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99mTc-ethylcysteinate dimer (99mTc-ECD) SPECT imaging re-
portedly fails to show reflow hyperemia in patients with sub-
acute stroke. This study attempts to determine the clinical
usefulness of dynamic 99mTc-ECD SPECT in evaluating re-
gional blood flow in subacute cerebral infarction and the
kinetic behavior of 99mTc-ECD in infarct areas. Methods:
133Xe and consecutive dynamic and static 99mTc-ECD SPECT
studies were performed on 24 patients with cortical infarction
in the middle cerebral artery territory 13–15 d after the onset
of a stroke. Image contrast between infarct and contralateral
control areas on 99mTc-ECD tomograms (ECD uptake ratio)
was compared with that on cerebral blood flow (CBF) images
obtained using 133Xe inhalation (CBF ratio). Results: In all
cases, ECD uptake ratios from static images were lower than
CBF ratios. This tendency was obvious when CBF in the
infarct area increased above the normal control value, and no
significant correlation was found between ECD uptake ratios
from static images and CBF ratios. Only in the infarct areas
with CBF below the normal control value, however, was a
significant correlation between the two maintained (r 5 0.795;
P 5 0.0011). A very strong correlation was found between
CBF ratios and ECD uptake ratios on both the first dynamic
scan (36 s after injection) (r 5 0.991; P , 0.0001) and the
second dynamic scan (72 s after injection) (r 5 0.945; P ,
0.0001). The correlation coefficient decreased in a time-de-
pendent manner, with no significant correlation observed
after the fourth dynamic scan (144 s after injection). On the
other hand, significant correlations were observed on all dy-
namic scans only in the infarct areas with CBF below the
control value. Conclusion: Super-early images of dynamic
99mTc-ECD SPECT provide a close imaging contrast with CBF
and reveal reflow hyperemia in areas with irreversible
changes produced by subacute stroke, which static 99mTc-
ECD SPECT images fail to show. Decreased retention of the
tracer in the infarct areas with hyperperfusion causes an
underestimation of CBF on static 99mTc-ECD SPECT images.
Given these results, we believe that dynamic 99mTc-ECD

SPECT is an effective clinical tool to evaluate regional blood
flow in subacute cerebral infarction.
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I n clinical practice,99mTc-ethylcysteinate dimer (99mTc-
ECD), developed as a retained-type brain perfusion tracer,
has been widely used to visualize regional blood flow in the
human brain with SPECT (1). Although the distribution of
99mTc-ECD in the brain correlates with regional cerebral
blood flow (CBF) in healthy humans and in patients with
chronic stroke (2–5), 99mTc-ECD SPECT imaging report-
edly fails to show reflow hyperemia in patients with sub-
acute stroke (5,6). 99mTc-ECD is a lipophilic agent that
penetrates the normal blood–brain barrier and is retained by
conversion of lipophilic molecules into hydrophilic com-
pounds. The tracer is hydrolyzed to polar metabolites by
deesterification (1), and thus99mTc-ECD activity is de-
creased in damaged brain tissue with normo- or hyperper-
fusion (4–9). On the other hand, SPECT imaging contrast
60 s after99mTc-ECD injection that matches that of CBF
images has been found only in the misery perfusion of brain
ischemia and the luxury perfusion of acute herpes enceph-
alitis (10,11).

This study attempts to determine the clinical usefulness
of 99mTc-ECD SPECT with dynamic scanning in evaluating
regional blood flow in subacute cerebral infarction and the
kinetic behavior of99mTc-ECD in infarct areas.

MATERIALS AND METHODS

Patients
Twenty-four patients (10 women, 14 men; age range, 39–78;

mean age6 SD, 586 11 y) admitted to Kohnan Hospital between
June and December 1994 with subacute cerebral infarction asso-
ciated with cerebral embolism were enrolled in the study (Table 1).
At Kohnan Hospital, the first choice of treatment for cerebral
embolism is local intra-arterial thrombolysis using recombinant
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tissue plasminogen activator. Treatment selection is based on three
criteria: the patient has been hospitalized within 6 h of onset; no
hypodensity is observed on a CT scan on admission; and occlusion
is present in the middle cerebral artery (MCA). All patients who do
not meet these criteria receive only conservative systemic care. To
avoid inducing a deterioration of hemorrhagic transformation
caused by delayed recanalization, we never administer medication
that may affect the function of thrombocytes or the coagulation–
fibrinolysis system. Mannitol or glycerol is administered for is-
chemic brain edema or hemorrhagic transformation. When this
treatment is ineffective and brain herniation progresses, mild hy-
pothermia or decompressive hemicraniotomy is performed. Thus,
the subjects of this study did not meet our criteria for local
intra-arterial thrombolysis and did not require mild hypothermia or
decompressive hemicraniotomy.

