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The purpose of this study was to visualize the motor area related
to finger movement and a fist-making task using SPECT in
patients with lesions near the central sulcus. Methods: Eleven
patients (9 with a brain tumor, 1 with cerebral infarction, and 1
with an arteriovenous malformation) were investigated. The first
intravenous injection of #mTc-ethyl cysteinate dimer (ECD) for
the motor activation SPECT images was administered 2 min after
completion of the fist-making task with the hand contralateral to
the brain lesion. The movement was stopped 2 min after
injection, and activation SPECT was performed. After the scan,
the second dose of ™ Tc-ECD was injected into resting patients,
and a second set of SPECT images was acquired. The first set of
images was subtracted from the second set to obtain control
images. Regions of interest were set bilaterally on the sensorimo-
tor hand area; the supplementary motor area; the frontal, tempo-
ral, and occipital lobes; and the cerebellar hemispheres. The
results of activation SPECT were expressed as positive or
negative for a high-count area, and the regional percentage
change for activation images relative to resting images was
calculated. Results: Visual assessment of activation images was
positive in 9 patients for the sensorimotor hand area and 7
patients for the supplementary motor area. The regional percent-
age change between activation and resting images for the
high-count areas was 19.7% for the sensorimotor hand area and
18.2% for the supplementary motor area. Both values were
significantly higher than those for other areas (P < 0.05). Conclu-
sion: Motor activation SPECT using a #"Tc-ECD split-dose
method is easy to perform and may be helpful for presurgical
visualization and identification of the sensorimotor hand area or
the supplementary motor area.
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Reoperative brain mapping is important in patients with
lesions of the central nervous system. Activated areas of the
brain involved in voluntary movements and visual stimula-
tion must be recognized by measurement of regional cere-
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bral blood flow, regional cerebral oxygen use, and regional
cerebral glucose use (/-3). By comparing the resting and
activation states in each patient, one can identify the brain
regions and neural circuits involved in specific cerebral
functions (3-6).

The recent development of motor activation PET and
SPECT has helped to better establish the relationship
between clinical functioning and anatomy (7). Before activa-
tion scanning, the patient performs a behavioral task during
injection of radiolabeled tracer. Cerebral perfusion and,
therefore, tracer uptake are assumed to be most active in the
brain during performance of a task. The use of PET as a
reliable and noninvasive preoperative technique for the
activation study has been suggested. Nevertheless, this
technique is restricted because of its high cost and staff
requirements.

9mTc-ethyl cysteinate dimer (ECD) and #™Tc-hexamethyl-
propyleneamine oxime (HMPAO) are used clinically as
tracers of regional cerebral blood flow (8). SPECT is readily
available in most large hospitals. With the advent of new
tracer ligands (®™Tc-ECD) and resolution-enhancing cam-
eras, SPECT offers the potential for investigation of dynamic
brain function across a wide range of clinical and research
settings (9). However, reports of activation SPECT studies
have been only sporadic. The purpose of this study was to
use #™Tc-ECD SPECT to visualize the area related to finger
movement in patients with lesions near the central sulcus.

MATERIALS AND METHODS

Patients

We studied 11 patients (3 women, 8 men; age range, 24-78 y;
mean age, 54 y), including 3 with a meningioma, 3 with a brain
metastasis, 1 with an ependymoma, 2 with an astrocytoma, 1 with a
cerebral infarction, and 1 with an arteriovenous malformation. The
characteristics of the patients are shown in Table 1. The diagnosis
was made by histopathologic examination or by radiologic findings
from techniques such as CT, MRI, or angiography. The patients
were selected on the basis of their having a lesion near the central
sulcus. All patients were right handed. Activation SPECT was
performed before intervention. Informed consent was obtained
from all patients after a detailed explanation of the study and
procedures.
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TABLE 1

