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Although cerebral blood flow in infants differs from that in older
individuals, the distribution of 99mTc-ethylcysteinate dimer (ECD)

in infants has not been well studied. This study compared
99mTc-ECDdistribution in infants and children with that in young
adults. Methods: 99rTTc-ECDSPECT was performed on 37

patients suspected of having epilepsy, ranging in age from 3 mo
to 26 y. The patients were divided into two age-matched groups,
a drug-free group (n = 19) and a drug-taking group (n = 18),

according to their anticonvulsant medication status at the time of
examination. 99mTc-ECD(100-740 MBq) was injected interictally,
and SPECT data were acquired using a triple-head gamma
camera. Mean whole-brain counts were obtained from 10 sequen
tial SPECT images. Regions of interest were set bilaterally on
five areas of the cerebral cortex and on the basal ganglia,
thalamus and cerebellum. The brain perfusion index (BPI) was
obtained as a ratio of the mean counts in each region of interest
to the mean whole-brain counts. The relationship between BPI
and age in each region in the drug-free and drug-taking groups
was analyzed separately and together using linear regression.
The relationship between five patient age groups (<1 y, n = 4;
1-4 y, n = 9;5-9y, n = 8; 10-15y, n = 7; >15y, n = 9) and BPI
in each region was also examined using multiple comparison
analyses. Results: Significant positive correlations between BPI
and age in the frontal cortex and cerebellum were confirmed in
the drug-free group. Anticonvulsant drugs did not affect the
regression lines of BPI in the frontal cortex and cerebellum.
Significant differences Â¡nBPI between age groups were seen in
the parietal cortex, frontal cortex, occipital cortex, basal ganglia,
thalamus and cerebellum in all patients. Conclusion: Age-
related changes in cerebral 99mTc-ECDdistribution were con

firmed and found to be unaffected by the administration of
anticonvulsant drugs. 99mTc-ECDuptake in children and infants is

different from cerebral blood flow glucose metabolism as previ
ously reported, especially in the cerebellum.
Key Words: 99mTc-ethylcysteinate dimer; brain SPECT; pediat
rics; brain maturation; cerebral blood flow
J NucÃMed 1999; 40:1818-1823

..Ithough originally developed as a brain perfusion agent
(/), "mTc-ethyl cysteinate dimer (ECD) was recently found

to have a distribution different from that of cerebral blood
flow (CBF) in adults (2). Regional clearance of 99mTc-ECD
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was also reported to be different in the brain regions of
healthy volunteers (3). 99mTc-ECDis widely used in ictal and

interictal studies of children and infants with epilepsy (4,5).
Although CBF distribution alters with age, especially in
comparisons with infants (6), the distribution of 99mTc-ECD

has not been well studied in children and infants. Schiepers
et al. (7) described the different patterns in children aged
1.3-15.4 y but did not investigate infants less than 1 y old.

Because radionuclide studies of healthy children and infants
are not ethical, the subjects were patients who were sus
pected of having epilepsy and had not undergone surgery.
The aim of this study was to clarify 99mTc-ECD distribution

in the brains, especially the cerebella, of children and infants
compared with that of young adults using a high-resolution
triple-head gamma camera.

MATERIALS AND METHODS

Subjects
The subjects were 37 patients ( 18 males, 19 females; age range 3

mo to 26 y; mean age 9.9 Â±7.9 y) who were suspected of having
epilepsy and had not been treated surgically. Table 1 shows their
characteristics. Patients who had severe brain disease or abnormal
MRI or ""Tc-ECD SPECT findings, or who had experienced a

severe epileptic episode such as status epilepticus that was
uncontrollable by medication, were excluded. The epilepsy of all
patients, even those less than 1 y old, was considered to be slight.
The subjects were divided into two age-matched groups, a drug-
free group (n = 19; mean age 8.1 Â±6.9 y) and a drug-taking group
(n = 18; mean age 11.7 Â±8.6 y), according to their anticonvulsant

medication status at the time of examination. Patients in the
drug-free group had taken no anticonvulsant or other drugs during
the month before the 99mTc-ECD-SPECT examination. Adults more

than 30 y old were excluded to avoid the effects of ischemie
changes.