Cerebral angiography was performed within 24 h of the onset of
symptoms in all patients. Three patients presented with occlusions
in the internal carotid artery and 16 presented with occlusions in
the MCA. Angiographic occlusions were not evident in 5 patients.
CT scans or MR images obtained 1 wk after the onset of the stroke
revealed massive cortical infarction in the MCA territories of all
patients.

Informed consent was obtained from all patients or their next of
kin, and the study was approved by the ethics committee of
Kohnan Hospital.

SPECT Imaging
A SPECT study was performed on all patients 13–15 d after the

onset of stroke. SPECT images were obtained using a multidetec-
tor ring-type scanner, consisting of 64 NaI crystals in a 38-cm-
diameter circle in the detector array. After tomographic reconstruc-
tion, the spatial resolution and slice thickness in the center of the
plane were 9 and 16 mm, respectively, with full width at half
maximum (FWHM) for static imaging and 20 and 25 mm FWHM
for dynamic imaging. The energy window in this study was 140
keV (615%). Projection data for static and dynamic imaging were
processed using Ramachandran’s filtered backprojection after the
introduction of a Butterworth prefilter. A 643 64 (99mTc-ECD
static) or 323 32 (99mTc-ECD dynamic and133Xe) image matrix
was used.

Patients were administered the tracer in a quiet, dimly lit room
while resting with their eyes open. The patient’s head was immo-
bilized with a ready-made plastic head holder so that the bilateral
external auditory meatus were aligned to the machine-indwelling
positioning crossed-light beam. To reproduce the same head po-
sition for all SPECT studies, three markers were affixed on the
head under the guidance of a light beam. Of the three markers, two
were placed on the anterior edge of the bilateral external auditory
meatus, and one was placed on the midline of the nose ridge. The
three markers lay along a plane perpendicular to the axis of camera
rotation.

Patients inhaled 1,480 MBq133Xe gas for 1 min, and sequence
SPECT imaging was performed every minute for 10 min using a
high-sensitivity collimator. Quantitative CBF maps were recon-
structed using the Kanno–Lassen method (12). 99mTc-ECD was
prepared from a commercially supplied kit that contained no
radioactivity, and [99mTc]pertechnetate was obtained from a mo-
lybdenum–technetium generator. Fifteen minutes after obtaining
the133Xe SPECT scan, each patient received an intravenous bolus
injection of ;900 MBq 99mTc-ECD. Dynamic scanning with a
high-sensitivity collimator was started simultaneously and contin-
ued for a total of 288 s (eight scans) with a scan-time duration of
36 s. Static SPECT imaging with a high-resolution collimator
proceeded 10 min after the tracer injection. Tomographic data
were obtained continuously over a 20-min period (Fig. 1).

From among the axial slices, we selected one through the basal
ganglia and then visually and manually drew one 11.1-cm2 region
of interest (ROI) in the infarct area shown on CT scans or MR
images. The control ROI was mirrored onto the contralateral side,
and the same set of ROIs was used for all SPECT studies. Image
contrast between infarct and contralateral control areas on99mTc-
ECD tomograms (ECD uptake ratio) was compared with that on
CBF images using133Xe inhalation (CBF ratio).

Statistical Analysis
We determined correlations between various parameters by

linear regression analysis and by computing regression equations
and correlation coefficients. Statistical significance was set atP ,
0.05.

RESULTS

The dynamic99mTc-ECD SPECT images of a represen-
tative patient (patient 24) with cortical infarction in the right
MCA territory showed that maximum brain activity of
99mTc-ECD was found on the second scan (72 s after injec-
tion), which provided a close imaging contrast with133Xe

TABLE 1
Patient Clinical Data

Patient
no.

