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Abstract: Purpose: Cerebral hyperperfusion following carotid endarterectomy (CEA) occurs in patients with preopera-
tive impairments in cerebral hemodynamics. The aim of the present study was to determine whether late images/
early images on preoperative brain 123|-iomazenil (IMZ) single-photon emission computed tomography (SPECT), which
correlate with oxygen extraction fraction images on positron emission tomography, could identify patients at risk for
cerebral hyperperfusion following endarterectomy for unilateral cervical internal carotid artery (ICA) stenosis. Meth-
ods: In 80 patients, preoperative brain SPECT scans were initiated immediately after (early images) and 180 min
after (late images) administration of 123|-IMZ. A region of interest (ROIl) was automatically placed in the middle cere-
bral artery territory in both the cerebral hemispheres using a three-dimensional stereotaxic ROl template. Transcra-
nial regional cerebral oxygen saturation (rSO2) was monitored using near-infrared spectroscope throughout carotid
endarterectomy, and a patient was defined as having cerebral hyperperfusion when a ratio of rSO2at the end of the
surgery to rSO2 before ICA clamping was > 1.1. Results: Cerebral hyperperfusion was observed on intraoperative rSO»
monitoring in eight patients (10%). Preoperative increase in affected side-to-contralateral side asymmetry on late/
early 123]-IMZ value was the only significant independent predictor of cerebral hyperperfusion (95% confidence inter-
val [Cl], 1.606 to 8.710; P = 0.0010). The preoperative late/early 123]-IMZ asymmetry corresponded to an 88% sensi-
tivity and 89% specificity, with 47% positive- and 98% negative-predictive values for the development of cerebral hy-
perperfusion. Conclusions: Preoperative late/early 123|-IMZ images can identify patients at risk for cerebral hyperper-
fusion following endarterectomy for unilateral cervical ICA stenosis.
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Introduction

Cerebral hyperperfusion following carotid en-
darterectomy (CEA) is defined as a major in-
crease in ipsilateral cerebral blood flow (CBF)
that is well above the metabolic demands of the
brain tissue [1,2]. Cerebral hyperperfusion syn-
drome following CEA is a complication of cere-
bral hyperperfusion that is characterized by uni-
lateral headache, face and eye pain, seizure,
and focal symptoms that occur secondary to
cerebral edema or intracerebral hemorrhage [1-
4]. Although the incidence of intracerebral hem-
orrhage is relatively low, the prognosis for pa-
tients with this condition is poor [1,5-9]. In addi-
tion, recent studies have demonstrated that

post-CEA hyperperfusion, even when asympto-
matic, causes postoperative cortical neural
damage that results in postoperative cognitive
impairment [10-12].

Risk factors for cerebral hyperperfusion include
long-standing hypertension, high-grade stenosis,
poor collateral blood flow, and contralateral
carotid occlusion, which often result in impair-
ments in cerebral hemodynamics [13]. Further,
a rapid restoration of normal perfusion pressure
following CEA may result in hyperperfusion in
regions of the brain in which autoregulation is
impaired due to chronic ischemia. This hypothe-
sis is similar to the "normal perfusion pressure
breakthrough" theory described by Spetzler et
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al. [14] and is consistent with observations by
several investigators that decreased cere-
brovascular reactivity to acetazolamide on brain
perfusion single-photon emission computed
tomography (SPECT) is a significant predictor of
post-CEA hyperperfusion [15-17]. However,
acetazolamide is associated with frequent and
various adverse effects, including headache,
nausea, dizziness, tinnitus, numbness of the
extremities, motor weakness of the extremities,
general malaise, and Stevens-Johnson syn-
drome [18-20]. In fact, one study demonstrated
that 63% of patients who underwent SPECT
study with acetazolamide challenge developed
such adverse effects between 1 and 3 hours
after administration of acetazolamide, and
these symptoms lasted for 0.5 to 72 hours and
frequently impacted patients’ activities of daily
living, including the ability to engage in their
jobs [20]. Measurement of cerebrovascular re-
activity to acetazolamide using brain perfusion
SPECT also requires two instances of admini-
stration of a tracer (without and with acetazola-
mide challenge). Thus, it would be beneficial to
develop a simpler SPECT method of predicting
post-CEA hyperperfusion that does not require
administration of acetazolamide.

