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To assess the clinical role of ®*™Tc-ethyl cysteinate dimer (ECD)
as a cerebral perfusion tracer, 10 patients with unilateral cerebral
infarction were studied. Methods: ECD SPECT images were
compared with IMP and/or HMPAO SPECT in nine patients,
seven in chronic phases and two in subacute phases. Five of
these patients and one additional patient with chronic infarction
received PET imaging in order to compare ECD distribution with
quantitative regional cerebral blood fiow (rCBF) and oxygen
metabolism (rCMRO,) images. Resuilts: In patients with chronic
cerebral infarction, regression analysis showed excellent corre-
lation between ECD and IMP in the uptake ratio of lesions-to-
nonaffected cortices (r = 0.91). In two cases of subacute infarc-
tion, decreased uptake of ECD was observed in the area of
“luxury perfusion,” which showed elevated or preserved rCBF
with diminished rCMRO,,. On visual analysis, ECD image con-
trast was less prominent compared to that of IMP, but contrast
was better than that of HMPAO. Conclusions: ECD uptake
showed a curvilinear relationship against rCBF, suggesting flow-
limited uptake in a high flow range. ECD is a clinically useful
cerebral perfusion tracer with distinct characteristics when com-
pared with other available agents.
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’I‘he introduction of single-photon emission computed
tomography (SPECT) for brain perfusion imaging required
the development of radiotracers which efficiently cross the
blood-brain barrier (BBB) so that uptake is proportional to
cerebral blood flow (1). In recent years, several cerebral
perfusion tracers with different characteristics have been
developed for SPECT imaging.
Iodine-123-N-isopropyl-p-iodoamphetamine (IMP) was
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the first of these radiotracers to be applied successfully
for SPECT imaging of the human brain. IMP crosses the
BBB rapidly and remains in the brain for sufficient time
for SPECT imaging, although tracer distribution in the
brain changes gradually with time (2). Unlike *™Tc
tracers, certain physical characteristics of 1231 however,
are not advantageous for its clinical use. Emission of its
high-energy photons and a longer half-life restricts clinical
dosage (I). Premedication is necessary for thyroid block-
ing. In addition, it is difficult to handle emergency situa-
tions for '2I because a large cyclotron is needed for its
production (3).

Technetium-99m-labeled d,l-hexamethyl-propyleneamine
oxime (HMPAO) is the first commercially available *™Tc
brain perfusion agent () and has wide clinical use. HMPAO,
however, has limitations. A fresh, uncontaminated eluate of
9mTc is necessary for satisfactory labeling. Rapid decompo-
sition of the labeled compound in vitro requires its use within
30 min of preparation (5). Significant backdiffusion of unme-
tabolized lipophilic HMPAO from the brain to the blood
results in poor image contrast between the normal region and
the hypoperfused area (6).

Technetium-99m-ethyl cysteinate dimer (ECD), a radio-
chemically stable brain perfusion agent (7,8), is a report-
edly good marker for regional cerebral blood flow (rCBF)
in strokes and other neurological diseases (/). In a study of
intrasubject comparison between ECD and HMPAO with
normal volunteers, ECD showed better brain-to-back-
ground contrast than HMPAO and was “‘easier to inter-
pret”’ with less extracerebral activity as compared to HM-
PAO (4). However, information on direct comparison of
these agents in the same patients with neurological dis-
eases is limited.

The purpose of this study was to compare ECD with two
other radiotracers, IMP and HMPAO, in the same subjects
with unilateral cerebral infarction. Particular effort was
made to compare ECD images with cerebral blood flow
and oxygen metabolism measured by PET with the 1*0-gas
inhalation method.
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TABLE 1

Study Results
Patient no, Age Sex Diagnosis (period from onset) Angiographic findings PET/SPECT
1 33 M Chronic infarction (6 mo) Right ICA occlusion IMP
2 57 M Chronic infarction (2 mo) IMP
3 61 F Chronic infarction (1 yr) Left CCA stenosis IMP, HMPAO
4 50 M Chronic infarction (>2 yr) CBF
5 63 M Chronic infarction (5 mo) Left ICA occlusion IMP, CBF
6 46 M Chronic infarction (>2 yr) Right MCA occlusion IMP, CBF
7 55 F Chronic infarction (>2 yr) Left ICA occlusion " IMP, HMPAO, CBF
8 38 F Chronic infarction (1 mo) IMP
9 53 M Subacute infarction (19 days) IMP, CBF
10 45 M Subacute infarction (16 days) HMPAO, CBF

ICA = intemal carotid artery, CCA = common carotid artery, MCA = middle cerebral artery.