Data Acquisition and Analysis
""Tc-ECD (100-740 MBq) was injected in a dark, quiet room

when the subjects were awake and free of seizures. In younger
children and infants, venous access was prepared in advance and
the injections were performed when the patients were quiet and
calm, with oral Trichloryl (triclofos sodium; Nippon Glaxo, Tokyo,
Japan) administered for sedation, if necessary, more than 5 min
after the injection. From 15 to 45 min after 99mTc-ECD injection,

SPECT data for 90 projections were acquired for 20 min using a
triple-head gamma camera (GCA9300A/HG; Toshiba, Tokyo,
Japan) with high-resolution fanbeam collimators (128 X 128
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TABLE 1
Patient Characteristics

Patientno.12345678910111213141516171819202122232425262728293031323334353637Age(y)0.20.20.60.91.31.52.73.13.73.73.74.24.25.36.26.36.47.57.57.99.010.110.210.512.112.412.714.918.018.619.920.121.023.424.625.125.9SexFFMMMFMMFFMFMFFFMFMMMMFFMMMMFMFFFFMFFSeizureCPSCPSCPSCPSCPSQMSCPSGTSQMSCPSCPSCPSGTCCPSCPSCPSCPSCPSCPSCPSCPSCPSCPSâ€”CPSCPSCPSCPSCPSCPSGTSGTSCPSGTSCPSSPSGTSEEGNNNNNNL-T

spikesNNB-F

spikesL-O
spikesL-FTPO

spike &wavesL-O
spike &wavesR-TO

spike &wavesL-F
spikesR-FT

spike &wavesNNR-TP

spike &wavesR-F
spikesNB-P

spikesL-O
lazyNNR-T

spikesR-FT
spikesB-FT
spikesR-T

spike &wavesR-F
spike &wavesNNL-FT

spikesNNB-T

spikesB-
FT spike & wavesMedicationCBZâ€”â€”VPAâ€”â€”â€”CBZ

+ZSMVPACBZâ€”â€”â€”â€”â€”VPAâ€”CBZCBZVPAâ€”â€”CBZâ€”â€”VPAâ€”CBZâ€”CBZVPAâ€”CBZPHT

+VPAâ€”CBZVPADiagnosisPartial

epilepsyPartial
epilepsyFebrile
convulsionFebrile
convulsionAfebrile
convulsionFebrile
convulsionPartial
epilepsyPartial
epilepsyWest's
syndromePartial

epilepsyFebrile
convulsionEpilepsyEpilepsyFebrile

convulsionPartial
epilepsyEpilepsyEpilepsyL-temporal

lobeepilepsyTemporal

lobeepilepsyEpilepsyIdiopathic

hypoglycemiaEpilepsyL-temporal

lobeepilepsyProlonged

QT intervalsyndromeEpilepsyEpilepsyEpilepsyEpilepsyPartial

epilepsyEpilepsyEpilepsyEpilepsyEpilepsyEpilepsyConvulsionEpilepsyEpilepsy

EEG = electroencephalogram; CPS = complex partial seizure; N = within normal limits; CBZ = carbamazepine; VPA = sodium valproate;
QMS = generalized myoclonic seizure; T = temporal lobe; GTS = generalized tonic seizure; ZSM = zonisamide; B = bilateral; F = trontal
lobe; O = occipital lobe; P = parietal lobe; PHT = phenytoin; SPS = simple partial seizure., ,. , " = phenytoin; SPS = simple partial seizure.

Medication was indicated as anticonvulsant drugs at SPECT examination.

matrix) in continuous rotation through 120Â°in four steps of 5 min

for each detector, alternating clockwise and counterclockwise.
SPECT data were corrected with a triple-energy window scatter

method. A Butterworth filter with a cutoff of 0.17 cycle/cm and an
order of eight was used along with a ramp filter for reconstruction.
The spatial resolution was 7.4 mm full width at half maximum.
Mean whole-brain counts were obtained from 10 sequential

SPECT images above the lower base of the basal ganglia. On five
areas of the cerebral cortex and on the basal ganglia, thalamus and
cerebellum, regions of interest were carefully placed bilaterally
according to reference MR or CT images (Fig. 1). A brain perfusion
index (BPI), or ratio of the mean counts of each region of interest to
the mean whole-brain counts, was obtained. Regions for which

electroencephalography (EEG) showed abnormal spiking were
excluded. The BPIs of a two-sided region were averaged when both

sides showed normal EEG findings.

Linear Regression Analysis
The BPI in each region in the drug-free and drug-taking groups

was analyzed separately and together using linear regression with a
least squares method. Regression lines were compared statistically.
Two regression lines were considered identical if an unpaired i test
showed no significant difference between them in either trends or
residuals. P < 0.05 was considered significant.

Age-Grouping Analysis

All subjects were divided into five groups by age: group < 1, less
than 1 y old (n = 4); group 1-4, from 1 to 4 y old (n = 9): group
5-9, from 5 to 9 y old (n = 8); group 10-15, from 10 to 15 y old
(n = 7); and group >15, from 16 to 26 y old (n = 9). Differences

among the age groups were considered significant at the P < 0.05
level using analysis of variance and Bonferroni adjustment for
multiple comparisons.
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FIGURE 1. Setting of regions of interest on SPECT images.
BG = basal ganglia; Ce = cerebellum; FC = frontal cortex;
HFC = high frontal cortex; OC = occipital cortex; PC = parietal
cortex; TC = temporal cortex; Th = thalamus.