Patient Characteristics
Pa- Lesion
tient Age Size
no. (y) Sex Type Location (cm) Edema SMHA SMA
1 69 F Meningoma Parietal 3 - H H
2 39 M Meningioma Parietal 5 - H H
3 65 F Meningioma Frontal 4 - H E
4 67 M Metastasis Temporal 2.5 + H H
5 47 F Metastasis Frontal 2 + E H
6 78 F Metastasis Frontal 2 + E H
7 45 M Ependymoma Ventricle 5 - H H
8 66 M Astrocytoma Temporal 2 - H E
9 47 M Astrocytoma Parietal 3 - H E
10 48 F Infarction Parietal 4 - H E
11 24 F AWM Parietal 1 - H H

SMHA = sensorimotor hand area; SMA = supplementary hand
area; — = absence; H = hot; E = equivocal; + = presence; AVM =
arteriovenous malformation.

Task Design

The task was to make a fist with the hand contralateral to the
affected side of the brain. On study entry, each patient was told
about the task and asked to try it for a few minutes. The task was
performed at a rate of 60 per minute and with the largest possible
amplitude, beginning when the examiner touched the opposite
hand of the patient and continuing until the examiner again touched
the patient’s hand. The total time for the task was 4 min.

Imaging Protocol

Activation SPECT was performed using Prism 3000 (Picker
International, Cleveland, OH) and high-resolution fan-beam colli-
mators with a spatial resolution of 8 mm full width at half
maximum. The projection data were obtained in a 64 X 64 matrix
(magnification, X 1.123) for 24 angles at 44 s each over a range of
120°. Image reconstruction was performed using ramp-filtered
backprojection. Transverse sections 6.8 mm thick were recon-
structed. Scanning was parallel to the orbitomeatal line. Attenua-
tion correction was not performed. A plastic intravenous catheter
was inserted into the right antecubital vein 15-30 min before
injection. During injection, the patients lay on the imaging table
with eyes patched and ears unplugged. The room was quiet, and
each patient’s head was immobilized in the headrest.

We used a modification of the split-dose activation method and
imaging procedure of Takeuchi et al. (/0) illustrated in Figure 1.
The first intravenous injection (370 MBq #™Tc-ECD) was adminis-
tered for activation SPECT 2 min after completion of the task. The
task was stopped 2 min after injection, and activation SPECT was
performed for 17.5 min. After the scanning, the second dose of
9mTc-ECD (370 MBq X 0.951) was injected for the resting
SPECT, and imaging was performed for 17.5 min. Control images
were obtained by subtracting the first set of images from the second set.

Data Analysis

Visual Inspection. Activation images were compared with
resting images. All images were evaluated visually by 2 radiolo-
gists, and the results were classified as positive or negative for a
high-count area.
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ROI Analysis. For parametric analysis, the regions of interest
(ROIs) were drawn with the use of a method described by Oku et al.
(I11) (Fig. 2). On a supraventricular-slice level, the pixel with the
highest count around the frontoparietal boundary was identified.
The ROI for the sensorimotor hand area (SMHA) was defined as a
20 X 20 mm ROI for which the maximum count was at the center.
The mirror-imaged ROI was defined as contralateral SMHA. At the
midline of a supraventricular-slice level just anterior to the
SMHAs, a 20 X 20 mm ROI was drawn bilaterally to represent the
supplementary motor area (SMA). ROIs of the same size were also
drawn bilaterally on the cerebellar hemispheres. Elliptical ROIs
were drawn bilaterally on the frontal, temporal, and occipital lobes
on a midthalamic slice. All ROIs generated during activation
SPECT were transferred to the resting images. Seven consecutive
sections were selected at and above the level of the thalamus. A
whole-section ROI was placed on cortical areas of each of the 7
sections. The mean value in these 7 ROIs was used as an estimate
of whole-brain activity (i.e., mean whole-section activity). All ROI
counts were normalized to the mean global brain count per pixel.
The regional percentage change in normalized counts was calcu-
lated as follows: regional percentage change = Ciax — Ceont/Ceont X
100, where Ciy and Coy are normalized mean counts per pixel in
the same ROI for activation and resting SPECT, respectively.

Statistical Analysis. The mean regional percentage change was
analyzed using Student ¢ test. The difference was considered
significant when P was <0.0S.