123]-jomazenil (IMZ) is a central benzodiazepine
receptor ligand (Figure 1) and binds to the same
central binding sites as does flumazenil [21-24].
Images obtained at 180 min after administra-
tion of 123]-IMZ using brain SPECT (late images)
are proportional to the distribution of central
benzodiazepine receptor binding potential
(CBRBP) [21-24]. Further, CBRBP on late 123|-
IMZ SPECT images correlates with neural den-
sity in the cerebral cortex, and a reduction in
cortical CBRBP indicates cortical neural damage
or loss [22-24]. In the cerebral cortex with re-
duced CBRBP, cerebral metabolism probably
decreases in proportion to the degree of neu-
ronal damage. Indeed, late 123]-IMZ SPECT im-
ages reportedly correlate with cerebral meta-
bolic rate of oxygen (CMRO2) images on positron
emission tomography in the cerebral cortex in
patients with carotid artery occlusive diseases
[25,26]. On the other hand, several investiga-
tors have used assumed values for 123|-IMZ ki-
netics in the brain in a three-compartment, two-
parameter model to calculate the transition rate
constant (k1) from the blood to the brain [27].
As a result, the ki1 value correlated highly with
CBF, suggesting that SPECT images obtained
early after administration of 123|-IMZ are influ-
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Figure 1. Chemical structures of 123l-iomazenil (IMZ)
(upper) and N-isopropyl-p-[123]]-iodoamphetamine
(IMP) (lower).

enced by the distribution of CBF [27]. Because
oxygen extraction fraction (OEF), which is one of
key parameters of cerebral hemodynamics
[28,29], is a function of CMRO2/CBF, late im-
ages/early images on 123]-IMZ SPECT may re-
flect OEF. A recent study has demonstrated that
early and late/early images on 123|-IMZ SPECT
correlate with CBF images and OEF images on
PET, respectively, in the cerebral cortex of pa-
tients with chronic unilateral major cerebral
artery occlusive disease [30].

Thus, the purpose of the present study was to
determine whether late images/early images on
preoperative brain 123|-IMZ SPECT could identify
patients at risk for cerebral hyperperfusion fol-
lowing endarterectomy for unilateral cervical
internal carotid artery (ICA) stenosis.

Materials and methods
Patients

A total of 80 patients (75 men and 5 women),
age 46 to 81 years (mean, 69 years), with uni-
lateral ICA stenosis (370%) and useful residual
function (modified Rankin disability scale O, 1 or
2), without large cortical infarction on conven-
tional magnetic resonance imaging who under-
went CEA between October 2009 and Septem-
ber 2011 were enrolled in the present study.
Concomitant disease states and symptoms
were recorded, including 72 patients with hyper-
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tension, 33 patients with diabetes mellitus and
40 patients with hyperlipidemia. While 59 pa-
tients showed ischemic symptoms in the ipsilat-
eral carotid territory, 21 patients exhibited as-
ymptomatic ICA stenosis.

All patients underwent preoperative angiogra-
phy with arterial catheterization. The overall
average degree of ICA stenosis was 87.7 *
8.4%, with a range of 70-99%. No patient had
occlusion or stenosis of greater than 50% in the
contralateral ICA or middle cerebral artery.

This protocol was reviewed and approved by the
institutional ethics committee, and written in-
formed consent was obtained from all patients
or their next of kin.