MATERIALS AND METHODS
Subjects

Ten patients between the age of 33 and 63 yr (7 males and 3
females) with unilateral cerebral infarction were included in this
study (Table 1). These subjects were selected from 32 patients
with various neurological diseases who had ECD SPECT studies
as a part of a clinical trial. Informed consent was obtained from
each patient and the study was approved by the institutional
review board of Kyoto University Hospital.

All patients had unilateral cerebral infarction: eight in the chronic
phase and two in the subacute phase. The diagnosis of unilateral
infarction was obtained by the clinical symptoms and the findings of
computed tomography. Subsequent angiographic examination in
five patients revealed unilateral occlusion or marked stenosis of the
middle cerebral, internal carotid or common carotid arteries. The
interval from the onset of stroke to the ECD SPECT study was 1 mo
to more than 2 yr for patients in the chronic phase and 16 to 19 days
for patients in the subacute phase. All patients underwent ECD
SPECT imaging. For comparison, an IMP SPECT study was per-
formed on six patients, HMPAO on one and both IMP and HMPAO
on two patients. In order to evaluate the relationship between tissue
activity distribution of ECD and quantitative rCBF and regional
cerebral metabolic rate of oxygen (rCMRO,), PET was performed
on six patients, including two with subacute cerebral infarction.
Interexamination intervals for patients in chronic and subacute
phases were within 2 wk and 3 days, respectively.

SPECT Imaging

ECD was prepared from two commercially supplied vials, one
containing a sterile and nonpyrogenic lyophilized mixture and the
other a liquid phosphate buffer (Daiichi Radioisotope Lab, Tokyo
and DuPont Japan Ltd., Tokyo, Japan). Three milliliters of nor-
mal saline was injected into the first vial to dissolve its contents.
Technetium-99m generator eluant (30 mCi) was injected into the
second vial and 1.0 ml of the contents of the first vial was then
transferred into the second vial. The mixture was allowed to stand
at room temperature for 30 min, after which an approximate
25-mCi dose of ECD was administered intravenously.

Technetium-99m HMPAO was prepared from a freeze-dried kit
(Amersham Pharmaceutical Co., Tokyo, Japan) by the addition of
30 mCi of freshly eluted pertechnetate in S ml of saline solution
just prior to intravenous injection (~25 mCi dose).

Iodine-123-IMP (0.45 mg of N-isopropyl-p-iodoamphetamine
hydrochloride in 3 ml saline solution) was supplied commercially
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(Nihon Medi-Physics, Nishinomiya, Japan). Patients received 3
mCi of IMP intravenously. To block the accumulation of free
radioactive iodine in the thyroid, potassium iodide (30 mg/day)
was given for 4 days starting on the day before the study.

A multidetector ring-type SPECT scanner, which provides three
transaxial images with a slice interval of 30 mm (SET-030W, Shi-
madzu Co., Kyoto, Japan) was used for SPECT imaging. The spa-
tial resolution was 12 mm FWHM in center of the field of view, and
the axial resolution was 23.5 mm FWHM (9). Two SPECT scans
were obtained to acquire six slices of SPECT images at 15-mm
intervals. Data acquisition was started at 5, 10 and 30 min after the
administration of IMP, HMPAO and ECD, respectively. Scan time
was 15 min for IMP and was 10 min for both ECD and HMPAO.
The patient’s head was positioned by the technologist who used a
three-points cross-shaped light beam on the patient’s face to ensure
uniform positioning for SPECT imaging on a different day.

PET Study

The PCT-3600W system (Hitachi Medical Co., Tokyo, Japan)
was used to obtain PET images (0). This scanner simultaneously
acquires 15 slices with an interslice distance of 7 mm. Scanning
was performed at a resolution of 9 mm FWHM in the transaxial
plane and 6.5 mm in the axial direction. Prior to all emission
measurements, tomographic transmission data (®Ge/®Ga) were
obtained for photon attenuation correction. Tissue activity con-
centration in the images was cross-calibrated against the well
counter using a cylindrical phantom filled with 8F solution. The
subject’s head was immobilized with head holders and positioning
was done using a three-points cross-shaped light beam. A small
catheter was placed in the brachial artery for blood sampling. The
subject wore a light, disposable plastic mask and nasal cannula for
inhalation of 30 gas produced by a small cyclotron (CYPRIS 325,
Sumitomo Heavy Industries, Ltd., Tokyo, Japan). The steady-
state inhalation method for **O-labeled CO, and O, gases (300-
500 MBg/min) with 5-min data acquisition and intermittent arterial
blood sampling was used to calculate rCBF and rCMRO, (11).