RESULTS

The 2 evaluating radiologists correctly identified all
lesions on activation and resting images. On activation
images, the SMHA was positive in 9/11 patients (81.8%) and
the SMA was positive in 7/11 patients (63.6%). In 2 of the 3
patients with a brain metastasis, the SMHA was negative.
The regional percentage changes for activation images are
shown in Table 2. The percentage change in cerebral
perfusion was 19.70% * 11.45% (mean * SD) for affected
SMHAs, 2.89% * 4.20% for unaffected SMHAs, and
18.20% * 16.20% for SMAs. A significant increase in
cerebral perfusion occurred in affected SMHAs and SMAs
compared with frontal, temporal, and occipital lobes and
cerebellum and in affected SMHAs and SMAs compared
with unaffected SMHAs (P < 0.05). MR and SPECT im-
ages of a typical case of meningioma are shown in Figure 3.

DISCUSSION

When the brain is activated, the activity of a population of
motor neurons in the cortex correlates closely with regional
cerebral blood flow (/—4). Therefore, one can visualize the
activated parts of the brain by visualizing areas of increased
cerebral blood flow.

Several neurofunctional mapping techniques are in use,
including PET, SPECT, and functional MRI (12-15). Be-
cause blood flow and metabolism are coupled in most
pathologic states, patterns of abnormality seen on SPECT
are similar to those seen on PET for many disorders (7,9).
PET and functional MRI have the shortcoming of requiring
patients to lie on their back during acquisition. SPECT is not
influenced by the posture of the patient and can reflect
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FIGURE 1. Split-dose activation and imaging procedure. (A) Study protocol. Fist-making task was performed for 4 min. First
intravenous injection of ®™Tc-ECD was administered 2 min after completion of task. Nine minutes later, first SPECT acquisition was
started as activation SPECT. Immediately after acquisition, second injection of ¥mTc-ECD was administered, and second SPECT
acquisition was started 9 min later. (B) Image calculation. Control SPECT was calculated by subtracting first SPECT data (1st raw)
from second SPECT data (2nd raw) and multiplying by 1.052 (2nd corrected).

cerebral blood flow at the time of radionuclide injection. In
this study, 1 methodologic problem was patient movement
between the 2 acquisitions. However, we resolved this
problem by splitting the dose between the 2 acquisitions and
using subtraction. A split-dose method is useful for activa-
tion SPECT because SPECT is independent of conditions
such as type of task, purpose of study, and posture of patient.

In this study, the first acquisition was activation SPECT.
The control images resulted from subtracting the activation
images from the resting images and multiplying by a
correction factor. This method is the reverse of that de-
scribed by Sabatini et al. (16). The reason for doing so was to
prevent head movement of the patient caused by head
activation.
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FIGURE 2. Presentation of ROIs on SPECT. Square ROls for
right and left SMHA and SMA were set on supraventricular-slice
SPECT image (A, activation; B, control). Elliptical ROls for
bilateral frontal, temporal, and occipital lobes were set on
midthalamic-slice SPECT image (C, activation; D, control). Square
ROls for bilateral cerebellar hemispheres were set on SPECT
image of cerebellum (E, activation; F, control).

To our knowledge, 4 radioactive tracers have been used in
published SPECT neuroactivation studies, including !33Xe,
123]-jodoamphetamine (IMP), ®™Tc-HMPAO, and %™Tc-
ECD (9,17). Although first-pass brain extraction is lower for
9mTc-ECD than for other tracers, ®™Tc-ECD is superior for
detecting lesions and contrasting lesions and normal tissues
(8). More over, for the split-dose method, ™Tc-ECD has an
advantage over ®™Tc-HMPAO in being stable for several
hours (18).

