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Abstract

Obijective: Cerebral blood flow (CBF) estimation with C**0, PET usually assumes a
single tissue compartment model and a fixed brain-blood partition coefficient of water.
However, the partition coefficient may change in pathologic conditions. The purpose of
this study was to investigate the changes of partition coefficient of water in pathological
regions and its effect on regional CBF assessment.

Methods: Study protocol included 22 patients with occlusive cerebrovascular disease to
compare partition coefficients among 3 regions (infarction, non-infarct hypoperfusion,
and contralateral) in the pathologic brain (analysis A), and to compare CBF estimated
using fixed partition coefficient (CBFfixed) and CBF estimated using floating partition
coefficients (CBFfloat) (analysis B).

Results: Partition coefficient in the infarction (0.55 + 0.07 ml/g) was lower than that in
contralateral normal cortex (0.68 + 0.05 ml/g), while non-infarct hypoperfusion did not
show a significant change (0.67 £ 0.06 ml/g). As a result, use of a fixed partition
coefficient of normal volunteers (0.70 ml/g) resulted in an underestimation in rCBF by
12% in infarction area (p < 0.05), while estimation errors were smaller and induced no
significant difference in non-infarct hypoperfusion area or in contralateral areas.
Conclusions: Partition coefficient is stable except for the infarction, and CBF estimation
using a fixed partition coefficient of normal volunteers provides clinically appreciable

information in patients with cerebrovascular disease.
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Introduction
Cerebral blood flow (CBF) is an important indicator for severity and prognosis of patients
with cerebrovascular diseases [1-3]. CBF quantification using H**O or C**0, PET and a
single tissue compartment model has been well established and widely applied in various
clinical settings. Basic assumption for the single tissue compartment model includes (1)
constant regional CBF during the study, (2) uniform tracer delivery to entire brain
through cerebral arteries, and (3) free diffusion of water across the blood-brain barrier
(BBB) resulting in the instantaneous distribution of the water in the brain tissues. In
particular, distribution volume of water, so called brain-blood partition coefficient, is
usually assumed to be constant in various pathology to simplify the model. A multicenter
study revealed that 10 of 11 institutes used the methods with fixed partition coefficient
ranging from 0.8 to 1.0 ml/g [4].

However, it is unclear whether partition coefficient of water is biologically
stable under pathological conditions. Herscovitch et al. and Kudomi et al. suggested a
possibility that partition coefficient might alter in edematous or necrotic tissues [5, 6]. A
recent MR spectroscopy study investigated brain temperature and reported that ischemic
brain tissues showed higher local temperature than non-ischemic tissues [7], which may
affect regional partition coefficient [8]. Another study revealed ~40 % reduction of
partition coefficient in the brain of the anesthetized baboon [9]. These lines of evidence
suggest a possibility that brain-blood partition coefficient of water may not be stable in

ischemic area of occlusive cerebrovascular disease.



The purpose of this study was to investigate the changes of partition coefficient
of water in pathological regions and to elucidate errors in C**0, PET derived CBF in

pathological regions when using a fixed partition coefficient.

Materials and Methods

Study design

Seven healthy normal volunteers and 22 patients with unilateral cerebrovascular disease
were retrospectively included for the study protocol. Patients were subjected to the
following two analyses: (1) comparison of regional partition coefficient among normal
and pathological areas to investigate the changes of partition coefficient of water in
pathological regions (Analysis A), and (2) comparison between CBF estimated using
floating partition coefficient (CBFfloat) and CBF estimated using fixed partition
coefficient (CBFfixed) using C**0 and C**0, PET to elucidate errors in C**O,
PET-derived CBF in pathological regions when partition coefficient is fixed (Analysis B).
The Ethics Committee of the Hokkaido University Hospital approved the study

(#009-0310).