Data Analysis

SPECT images were analyzed both visually and quantitatively.
For visual analysis, two radiologists familiar with neuro-SPECT
imaging (S.N. and Y.Y.) ranked SPECT image quality in four cat-
egories (excellent, good, fair and poor) and evaluated ECD image
contrast in comparison with IMP and/or HMPAO. For quantitative
analysis, eighteen pairs of 17-mm? regions of interest (ROIs) were
placed on both sides of the cerebral cortices, white matter, basal
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FIGURE 1. Regions of interest used in this study.

ganglia, thalami and cerebellar hemispheres of the identical slices on
three levels among the SPECT and PET images (Fig. 1). First, image
contrast of lesions to contralateral nonaffected areas (lesion-to-nor-
mal ratio) was compared between ECD and IMP SPECT images. In
this analysis, hypoperfused lesions are defined on the IMP images as
areas with IMP uptake less than 85% of the contralateral identical
ROIL. Second, relative ECD uptake in each region normalized by
cerebellar uptake is plotted against relative rCBF also normalized by
cerebellar CBF. In this analysis, the ROISs of the cerebellum ipsilat-
eral to the cerebral lesion were used for normalization in order to
eliminate the effect of crossed cerebellar diaschisis (6, 12). Areas of
“luxury perfusion” observed in two patients with subacute cerebral
infarction were excluded from the quantitative analysis.

RESULTS

ECD SPECT images were equal to or better than IMP
and HMPAO SPECT images in terms of image quality,
whereas image contrast of ECD SPECT was less apparent
when compared with IMP SPECT and slightly better than
HMPAO SPECT (Table 2). Forty-one hypoperfused le-
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FIGURE 2. Comparison of ECD and IMP in lesion-to-normal ra-
tios. A correlation was observed between ECD IMP and IMP
SPECT. The regression line (solid line) is above the line of identity
(dotted line), suggesting lesser image contrast with ECD than IMP.

sions were defined in seven patients who showed chronic
cerebral infarction and received both ECD and IMP
SPECT studies. Excellent correlation was found in the
lesion-to-normal ratio between ECD and IMP SPECT (r =
0.91), although the ratios showed slightly less image con-
trast in ECD than IMP SPECT (Fig. 2). Figure 3 demon-
strates typical of ECD, IMP and HMPAO SPECT images
obtained from a patient with chronic cerebral infarction.

Plots of relative ECD uptake in each region normalized
by cerebellar uptake against relative rCBF revealed a cur-
vilinear relationship, indicating relatively less uptake of
ECD compared with rCBF as rCBF increases (Fig. 4).

In two patients with subacute cerebral infarction, de-

TABLE 2
Visual Evaluation of SPECT Images
Patient Image quality
no. ECD IMP HMPAO Image contrast
1 Good Fair — ECD > IMP*
2 Good Fair —_ ECD = IMP
3 Good Excellent Good IMP > ECD > HMPAO
4 Good — —_
5 Excellent Good —_ IMP > ECD
6 Good Good — IMP > ECD
7 Excellent Good Good IMP > ECD > HMPAO
8 Good Good —_ IMP > ECD
9 Good Fair —_ ECD: cold' IMP: hot
10 Excellent —_ Good ECD: cold HMPAQ: iso

*Image contrast was evaluated visually in chronic infarction. A > B: better contrast in A than B.
tUptake in the infarcted lesion was compared with that in normal cortex. cold = decreased uptake, hot = increased uptake, iso = same uptake

as normal area.
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FIGURE 3. Comparison of SPECT ECD, IMP and HMPAO im-
ages in a case of chronic cerebral infarction (Patient 7). Similar
images were obtained in three SPECT studies. The image contrast
j contrast and gray matter-to-white matter contrast)

(lesion-to-normal
of ECD is less prominent than that of IMP, but is better than that of
HMPAO.