Brain SPECT study

Brain SPECT studies were performed using a
ring-type SPECT scanner (Headtome-SETOS8O0,
Shimadzu Corp., Kyoto, Japan), which provided
31 tomographic images simultaneously. The
spatial resolution of the scanner with a low-
energy, all-purpose collimator was 13 mm full
width at half maximum (FWHM) at the center of
the field of view, and the slice thickness was 25
mm FWHM at the field of view center. Image
slices were taken at 5 mm center-to-center
spacing, parallel to the orbitomeatal line. The
images were reconstructed using the weighted-
filtered backprojection technique, in which the
attenuation correction was made by detecting
the edge of the object. An attenuation coeffi-
cient of 0.065 cm-1, a Butterworth filter (cutoff =
0.45 cycle/cm; order = 3), and a ramp filter
were used for image reconstruction.

Brain 123|]-IMZ SPECT was performed 3 days be-
fore surgery. An intravenous injection of approxi-
mately 167 MBq 123|-IMZ was administered fol-
lowing a 1-min infusion of physiologic saline at a
rate of 20 mL/min. Immediately after admini-
stration of the 123]-IMZ, scans were initiated with
a scanning duration of 28 min (early images),
and 180 min later, scans were also initiated
with a scanning duration of 23 min (late im-
ages) [30].

Brain perfusion SPECT using N-isopropyl-p-[1231]-
iodoamphetamine (IMP) was also performed
immediately and three days after surgery only
for patients who were defined as having cere-
bral hyperperfusion on intraoperative transcra-
nial regional cerebral oxygen saturation monitor-
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ing as described below. 123]-IMP nonspecifically
binds sites for amines according to the distribu-
tion of brain perfusion (Figure 1) [32]. The 123|-
IMP SPECT study was performed as described
previously [32]. Briefly, after a 1-min intrave-
nous infusion of 222 MBq of 123|-IMP (5-mL vol-
ume) at a constant rate of 5 mL/min and a 1-
min infusion of physiologic saline at the same
rate, data acquisition was performed at a mid-
scan time of 30 min, for scan duration of 20
min.

All SPECT images were transformed into the
standard brain size and shape by linear and
nonlinear transformation using SPM99 for anat-
omic standardization [32]. Thus, brain images
from all subjects had the same anatomic for-
mat. In 123]-IMZ SPECT images, the ratio of ra-
dioactive counts of late images to those of early
images was calculated for each pixel and was
defined as late/early 123|-IMZ. Three hundred
and eighteen constant regions of interest (ROIs)
were automatically placed in both cerebral
hemispheres using a three-dimensional stereo-
taxic ROI template (3DSRT) [33]. The ROIs were
grouped into nine segments (callosomarginal,
pericallosal, precentral, central, parietal, angu-
lar, temporal, posterior, and hippocampus) in
each hemisphere according to the arterial sup-
ply. Five (precentral, central, parietal, angular,
and temporal) of these nine segments were
combined and defined as a ROI perfused by the
middle cerebral artery (MCA) (Figure 2). Mean
radioactive count or value of all pixels in the
MCA ROI in each hemisphere was calculated on
preoperative early 123|-IMZ, preoperative late/
early 123]-IMZ images and postoperative 123|-|MP
images (immediately and three days after sur-
gery). Then, the ratio of the radioactive count or
value in the affected hemisphere to that in the
contralateral hemisphere (affected-to-
contralateral side asymmetry ratio: ATC-AR) was
calculated in each image. Furthermore, the fol-
lowing value, which was defined as CBF in-
crease ratio, was calculated only in patients
who were defined as having cerebral hyperper-
fusion on intraoperative transcranial regional
cerebral oxygen saturation monitoring by Equa-
tion 1.