Subjects
The study protocol included the patients with (1) unilateral stenosis (> 70%) in either

right or left internal carotid artery (ICA), and (2) unilateral stenosis (> 50%) in either right



or left middle cerebral artery (MCA). Patients with bilaterally involved cerebrovascular
disease (> 50% stenosis in either ICA or MCA), and patients with a history of cerebral
hemorrhage or traumatic brain injury were excluded from the analysis. The final study
population included a total of 22 patients (18 men and 4 women, aged 36-84 years, mean
age 63.3 £ 12.1 years) with unilateral cerebrovascular disease. The control group
consisted of seven healthy men (aged 23-40 years, mean age 30.6 * 6.3 years)
volunteering to participate in this study. All volunteers underwent a series of MRI to

confirm no significant cerebrovascular disease.

Image Acquisition

All subjects underwent the same protocol of PET acquisition with C*O gas followed by
C'0, gas inhalation technique, combined with arterial blood sampling to estimate
regional CBF quantitatively using a single tissue compartment model [10]. The
acquisition protocol employed a high-resolution PET scanner (ECAT HR+ scanner;
Asahi-Siemens Medical Technologies Ltd., Tokyo, Japan) operated in a two-dimensional
brain acquisition mode. Transmission datasets were acquired for the period of 5 min using
a ®3Ge/*®Ga retractable line sources. After preparing the patients for a standard gas
delivery system, 2.0 GBg/min of C*O gas was given through the system for 1 min. We
asked the patients to be awake and breathe normally. A static emission scan was initiated
after a waiting period of 3 min for C**O to combine with hemoglobin. Arterial blood

samples were drawn every minute from the right radial artery for a total of 3 samples to



obtain a mean arterial concentration of hemoglobin-bound C**0O to calculate cerebral
blood volume (CBV). An automatic cross-calibrated y-counter equipped with weighing
system (ARC-400; ALOKA Co., Ltd., Tokyo, Japan) measured the concentration of
radioactivity of the sampled arterial blood. The next emission scan using C*°0, gas
started 2 min after the completion of the C*°0 acquisition. For the C*°0, gas study, a
dynamic emission scan was initiated at the same time with the initiation of tracer delivery
using 1.5 GBg/min of C'°0, for 90 sec. The acquisition protocol included 17 frames,
consisting of 1 x 30 sec, 10 x 15 sec, and 6 x 30 sec frames. The initial dynamic frame
was longer than the following frames to allow proper scatter correction using the
algorithm implemented in the PET scanner. Arterial blood was sampled at 30, 45, 60, 75,
90, 105, 120, 135, 150, 165, 180, 210, 240, 270, 300, and 360 sec to obtain an individual
arterial input function of H,™O. All acquired data from PET were reconstructed using
direct inversion Fourier transformation method [11] with a Hann filter of 14 mm full
width half maximum. The reconstruction matrix was 256 x 256, and the FOV was 33 cm
in diameter. Sixty-three transaxial slices with a thickness of 2.4 mm were generated. Data

were corrected for dead time, decay, and measured photon attenuation.

Data Processing
Regional CBV was estimated on a pixel-by-pixel basis by the following formula to
generate parametric images:

CBV =Pco/acw/0.85 (1)



where Pco is PET-produced C*O radioactivity concentration, ac is arterial blood C**0
radioactivity concentration, and 0.85 is the ratio of cerebral small-vessel to large-vessel
hematocrit [12, 13].

The acquired arterial input function was corrected for delay of tracer delivery. A
fixed delay of 10 seconds was applied for the present acquisition protocol, which was
estimated from the previously published reports [15] and our previous investigations on
the delay between the radial artery and the brain tissues.

Inhaled C*0 is rapidly converted into H,*O in the lung (chemical equation (2)).
Then, the H,™O circulates throughout the body and reaches the brain within 30 sec after
tracer inhalation.

