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The brain benzodiazepine (BZD) receptor distribution in with
chronic cerebrovascular disease was assessed with '“I-iomazenil
(IM2) SPECT, and the findings were compared with the data for the
cerebral blood flow (CBF) and cerebral metabolism. Methods: We
examined nine patients with chronic cerebrovascular diseases, six
patlentswmoerebfalmfarctlonandmreewmmoyamoyadasease
lodine-123-IMZ SPECT images were obtained for 15 min, 3 hr after
the administration of 167 or 222 MBq '23|-IMZ. In seven patients, the
CBF and oxygen metabolism were measured by the 5O steady-

state method. In two patients, the CBF and glucose metabolism
were measured by ™ Tc-HMPAO SPECT and *®F-fluoro-2-deoxy-
D-glucose-PET, respectively. The brain was initially classified into 18
regions, and abnormalities in the BZD receptor distribution, CBF
and cerebral metabolism were visually evaluated. The count ratio of
lesion-to-contralateral normal region (L-to-C ratio) was then used for
comparison. Results: In the core of the infarct, the '23I-IMZ uptake
decreased (L-to-C ratios of the biood fiow 0.42 *+ 0.26; metabolism
0.45 + 0.24; and '23|-IMZ uptake 0.46 + 0.14). In the peri-infarct
region, the '23|-IMZ uptake slightly decreased (L-to-C ratios of 0.81,
0.82 and 0.89, respectively). In the region of misery perfusion, the
1231.|MZ uptake was preserved (L-to-C ratios of 0.73, 1.07 and 1.02,

respectively). In the remote deafferentated areas in the ipsilateral
cerebrum, the '2°-IMZ uptake was preserved (L-to-C ratios of
0.76 * 0.10, 0.75 * 0.04 and 0.98 * 0.05, respectively). In the
remote areas in the contralateral cerebellum, the '23|-IMZ uptake
was preserved (L-to-C ratios of 0.84 + 0.08, 0.85 + 0.04 and 0.94 +
0.05, respectively). Conclusion: The BZD receptor distribution, as
measured by '23|-IMZ SPECT, is not considered to reflect neuronal
function, but it may reflect neuronal cell viability. lodine-123-IMZ
SPECT may, therefore, hold promise as a potential probe for
neuronal damage.
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In patients with cerebrovascular disease, the measurement of
both the cerebral blood flow (CBF) and cerebral metabolism is
useful for the evaluation of ischemic changes in the brain.
Although the CBF is evaluated by either SPECT or PET,
whereas the cerebral metabolism is evaluated by PET, neuronal
damage can be assessed only by morphological diagnosis using
either magnetic resonance imaging (MRI) or x-irradiation CT.
In some patients with cerebrovascular disease, discrepancies
between the blood flow, metabolism and morphological
changes are observed. However, neuronal damage, especially
with minimal morphological changes, cannot be evaluated by
any of these imaging modalities.

Central benzodiazepine (BZD) receptors are thought to exist
in the membrane of neurons and to be coupled with gamma-
amino butyric acid receptors. Central BZD receptors are thus
considered to play an important inhibitory function in the brain.
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In vivo measurement of the central BZD receptor density has
been performed using ''C-flumazenil and PET (/-4). Clinically,
"'C-flumazenil PET has been reported to be useful for the
detection of epileptic foci (3,6). Iodine-123-RO 16-0154 (ethyl-
5,6-dihydro-7-iodo-5-methyl-6-oxo0-4H-imidazo1,5-a][ 1,4]-ben-
zodiazepine-3-carboxylate), also known as iomazenil (IMZ), is
a high-affinity radioligand used for the assessment of central
BZD receptors with SPECT (7). Its usefulness has been
reported in the diagnosis of both focal epilepsy (8,9) and
Alzheimer’s disease (/0).

Sette et al. (1 I) examined the effect of ischemic changes on
BZD receptors in baboons with umlateral middle cerebral artery
occlusion and observed decreased ''C-flumazenil uptake in the
infarcted areas and preservation of ''C-flumazenil uptake in
the deafferentated hypometabolic cortical areas. Recently,
Hatazawa et al. (12) evaluated changes in the central BZD
receptors in patients with cerebral infarction usmg 1231.1IMZ
SPECT and observed decreased '*’I-IMZ uptake in the in-
farcted areas and preservation of '’I-IMZ uptake in the
deafferentated cortical areas. Central BZD receptors are thus
thought to be a potential marker for neuronal damage.