IrF

creased tracer uptake was observed in the infarcted area on
ECD SPECT image, whereas IMP or HMPAO SPECT
images showed increased or preserved uptake in the lesion
(Table 2). In these cases, rCMRO, images showed de-
creased oxygen metabolism in the lesion, whereas blood
flow to the lesion was relatively preserved, suggesting
“luxury perfusion” in the infarcted lesion. Figure 5 shows
SPECT images of ECD and HMPAO and PET images of
rCBF and rCMRO, in one of these cases (Patient 10).

DISCUSSION

ECD has several advantages over HMPAO as a brain
perfusion agent. ECD is more stable for many hours after
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FIGURE 4. Comparison of ECD uptake ratio and rCBF ratio
shows curvilinear relationship.
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reconstitution, and there is no restriction from *™Tc elu-
tion (13). There is also higher image quality, partly because
of its rapid clearance from extracerebral tissues (4). Hol-
man et al. reported that 97% of patients with clinical and
CT evidence of chronic stroke had focal ECD abnormali-
ties, suggesting that ECD is a promising tracer for the
evaluation of patients with stroke (). Little has been re-
ported, however, about direct, intrasubject comparisons of
this agent with conventional agents such as IMP and HM-
PAO in disease states (14,15).

In the present study, ECD SPECT demonstrated excel-
lent image quality with tracer distribution in diseased brain
similar to IMP and HMPAO SPECT. There was good
correlation of lesion-to-normal brain ratio values with IMP
SPECT. These observations provide a clinical basis for the
use of ECD in cerebrovascular diseases. Image contrast of
ECD SPECT is slightly worse than that of IMP SPECT,
although better than that of HMPAO. This observation is
explained by the different characteristics of these tracers.
IMP has high first-pass extraction and small backdiffusion,
resulting in a linear relationship between tissue activity and
rCBF up to the high flow range (16-18). In contrast, ECD
showed a nonlinear relationship between tissue activity
and rCBF in the higher flow range as presented in this
study. This nonlinear relationship of the flow tracer can be
explained by limited first-pass extraction, backdiffusion of
the tracer or both. ECD was reported to have a lower
extraction fraction below 70% (13) and to have backdiffu-
sion of the unmetabolized tracer from brain to blood in the
initial phase after intravenous injection (19). These factors
may result in less image contrast between high and low
flow regions by ECD than by IMP.

On the other hand, because of relatively large backdif-
fusion in the early phase, HMPAO is known to underesti-
mate cerebral blood flow in the high flow range (20), re-
sulting in lower lesion-to-normal brain ratios. Back-
diffusion of ECD is small compared to that of HMPAO
(19), which may explain better lesion-to-normal ratios with
ECD versus HMPAO.

In subacute cerebral infarction, a different distribution
pattern was seen with ECD, IMP or HMPAO. ECD uptake
in the lesion was very low in spite of preserved rCBF and
decreased rCMRO, proven by PET. This pattern was con-
sistent with “‘luxury perfusion,’” where mismatch between
blood flow and oxygen metabolism occurs.

The retention mechanism of ECD in the normal brain is
thought to be due to the metabolism of the lipophilic com-
plex to polar acid products that are trapped in the brain
(21). Since this metabolic process is rapid, regional distri-
bution of the compound in the brain appeared to be related
to cerebral blood flow over a wide range (21). The mech-
anisms of reduced uptake of ECD in stroke may be the
result of a variety of causes, including decreased blood
flow, decreased tracer extraction or decreased metabolism
due to the lack of oxygen and enzyme activity, which leads
to enhanced tracer washout (). Walovitch et al. predicted
that metabolism of ECD in the brain might be decreased.
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sufficiently so that ““membrane trapping’ distribution be-
comes rate-limited and not equivalent to initial blood flow
distribution (21).

Luxury perfusion is defined as the state of excess per-
fusion relative to reduced oxygen consumption of brain
tissue. This is usually observed in subacute infarction (22).
Since this situation might imply general reduction of enzy-
matic activity, ECD might be useful to assess brain tissue
viability (1,23). This characteristic of ECD may also be
advantageous in depicting tissue damage more directly
than HMPAO. HMPAO is a marker of regional cerebral
perfusion in stroke and will show transient hyperemia ob-
served in some cases of subacute stroke (¢). Uncoupling of
flow and ““membrane trapping”’ distribution should be con-
sidered to correctly interpret ECD SPECT images.

In conclusion, ECD is a clinically useful tracer of cere-
bral perfusion for the diagnosis of infarction. A different
distribution pattern with this agent is seen when compared
with conventional flow tracers in subacute infarction.
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