CR0, + Hy0 > CO, + Hy®0O  (2)

Using a single tissue compartment model [14-16], the regional cerebral

radioactivity is expressed by the following differential equation:

db(t)/dt = Kja(t)-kb(t), (3)
where b(t) is the decay-corrected radioactivity concentration in brain tissues at time t, and
a(t) is that in the artery. K; and k; are rate constants, and K/k, represents brain-blood
partition coefficient of water. Solving equation (3) about b(t) gives us

b(t) = Kia (t) ® exp(-kat).  (4)

® means convolution integral. PET-produced radioactivity represents a total
radioactivity in a pixel, containing the radioactivity not only in tissues but also in vascular

spaces. Therefore, using an established CBV correction method [9], theoretical



PET-produced radioactivity P(t) at time t is expressed as
P(t) = CBV a(t) + (1-CBV) b(t). (5)

To evaluate regional partition coefficient (analysis A), two variables including
Ky and k, were simultaneously determined by fitting P(t) to the acquired PET-producing
time activity curve using nonlinear least square method on a pixel-by-pixel basis. To
compare CBFfixed with CBFfloat (analysis B), we obtained equation (6) by replacing k;
with Ki/p (p: partition coefficient, a constant value).

b(t) = Kia (t) ® exp(-K1 t /p).  (6)

Then, nonlinear least square method determined K; as the sole variable. For
fixed p, the averaged value of healthy subjects was applied. In this study, we assumed
extraction fraction of water to be 1, thus K; was equal to CBF. Dispersion was not
corrected because of slow tracer delivery with the gas inhalation system. Calculation was
performed with the program developed in our institute using Microsoft Visual C++ 6.0

for Windows.

Regions of Interest

Parametric images were generated for CBV, CBF and partition coefficient using the
pixel-by-pixel information, which were anatomically coregistered to individual MR
images using a mutual information algorithm implemented in NEUROSTAT software
package [17, 18]. For region of interest (ROI) placement, the following regions were

identified on the coregistered MR FLAIR images on each patient with cerebrovascular
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disease: (1) infarction area, (2) non-infarct hypoperfusion area, and (3) contralateral area.
Infarction area was defined as the cerebral region with the finding of high signal intensity
on MR FLIAR image. The infarction areas smaller than 15 mm in diameter or smaller
than 15 mm in z-axis dimension were excluded from the analyses. The non-infarct
hypoperfusion area was defined as a cortex corresponding to the MCA territory of disease
side on the level of centrum semiovale. In 9/22 patients presenting with cerebral
infarction, the ROIs for non-infarct hypoperfusion were carefully placed on the region at
least 15 mm distant from the infarction area in the same hemisphere. Contralateral area
was defined as the normal-appearing cortex in the contralateral hemisphere of the
non-infarct hypoperfusion area. A well trained nuclear medicine physician manually
placed multiple uniform ROIs, each with circular shape and 15 mm in diameter, in the
following fashion described as below; first, 3 ROIs (1 ROI on each the 3 axial slices) on
infarction area only for the patients having infarction area meeting the criteria written
above, then nine ROIs (3 ROIs on each the 3 axial slices) on non-infarct hypoperfusion
area for all the patients, and finally nine ROIs (3 ROIs on each the 3 axial slices) on
contralateral area for all the patients. The values of ROIs were averaged to obtain
quantitative parameters of infarction, non-infarct hypoperfusion and contralateral areas,
respectively. In healthy subjects, a total of 18 ROIs were placed in the bilateral cerebral
cortex corresponding to MCA territories on the level of centrum semiovale (9 ROIs on
each hemisphere). Individual normal control values of the quantitative parameters were

calculated as an average of 18 ROls.
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Statistical analysis

Data were expressed as means + 1 SD. Partition coefficients among the 3 regions of the
patients were compared using the one-way analysis of variance (ANOVA). When a
significant difference was observed, Tukey-Kramer post hoc test was further performed
to identify pairs showing significant differences. The CBFfloat and the CBFfixed were
compared using Pearson’s correlation analysis, and Bland-Altman plot. Difference
between the mean values of CBFfloat vs. CBFfixed was analyzed with the paired t-test.

P-values less than 0.05 were considered to be statistically significant.

Results

Partition coefficients in normal and pathological brain (Analysis A)

The parametric images of healthy normal volunteers showed uniform partition coefficient
in the cerebral cortex. With the present acquisition protocol, the average cortical value of
partition coefficient was 0.70 = 0.04 ml/g ranging from 0.65 to 0.76 ml/g, corresponding
to CBFfloat of 44.6 + 8.2 ml/100 g/min ranging from 36.6 to 59.5 m1/100g/min.