In this study, we assessed the central BZD receptor distribu-
tion in patients with chronic cerebrovascular diseases using
123].IMZ SPECT and compared the findings with those for the
CBF and cerebral metabolism. The purpose of this study was to
assess the usefulness of the BZD receptor distribution as a
potential probe for evaluating neuronal damage.

MATERIALS AND METHODS
Patients

We examined nine patients with chronic cerebrovascular dis-
ease, six with cerebral infarction and three with moyamoya disease
(five men, four women; aged 34—67 yr; mean age 52 * 12 yr). All
examinations were performed at least 2 mo after the last ischemic
attack. The patient characteristics are summarized in Table 1. In
seven patients, the CBF and oxygen metabolism were measured by
the 'O steady-state method. In two patients, the CBF and glucose
metabolism were measured by ™Tc-HMPAO SPECT and '®F-
fluoro-2-deoxy-D-glucose (FDG)-PET, respectively. No BZD re-
ceptor agonists were administered to any of the patients from at
least 2 mo before the initiation of the study. This study was
approved by the Committee for Clinical Application of Cyclotron-
produced Radionuclides in Kyushu University Hospital. Written
informed consent was received from all patients before study
initiation.
lodine-123-lomazenil SPECT Protocol

To evaluate the BZD receptor distribution, data acquisition was
performed for 15 min, beginning 172 min after the administration
of 167 or 222 MBq '*I-IMZ, using a three-detector system
GCA9300A/HG (Toshiba Corp., Tokyo, Japan) with a fanbeam
collimator (64 X 64 matrix). Each detector was set to rotate
continuously through 120° in 3 min, alternating in the clockwise
and counterclockwise directions. A Butterworth filter, with a cutoff
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TABLE 1

Patient Characteristics
nfarch Examinati
Patient Age Time
no. (V] Sex Clinical diagnosis Location Size (cm) after onset CBF Metabolism
1 56 M Cerebral infarction R frontal cortex 25x20 3mo H,'*0 150,
2 64 F Cerebral infarction L basal ganglia 15x1.0 2mo H,'%0 150,
3 67 M Cerebral infarction L basal ganglia <05 2yr H,'*0 50,
4 48 M Cerebral infarction R pons <0.5 5mo H,'%0 50,
5 63 F Cerebral infarction R thalamus 15x%x1.0 7y 99 Tc-HMPAO 8F-FDG
6 56 M Cerebral infarction R basal ganglia 0.5 x 0.5 Syr 99 Tc-HMPAO 8 F-FDG
7 34 M Moyamoya disease R frontal cortex, 20x20 1yr H,'%0 50,
L temporal white matter 40x4.0 6yr
8 44 F Moyamoya disease R temporal cortex 35x20 1yr H,'*0 50,
9 35 F Moyamoya disease R temporal cortex, 25x20 6mo H,'%0 150,
L frontal cortex 20x20 1yr
R = right; L = left.

of 0.24 cycle/cm and an order of 8, and a ramp filter were used for
image reconstruction. Attenuation correction was performed using
an attenuation coefficient of 0.12 cm™'. The spatial resolution in
plane was 7.4 mm of FWHM.

Measurement of Cerebral Blood Flow

The CBF was measured by the '°O steady-state method in seven
patients and by *™Tc-HMPAO SPECT in two patients.

The regional CBF (rCBF; ml/min/100 ml) was measured by the
150 steady-state method as described previously (/3,14). After
transmission scanning with a %Ge/%®Ga ring source for attenuation
correction, H,'°O was continuously infused through a medial
cubital vein. Upon reaching equilibrium, data were acquired for 6
min with a HEADTOME III (Shimadzu Corp. and Akita Noken,
Kyoto, Japan). Five slices, each 15 mm apart, were obtained. The
spatial resolution in plane was 8.2 mm of FWHM.