Age
(y) Sex Occlusion*

Interval
from onset
to SPECT

(d)

1 77 M Left ICA 14
2 39 M Right MCA 14
3 57 M Right MCA 15
4 61 M Right MCA 13
5 61 F Left MCA 13
6 50 M Right MCA 14
7 59 M None 14
8 63 M None 13
9 66 F Right MCA 14

10 46 M Right MCA 15
11 78 F Left ICA 15
12 55 F Right MCA 14
13 48 F Right MCA 14
14 40 M Right MCA 15
15 53 M Left MCA 14
16 64 F Right MCA 13
17 47 M None 13
18 50 F None 14
19 52 M Left ICA 15
20 65 M Right MCA 14
21 68 F Left MCA 14
22 73 F Right MCA 15
23 54 M None 14
24 74 F Right MCA 14

*Angiographic finding.
ICA 5 internal carotid artery; MCA 5 middle cerebral artery.
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CBF; the activity in the contralateral control area was fol-
lowed by some loss and a plateau, whereas that in the lesion
decreased rapidly to below the activity in the contralateral
area (Fig. 2). Static99mTc-ECD SPECT revealed a focal area
of hypoactivity corresponding to the lesion shown on the
MR image.

ECD uptake ratios from static images were lower than
CBF ratios from all infarct areas (Fig. 3C). This tendency
was obvious when CBF in the infarct area increased above
the mean value of the control group (46.1 mL/100 g/min)
obtained from 10 healthy volunteers (age range, 35–65 y;
mean age, 52.3 y). Although no significant correlation was
found between ECD uptake ratios on static images and CBF
ratios (r 5 0.109), a significant correlation between the two
was maintained (r 5 0.795;P 5 0.0011) just for the infarct
areas with CBF below the mean value of the control group.
A very strong correlation existed between CBF ratios and
ECD uptake ratios on both the first dynamic scan (36 s after
injection) (r 5 0.991;P , 0.0001) and the second dynamic
scan (72 s after injection) (r 5 0.945;P , 0.0001) (Figs. 3A
and B). In the infarct area with CBF greater than the mean
value of the control group, ECD uptake ratios on the first
dynamic scan were higher than CBF ratios. In contrast,
ECD uptake ratios on the second dynamic scan fell below
CBF ratios. The correlation coefficient decreased in a time-
dependent manner, with no significant correlation observed
after the fourth dynamic scan (144 s after injection) (Table
2). However, significant correlations were observed on all
dynamic scans only in the infarct areas with CBF less than
the mean value of the control group.

DISCUSSION

Our findings indicate that super-early images of dynamic
99mTc-ECD SPECT provide a close imaging contrast with
CBF and reveal reflow hyperemia in areas with irreversible
changes produced by subacute stroke that static99mTc-ECD
SPECT images fail to show. We also showed that decreased
retention of the tracer in infarct areas with hyperperfusion
causes an underestimation of CBF on static99mTc-ECD
SPECT images.

Flow tracer accumulation in the brain is influenced by
various regulating factors depending on the scan time
after tracer injection. In the super-early phase of tracer
injection, the first-pass extraction fraction greatly affects
brain tracer distribution. When the fraction of the tracer
extracted from the blood into the brain is high and rapid
scanning is sufficient to obtain the initial slope of the
brain tracer input, the image is close to CBF (10). Thus,
we hypothesized that even in subacute infarction, scan-
ning in the super-early phase after a99mTc-ECD injection
is influenced negligibly by a complicated interaction of
factors such as the backdiffusion of tracer from the
lipophilic component in the brain to the blood or meta-
bolic products in the blood. The results of our study show
that super-early images within 2 min after intravenous
injection of 99mTc-ECD provide a close imaging contrast
with CBF in patients with subacute stroke.

However, on the first dynamic images, ECD uptake
ratios were higher than CBF ratios in infarct areas with
hyperperfusion. Radioactivity in arterial blood of99mTc-
ECD administered intravenously as a bolus injection
reaches a maximum at 1 min after injection, which is
followed by a steep decrease and a plateau at about 5 min
after injection (4). Most of the tracer is present in the
intravascular compartment at 30 s after injection. Re-
gions of subacute cerebral infarction exhibit increased
cerebral blood volume because of vasoparalysis or vaso-
dilatation associated with metabolic acidosis (13). There-
fore, the first dynamic images of99mTc-ECD would over-
estimate CBF as a result of the cerebral blood pool effect
of the tracer in the infarct area.