RESULTS

Figure 2 shows the relationship between age and BPI in
all regions in the drug-free and drug-taking groups. All

regression lines were well fitted to the regression lines, with
small SDs of residuals from the lines. Significant positive
correlations were observed in the frontal cortex and cerebel
lum in the drug-free group and in the thalamus and
cerebellum in the drug-taking group. Significant positive

correlations were shown in the frontal cortex, thalamus and
cerebellum for all subjects. Two regression lines between
BPI and age in all regions in both groups were statistically
identical.

Significant differences were shown in the parietal cortex,
frontal cortex, basal ganglia, thalamus and cerebellum in all
subjects (Fig. 3). Significant changes were shown in more
regions with the age-grouping analysis than with the linear

regression analyses.
Figure 4 shows representative SPECT images from pa

tients of various ages in the drug-free group. The contrast
between ""'Tc-ECD uptake in the cerebellum and that in the

cerebrum decreased with age.

DISCUSSION

This study revealed age-related changes in WmTc-ECD

distribution in the brain from infancy to young adulthood.
Significant correlations between distribution and patient age
were seen in the frontal cortex and cerebellum in the
drug-free group and in the frontal cortex, thalamus and

cerebellum in all subjects. The regression lines for all

regions were identical to those in the drug-taking groups.

Significant changes were seen in the frontal cortex, parietal
cortex, occipital cortex, basal ganglia, thalamus and cerebel
lum.

We speculated that significant changes were detected in
more regions with the age-grouping analysis than with the

linear regression analyses because the relationship between
BPIs and age is not simply linear.

Because the reference for BPI, the cerebrum, is large and
unaffected by regional changes, this index is stable. Only
global changes in cerebral perfusion change BPI. BPI is a
mean and thus does not always indicate the true perfusion;
however, BPI is less affected by measurement errors and
more sensitive to distributional changes in the cerebrum than
are absolute CBF measurements. Because mean CBF gradu
ally decreased in patients more than 10 y old, an increase in
BPI in the cerebellum may occur without any particular
change in WmTc-ECD uptake in individuals of this age.

Mozley et al. (8) stated that most changes in the ratio of
cerebral-to-cerebellar "Tc-hexamethyl propyleneamine ox-

ime (HMPAO) uptake with age occurred during young
adulthood and that the distribution appeared to remain
relatively stable throughout middle age, suggesting that
changes in BPI found using "mTc-ECD may be subtle after

the age of 30 y.
The possibility exists that changes in BPI were caused by

the severity of the underlying disease, the administration of
anticonvulsant drugs and the conditions for tracer injection.
Although epilepsy that begins by the time patients are 1 y
old is generally considered to be severe, our patients who
were less than 1 y old included those with febrile convul
sions, and the remaining patients with epilepsy had no
severe clinical features. The age-related smooth change in

BPI was considered to be independent of the severity of
epilepsy.

Some anticonvulsant drugs may change CBF; however,
this study showed such drugs to have no significant effect on
BPI. Anticonvulsant drugs were shown to have only a slight
effect on BPI in patients, like ours, with epilepsy. Although
the sedation of younger children may have affected CBF, the
changes in "mTc-ECD distribution were almost negligible

because the children were sedated more than 15 min after
injection.

BPI changes in the parietal, frontal and occipital cortices
in infancy were similar to those previously reported (8);
however, the low BPI in the cerebellum in comparison with
that in the cerebrum was a 99mTc-ECD-specific phenom

enon.
Accumulation of "Tc-ECD in the brain depends on

intracellular and membranous nonspecific esterases (9).
Therefore, WmTc-ECD distribution is not identical to CBF
distribution. The accumulation of 99mTc-ECD may be modi

fied by esterase activity and brain metabolism. Changes in
99mTc-ECD distribution agreed with those reported for
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FIGURE 2. Age-related changes Â¡nbrain
perfusion indices (BPIs) in all regions. BPIs
in basal ganglia and all cortices except
frontal did not correlate with age, whereas
BPIs in frontal cortex, thalamus and cerebel
lum correlated significantly. BPI in cerebel
lum correlated strongly with age, although
regression line in drug-free group was statis
tically identical to that in drug-taking group.

healthy volunteers aged 1.3-15.4 y (7). Changes in 99mTc-

ECD uptake in the basal ganglia and thalamus were like
those of CBF examined using 133Xe(70). The data showed

that CBF in the basal ganglia and thalamus increased with
age in individuals more than 1 y old, whereas the CBF in the
cerebrum was relatively constant.