To obtain “™Tc-HMPAO SPECT images, data acquisition were
performed for 15 min, beginning 5 min after administration of 740
MBq *™Tc-HMPAO, using the SPECT device described above.
The *™Tc-HMPAO SPECT images were corrected by Lassen et
al.’s method (/5). The cerebellar hemisphere without remote effect
was used as the reference region. Quantification of the absolute
rCBF value was not performed in *™Tc-HMPAO SPECT.

Measurement of Cerebral Metabolism

The oxygen metabolism was measured by the 'O steady-state
method in seven patients, and glucose metabolism was measured
by FDG method in two patients, respectively, using the same PET
device as described above.

For measuring the regional cerebral metabolic rate for oxygen
(rCMRO,; m/min/100 ml), '*0, was continuously inhaled (13,14).
After equilibrium was reached, data were acquired for 7 min. The
regional cerebral blood volume (ml/100 ml) was measured by
inhalation of C'*0 in a single bolus breath, and the value obtained
was used for the correction of rCMRO, and the regional oxygen
extraction fraction (rOEF; %) (/6).

The regional cerebral metabolic rate for glucose (rCMRGlIc;
mg/min/100 ml) was determined from the 8-min scan commencing
from 63 min after administration of 185 MBq of FDG. The model
of Phelps et al. (/7), later modified by Brooks (/8), was used with
a lumped constant of 0.42.

Data Analysis
For visual analysis of SPECT and PET images, the brain was

classified into 18 regions according to the anatomical classification
shown in Figure 1. Abnormalities in the CBF, cerebral metabolism

and BZD receptor distribution were visually evaluated by three
nuclear medicine physicians.

Rectangular regions of interest (ROIs), 18 X 14 mm on PET
images and 17 X 14 mm on SPECT images, were carefully placed
on the basis of visual comparison of images to select the same
lesion, because coregistration of the MRI, SPECT images and PET
images was not performed in this analysis. Only one ROI was
placed in each lesion to estimate the value of the lesion in each
patient. Reference ROIs were placed in the contralateral, appar-
ently normal region with normal perfusion, normal metabolism and
no morphological abnormalities. The count ratio of the lesion-to-
contralateral normal region was defined as the L-to-C ratio. In
cases with moyamoya disease (Patients 7 and 9), multiple lesions
were observed in the bilateral cerebral cortices. In these cases, the
reference regions were not exactly the contralateral mirror region
but were placed in an apparently normal area with normal perfu-
sion and normal metabolism near the mirror region in the contralat-
eral cerebral artery territory. Statistical significance was deter-
mined by the paired Student’s t-test.

Assessment of the Pathophysiological Status of Lesions
The pathophysiological status of lesions was determined from
both the blood flow and the metabolism in addition to morpholog-
ical diagnosis of MR images. A 1.5-T superconducting unit was
used for MR imaging. T1-weighted spin-echo images were ob-
tained with a sequence of 500/18/1 (TR/TE/excitations). T2-
weighted fast spin-echo images were obtained with a sequence of

FIGURE 1. The diagrams show the definition of regions for visual comparison
of SPECT and PET images: 1 and 2, right and left inferior frontal regions,
respectively; 3 and 4, right and left inferior temporal regions, respectively; 5
and 6, right and left cerebellar hemispheres, respectively; 7 and 8, right and
Ieﬂm'ddlefrontalmglons,respecnvety'Qand10 right and left middle
temporal regions, respectively; 11 and 12, right and left inferior occipital
regoons,respectrvely13and14 right and left superior frontal regions,

, 15 and 16, right and left parietal regions, respectively; 17 and
18, nghtandleftsupenoroooupnalreglons respectively.
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TABLE 2
Comparison of the Numbers of Abnormal Regions

123|-IMZ uptake
(no. of regions)
CBF Metabolism Normal Decreased
Nomal Normal 113 0
Decreased 0 0
Decreased Normal 9 0
Decreased 31 9

2500/110/1. The imaging parameters were 256 X 192 matrix, 23 X
17-cm field of view and S-mm slice thickness with a 2.5-mm slice
gap.