In the pathological brain with cerebrovascular disease, parametric images
demonstrated visual heterogeneity in partition coefficient. In particular, infarction area
showed significantly lower partition coefficient, while the remaining cerebral cortex
showed relatively uniform value, including non-infarct hypoperfusion and contralateral
cortex (Figure 1). One-way ANOVA showed a significant difference among the groups,

with the estimated partition coefficient of 0.55 £ 0.07 ml/g in infarction, 0.67 £ 0.06 ml/g
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in non-infarct hypoperfusion, and 0.68 £ 0.05 ml/g in contralateral area, respectively. Post
hoc analysis showed significantly lower partition coefficient in the infarction than that of
other regions (P<0.001 for both). Figure 2 and 3 show parametric images of

representative cases with and without cerebral infarction (Fig. 2 and 3).

Errors in estimating CBF using a fixed partition coefficient (Analysis B)

Table 1 compares rCBF estimated using pixel-by-pixel value of partition coefficient
(CBFfloat) and using a fixed partition coefficient of 0.70, corresponding to the average
partition coefficient of cerebral cortex in healthy normal volunteers (CBFfixed) (Table 1).
In infarction area, there was 12% underestimation in rCBF using a fixed partition
coefficient, as a result of 21% difference (0.55 vs. 0.70 ml/g) in partition coefficient.
Estimation errors were smaller in non-infarct hypoperfusion area or in contralateral areas,
and there was no significant difference between the two rCBF measurements for these
regions. The two rCBF estimations closely correlated with (R = 0.95, p < 0.001), or
without (R = 0.92, p < 0.001) infarction area (Fig. 4a), although the Bland-Altman plot
demonstrated a trend of underestimation in the low CBF regions (Fig. 4b). The mean
difference of CBFfixed and CBFfloat did not show a significant estimation error.
However, the difference between the two CBF measurements tended to be larger in
high-flow areas. Figure 5 shows representative parametric images visualizing differences
in regional CBF values between the two estimation methods. Perfusion abnormality in

severely hypoperfused infarction area appeared more pronounced in CBFfixed than in
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CBFfloat, while the two images were visually comparable in mild hypoperfusion and

normal areas.

Discussion

The brain-blood partition coefficient of water was significantly lower in the infarction
area but similar between (1) non-infarct hypoperfusion area and (2) contralateral area of
patients with cerebrovascular disease. Patients’ CBF calculated using a fixed partition
coefficient of normal volunteer closely correlated with CBF calculated using floating
partition coefficients without systematic over- or under-estimation except for infarction
areas.

When partition coefficient was compared among different regional pathological
conditions, only infarction areas showed a different partition coefficient, which was 18%
smaller than the non-infarct hypoperfusion area, and 19% smaller than the contralateral
cortex. The estimated partition coefficient of non-infarct hypoperfusion and contralateral
side did not differ significantly. The smaller partition coefficient in the infarction most
likely represents decreased cellular components of brain tissues. In a single tissue
compartment model, the brain-blood partition coefficient of water is expressed as a ratio
of Ki/k, where K is the rate constant from blood vessel to brain tissue, and k; is the rate
constant from brain tissue to blood vessel, respectively. Therefore, partition coefficient
biologically represents the distribution volume of water per unit of cellular component of

the brain. Cerebral infarction is likely to reduce cellular component and to increase
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extra-cellular space per unit of brain volume, causing the decreased distribution volume
of the water. In the non-infarct hypoperfusion areas, the present results did not show a
significant change in the partition coefficient. The non-infarct hypoperfusion areas
probably preserve cellular components. Previous studies with **C-flumazenil observed
preserved neuronal integrity in hypoperfused areas reporting ~80 % of binding potential
compared to control [19, 20].

