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Measurement of Regional Cerebral Plasma Pool and
Hematocrit with Copper-62-Labeled HSA-DTS

Hidehiko Okazawa, Yoshiharu Yonekura, Yasuhisa Fujibayashi, Hiroshi Yamauchi, Koichi Ishizu, Sadahiko Nishizawa,
Yasuhiro Magata, Nagara Tamaki, Hidenao Fukuyama, Akira Yokoyama and Junji Konishi
Faculties of Medicine and Pharmaceutical Sciences, Kyoto University, Kyoto; and Biomedical Imaging Research Center,

Fukui Medical School, Fukui, Japan

We developed copper-62-labeled human serum albumin-dithio-
semicarbazone (‘”Cu-HSA-DTS) as a blood-pool imaging agent for
PET. To evaluate 2Cu-HSA-DTS for plasma-pool imaging and to
measure the regional cerebral hematocrit, 12 normal volunteers and
7 patients with cerebrovascular disease underwent PET studies with
62Cu-HSA-DTS and '°O-labeled carbon monoxide (C'°0).
Methods: The normal subjects were studied with both C'°0 and
62Cu-HSA-DTS. All patients were examined by '50O-gas studies to
measure cerebral perfusion and oxygn metabolism, followed by
measurement of plasma volume with ““Cu-HSA-DTS for analysis of
regional cerebral hematocrit. Regional cerebral hematocrit was
calculated from regional cerebral red cell volume (rCRCV) measured
by C'0 and regional plasma volume (rCPV) measured by $2Cu-
HSA-DTS in each subject, and the regional cerebrallarge-vessel
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hematocrit ratio was obtained for both cerebral hemispheres in each
subject. Results: Mean regional cerebral hematocrit and mean
cerebral/large-vessel hematocrit ratio in the 12 normal volunteers
were 38.3 *+ 3.45% and 0.88 * 0.06, respectively. In the seven
patients with cerebrovascular disease, regional cerebral hematocrit
was significantly lower on the hypoperfused side than the normal
hemisphere. The images of rCPV and rCRCV from these patients
demonstrated a greater increase in rCPV than rCRCV in the hy-
poperfused area. Conclusion: These results suggest that 2Cu-
HSA-DTS can be used for measurement of plasma volume and that
regional cerebral hematocrit may provide valuable information re-
garding the microcirculation in the brain.

Key Words: PET; copper-62-labeled human serum albumin-dithio-
semicarbazone; plasma volume; regional hematocrit
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The “2zncu positron generator has been proposed as a
possible source of generator-produced radiopharmaceuticals for
positron emission tomography (PET) studies without use of an
in-house cyclotron (/), and copper (II) é)yruvaldehyde bis(N*-
methylthiosemicarbazone) labeled with ®*Cu (5?Cu-PTSM) has
been applied as a perfusion tracer (2-6). For the plasma-pool
imaging agent, ®’Cu-labeled human serum alburhifi-dithiosemi-
carbazone (®?Cu-HSA-DTS) (7) and benzyl-1,4,8,11-tetraaza-
cyclotetradecan-N,N’ N",N"’-tetraacetic acid-albumin (®’Cu-
benzyl-TETA-HSA) (8) were developed and investigated.
Measurement of plasma volume and red cell volume enables
estimation of the regional cerebral hematocrit (Hct), and several
such investigations in the human brain have been reported
(9-14). In tomographic measurement of cerebral Hct in human
brain, the regional cerebral/large-vessel Hct ratio (Hct ratio: r)
was reported to be 0.69 in a PET study by Lammertsma et al.
(11), 0.76 in a SPECT study by Sakai et al. (/2) and 0.87 in a
SPECT study of normal subjects by Loutfi et al. (/4).

In the present study, $2Cu-HSA-DTS was used as a cerebral
plasma volume imaging agent, and regional cerebral Hct was
measured with this agent and '*O-labeled carbon monoxide
(C'*0) in normal volunteers and patients with cerebrovascular
disease. In the normal subjects, we sought to confirm the
normal cerebral Het ratio using **Cu-HSA-DTS and to evaluate
the feasibility of measurement of regional cerebral Hct in a
clinical study. In the patients, the chronic stage of cerebrovas-
cular disease was investigated and compared with the acute
stage of stroke reported previously (14,15).