The infarct area was defined as an area with T1- and T2-
prolongation on MRI. The peri-infarct area was defined as an area
with normal MRI findings with both hypoperfusion and hypome-
tabolism surrounding the infarct area. Misery perfusion was de-
fined as an area with normal MRI findings and an OEF of 15% or
higher than that of the contralateral region. The remote area in the
cerebrum was defined as an area with normal MRI findings and
both hypoperfusion and hypometabolism in the ipsilateral cerebral
cortex due to infarction in the subcortical region. The remote area
in the cerebellum was defined as an area with normal MRI findings
and both hypoperfusion and hypometabolism in the contralateral
cerebellum due to infarction in the cerebro-cerebellar neuronal
pathway. Only one ROI was placed in each lesion to represent the
value of the lesion in each patient, even if there were either
multiple lesions or broad extensive lesions covering several re-
gions. Lesions smaller than 2 cm in diameter were eliminated from
this measurement because of the limitation in spatial resolution of
our devices.

RESULTS

Comparison of Abnormalities in Blood Flow, Metabolism
and Benzodiazepine Receptors

Abnormalities of the blood flow, metabolism and '?*I-IMZ
uptake were visually evaluated, and the numbers of abnormal
regions in each image were compared (Table 2). In 113 of the
total 162 regions, the CBF, cerebral metabolism and 1231.1IMZ
uptake were all preserved. In 49 of the 162 regions, a decrease
in the CBF was observed. In nine regions with hypoperfusion
and hypometabolism, '*’I-IMZ uptake showed a decrease.
These regions proved to be the core of the infarct in seven
regions or the peri-infarcted area in two regions. In nine regions
with hypoperfusion and preserved cerebral metabolism (misery
perfusion), '>>I-IMZ uptake was preserved (Fig. 2; Patient 8). In
spite of hypoperfusion and hypometabolism, in 31 regions,
1231.IMZ uptake was preserved. These regions proved to be
remote deafferentated areas, including 26 regions in the ipsilat-
eral cerebral cortices (Fig. 3; Patient 2) and five in the
contralateral cerebellum (so-called crossed cerebellar diaschi-
sis). There were no regions with luxury perfusion in any of the
patients in this study. The absolute values for the CBF, OEF and
cerebral metabolism in lesions are summarized in Table 3.

Lesion-to-Contralateral Normal Region Ratios for Blood
Flow, Metabolism and Benzodiazepine Receptors

The mean L-to-C ratios of the blood flow, metabolism and
123[.IMZ uptake are shown in Figure 4. The mean L-to-C ratios
of the infarcts (n = 4) were 0.42 * 0.26 for the blood flow,
0.45 * 0.24 for the metabolism and 0.46 * 0.14 for the
123].IMZ uptake. In the peri-infarct area (n = 1), the ratios were
0.81 for the blood flow, 0.82 for the metabolism and 0.89 for
the '2*I-IMZ uptake. In the misery perfused areas (n = 2), the
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FIGURE 2. Patient 8, a 44-yr-old woman with

T1-weighted MR image; (B) T2-weighted MR image; (C) CBF-PET; (D)

CMRO,; (E) '2I-IMZ SPECT, all obtained 35 mm above and parallel to the

OM line. The posterior part of the right temporal lobe shows an infarcted area
prolongation

disease. (A)

with T1- and T2- . A perfusion defect, reduced CMRO, and
reduced uptake of 2|-IMZ are observed in the lesion. The right frontal lobe
is diagnosed as a lesion with misery perfusion because of the decreased
CBF and preserved CMRO, without any abnormalities on the MR images.
lodine-123-IMZ uptake was preserved in the lesion with misery perfusion.

ratios were 0.73 for the blood flow, 1.07 for the metabolism and
1.02 for the '’I-IMZ uptake. In the remote areas of the
cerebrum (n = 4), the ratios were 0.76 * 0.10 for the blood
flow, 0.75 = 0.04 for the metabolism and 0.98 * 0.05 for the
123].IMZ uptake. Both the blood flow and metabolism showed
a significant decrease compared to the '*’I-IMZ uptake (p <
0.05 and p < 0.01, respectively). In the remote areas of the
cerebellum (n = 5), the ratios were 0.84 *+ 0.08 for the blood
flow, 0.85 = 0.04 for the metabolism and 0.94 * 0.05 for the
1231.IMZ uptake. The metabolism showed a significant decrease
compared to the 'I-IMZ uptake (p < 0.05).