Ten healthy subjects (eight men and two
women; age range, 35 to 52 years; mean age,
39 years) underwent 123|-IMZ SPECT study using
the same method. The control value of ATC-AR
on late/early 123]-IMZ images was 0.999 =+
0.048 when the left cerebral hemisphere was
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CBF increase ratio =

ATC-AR in the postoperative (immediately or three days after surgery) 1231-IMP images Equ. 1

ATC-AR in the preoperative early 1231-IM7 images

Figure 2. Diagrams showing the regions of interest
(ROIs) of a three-dimensional stereotaxic ROl tem-
plate. The white ROIs (precentral, central, parietal,
angular, and temporal segments) indicate territories
perfused by the bilateral middle cerebral arteries.
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defined as the affected side [30].

Measurement of transcranial regional cerebral
oxygen saturation

The near-infrared spectroscope, TOS 96 (Tostec,
Tokyo, Japan), with a dual-channel system was
used to measure regional cerebral oxygen satu-
ration (rSO2) throughout surgery [34-36]. After
induction of general anesthesia, the patient’s
skin was thoroughly cleaned, and the sensors
were bilaterally and symmetrically placed over
the forehead, according to the manufacturer’'s
instructions. After a stable rSO»> reading was
achieved, the margins of the sensors were se-
cured with opaque tape. The rSO2 readings were
recorded at 30-second intervals and stored for
later analysis. The following data points regard-
ing cerebral oximetry for the side ipsilateral to
CEA were gathered and recorded: the mean
value in the last 1 minute before ICA clamping
(rS02-0) and the mean value in the last 1 min-
ute at the end of the surgery (rSO»-1). For each
patient, the ratio of rSO2-1 to rS02-0 (rSO2-1/
rS0,-0) was calculated, and a patient was de-
fined as having cerebral hyperperfusion when
the value was > 1.1, according to previous find-
ings [36].

Intraoperative management

All patients received antiplatelet therapy until
the morning of the day on which CEA was per-
formed. Further, all patients underwent surgery
under general anesthesia. Blood pressure was
kept stable in a range +20% of the preoperative
level throughout the procedure by adjusting the
depth of anesthesia or, if needed, by intrave-
nous administration of a vasodilator
(nitroglycerin) or a vasoconstrictor (the adrena-
lin). An intraluminal shunt was not used in these
procedures. The mean duration of ICA clamping
was 36 minutes, ranging from 28 to 48 min-
utes.

Statistical analysis

Data are expressed as the mean * standard
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deviation (SD). The relationship between each
variable and the development of cerebral hyper-
perfusion defined by intraoperative rSO2 moni-
toring was evaluated with univariate analysis
using the Mann-Whitney U test or c2test. A mul-
tivariate statistical analysis of factors related to
development of cerebral hyperperfusion was
also performed using a logistic regression
model. Variables with P < 0.2 in the univariate
analyses were selected for analysis in the final
model. Differences were deemed statistically
significant if P < 0.05. The accuracy of ATC-AR
in preoperative late/early 123|-IMZ images in
predicting the development of cerebral hyper-
perfusion was assessed using receiver operat-
ing characteristic (ROC) curves when the rela-
tionship between the two parameters was stati-
cally significant. The ROC curve was calculated
in increments of 0.5 SD (0.024) from the mean
value (0.999) of ATC-AR in late/early 123|-IMZ
images obtained in normal subjects.

Results

All patients recovered from surgery without new
major neurological deficits. The interval be-
tween ICA declamping and rSO»-1 determination
ranged from 24 to 51 minutes. The interval be-
tween rS0O2-1 determination and postoperative
CBF measurement by brain perfusion SPECT
with 123]-IMP ranged from 38 to 72 minutes.

