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We report a case of 61-year old man who was suffering from cerebrovascular disease with right
hemiparesis and received I-123 iomazenil (IMZ) SPECT prior to carotid endoarterectomy. Severe
stenosis of the right internal carotid artery and occlusion of the left middle cerebral artery (MCA)
were revealed by cerebral angiography, and a hypoperfused area in left MCA territory and crossed
cerebellar diaschisis (CCD) on I-123 IMP SPECT was demonstrated. In contrast, IMZ SPECT
showed symmetric normal distribution. After the carotid endoarterectomy, the hypoperfused area
in left MCA territory on IMP SPECT and hemiparesis had improved. It is thought that IMZ SPECT
can be a useful tool for the prediction of improvement of cerebral perfusion and the clinical outcome.
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INTRODUCTION

[obINE-123 1omAzeNIL (IMZ) is known as a high-affinity
radioligand used for the measurement of central benzodi-
azepine (BZD) receptors with SPECT.! Its usefulness in
cerebrovascular diseases has been reported experimen-
tally?3 and clinically,* but none of them were compared
to the cerebral perfusion images before and after surgery.
If change is predicted, IMZ SPECT can provide useful
information on the clinical situation. We report a case of
cerebrovascular disease in which IMZ SPECT was per-
formed before carotid endoarterectomy and the clinical
outcome was followed up.

CASE REPORT

A 61-year-old man suffered from right hemiparesis while
he was at work in his office. He was transferred to our
hospital by ambulance. He was slightly drowsy and motor
aphasia was recognized.
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On MRI 8 days after the onset, a high intensity area in
left white matter was observed in T2 weighted images and
diagnosed as a white matter infarction (Fig. 1, left). Then
for the assessment of cerebral perfusion, I-123 N-isopro-
pyl-4-iodoamphetamine (IMP) SPECT was performed.
Fifteen minutes postinjection of 111 MBq of IMP, SPECT
images were obtained and hypoperfused areas in left
middle cerebral artery (MCA) territory and crossed cer-
ebellar diaschisis (CCD) were observed (Fig. 1, right).
Eleven days after the IMP SPECT, I-123 iomazenil (IMZ)
SPECT was performed. SPECT images were obtained 3
hours postinjection of 167 MBq of I-123 IMZ. In contrast
to the IMP SPECT, no apparent reduced uptake area of
IMZ was demonstrated (Fig. 2). Cerebral angiography
was performed two days after the IMZ SPECT, and it
demonstrated severe stenosis of the right internal carotid
artery (ICA) and occlusion of the left MCA. From the
MRI findings and angiography, this case was thought to
be hemodynamic cerebral ischemia.

The patient received right carotid endoarterectomy
(CEA) and the stenotic lesion was removed. Both motor
aphasia and right hemiparesis were improved after the
surgery. One month after the surgery, IMP SPECT was
performed to examine the status of the cerebral perfusion.
Although a slight hypoperfused area in left MCA ter-
ritory was observed, the degree of hypoperfusion was
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Fig. 1 (left) T2-weighted MRI image. High intensity area which indicates infarction was observed in
left white matter. (right) 1-123 IMP SPECT images before surgery. Hypoperfused area in left middle
cerebral artery (MCA) territory and crossed cerebellar diaschisis (CCD) were observed.

-
‘&-
"
\-
t"
¢,

Fig. 2 1-123 iomazenil (IMZ) images before surgery. No ap-
parent reduced uptake area was demonstrated.

apparently improved and CCD had disappeared after the
surgical procedure (Fig. 3). On cerebral angiography after
surgery, except for the removal of right ICA stenosis no
remarkable change was observed.

All SPECT data were acquired with a triple-head rotat-
ing gamma camera (GCA 9300 A/HG, Toshiba, Tokyo)
and the acquisition time was 20 minutes in each study.
Parameters for reconstruction were as follows: pre-filter,
Butterworth filter (filtered backprojection method); cut-
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Fig. 3 1-123 IMP SPECT images after surgery. Compared to
IMP images before surgery, hypoperfused area in left MCA
territory was significantly improved and CCD had disappeared.
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off frequency, 0.1; order, 8; reconstruction filter, ramp
filter.

DISCUSSION
The central BZD receptor is a postsynaptic membrane

receptor ionophore complex which contains a gamma
amino butyric acid (GABA) receptor.® IMZ binds to the
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complex with higher affinity than carbon-11 flumazenil,
the positron-emitting tracer for the measurement of BZD
receptor.

For the measurement of BZD density, the mid-scan
time of IMZ SPECT was set to 3 hours postinjection.
Onishi et al.'® reported that the binding potential images
of IMZ obtained from compartmental analysis were very
similar to the SPECT images acquired 3 hours postinjection
of IMZ. We therefore thought that this image represented
the BZD density and could predict the neuronal viability.