DISCUSSION
Benzodiazepine Receptors

The changes in BZD receptors in chronic cerebral infarction
have been studied in animal models using autoradiographic
techniques. Onodera et al. (/9) observed a decrease in *H-
flunitrazepam uptake in ischemic necrosis of the rat brain 27
days after transient ischemia. Recently, there have been reports
of a decrease in either '?’I- or '*’I-IMZ uptake in chronic
cerebral infarction after permanent occlusion of a unilateral
middle cerebral artery (20,2/). In vivo mapping of BZD
receptors was performed by Sette et al. (/) using ''C-
flumazenil and PET in anesthetized baboons after unilateral
middle cerebral artery occlusion. They observed a significant
decrease in ''C-flumazenil uptake in the infarcted area from day
2 to day 54, suggesting a decrease in the BZD receptor density.
Using SPECT in patients with cerebral infarction, '**I-IMZ
uptake in the infarct showed a significant decrease (/2). There
was no significant time-dependent change in '*I-IMZ uptake
from day 4 to day 196. In this study, a decrease in '2I-IMZ
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FIGURE 3. Patient 2, a 64-yr-old woman with cerebral infarction in the left

basal ganglia. (A) T1-weighted MR image; (B) T2-weighted MR image; (C)
CBF-PET; (D) CMRO,; (E) '2I-IMZ SPECT, all obtained 50 mm above and
parallel to the OM line. MR images demonstrate an infarct in the left basal
ganglia and left intemal capsule. A perfusion defect, reduced CMRO, and
reduced uptake of 2|-IMZ are observed in the lesion. The left frontal lobe is
diagnosed as a remote deafferentated area because of a decreased CBF
and decreased CMRO, with minimal cortical atrophy on MR images. The
change in '2-IMZ uptake was minimal in the remote deafferentated area.

uptake was observed in seven regions with chronic infarction
from 2 mo to 7 yr after onset. This result is consistent with those
of previous studies and suggests that '>>I-IMZ uptake reflects
the BZD receptor distribution and, hence, neuronal cell viabil-
ity.

The decrease in BZD receptor density in chronic cerebral
infarction has been reported to be more prominent than the

0
infarct misery remote remote

L (net)  (nel) (2 (k) ()
cerebrum cersbelium

FIGURE 4. Mean L-to-C ratios of blood flow, metabolism and 'ZI-IMZ
uptake in lesions. (J, CBF; @, cerebral metabolism; W, '2|-IMZ uptake.
Statistical significance was determined by paired Student'’s t-test: *, p <
0.01; =*, p < 0.05.

decrease in either the blood flow examined by " Tc-HMPAO
(20) or the '*C-2-deoxyglucose uptake (21). Such differences
are thought to be caused by residual blood flow and metabolism
of gliotic reactions and by the infiltration of macrophages. In
this study, the degree of decrease in '’I-IMZ uptake did not
differ from the decrease in either the blood flow or metabolism.
This result may suggest that either complete destruction of
neurons did not occur or BZD receptors were still present in
spite of the neuronal damage in the infarct area.

Receptors in the Peri-infarct Area

In this study, a decrease in 'I-IMZ uptake was observed in
the peri-infarct area, and it was associated with both a decrease
in blood flow and a decrease in metabolism in the same area.
Hypoperfusion and hypometabolism without morphological
changes on MR images may suggest either minimal neuronal
damage or deafferentation in the peri-infarct area. Neuronal loss
in the area surrounding chronic infarction has been observed in

TABLE 3
Cerebral Blood Flow, Oxygen Extraction Fraction, Cerebral Metabolic Rate for Oxygen and Cerebral Metabolic Rate for Glucose in
Lesions and the Contralateral Region
Affected region Contralateral region
Patient rCBF rOEF rCMRO, rCMRGic rCBF rOEF rCMRO, rCMRGic
Lesion no. (MVmin/100ml) (%) (MVmMIn/100ml) (Mg/min/100ml) (MVMIn/100ml) (%) (MVmin/100mi) (mg/min/100mi)

Infarct 1 220 337 1.51 — 293 36.8 2.19 —

7 5.2 442 0.29 —_ 383 428 244 -

8 124 58.6 1.08 —_ 36.8 445 253 —_

9 163 483 145 —_ 36.6 38.8 264 —_
Peri-infarct 7 30.3 4.7 203 —_ 373 448 248 -
Misery perfusion 8 26.9 64.5 2.70 —_ 33.6 485 2.55 —_