Of the 80 patients studied, eight (10%) met the
intraoperative rSO2 criteria for cerebral hyper-
perfusion in the ipsilateral hemisphere and un-
derwent postoperative CBF measurement by
brain perfusion SPECT with 123|-IMP. Figure 3
shows ATC-ARs on preoperative early 123|-IMZ
and postoperative 123|-IMP images in these
eight patients with cerebral hyperperfusion.
While ATC-ARs on preoperative early 123|-IMZ
images were 0.772 + 0.099, the values on 123|-
IMP images immediately after surgery were in-
creased (1.490 + 0.172). As a result, the CBF
increase ratio immediately after surgery was
more than 1.80 in all eight patients (1.801 to
2.132; mean, 1.934). For these eight patients,
intensive control of arterial blood pressure be-
tween 100 and 140 mmHg was instituted using
intravenous administration of antihypertensive
drugs immediately after 123|-IMP SPECT. In six of
these eight patients, the ATC-ARs on 123]-IMP
images on the third postoperative day were de-
creased, resulting in CBF increase ratio less
than 1.8, and pharmacologic control of blood
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Figure 3. Affected-to-contralateral side asymmetry
ratio (ATC-AR) on preoperative early 123l-iomazenil
(IM2) and postoperative N-isopropyl-p-[123[]-
iodoamphetamine (IMP) images in patients who
were defined as having cerebral hyperperfusion on
intraoperative transcranial regional cerebral oxygen
saturation monitoring. Arrows indicate patients with
cerebral hyperperfusion syndrome after surgery.

pressure was discontinued. The postoperative
courses were uneventful in these six patients. In
the remaining two patients, the ATC-ARs on 123|-
IMP images on the third postoperative day were
increased or unchanged, resulting in CBF in-
crease ratio more than 1.8; one developed con-
fusion on the fifth postoperative day (Figures 4
and 5), and another patient experienced apha-
sia and right motor weakness with onset on the
seventh postoperative day. Propofol coma was
induced in both patients. Following termination
of the propofol coma, both patients had no iden-
tifiable lesion on magnetic resonance imaging
and eventually experienced full recovery.

Of 80 patients studied, 72 patients who did not
meet the intraoperative rSO2 criteria for cere-
bral hyperperfusion in the ipsilateral hemi-
sphere had uneventful postoperative courses.

Results of univariate analysis of factors related
to the development of cerebral hyperperfusion
defined by intraoperative rSO2 monitoring are
summarized in Table 1. The ATC-AR in preopera-
tive late/early 123I-IMZ images was significantly
higher in patients with cerebral hyperperfusion
than in those without. Other variables were not
significantly associated with the development of
cerebral hyperperfusion. After eliminating
closely related variables in the univariate analy-
ses, the following confounders (P < 0.2) were
adopted in the logistic regression model for the
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123]-lomazenil SPECT and Post-CEA hyperperfusion

multivariate analysis: degree of ICA stenosis
and ATC-AR in preoperative late/early 123|-IMZ
images. Multivariate analysis revealed that high
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Figure 4. Brain single-photon emission computed
tomography images in a 74-year-old man with symp-
tomatic right internal carotid artery (ICA) stenosis
(95%) exhibiting hyperperfusion syndrome 5 days
after carotid endarterectomy (CEA). Preoperative
late/early 123I-IMZ images (first column from the left)
show elevation of the values in the right cerebral
cortex when compared with those in the left cerebral
cortex. Preoperative early 123|-IMZ images (second
column from the left) show reduction of radioactive
counts in the right cerebral cortex when compared
with those in the left cerebral cortex. 123I-IMP images
obtained immediately after surgery (second column
from the right) show a considerable increase in radio-
active counts in the right cerebral cortex when com-
pared with those in the left cerebral cortex. 123|-IMP
images on the third postoperative day (first column
from the right) show further increase in radioactive
counts in the right cerebral cortex compared with 123|-
IMP images immediately after surgery.

ATC-AR in preoperative late/early 123|-IMZ im-
ages was significantly associated with the devel-
opment of cerebral hyperperfusion (95% confi-
dence interval [Cl], 1.606 to 8.710; P =
0.0010).