Changes in 99mTc-ECD uptake in the cerebellum were

different from those reported for CBF. BPI in the cerebellum
was markedly lower in younger patients, whereas the ratio of
CBF in the cerebellum to that in the cerebral cortices was

relatively constant at all ages (10). Changes in cerebellar
BPI were also different from changes in glucose metabolism
revealed by l8F-fluorodeoxyglucose PET (6). Therefore, the
decrease in cerebellar 99mTc-ECDdid not depend on glucose
metabolism. On the other hand, cerebellar uptake of 99mTc-
HMPAO, another 99mTc-labeled brain perfusion tracer, com

pared with mean uptake in the cerebral cortices was
significantly low in the 2 mo-1 y and 1-2 y age groups,

whereas the mean ratios ranged from 1.0 to 1.1 in subjects
more than 2 mo old (11). These ratios are equal to about
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FIGURE 3. Brain perfusionindex (BRI) as
revealed by 99mTc-ECDin each region and
among age groups. Significant age-related
changes in BPIs were seen in more regions
than were shown with linear regression
analyses (Fig. 2). Significant differences
between age groups were indicated by as
terisks. 'P < 0.05, "P < 0.01 and *"P <
0.001. G <1 = patients less than 1 y old;
G1-4 = patients 1-4 y old; G5-9 = patients
5-9 y old; G10-15 = patients 10-15 y old;
G >15 = patients 16-26 y old.

High Frontal Cortex Parietal Cortex

2.0n

1.5

1.0-

2.0-,

1.5

~A~^3~V~~D~E~ ^VB~V~V~~T~~

2.0-,

1.5

1.0-

Frontal Cortex
***

***
***

Temporal Cortex

2.0n

1.5-

Q.
CD

~A~B~^~D~E~ /\B~~^~?-E~

Occipital Cortex Basal Ganglia

2.0n

1.5-

1.0-

2.0n

1.5

â€¢â€¢Ill Hill
A

Thalamus

**

A B C D E

Cerebellum

2.0

1.5-

1.0-

***
*** 2.0

~A~B~T~~DE~ /VB~CD~E~

' ***
***

***'

Age Group A:G<1 D. G10-15
B: G1-4 E: G >16
C: G5-9

1.2-1.3 as our BPI and are higher than those of WnTc-ECD.

Thus, the differences in age-related changes among tracers

seem to depend on how the tracers accumulate, leading to
speculation that this change in "Tc-ECD distribution
depends on the specific characteristics of ""'Tc-ECD accu

mulation.
Inoue et al. (12) reported that, in Cynomolgus monkeys,

the metabolic rate of 99mTc-ECD in cerebellar gray matter

was lower than that in the cerebral cortex. We thought that
the ""'Tc-ECD accumulation was modified by the esterase

activity in the cerebellum. To our knowledge, however, no
histologie evidence of low concentrations of esterases in the
human cerebellum has been reported.

Because many studies on epilepsy in children and infants
have used "mTc-ECD SPECT, one should remember that
99mTc-ECD distribution in children and infants is different
from that in adults. 99mTc-ECD uptake in the cerebellum is

used as a reference for the measurement of absolute CBF in
adults (13). However, 99mTc-ECD uptake in the cerebellum

is lower in children and infants than in adults because of
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FIGURE 4. Representative 99mTc-ECD
SPECT images of age groups displayed on
color scale adjusted to each mean count in
cerebrum. Note age-related differences in
activity between cerebellum and cerebrum.
At 3 mo, activity was low in cerebral cortex
and very low in cerebellum compared with
that in basal ganglia. A = 3-mo images; B =
1-y images; C = 3-y images; D = 10-y
images; E = 24-y images.

99mTc-ECD-specific factors, making the cerebellum unsuit

able as a quantitative reference for measuring CBF in this
age group.

A limitation of this study is that the subjects were not
healthy volunteers but patients suspected of having epilepsy.
These subjects were chosen because, for ethical reasons,
healthy children may not volunteer. Interictal 99mTc-ECD

distribution, if not normal, may show only subtle changes
because patients with severe disease such as those with
abnormal MRI findings and regions with abnormal EEG
findings were excluded. The results from the drug-free

group seemed to approximate those from healthy volunteers.
Significant age-related changes in 99mTc-ECD uptake in

the frontal cortex and cerebellum are difficult to attribute
to epilepsy alone. In this study of patients without
severe disease, the changes found were considered to be
those associated with regular maturation and not with
epilepsy. The results showed that general changes may be
found not only in epilepsy patients but also in healthy
volunteers.

CONCLUSION

"mTc-ECD distribution in the brains of children and

infants was different from that of young adults, and the
administration of anticonvulsant drugs did not affect age-
related changes in distribution. Age-related patterns of
99mTc-ECD uptake in the cerebellum differed from those

found for CBF using PET and measures of glucose metabo
lism and HMPAO uptake. Therefore, the cerebellum is not
suitable as a quantitative reference for measuring CBF using
99mTc-ECD in children and infants. The low uptake of
99mTc-ECD in infants and children was derived from the
"mTc-ECD-specific mechanism of tracer accumulation.
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