9 29.8 488 2.67 _ 377 378 2.65 —_
Remote area in cerebrum 2 31.1 372 1.98 — 51.6 324 284 -

3 328 492 1.95 - 408 493 243 —

4 nq - —_ 4.56 nq —_ _ 6.15

6 nq —_ —_ 7.20 nq —_— —_ 9.46
Remote area in cerebellum 2 34.2 415 2.42 — 48.1 357 293 —

3 483 52.8 3.08 —_ 51.9 5§3.2 3.34 -

4 413 39.9 2.80 —_ 481 40.9 3.39 —_

5 nq - — 428 nq —_ —_ 495

6 nq —_ — 6.88 nq —_ —_ 8.37

— = not done; nq = quantification of the absolute rCBF value was not performed.
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animal models (22) and in a CT-negative area in autopsied
human brain (23). Sette et al. (/1) observed not only a decrease
in ''C-flumazenil uptake but also an increase in ''C-PK11195
uptake (a ligand for the peripheral type of BZD receptor),
suggesting neuronal damage and a glial/macrophagic reaction
in the peri-infarct area. Furthermore, the degree of BZD
receptor decrease was less severe in the peri-infarct area than in
the infarct, which is consistent with the findings of an earlier
report (12). Mies et al. (22) observed a gradual decrease in the
number of cortical neurons from the nonaffected area to the
peri-infarct zone, although the infarcts were sharply demarcated
macroscopically. Cortical neurons in the peri-infarct area are
thus thought to suffer less damage compared to the infarcted
area. These results suggest that the relatively mild decrease in
BZD receptors associated with hypoperfusion and hypometab-
olism in the peri-infarct area may be due not to deafferentation
but rather to neuronal damage.

The peri-infarct areas observed in this study were relatively
small and not widely extended. There is a possibility that the
CBF, cerebral metabolism and '**I-IMZ uptake in such lesions
may be underestimated due to the limited spatial resolution of
both the PET and SPECT systems compared with MRI. This
may have caused the decreases in the results of both PET and
SPECT images in areas with normal MRI findings. Further
studies using devices with higher resolution are required to
resolve this problem.

Benzodiazepine Receptors in Misery Perfusion

Decreased perfusion associated with an increased OEF has
been reported in patients with a transient ischemic attack (24).
A focal increase in OEF indicates that the oxygen supply is low
relative to demand, a situation referred to as “misery perfusion”
(25). Even if oxygen metabolism is not decreased in the brain,
the symptom of transient ischemia could be triggered by a
further decrease in the perfusion pressure. In addition, no
morphological abnormalities were demonstrated in the misery
perfusion area on MRI, as was previously found by CT scan
(26). Improvement in the clinical symptoms and cerebral
perfusion in patients with misery perfusion after bypass surgery
(25,26), therefore, may indicate neuronal viability in such
lesions. In this study, '2’I-IMZ uptake was preserved in the
misery perfusion area. This suggests that the BZD receptor
density may reflect neuronal cell viability in spite of the
hypoperfusion.

Benzodiazepine Receptors in Remote Areas

Iodine-123-IMZ uptake was preserved or minimally de-
creased in the remote areas, including 26 regions in the
ipsilateral cerebral cortices and five in the contralateral cere-
bellum (crossed cerebellar diaschisis). Hatazawa et al. (/2) also
observed hypoperfusion associated with normal '>’I-IMZ up-
take in such regions. Although hypoperfusion and hypometab-
olism without any morphological abnormalities are sometimes
observed in the cerebral cortex overlying a deep infarct, these
findings cannot differentiate between the remote area and the
peri-infarct area. Sette et al. (/) observed decreased blood flow
and decreased oxygen metabolism in the cerebral cortex over-
lying a deep infarct. They did not observe any changes in either
"C-PK11195 uptake or ''C-flumazenil uptake and thus con-
sidered the area as a remote deafferentated area without any
neuronal damage. The BZD receptor is thus considered to be
able to differentiate remote noninfarcted areas from peri-infarct
areas.