Sensitivity and specificity for the ATC-AR in pre-
operative late/early 123|-IMZ images in the cut-
off point lying closest to the left upper corner of
the ROC curve in predicting development of
cerebral hyperperfusion were 88% (7/8) and
89% (64/72) (cut-off point = 1.071: the mean
+1.5SD of the control value obtained from nor-
mal subjects), respectively (Figure 6). In the cut-
off point, positive- and negative-predictive val-
ues were 47% (7/15) and 98% (64/65), respec-
tively.

Discussion

Measurement of rSO2 via near-infrared spec-
troscopy used in the present study has the ad-
vantage of being continuous, noninvasive, port-
able, and technically simple to perform. Theo-
retically, the rSO2 reflects a balance between
cerebral oxygen supply and oxygen consump-
tion. Thus, if cerebral oxygen consumption and
arterial oxygen saturation remain unchanged,
an increase in rSO2 must reflect an increase in
CBF. One study demonstrated that intraopera-
tive monitoring of the rSOz2 is a reliable modality
to identify patients with hyperperfusion after
CEA; in that study, the sensitivity and specificity
of the rS02-1/rS02-0 for detecting post-CEA hy-

Table 1. Risk factors for the development of cerebral hyperperfusion defined by intraoperative regional

cerebral oxygen saturation monitoring

Risk factors Postoperative hyperperfusion p Value
Yes (n = 8) No (n=72)

Age (y) (mean £ SD) 69.6+8.0 68.8+6.7 0.6297
Male gender 8 (100%) 67 (93%) >0.9999
Hypertension 8 (100%) 64 (89%) >0.9999
Diabetes mellitus 3(38%) 30 (42%) >0.9999
Hyperlipidemia 6 (75%) 34 (47%) 0.2633
Symptomatic lesions 7 (88%) 52 (72%) 0.6736
Degree of ICA stenosis (%) 90.6+8.6 87.4+8.4 0.1158
(mean + SD)

Duration of ICA clamping 36.315.2 36.0£5.3 0.8850
(min) (mean + SD)

ATC-AR in preoperative 1.112+0.061 1.007+0.054 0.0001

late/early IMZ images

SD, standard deviation; ICA, internal carotid artery; ATC-AR, affected-to-contralateral side asymmetry ratio; IMZ,

iomazenil.
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perperfusion were 100% when the cut-off point
of the value was 1.1 [36]. Thus, the same defi-
nition was applied in the present study.

A recent study has demonstrated a strong corre-
lation between affected-to-contralateral side
asymmetry in the MCA ROl on early 123-IMZ
SPECT images and that on CBF images of posi-
tron emission tomography, indicating that early
123]-IMZ SPECT images are proportional to the
distribution of CBF in the MCA cortical territory
[30]. 123]-IMP SPECT imaging also can display
post-CEA hyperperfusion as an increase in ra-
dioactive counts in the hemisphere ipsilateral to
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surgery when compared with those in the con-
tralateral hemisphere [15-17]. Thus, in patients
who were defined as having cerebral hyperper-
fusion on intraoperative rSO> monitoring, the
present study compared preoperative early 123|-
IMZ and postoperative 123|-IMP SPECT images to
confirm development of cerebral hyperperfusion
after CEA; radioactive counts in the cerebral
hemisphere ipsilateral to surgery were consid-
erably lower than those in the contralateral
hemisphere on preoperative early 123]-IMZ
SPECT images, and the affected-to-contralateral
side asymmetry of radioactive counts was re-
versed on 123]-IMP SPECT images immediately
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Figure 6. Relationship between ATC-AR in preopera-
tive late/early IMZ images and postoperative hyper-
perfusion. Arrows indicate patients with cerebral hy-
perperfusion syndrome after surgery. Dashed hori-
zontal line denotes mean + 1.5 standard deviation
(1.071) of ATC-AR obtained in healthy volunteers.