MATERIALS AND METHODS

Preparation of Copper-62-HSA-DTS

A ©Zn/*?Cu generator was prepared with $2ZnCl, aqueous
solution (1.1 GBq, pH 5.0), and HSA-DTS was synthesized by the
method reported previously (7,16). The **Cu labeling of HSA-DTS
was performed by simple mixing of 4 ml of an HSA-DTS solution
(5 mg/ml in saline buffer [pH 6.0]) and 4 ml of the ®*Cu generator
eluate. The %>Cu-HSA-DTS was easily obtained by a ligand-
exchange reaction (7).

Subjects

The study included 12 normal male volunteers (24—46 yr old)
and 7 patients with cerebrovascular disease confirmed by angiog-
raphy (Table 1). All 12 normal subjects were studied with both
%0-labeled carbon monoxide (C'°0) and *?Cu-HSA-DTS by
blood sampling from the cubital vein. Six of the 12 normal subjects
also underwent a '30-labeled water study to obtain cerebral blood
flow (CBF) images. All seven patients underwent '°O-gas studies
to measure cerebral perfusion and oxygen metabolism with arterial
blood sampling and a $>Cu-HSA-DTS study to measure regional
plasma volume for analysis of regional Hct. The PET study was

carried out under the guidance of the Ethical Committee of the
Faculty of Medicine of Kyoto University, and written informed
consent was obtained from all subjects before the study.

PET Images

PET images were obtained from a scanner (6,/7) that permits
simultaneous acquisition of 15 transverse slices with a center-to-
center distance of 7 mm. All scans were performed at a resolution
of 9-mm FWHM in the transaxial direction and 6.5 mm in the axial
direction. The field of view and pixel size of the reconstructed
images were 256 and 2 mm, respectively.

The subject’s head was immobilized with a head-holder. The
head was positioned with light beams to obtain transaxial slices
parallel to the orbitomeatal (OM) line. In the normal volunteers, a
small cannula was placed in the cubital vein contralateral to the
administration side of the tracer. In the patients, a small cannula
was placed in the brachial artery. Before all emission measure-
ments, tomographic transmission data were obtained using a
standard plate source of ®Ge/*®Ga for attenuation correction. The
tissue activity concentration in the PET images was cross-cali-
brated against a scintillation counter using a cylindrical phantom
filled with '8F solution.

For the '*O-gas study in the patients, '>O-labeled carbon dioxide
(C'0,) and molecular oxygen ('*0,) were inhaled continuously at
300 and 500 MBg/min, respectively, and the scan time was 5 min.
The C'*0O was inhaled as a single dose of 1200 MBg, and the PET
scan was started 30 sec after the arrival of the peak count of the
brain tissue and continued for 3 min. Arterial blood was sampled
three times during each scan of the C'°0, and '*0, studies and
twice for the C'°O study. For the C'°O study in the normal
subjects, venous blood was sampled as in the study of the patients.
The blood samples thus obtained were immediately measured with
the scintillation counter to determine arterial radioactivity. The
CBF, oxygen extraction fraction (OEF) and cerebral metabolic rate
of oxygen (CMRO,) were obtained by the steady-state method
(18). The cerebral blood volume (CBV) was calculated from the
C'30 scan data and was incorporated into the correction of the
vascular space for CMRO, and OEF (/9). In the calculation of
CBV, a conventional Hct ratio of 0.85 was used.

To obtain plasma volume images, 296-740 MBq (8 -20 mCi) of
$2Cu-HSA-DTS was injected intravenously over 15 sec in a total
volume of 8 ml. PET data acquisition was started 3 min after
administration of $>Cu-HSA-DTS and continued for 8 min. Blood
samples were obtained at 1, 5 and 7 min after injection of
62Cy-HSA-DTS, and both whole-blood and plasma radioactivity
were counted. In six normal subjects, a CBF image with relative
values was obtained by a noninvasive method with '*O-water (20)
15 min before the *Cu-HSA-DTS study for reference in selecting
the regions of interest (ROIs).

