beginning this calculation.
More specifically, a metaﬁlic product of 0, in
the arterial blood, as a form of **O-labeled water (i.e.,
recirculating '"O-water or RW) needs to be accurately
estimated.

The arterial whole blood radioactivity curve can be
obtained by measuring the radioactivity concentra-
tion of continuously withdrawn whole blood using a
monitoring device (Eriksson et al, 1988; Eriksson and
Kanno, 1991; Votaw and Shulman, 1998; Kudomi
et al, 2003). Assessment of a time-dependent RW
curve may be achieved by separating the plasma from
the whole blood samples. This, however, requires
labor-intensive procedures of frequent, manual
arterial blood samplings, the centrifugation of all
collected blood samples, and radioactivity measure-
ments for both whole blood and plasma (Holden
et al, 1988).

Ohta et al (1992) proposed to neglect the compo-
nent of RW from the arterial input function. This
technique fits three parameters of CMRO,, CBF, and
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