Recent experimental study suggested a new mechanism of cerebral water
distribution, which is not implemented in the present single tissue compartment model.
Instead of direct water exchange between capillary space and neurons, they suggested a
role of aquaporin (AQP) 4, which is expressed on the surface of astroglial cells and
regulates water movements between capillary space and astroglial cells [21, 22]. The
water movement through AQP4 may not follow diffusion mechanism of water, which
may affect water kinetics considering the number of astroglial cells which is 1.6 times
greater than the neurons in the human brain [23]. Although water exchange through
AQP4 is less likely to affect the distribution volume in the pathologic condition since
astroglial cells are known to be resistant to ischemic damage, future study should
investigate the possible mechanism of water distribution which is not implemented in the
present single-tissue compartment model.

The present study also investigated the errors in estimating CBF using a fixed
partition coefficient of healthy normal volunteers. CBFfixed demonstrated a good

agreement with CBFfloat in contralateral cortex and non-infarct hypoperfusion areas,
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while it underestimated the rCBF of the infarction by 12%, due to decreased regional
partition coefficient. We employed the value of 0.70 ml/g for a fixed partition coefficient,
based on the averaged partition coefficient of the normal healthy brains. The value of
partition coefficient varies depending on the specifications of the equipment in addition to
acquisition and reconstruction protocol, thus requires an institutional normal value
calculated using the same protocol with the investigated patients. The fixed partition
coefficient of 0.70 ml/g was lower than theoretically calculated values of 0.99 ml/g in
cerebral cortex [24] most likely due to limited spatial resolution of the present clinical
imaging protocol. We applied relatively strong smoothing filters (FWHM = 14mm) for
image reconstruction before compartmental analysis to minimize statistical noise, and
obtained clinically appreciable parametric images. The smoothing operation caused
underestimation of partition coefficient via amplified partial volume effects, which would
include mixture of tissues with low partition coefficient, such as white matter and CSF
[24].

CBFfixed underestimated rCBF in the cerebral infarction, but the degree of the
underestimation did not affect overall correlation due to extremely low CBF in the
infarction areas in either measurement, attenuating the error of fixed partition coefficient
in low-flow areas. Since accurate CBF assessment is critical in high risk areas without
cerebral infarction, simple CBF measurement with fixed partition coefficient is
acceptable in most of clinical settings. However, one should pay attention to the slight

underestimation of CBFfixed in the infarction due to overestimated partition coefficient.
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The present study has the following limitations. First, we targeted only unilateral
occlusive cerebrovascular disease. Other neurological disorders may have different
mechanism of altered partition coefficient from cerebrovascular disease. Degenerative
disorder of Alzheimer disease, for example, may have a possible alteration in partition
coefficient due to functional changes in neurons in addition to reduced number of neurons
per unit of brain tissue. Second, the absolute value of partition coefficient cannot be
compared with the previously published numbers due to possible difference in acquisition
and reconstruction protocol. We applied relatively strong smoothing filters for image
reconstruction for clinical purpose, which explains the lower value compared to the
previously reported value in human [16]. In addition, the present acquisition protocol
used a slow inhalation of C'*O,, which has a different characteristics in kinetic in the
single tissue compartment model compared with that of H,**O bolus infusion protocol. A
slow inhalation of C*°0, is relatively independent from dispersion because of the shape of
the input function presenting with less steep slopes around the peak. In addition, it also
allows the use of fixed delay time due to stable delay between radial and cerebral arteries
[16, 25].

Clinical implication of this work supports the use of fixed partition coefficient
for CBF estimation in patients with unilateral cerebrovascular disease to investigate rCBF
of non-infarct areas. The current study validates the accumulated lines of clinical
evidence regarding CBF in cerebrovascular disease since 1980s using fixed partition

coefficient [26-28], although the areas of infarction might underestimate rCBF due to



overestimated partition coefficient.