TABLE 1
Clinical Characteristics of Seven Patients with Cerebrovascular Disease
Patient no. Age Sex Disease Time after onset MRI findings
1 74 M RICA occlusion 22yr Several lacunar infarcts, including right basal ganglia
2 63 M RICA occlusion 2mo Subcortical infarction in right frontal lobe
3 62 F RICA occlusion 34yr Some lacunar infarcts and mild brain atrophy
4 61 M LICA occlusion 25yr Some lacunar infarcts in left cerebral hemisphere
5* 61 F RICA occlusion >1yr Occlusion of RICA
6 49 F RMCA occlusion 1mo Subcortical infarction in right hemisphere
7 69 M LICA occlusion 53yr

Left parietal infarction, including cortex .

*Right internal carotid artery (RICA) occlusion was found accidentally on MRI more than 1 yr before PET study.

LICA = left internal carotid artery; RMCA = right middle cerebral artery.
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FIGURE 1. Regions of interest for bilateral basal ganglia (left), right hemi-
sphere and left gray and white matter (right) are demonstrated for both CBF
(top) and 52Cu-HSA-DTS (bottom) images. Regions of interest for the right
hemisphere and gray and white matter were placed bilaterally at the level of
+70 mm above the OM line.

Data Analysis

Regional cerebral red cell volume (rCRCV) and plasma volume
(rCPV) were calculated according to the following equations using
the PET images of the C'*0 and *>Cu-HSA-DTS studies:

{CRCV = —<° (ml/g) Eq. 1
Aco/h ’ ’
C

ICPV = —2  (mU/g), Eq.2
Pysa

where Cco and Cyi54 are the cerebral tissue radioactivity of C'*O
and “°Cu-HSA-DTS, respectively; Aco is the whole-blood radio-
activity of C'30; Pys, is the plasma count of “>Cu-HSA-DTS; and
h is the hematocrit of the sampled blood, respectively. The regional
cerebral Het (rHct) was calculated from rCRCV and rCPV for each
subject as follows:

rCRCV

P 0,
rCRCV + rCpv < 100(%%),

rHct = Eq. 3
and the regional cerebral/large-vessel Hct ratio (r) was obtained for
each cerebral hemisphere individually:

rHct
r= T Eq. 4
In six normal subjects with CBF images and seven patients with
cerebrovascular disease, ROIs were placed on the bilateral hemi-
spheres at the level of the centrum semiovale (about +70 mm
above the OM line), including large areas of the cerebral cortex,
subcortex and white matter by referring to the CBF images, and the
same ROIs were transferred to all images for each subject (Fig. 1).
Regions of interest were also placed on the bilateral gray and white
matter at the level of the centrum semiovale (+70 mm above the

62Cu-HSA-DTS

"“!. ( 6 v .. ncw;nolo
> K2
& i3
¥ AN TEAE.
VIS

FIGURE 2. Cerebral tissue activity images from a normal volunteer obtained
with the data 3-11 min after administration of ©2Cu-HSA-DTS (top). Excellent
62Cu-HSA-DTS images were obtained compared with C'%0 images from the
same subject (bottom).

OM line) and the bilateral basal ganglia at the level of the thalamus
(about +40 mm above the OM line) (Fig. 1) in six normal
volunteers with CBF images. Large vessels were excluded by
confirming the ROIs placed on the C'*O or ®2Cu-HSA-DTS
images. The levels of ROIs were selected to exclude the effect of
large vessels in the cortical surface or basal areas or nonactivity in
the ventricles. The ROIs were placed irrespective of the presence of
infarction in the patients. The rCRCV, rCPV, rHct and Hct ratio
were calculated for these areas. In the other six normal subjects
without CBF images, large ROIs were placed on the bilateral
hemispheres at the same level from the OM line as described
previously. The Hct ratio (r) was also calculated from the equation
proposed by Lammertsma et al. (1), which uses only the count of
the whole-blood radioactivity of each tracer, so that we could
compare the Hct ratios obtained by the method of Lammertsma et
al. with those of our method.