Although cerebral blood flow imaging agents, such as
12I.IMP, #"Tc-HMPAO, and *™Tc-ECD, usually show a
defect or decreased uptake in most brain tumors, increased
accumulation has sometimes been reported, mostly in hyper-
vascular tumors such as meningiomas or high-grade astrocy-
tomas (19,20). 'ZI-IMP and *"Tc-HMPAO tend to accumu-
late in brain tumors more often than does ™Tc-ECD, which
is reported to accumulate in brain tumors only in the early
dynamic phase (/9,20). In this study, SPECT acquisition
started 9 min after injection of #"Tc-ECD. Indeed, the
tumors showed decreased perfusion. Therefore, we could
discriminate between the lesion and the activated area.
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Among the several tasks appropriate for measuring tracer
uptake, we selected fist making because it is simple. Sabatini
et al. (16) reported that regional cerebral blood flow was
significantly higher in sensorimotor areas when subjects
performed faster, larger-amplitude tasks compared with
slower, smaller-amplitude tasks and concluded that activity
in the sensorimotor areas depends on the rate and amplitude
of stimulation. Fox et al. (27) showed that sequential
finger-to-thumb opposition performed bilaterally produces
symmetric, significant regional cerebral blood flow re-
sponses in sensorimotor areas of both the left and the right
hemispheres.

The mean regional percentage change on the affected side
during the task was 19.7% for the SMHA and 18.2% for
SMA. These values are somewhat smaller than those
(21%-26%) obtained in some previous studies (11,22-24).
This difference may be explained, first, by differences
between subjects. The previous studies used healthy volun-
teers, whereas our study included only patients with CNS
disease. The patients with brain metastases were believed to
have edema surrounding the tumor. A second reason for
differences between our findings and those of previous
studies may be the low amplitude of stimulation in our study,
especially in patients with cerebral infarction. Third, indi-
vidual variations in the skill with which patients perform
complex finger movements may influence the amplitude of
the activation area. In addition, Colebatch et al. (22) reported
increased blood flow in SMAs as well as in SMHAs. In our
results, the SMA was positive in 7/11 patients, and all
patients with a brain metastasis had a positive SMA.

The most widely used approach for activation studies is
measurement of cerebral perfusion with PET or functional
MRI (25). However, the feasibility of SPECT with perfusion
agents for activation studies is not well established. More-
over, locating the activated area in the cortex using this
technique is often difficult because of the limited spatial
resolution of SPECT images. The solution to this problem

TABLE 2
Regional Percentage Change for Activation Images
ROI Status or side Percentage change
SMHA Affected 19.70 * 11.45*t
Unaffected 2.89 + 420
SMA 18.20 *+ 16.20*t
Frontal lobe Right 0.18 + 3.34
Left -3.77 £ 10.30
Temporal lobe Right -3.70 £ 17.30
Left 1.30 £ 4.34
Occipital lobe Right -0.25 + 4.68
Left 2.36 + 2.39
Cerebellum Right 3.31 + 5.66
Left 4.58 + 435

*P < 0.05 compared with frontal, temporal, and occipital lobes and
cerebellum.

1P < 0.05 compared with unaffected SMHAs.

Data are mean * SD.
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FIGURE 3. MR and SPECT images of 69-y-old woman with
meningioma in left parietal lobe. (A) Upper 2 images are
unenhanced MR images, and lower 2 are enhanced MR images.
Lower images show abnormal enhancement in left parietal lobe.
(B) Upper 4 images are activation SPECT, and lower 4 are
resting SPECT. Motor task was fist making with right hand. Left
SMHA (arrowhead) and SMA (arrow) are clearly visualized as hot
spot foci on activation images. Left SMHA and SMA are not
observed on resting images. Regional percentage change was
27% for SMHA and 25% for SMA.

may be to superimpose the SPECT images on morphologic
images such as CT scans and MR images. Further work such
as statistical parametric mapping needs to be added to
activation studies.

CONCLUSION

The motor activation SPECT method using a split dose of
PmTc-ECD is easy to perform. This method of brain
mapping may be helpful for visualizing the sensorimotor
hand area or the supplementary motor area and for identify-
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ing the central sulcus. Thus, this method can be useful for
planning neurosurgical treatment in patients with lesions
near the central sulcus.
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