In summary, brain-blood partition coefficient of water was reduced in the
cerebral infarction, but was not significantly altered in the non-infarct hypoperfusion
areas of unilateral cerebrovascular disease. The CBF estimated using a fixed partition
coefficient underestimated the rCBF in the cerebral infarction by 12 % due to
overestimated partition coefficient. Since rCBF of infarction was low, it did not affect
overall estimation of rCBF. In conclusion, partition coefficient is stable except for the
infarction, and CBF estimation using a fixed partition coefficient provides clinically

appreciable information in patients with cerebrovascular disease.
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Table 1. CBF calculated using floating partition coefficient and a fixed partition coefficient

CBFfloat CBFfixed
P-value ©
(ml/100 g/min) (ml/100 g/min) °
Infarction area (n = 9) 21.3+7.0 18.7+75 <0.001
Non-infarct hypoperfusionarea (n=22) 33.2+8.0 33.0+9.2 0.78
Contralateral area (n = 22) 39.5+8.1 39.5+97 0.99

2 CBFfloat was calculated using floating partition coefficient. ® CBFfixed was calculated using a
fixed partition coefficient as 0.70 ml/g. ¢ P-value was calculated using paired t-test. Data are

presented as mean + SD.
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Figure Legends

Fig. 1
Partition coefficient among infarction area (n = 9), non-infarct hypoperfusion area (n =
22), and contralateral area (n = 22). ANOVA and a Tukey-Kramer post hoc test detected

significant difference between infarction area (*) and any other regions (P < 0.001).

Fig. 2
A representative case without cortical infarction (case 1). The patient had an occluded
right internal carotid artery. a CBF (0-60.0 mI/100 g/min), b partition coefficient (0-1.0

ml/g), ¢ MR FLAIR image.

Fig. 3
A patient with cerebral infarction showing low partition coefficient in the infarction area
(case 2). a CBF (0-60.0 ml/100 g/min), b partition coefficient (0-1.0 ml/g), c MR FLAIR

image.

Fig. 4
a Correlation of CBFfloat and CBFfixed. Solid line, regression (R = 0.95 with all regions
included); dotted line, the line-of-identity. b Bland-Altman plot. Solid line, mean

difference; dotted line, the line-of-identity; and dashed lines, mean + 2 SD (-0.5+ 7.4
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ml/100 g/min).

Fig. 5
Representative parametric images of a CBFfloat and b CBFfixed showing comparable

values.

Conflict of interest

The authors declare that they have no conflict of interest.



21

REFERENCES

1. W. J. Powers. Cerebral hemodynamics in ischemic cerebrovascular
disease. Ann Neurol 1991; 29:231-40.

2. C. d. Klyn, L. J. Kappelle, C. A. Tulleken and J. van Gijn.
Symptomatic carotid artery occlusion. A reappraisal of hemodynamic factors.
Stroke 1997; 28:2084-93.

3. S. Kuroda, K. Houkin, H. Kamiyama, K. Mitsumori, Y. Iwasaki and H.
Abe. Long-term prognosis of medically treated patients with internal carotid
or middle cerebral artery occlusion: can acetazolamide test predict it? Stroke
2001; 32:2110-6.

4. H. Ito, I. Kanno, C. Kato, T. Sasaki, K. Ishii, Y. Ouchi, et al Database
of normal human cerebral blood flow, cerebral blood volume, cerebral oxygen
extraction fraction and cerebral metabolic rate of oxygen measured by
positron emission tomography with 150-labelled carbon dioxide or water,
carbon monoxide and oxygen: a multicentre study in Japan. Eur J Nucl Med

Mol Imaging 2004; 31:635-43.

5. P. Herscovitch, M. A. Mintun and M. E. Raichle. Brain oxygen
utilization measured with oxygen-15 radiotracers and positron emission
tomography: generation of metabolic images.  Nucl Med 1985; 26:416-7.

6. N. Kudomi, T. Hayashi, N. Teramoto, H. Watabe, N. Kawachi, Y. Ohta,
et al. Rapid quantitative measurement of CMRO(2) and CBF by dual

administration of (15)O-labeled oxygen and water during a single PET scan-a
validation study and error analysis in anesthetized monkeys. / Cereb Blood

Flow Metab 2005; 25:1209-24.

7. D. Ishigaki, K. Ogasawara, Y. Yoshioka, K. Chida, M. Sasaki, S.
Fujiwara, et al. Brain temperature measured using proton MR spectroscopy
detects cerebral hemodynamic impairment in patients with unilateral
chronic major cerebral artery steno-occlusive disease: comparison with
positron emission tomography. Stroke 2009; 40:3012-6.