In contrast, the second dynamic image of99mTc-ECD
SPECT underestimated CBF in the infarct area with hyper-
perfusion. This tendency became more obvious in a time-
dependent manner, and the correlation coefficient between
ECD uptake ratios and CBF ratios decreased. As a result,
dynamic images at 3 min after injection did not reveal
regional blood flow. On the other hand, linearity between
ECD uptake ratios and CBF ratios was observed on all
dynamic images and even on static images only in the

FIGURE 1. Protocol for consecutive 133Xe and dynamic and static 99mTc-ECD SPECT imaging.
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FIGURE 2. Patient 24. (A) T2-weighted MR image obtained
7 d after onset of initial symptoms reveals infarction in right
MCA territory. (B) Dynamic 99mTc-ECD SPECT images show
increased tracer concentration in infarct area in second scan (72
s after injection). Thereafter, 99mTc-ECD activity in lesion rapidly
decreases to below that in contralateral area. (C) Static 99mTc-
ECD SPECT image (left) shows focal hypoactivity correspond-
ing to lesion detected on MRI. Same region shows marked
hyperperfusion on 133Xe tomogram (right).
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infarct areas without hyperperfusion.99mTc-ECD, trans-
formed by intracellular esterases from a diester to a diacid
complex, cannot cross the intact cell membrane and is
trapped in the neural cell (1,14). Thus, the retention of
99mTc-ECD in the damaged brain depends on various factors
such as the severity of blood–brain barrier breakdown and
cytosolic esterase activity (10,11). Our findings suggest that
hyperperfusion in infarct areas is more strongly related to
decreased retention of99mTc-ECD in patients with subacute
stroke than any other factor. Furthermore, although static
99mTc-ECD SPECT images may provide a mix of informa-
tion that reflects blood–brain barrier breakdown, cerebral
metabolism, and CBF, our findings also suggest that static
99mTc-ECD SPECT images reveal regional blood flow in
infarct areas without hyperperfusion.

In recent years, the development of a multihead gamma
camera with high sensitivity and spatial resolution has made
the measurement of regional CBF during low brain radio-
activity possible. This measurement should enable super-
early SPECT images to be obtained routinely in many
institutions in the near future.

CONCLUSION

In areas with irreversible changes produced by subacute
stroke, super-early dynamic99mTc-ECD SPECT images pro-
vided a close imaging contrast with CBF and revealed
reflow hyperemia, which static99mTc-ECD SPECT images
failed to show. Decreased retention of the tracer in the
infarct areas with hyperperfusion caused an underestimation
of CBF in static99mTc-ECD SPECT images. Given these
results, we believe that dynamic99mTc-ECD SPECT is an
effective clinical tool to evaluate regional blood flow in
subacute cerebral infarction.
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FIGURE 3. Relationships between relative 99mTc-ECD activity
and relative CBF on first dynamic images (36 s after injection)
(A), second dynamic images (72 s after injection) (B), and static
images (C). Strong linearity between relative 99mTc-ECD activity
and relative CBF is observed in first and second dynamic im-
ages. In infarct area with CBF . 46.1 mL/100 g/min, relative
99mTc-ECD activity on first dynamic scan exceeds relative CBF.
In contrast, relative 99mTc-ECD activity in second dynamic scan
is lower than relative CBF. Correlation between these in static
images is not significant, whereas significant correlation is ob-
served only in infarct areas with CBF , 46.1 mL/100 g/min.
Dashed line represents line of identity. n.s. 5 not significant.

TABLE 2
Relationship Between ECD Uptake Ratios and CBF Ratios

SPECT scan time
after tracer
injection (s)

All infarct areas

Infarct areas with CBF
below mean value
of control group*

Correlation
coefficient P

Correlation
coefficient P

36 0.991 ,0.0001 0.910 ,0.0001
72 0.945 ,0.0001 0.954 ,0.0001

108 0.754 ,0.0001 0.886 ,0.0001
144 0.513 0.0094 0.803 0.0009
180 0.372 NS 0.754 0.0032
216 0.290 NS 0.731 0.0052
252 0.206 NS 0.711 0.0076
288 0.148 NS 0.705 0.0085

*Control group 5 10 healthy volunteers.
NS 5 not significant.
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