The signal-to-noise ratios (S/N ratio; mean activity/s.d.) mea-
sured with the same ROIs in each hemisphere determined previ-
ously were obtained and compared between the C'°0 images and
62Cu-HSA-DTS images of the 12 normal subjects. The S/N ratio in
each image and the differences in the regional variables (rCRCV,
rCPV, rHct and Hct ratio) in each area for six normal subjects were
compared using analysis of variance (ANOVA) with a post hoc
Scheffé’s F-test. In the patients with cerebrovascular diseases,
comparison between both hemispheres was performed with the
paired t-test for each variable. A probability value of less than 0.05
was considered to indicate a significant difference.

RESULTS

Normal Volunteers

The generator system in the present study was able to provide
62Cu eluate at an interval of every 40—60 min in the activity of
296-740 MBq (820 mCi). Figure 2 shows the cerebral tissue
activity image from a normal volunteer obtained from data
acquired 3—-11 min after administration of ®2Cu-HSA-DTS and
the corresponding cerebral tissue activity image obtained from
the C'°0 study. The longer scan time in the $2Cu-HSA-DTS
study provided a less noisy image than with the C'°O image.
The average S/N ratio obtained with large ROIs on 24 hemi-
spheres was 1.88 + 0.32 for the C'°0 images and 2.33 * 0.47
for the ?Cu-HSA-DTS images. The S/N ratios obtained from
$2Cu-HSA-DTS images were significantly better than those of
C'50 images (p < 0.0005). From analysis of the venous blood
samples, more than 97% of the radioactivity existed in the
plasma pool during the PET study.

Table 2 summarizes the mean values of the rCRCV, rCPV
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FIGURE 3. Mean values of rCRCV, rCPV and Hct ratio in the gray matter,
white matter and basal ganglia in six normal subjects (mean * s.d.). The
rCRCV and rCPV values were significantly lower in the white matter than in
the cortex or basal ganglia. The Hct ratio was significantly greater in the basal
ganglia than in the gray or white matter. *p < 0.05, 'p < 0.0001 by analysis
of variance.

and regional Hct obtained from 24 ROIs on the cerebral
hemispheres of the 12 normal volunteers. The average regional
cerebral Hct was 38.3 *+ 3.45% and the mean cerebral/large-
vessel Hct ratio was 0.88 * 0.06. No significant difference was
found between the right and left hemispheres. The result
obtained with the method of Lammertsma et al. (//) was
0.88 = 0.07 for the cerebral/large-vessel Hct ratio, and no
significant difference was observed compared with our method.
In the sinuses, the mean Hct ratio was 1.03 * 0.05.

Table 3 shows the normal values of the rCRCV, rCPV,
regional cerebral Hct and Hct ratio in the gray matter, white
matter and basal ganglia obtained from six healthy volunteers.
Although the average rCRCV and rCPV values were greater in
the gray matter than in the white matter, the regional Hct and
Hct ratios were similar in both areas. No significant differences
between the right and left were seen in any area. Figure 3
displays the average rCRCV, rCPV and Hct ratio for each area
and the differences among those areas. The rCRCV and rCPV
values were significantly smaller in the white matter than in the
cortex or basal ganglia. No significant differences were found
between the gray matter and the basal ganglia. However, the
Hct ratio in the basal ganglia was significantly greater than in
the gray or white matter.

Patients

Table 4 summarizes the mean values of each variable in
hypoperfused and normal hemispheres in the seven patients.
Increases in the CBV, OEF, rCRCYV and rCPV and decreases in
the CMRO, and cerebral Hct were seen in the hypoperfused
hemispheres. Significant differences were seen in the CBF,
OEF, rCPV, cerebral Hct and Hct ratio (p < 0.05, paired ¢-test).
Figure 4 demonstrates a greater increase in rCPV than rCRCV
in the hypoperfused area of a patient with occlusion of the left
internal carotid artery (ICA).