8. L. Ludemann, G. Sreenivasa, H. Amthauer, R. Michel, J. Gellermann
and P. Wust. Use of H(2) (15)O-PET for investigating perfusion changes in
pelvic tumors due to regional hyperthermia. Int J Hyperthermia 2009;
25:299-308.



22

9. A. Noda, H. Takamatsu, S. Minoshima, H. Tsukada and S. Nishimura.
Determination of kinetic rate constants for 2-[18FIfluoro-2-deoxy-D-glucose
and partition coefficient of water in conscious macaques and alterations in

aging or anesthesia examined on parametric images with an anatomic
standardization technique. J Cereb Blood Flow Metab 2003; 23:1441-17.

10. K. Kudo, S. Terae, C. Katoh, M. Oka, T. Shiga, N. Tamaki, et al.
Quantitative cerebral blood flow measurement with dynamic perfusion CT
using the vascular-pixel elimination method: comparison with H2(15)0
positron emission tomography. AJNR Am J Neuroradiol 2003; 24:419-26.

11. H. Stark, J. W. Woods, I. Paul and R. Hingorani. An investigation of
computerized tomography by direct Fourier inversion and optimum
interpolation. IEEFE Trans Biomed Eng 1981; 28:496-505.

12. R. L. Grubb, Jr., M. E. Phelps and M. M. Ter-Pogossian. Regional
cerebral blood volume in humans. X-ray fluorescence studies. Arch Neurol
1973; 28:38-44.

13. W. R. Martin, W. J. Powers and M. E. Raichle. Cerebral blood volume
measured with inhaled C150 and positron emission tomography. o/ Cereb
Blood Flow Metab 1987; 7:421-6.

14. R. S. Frackowiak, G. L. Lenzi, T. Jones and J. D. Heather.
Quantitative measurement of regional cerebral blood flow and oxygen
metabolism in man using 150 and positron emission tomography: theory,
procedure, and normal values. J Comput Assist Tomogr 1980; 4:727-36.

15. I. Kanno, A. A. Lammertsma, J. D. Heather, J. M. Gibbs, C. G. Rhodes,
dJ. C. Clark, et al. Measurement of cerebral blood flow using bolus inhalation
of C1502 and positron emission tomography: description of the method and

1ts comparison with the C1502 continuous inhalation method. o/ Cereb Blood
Flow Metab 1984; 4:224-34.

16. H. Iida, I. Kanno, S. Miura, M. Murakami, K. Takahashi and K.
Uemura. A determination of the regional brain/blood partition coefficient of

water using dynamic positron emission tomography. o Cereb Blood Flow
Metab 1989; 9:874-85.

17. S. Minoshima, K. A. Frey, R. A. Koeppe, N. L. Foster and D. E. Kuhl.
A diagnostic approach in Alzheimer's disease using three-dimensional
stereotactic surface projections of fluorine-18-FDG PET. J Nucl Med 1995;



23

36:1238-48.

18. S. Minoshima, R. A. Koeppe, K. A. Frey and D. E. Kuhl. Anatomic
standardization: linear scaling and nonlinear warping of functional brain
images. J Nucl Med 1994; 35:1528-37.

19. S. Kuroda, T. Shiga, T. Ishikawa, K. Houkin, T. Narita, C. Katoh, et al.
Reduced blood flow and preserved vasoreactivity characterize oxygen
hypometabolism due to incomplete infarction in occlusive carotid artery
diseases. J Nucl Med 2004; 45:943-9.

20. G. Sette, J. C. Baron, A. R. Young, H. Miyazawa, I. Tillet, L. Barre, et
al. In vivo mapping of brain benzodiazepine receptor changes by positron
emission tomography after focal ischemia in the anesthetized baboon. Stroke
1993; 24:2046-57; discussion 2057-8.

21. J. Badaut, F. Lasbennes, P. J. Magistretti and L. Regli. Aquaporins in
brain: distribution, physiology, and pathophysiology. o/ Cereb Blood Flow
Metab 2002; 22:367-78.