In cerebrovascular diseases, the behavior of IMZ in
each stage of ischemic insult was reported in some litera-
ture. In experimental studies, Odano et al.? reported that
in MCA-occluded gerbils the uptake of IMZ in the in-
farcted area was lower than that of deoxyglucose (DG) but
in remote areas, such as thalamus and geniculate body,
IMZ uptake was higher than DG uptake. It was confirmed
histopathologically that there was mild neuronal degen-
eration in these areas, but some neurons remained intact.
This indicates that IMZ can provide accurate representa-
tion of the actual viability of neurons in chronic cerebral
infarction. Toyama et al.? also reported that the uptake of
IMZ in peri-infarcted areas corresponded closely to the
neuron distribution in rat 3 to 4 week after left MCA +
common carotid artery (CCA) occlusion. In this period,
the uptake of IMP was lower than that of IMZ. He
indicated that the discrepancy might be useful in evaluat-
ing the neuronal damage.

In clinical studies, Hatazawa* and Sasaki et al.8 re-
ported that in the infarcted area and peri-infarcted area
IMZ uptake was decreased corresponding to the decrease
in cerebral blood flow. In contrast, in remote areas IMZ
uptake was preserved. These results are caused by the
difference in BZD density in each area. Changes in BZD
binding are more sensitive to ischemic damage, and the
preservation of the BZR binding after ischemia is predic-
tive of the survival of brain tissue.'!-'2

With respect to IMZ uptake in misery perfusion areas,
although Sasaki et al.® reported that IMZ uptake was
preserved in misery perfusion areas, Hayashida et al.?
reported different results. They divided 84 cortical areas
of 7 patients into 4 groups according to their institutional
criteria which depended on the severity of the hemody-
namic and/or metabolic impairment. In the most severely
impaired group (misery perfusion), IMZ uptake was cor-
related with the cerebral metabolic rate for oxygen
(CMRO:). The difference between the results in the two
papers>® seemed to be due to the number and severity of
misery perfusion they applied to their study. Two misery
perfusion areas Sasaki et al. used had a normal CMRO;
value. On the other hand, these areas which Hayashida et
al. applied to their study had a sufficient number (n = 18)
and variety for the estimation of regression analysis. Their
data included the area which demonstrated normal
CMROz3, and these limited areas were thought to be
discussed in the paper by Sasaki et al.
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In misery perfusion, the oxygen supply is not sufficient
for the demand due to decreased cerebral blood flow
(CBF), and a compensatory increase in the oxygen extrac-
tion fraction (OEF) occurs. If the decrease in CBF is
moderate, CMRO> may be maintained by increased OEF.
Once the reserve of oxygen is exhausted, any further
transient drop in perfusion pressure would result in a
decrease in CMRO,."3 It is reported that regional meas-
urement of CMRO; with PET accurately distinguishes
viable from nonviable cerebral tissue and may be useful in
the prospective identification of patients with reversible
ischemia.!* But PET has a disadvantage in that it cannot
be made widely available; so that this information ob-
tained from IMZ SPECT may be valuable in deciding on
therapeutic approaches and IMZ SPECT may be able to
take the place of PET.

In this case, the infarcted area was limited to the white
matter region and no morphological change in the cere-
bral cortex observed on MRI and IMZ SPECT demon-
strated preserved uptake in the cerebral cortex. In con-
trast, IMP SPECT revealed hypoperfusion in left MCA
territory. From the MRI and SPECT findings, left MCA
territory was thought to be an area of misery perfusion or
diaschisis. As we had no information about oxygen me-
tabolism in this area, we could not distinguish between
these two conditions. Misery perfusion is known to be a
good indication for surgery.'S Meyer et al.'® reported that
the recovery of function was associated with the recovery
of local perfusion and metabolism. Moreover, it is re-
ported that in areas affected by transient ischemia or in
areas remote from the infarct, selective neuronal damage
occurs only in the neurons that are vulnerable to is-
chemia.'’!? Therefore, surgery was thought to be effec-
tive for the improvement of cerebral perfusion and func-
tion, and in such a case as this, an operation might be
acceptable even if misery perfusion and diaschisis could
not be distinguished.

After surgery, we were able to confirm improvement in
cerebral perfusion in left MCA territory where IMZ
uptake was preserved and clinical symptoms. This mecha-
nism was speculated to be as follows. Cerebral perfusion
pressure in left MCA territory was regulated by not only
the blood flow from left ICA but also right ICA via the
circle of Willis. After CEA, the blood flow from right ICA
was improved. As a result, cerebral perfusion pressure in
left MCA territory increased and cerebral blood flow in
that area was improved, and improvement in function was
also brought as Meyer et al. reported.

In conclusion, IMZ SPECT was thought to provide
useful information on the improvement in cerebral perfu-
sion and the clinical outcome before surgery.
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