Left ICA Occlusion "‘”miﬂ;LWs
\ & ‘ '
WO ® e
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FIGURE 4. Images showing CBF, rCRCV and rCPV in a patient with left ICA
occlusion. Note the greater increase in rCPV than rCRCV in the hypoper-
fused area.

DISCUSSION

Feasibility of Plasma-Pool Imaging

The major purpose of the present study was to evaluate the
clinical feasibility of *>Cu-HSA-DTS for PET imaging. Cop-
per-62-HSA-DTS is considered an important tracer for plasma-
pool imaging not only in PET centers without an in-house
cyclotron, but also in those with a cyclotron for measuring
regional cerebral Hct. Copper-62-HSA-DTS can be easily
labeled, and its image quality was excellent compared with the
CBV image obtained by the C'’O bolus inhalation method
because of its longer physical half-life (9.74 min) and longer
scanning time. In fact, the S/N ratio of the >Cu-HSA-DTS
ima§es was greater than that of the C'°0 images. The scan in
the ®2Cu-HSA-DTS study started at 3 min after the injection and
lasted for 8 min because the half-life was approximately 10 min,
and a longer scan time than that used in the present study was
not considered to provide better image quality. A previous in
vivo study in rabbits found that the blood clearance of $*Cu-
HSA-DTS was similar to that for '*'I-HSA, a well-established
radiopharmaceutical for plasma volume studies, and the radio-
activity in the blood was almost stable from 5 to 15 min (7).
Although the stability of >Cu-HSA-DTS in the plasma was not
measured in the present study, more than 97% of the blood
activity was counted in the plasma for 11 min after the injection,
indicating excellent characteristics for plasma-pool imaging.
Combination of $2Cu-HSA-DTS and C'*O makes it possible to
easily measure the rCPV, rCRCV and regional cerebral Hct by
PET.

Regional Cerebral Hematocrit
The second purpose of the present study was to measure the
regional cerebral Hct in normal subjects and in patients with

TABLE 2
Regional Cerebral Red Cell Volume, Regional Plasma Volume and Hematocrit in 12 Healthy Volunteers*
Measure Right hemisphere Left hemisphere Mean
rCRCV (ml/100 g) 0.98 + 0.16 0.97 = 0.11 0.98 + 0.14
rCPV (ml/100 g) 1.59 + 0.26 1.57 + 0.22 158 +0.24
Cerebral Hct (%) 382 +3.71 38.3 + 3.38 38.3 + 3.45
Hct ratio 0.87 + 0.06 0.88 = 0.05 0.88 = 0.06

*Data are mean value * s.d. at slice level 70 mm above the orbitomeatal line.
rCRCV = regional cerebral red cell volume; rCPV = regional cerebral plasma volume; Hct = hematocrit.
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TABLE 3
Regional Cerebral Red Cell Volume, Regional Cerebral Plasma
Volume and Regional Cerebral Hematocrit
Ratio in Six Healthy Volunteers*

rCRCV rCPV  Regional
Region (M100g) (MV100Q) Hct(%)  Het ratio

Right gray matter ~ 1.30 + 027 221042 37.0+45 0.85= 0.08
Left gray matter ~ 1.33 + 027 2.26 +0.47 37.1 =37 0.85+0.06
Mean 131+026 223+043 37.0+39 085 =007
Right white matter  0.74 + 0.12 1.23 + 026 37.6 = 3.1 0.87 +0.07
Left white matter ~ 0.71 = 012 1.22+0.19 36.7 = 4.0 0.84 * 0.07
Mean 072+0.12 123022 372+34 0.86+0.07
Right basal ganglia 1.35 + 028 2.04 + 028 39924 092 * 0.04
Left basal ganglia  1.36 + 0.33 1.99 +0.33 40.4 =25 093 * 004
Mean - 135+ 022 202+031 402+24 092+ 004

*‘Data are mean value * s.d.; slice levels were 70 mm above the
orbitomeatal line in gray and white matter and 40 mm above in basal ganglia.

rCRCV = regional cerebral red cell volume; rCPV = regional cerebral
plasma volume; Hct = hematocrit.