In remote areas in the contralateral cerebellum, both the
blood flow and the metabolism showed a decrease without any
morphological abnormalities (27,28). In an animal model using
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autoradiographic techniques, a low uptake of '*C-2-deoxyglu-
cose and normal binding of '**I-IMZ in the remote areas were
also demonstrated (2/). The BZD receptor distribution is,
therefore, considered to provide information that is different
from that of either the blood flow or metabolism.

Analytical Problems

We did not perform quantification of the BZD receptor
density in this study. Both visual analysis and the L-to-C ratio
are considered to be empirical methods because they may not be
able to eliminate factors affecting '>*I-IMZ uptake, such as the
CBF, nonspecific binding, peripheral clearance or binding to
plasma proteins (29-32). Methods for in vivo quantification of
neuroreceptors can be broadly divided into kinetic (29,30) and
equilibrium methods (29,37), measuring either the receptor
density (B,,.,) and the affinity (Kp) or the binding potential
(BP), which is derived as B, /Kp. Such methods are not
thought to be applicable for clinical use because they require
prolonged dynamic data acquisition and serial arterial blood
sampling. Although the limitations of empirical methods are
well understood, the usefulness of '2*I-IMZ SPECT for clinical
application has been reported using either visual analysis or the
count ratio (9,0, 12). Because nonspecific binding was less than
19% of the cortical radioactivity (7,29,32), analysis of '*I-IMZ
SPECT by empirical methods may predominantly reflect spe-
cific binding. Although there remains a possibility that an
alteration of the CBF can change the '2’I-IMZ uptake in lesions,
in this study, preserved '?>I-IMZ uptake was observed in both
misery perfusion areas and remote deafferented areas with
hypoperfusion. Onishi et al. (33) revealed that '**I-IMZ SPECT
images that are least affected by the CBF can be obtained about
3-3.5 hr after administration. They also found that the '**I-IMZ
SPECT image contrast in five patients at 3 hr postinjection
agreed well with the reference receptor binding estimated by
kinetic analysis, with a mean error of 3.6%. They showed that
123I.IMZ SPECT images provided the same information as
parametric images of the distribution volume in a patient with
cerebral infarction. Thus, alteration of the CBF is not consid-
ered to change mainly the '2’I-IMZ uptake. In addition,
empirical methods are simple and noninvasive and thus can be
used as an initial form of analysis. Recently, a simple nonin-
vasive method based on the three-compartment, two-parameter
model for quantification was reported to be useful for quanti-
fication (32). This method requires only two separate SPECT
scans and a single venous blood sample. Establishment of
simple methods for quantification may provide more accurate
information from '2’I-IMZ SPECT for assessing neuronal
damage.

A significant difference between '?’I-IMZ uptake and either
the CBF or the cerebral metabolism was observed only in the
remote areas. Although we could not obtain a definite conclu-
sion due to the limited number of subjects, our results support
the findings of earlier studies (//,12) and strongly suggest the
usefulness of '>*I-IMZ SPECT for assessing neuronal damage.
The subjects consisted of both patients with cerebral infarction
due to either atherosclerosis or arteritis and those with moya-
moya disease. Although the etiology of moyamoya disease is
unknown and is thought to differ from that of both atheroscle-
rosis and arteritis, the pathological features of lesions in the
cerebrum are those of ischemic changes. Because the purpose of
this study was to examine the BZD receptor density in ischemic
lesions, we included patients with moyamoya disease as sub-
jects of this study. In moyamoya disease, bilateral involvement
could be another problem. In two cases with moyamoya disease
(Patients 7 and 9), the reference region was not exactly the

1697



contralateral mirror region because multiple ischemic lesions
were observed in the bilateral cerebral cortices. Although the
reference region was placed in the suspected normal area in the
contralateral cerebral artery territory, the possibility of changes
in the BZD receptor density in the bilateral cerebral cortices
cannot be excluded. In such patients, quantification of the BZD
receptor density may provide useful clinical information.

CONCLUSION

The BZD receptor distribution, as measured by '*I-IMZ
SPECT, is not considered to reflect the neuronal function.
Rather, it may reflect the neuronal cell viability, which is
different from both the CBF and the cerebral metabolism.
Therefore, '>’I-IMZ SPECT is considered to be a potential
probe for neuronal damage. Further studies in an increased
number of subjects and with quantitative measurement of the
BZD receptor density should improve its accuracy.
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