after surgery. As a result, the CBF increase ra-
tios immediately after surgery were more than
1.80. The CBF increase ratio implies a ratio of
postoperative CBF to preoperative CBF in the
cerebral hemisphere ipsilateral to surgery if CBF
in the contralateral cerebral hemisphere is un-
changed before and after surgery. Considering
that early 123|-IMZ SPECT images show a pro-
pensity to underestimate brain perfusion at re-
gions with higher CBF, resulting in underestima-
tion of the affected-to-contralateral side asym-
metry [30], the cerebral hemisphere ipsilateral
to surgery in patients with the CBF increase ra-
tios > 1.80 may have a postoperative CBF in-
crease of 3 100% compared with preoperative
values. This is consistent with previous findings
that only patients with this degree of CBF in-
crease can develop cerebral hyperperfusion
syndrome [15-17].

Investigators have proposed various mecha-

nisms for the development of post-CEA hyper-
perfusion [3]. In cases of severe ICA stenosis
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and deficient collateral circulation, hemispheric
perfusion pressure is severely reduced distal to
the ICA stenosis. This may result in reduction of
perfusion pressure below the compensatory
capacity of autoregulatory mechanisms, thus
leading to maximal dilation of resistance ves-
sels and chronic hypoperfusion or “misery perfu-
sion”. After restoration of normal perfusion pres-
sure following CEA, chronically impaired auto-
regulatory mechanisms may require several
days to adjust to the new steady state, resulting
in hyperperfusion in the interim. The present
study demonstrated that high ATC-AR in preop-
erative late/early 123I-IMZ images was a signifi-
cant independent predictor of post-CEA hyper-
perfusion. Because high ATC-AR in preoperative
late/early 123-IMZ images suggests the pres-
ence of “misery perfusion” in the affected hemi-
sphere [30] and resistance vessels maximally
dilate due to autoregulatory mechanisms in the
misery perfusion, the present findings support
the theory that cerebral hyperperfusion results
from loss of normal vasoconstriction secondary
to chronic cerebral ischemia and maladaptive
autoregulatory mechanisms.

The ROC analysis in the present study showed
that ATC-AR in preoperative late/early 123|-IMZ
images provided low positive- and high negative
-predictive values for the prediction of post-CEA
hyperperfusion. Both values were approximately
equal to previous data obtained using cere-
brovascular reactivity to acetazolamide meas-
ured by SPECT [15,16]. Thus, when compared
with measurement of cerebrovascular reactivity
to acetazolamide using brain perfusion SPECT,
preoperative late/early 123|-IMZ images may be
a useful and alternative SPECT method of pre-
dicting post-CEA hyperperfusion as they only
require one instance of intravenous injection of
a radioactive tracer and because they do not
require administration of acetazolamide with its
associated frequent and various adverse ef-
fects.

As described previously, the use of the present
SPECT method has certain limitations. For ex-
ample, 123|-IMZ is relatively unavailable in West-
ern countries and is not suitable for application
in patients with large cortical infarction [30]. In
addition, the present study included only pa-
tients with unilateral ICA stenosis and used af-
fected side-to-contralateral side asymmetry on
SPECT images to detect hemodynamic impair-
ment in the affected cerebral hemisphere. Im-
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pairments in cerebral hemodynamics are more
severe in patients with bilateral ICA steno-
occlusive disease than in those with unilateral
ICA stenosis [37], and impairments in bilateral
cerebral hemodynamics in patients with bilat-
eral major cerebral arterial occlusive disease
may not be detected by the present SPECT
method using affected side-to-contralateral side
asymmetry.

Conclusion

The present study demonstrated that preopera-
tive late/early 123I-IMZ images can identify pa-
tients at risk for cerebral hyperperfusion after
endarterectomy for unilateral cervical ICA steno-
sis. When compared with measurement of cere-
brovascular reactivity to acetazolamide using
brain perfusion SPECT, these images may be a
useful and alternative SPECT method of predict-
ing post-CEA hyperperfusion as they only require
one instance of intravenous injection of a radio-
active tracer and because they do not require
administration of acetazolamide with its associ-
ated frequent and various adverse effects.
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