cerebrovascular disease. Previous studies have reported cere-
bral Hct to be smaller than that of large vessels (9-15), and a
regional cerebral/large-vessel Hct ratio (r) of 0.85 has generally
been accepted for correction of the cerebral Hct in measurement
of the rCBV by PET with C'30 as a marker of the red cell
volume (21,22). Recently, several investigators reported the
Hct ratio to be smaller than 0.85 when measured by PET or
SPECT (/1-13). Although Lammertsma et al. (//) reported
that the mean Hct ratio in nine subjects was 0.69 + 0.07, except
for one normal subject, the subjects were all patients with a
brain tumor or cerebrovascular disease. The greatest number of
normal subjects was studied by Sakai et al. (/2) using SPECT,
and they reported an Hct ratio of 75.9 * 2.1% for 10 healthy
subjects, which was approximately 10% lower than 85%. In the
present study, the mean Hct ratio was 0.88 * 0.06 for the 24
normal cerebral hemispheres of the 12 normal subjects, which
was greater than 0.85, and » was 1.03 * 0.05 in the sinuses. If
the Hct in the sinuses is considered to be the same as that in the
major vessels, the cerebral Hct ratio is corrected to 0.85. The
cerebral activity and cerebral/blood ratio may change within the
first 10 min (/7); thus, the earlier scan timing in the present
study may have caused the difference in the Hct ratio. However,
the Hct ratio of almost 1.0 in the sinuses seems to validate the
accuracy of our methods. Loutfi et al. (/4) reported the cerebral
Hct ratio in three normal subjects (six hemispheres) to be
0.81-0.90 (mean 0.87 = 0.03) and 0.94-1.00 in the sinuses,
consistent with our findings. In addition, they reported that the
mean Hct ratio in 15 patients with cerebrovascular disease was
0.77 % 0.07 in 30 cerebral hemispheres and 0.85 * 0.06 in the
sinuses. By performing correction using r in the sinuses, the Hct
ratio of patients in their study was 0.90. The correction for the
Hct in the sinuses is considered to be a reasonable method for
measurement of the cerebral Hct. The calculations with the
method of Lammertsma et al. (//) using the data of present
study revealed results similar to those calculated by our method.
Although our method requires measurement of plasma count,
both rCRCV and rCPV can be measured directly, and calcula-
tion of the regional cerebral Hct is simple.

No differences were observed in the rHct or Hct ratio in the
gray matter and white matter at the level of the centrum
semiovale in the six healthy subjects. This result is consistent
with the report of Lammertsma et al. (/7). In the basal ganglia,

however, the regional Hct and Hct ratio were larger than that in
the gray and white matter. In this area, the blood pool in large
vessels might affect the brain tissue count. However, the main
reason for this result was the lower rCPV in the basal ganglia
than in the other cortices despite the similar value for the
rCRCYV (Table 3). If the radioactivity in the large vessels affects
the tissue count, the values of rCPV should also be affected. A
significant difference was found between the gray matter and
the basal ganglia when the values of rCPV were compared by
the paired t-test, whereas no difference was seen in the values
of rCRCV. With our method, the CBV image can be calculated
directly by simple addition of the rCRCV and rCPV images
without correction for the inhomogeneity of the regional Hct
ratio in the brain.

Regional Hematocrit in Cerebrovascular Disease

In the patients with cerebrovascular disease, significant
decreases in the regional cerebral Hct and Hct ratio were
observed in the hypoperfused side compared with the normal
side. Although the Hct ratio in the normal hemisphere was
slightly higher than the mean value in the normal subjects, the
Hct ratios of the patients were calculated using the Hct of
arterial blood samples. The average Hct values of the peripheral
arterial blood and venous blood in the seven patients were
35.8 = 1.63% and 37.3 * 1.73%, respectively. If the Hct ratio
of the patients is corrected with the mean values of the arterial
and venous Hct, the Hct ratio on the normal side is 0.86.
Further, the Hct ratio on the occluded side is corrected to be
0.82, which is significantly lower than the normal side. The
decrease in the regional Hct on the occluded side was caused by
the significant increase in rCPV and almost stable rCRCV
(Table 4). Because all seven patients were in the chronic phase
of major vascular occlusion at least 1 mo after onset, it is not
likely that there was leakage of $>Cu-HSA-DTS across the
blood-brain barrier (BBB) into the brain parenchyma, causing
an increase in the regional retention of the tracer. In fact, all
patients but one had no major infarction, and the affected
hemispheres were not enhanced on the CT or MRI study in any
of the patients. Compensation for oxygen metabolism seemed
to have occurred because no significant decrease in CMRO,
was observed on the occluded side. In the report of Loutfi et al.
(14), a significantly higher regional Hct value was observed on
the affected side in three of eight patients with stroke. However,
their study was performed in the acute phase of ischemic attack,
which was different from our study, and four of eight patients