22. E. A. Nagelhus, T. M. Mathiisen and O. P. Ottersen. Aquaporin-4 in
the central nervous system: cellular and subcellular distribution and
coexpression with KIR4.1. Neuroscience 2004; 129:905-13.

23. M. Belanger and P. J. Magistretti. The role of astroglia in
neuroprotection. Dialogues Clin Neurosci 2009; 11:281-95.

24. P. Herscovitch and M. E. Raichle. What is the correct value for the
brain--blood partition coefficient for water? o/ Cereb Blood Flow Metab 1985;
5:65-9.

25. H. Iida, S. Higano, N. Tomura, F. Shishido, I. Kanno, S. Miura, et al.
Evaluation of regional differences of tracer appearance time in cerebral
tissues using [150] water and dynamic positron emission tomography. J
Cereb Blood Flow Metab 1988; 8:285-8.

26. W. J. Powers, R. L. Grubb, Jr. and M. E. Raichle. Physiological
responses to focal cerebral ischemia in humans. Ann Neurol 1984; 16:546-52.

27. H. Yamauchi, H. Fukuyama, M. Ogawa, Y. Ouchi and J. Kimura.
Hemodilution improves cerebral hemodynamics in internal carotid artery
occlusion. Stroke 1993; 24:1885-90.



24

28. H. Yamauchi, T. Kudoh, Y. Kishibe, J. Iwasaki and S. Kagawa.
Selective neuronal damage and chronic hemodynamic cerebral ischemia. Ann
Neurol 2007; 61:454-65.



Fig. 1

N
@)
—
=
N’ 0.7 1
o
-
= :
q=
&
O
O 0.6 -
-
O
=
e
 \—
(©
al

Infarction Non-infarct hypoperfusion Contralateral



Fig. 2

el

ml/min/100g




Fig. 3

el

ml/min/100g
60.0




CBFfixed (ml/100g/min)

10

60

01

467

307

207

167

Q0

i DO

10

20

30

| |
40 50

CBFfloat (ml/100g/min)

60

10




Fig. 5

ml/min/100g
60.0




	Title page
	Regional partition coefficient of water in patients with cerebrovascular disease and its effect on rCBF assessment
	Running head: Partition Coefficient and CBF
	Type of article: Original article
	Source of Funding: None
	Kita15 Nishi7, Kita-Ku, Sapporo, Hokkaido, Japan 060-8638
	Objective: Cerebral blood flow (CBF) estimation with C15O2 PET usually assumes a single tissue compartment model and a fixed brain-blood partition coefficient of water. However, the partition coefficient may change in pathologic conditions. The purpos...
	Materials and Methods
	Subjects
	Image Acquisition
	All subjects underwent the same protocol of PET acquisition with C15O gas followed by C15O2 gas inhalation technique, combined with arterial blood sampling to estimate regional CBF quantitatively using a single tissue compartment model [10]. The acqui...
	Data Processing
	Regions of Interest
	Parametric images were generated for CBV, CBF and partition coefficient using the pixel-by-pixel information, which were anatomically coregistered to individual MR images using a mutual information algorithm implemented in NEUROSTAT software package [...
	Statistical analysis
	Results
	Partition coefficients in normal and pathological brain (Analysis A)
	The parametric images of healthy normal volunteers showed uniform partition coefficient in the cerebral cortex. With the present acquisition protocol, the average cortical value of partition coefficient was 0.70 ± 0.04 ml/g ranging from 0.65 to 0.76 m...
	In the pathological brain with cerebrovascular disease, parametric images demonstrated visual heterogeneity in partition coefficient. In particular, infarction area showed significantly lower partition coefficient, while the remaining cerebral cortex...
	Errors in estimating CBF using a fixed partition coefficient (Analysis B)
	Discussion
	Conflict of interest
	The authors declare that they have no conflict of interest.
	REFERENCES
	PartitionCoefficient_fig0722-1.pdf
	スライド番号 1
	スライド番号 2
	スライド番号 3
	スライド番号 4
	スライド番号 5