TABLE 4
Regional Cerebral Blood Flow, Cerebral Blood Volume, Oxygen
Metabolism and Hematocrit in Seven Patients with
Cerebrovascular Disease (mean * s.d.)

Measure Occlusion side  p value* Nommal side
CBF (m/min/100 g) 256 + 6.77 <0.05 30.3 + 6.57
CBV (ml/100 g) 293 +0.76 ns 2.80 + 0.49
CMRO, (mV/min/100 g) 1.82 + 0.29 ns 2.04 + 0.32
OEF 0.45 *+ 0.06 >0.05 0.42 + 0.05
rCRCV (ml/100 g) 0.87 = 0.12 ns 0.86 + 0.18
rCPV (ml/100 g) 201 +033 >0.05 1.81 = 0.26
Cerebral Hct (%) 304 + 4.23 <0.05 322+525
Hct ratio 0.85 = 0.05 <0.05 0.90 = 0.08

*Paired t-test, occlusion side versus normal side.

CBF = cerebral blood flow; CBV = cerebral blood volume; ns = not
significant; CMRO, = cerebral metabolic rate of oxygen; OEF = oxygen
extraction fraction; rCRCV = regional cerebral red cell volume; rCPV =
regional cerebral plasma volume; Hct = hematocrit.
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with stroke and six of six patients with a transient ischemic
attack showed no significant difference between both hemi-
spheres. One patient in their study underwent SPECT twice, in
the acute and subacute phases (1 and 6 days, respectively, after
the onset of stroke). The affected hemisphere showed a signif-
icantly higher regional cerebral Hct than the uninvolved hemi-
sphere in the acute phase, but in the subacute phase it decreased
to a value similar to that in the uninvolved hemisphere. Another
patient with multi-infarct dementia in the study of Lammertsma
et al. (/1) showed a lower Hct ratio than the other patients (» =
0.59). In the chronic phase, sufficient compensation for cerebral
ischemia might cause an increase in rCPV, which may decrease
blood viscosity and improve the microcirculation. Further study
of cerebrovascular disease is needed to elucidate the details of
the cerebral microcirculation.
Possible Limitations

There are some limitations on the use of “>Cu-HSA-DTS for
measuring plasma volume and regional cerebral Hct. One is the
possibility of leakage of this compound into the cerebral
parenchyma in the case of acute injury or a brain neoplasm,
where the BBB may not be intact. In the case of such leakage,
rCPV may increase and Hct may decrease in the affected areas
compared with the areas where the BBB is intact. Another
limitation is that the short half-life of %2Cu (10 min) does not
permit a longer scanning time. Because the method assumes an
equilibrium state in the vascular space after administration of
the tracer, the scanning time in the present study might be too
early, especially in diseased areas such as a vascular-rich tumor.
To clarify the scope of these limitations, further investigation is
needed using ''CO and dynamic PET imaging.

CONCLUSION

The results in both normal subjects and patients with cere-
brovascular disease demonstrated the possibility of heterogene-
ity in regional cerebral Hct and the Hct ratio (7), even in the
global comparison of hemispheres. These findings suggest that
measurement of the regional Hct may provide useful informa-
tion for assessment of the cerebral circulation. Copper-62-HSA-
DTS appears to be useful for measurement of the plasma
volume and regional Hct in clinical studies.
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