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Previous studies have shown the usefulness of divalent cobalt
isotopes to visualize cerebral damage after stroke. The site of
accumulation of cobalt ion is unknown but may be explained by
neuronal influx, analogous to that of calcium Â¡on.Additionally, uptake
may be due to infiltrating leukocytes or protein-bound cobalt. The
aims of this study were to compare 57Co-SPECT with leukocyte

SPECT and to compare the SPECT findings with clinical outcome as
scored by the Orgogozo scale. Materials: Ten patients with a CT
scan positive for middle cerebral artery infarcts were included in the
study (7 men, 3 women; mean age 70 yr). Technetium-99m leuko
cyte and cobalt-SPECT (interval 2-4 days) were made with a
double-headed gamma camera, after the injection of 10-15 mCi
""Tc-HMPAO-labeled leukocytes and 0.4 mCi 57Co, respectively.
Scans were performed within 5-30 days after onset of the first
symptoms. Regions of interest (ROI)containing the area of infarction
in the slices displaying enhanced radioactivity or the middle cerebral
artery (MCA) region in four successive slices were defined for
calculating enhancement ratios. The "^Tc leukocyte enhancement

ratio (LER) and cobalt enhancement ratio (CER) were defined as the
quotient of radioactivity in the ROI and an identical contralateral ROI.
The MCA stroke-scale according to Orgogozo was used to assess
neurological deficits at the time of scanning and discharge. Results:
Cobalt-57 and "''Tc-HMPAO showed uptake in the infarcted brain

area in five patients; the quantitative uptake in the infarcted brain
area of the two tracers correlated significantly (p < 0.05). Both the
LER and the CER correlated significantly (p < 0.05) with the
Orgogozo score at the time of scanning. Only the LER correlated
significantly (p < 0.05) with the Orgogozo score at discharge.
Conclusion: Uptake of cobalt and leukocytes in the peri-infarct
tissue suggests that 57Co may visualize a component of the inflam
matory response. Divalent 57Co may be convenient to predict

clinical prognosis after stroke.
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J-jeukocyte infiltration into the ischemie brain tissue has been
demonstrated in clinical SPECT studies (1-4) and in experi
mental stroke models (5,6). After stroke, leukocytes accumulate
mainly in the hypoperfused rim surrounding the core of infarc
tion. This postischemic influx of leukocytes is not only a
pathophysiologic response to injury but may aggravate isch
emie damage during reperfusion as well as by obstruction of
capillaries, initiating thrombosis and by releasing cytotoxic
products including free radicals (7-11). Calcium is thought to

play an important role in both the necrotic damage of ischemie
brain tissue and in inflammatory responses after stroke (12-16).

Both in vivo and in vitro experiments have shown that calcium
accumulates in the (ir)reversibly damaged nerve cell body and
in degenerating axons (14,17-21). To visualize calcium-medi-
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ated damage, the divalent cobalt isotopes, 55Co in PET and 57Co

in SPECT, have been previously proposed. Several investiga
tions have already shown the usefulness of these cobalt isotopes
to visualize stroke, traumatic brain injury, brain tumors and
multiple sclerosis (3,22-27). The cellular site of accumulation
of radioactivity is, as yet, not known. Therefore, the aims of this
study were to compare 57Co-SPECT with leukocyte SPECT and

to compare the severity and the time-course of the impairment
after stroke as assessed with the Orgogozo scale (28) with either
SPECT imaging method.

MATERIALS AND METHODS

Patients
Ten patients (7 men; 3 women; age 58-80 yr; mean age 70 yr)

with a middle cerebral artery (MCA) territory-ischemic infarction
admitted to the neurological department were selected for 57Co and
99mTc-HMPAO-labeled leukocyte-SPECT study. This study was

approved by the Medical Ethics Committee of the University
Hospital of Ghent, Belgium, and was conducted according to the
principles of Good Clinical Practice. Inclusion criteria were stable
clinical signs of MCA-infarction, 18 yr or older and written
informed consent. Site of infarction was confirmed by CT. Patients
with a disabling previous stroke, serious other disorders or deteri
oration in the course of MCA-stroke were excluded. The 10
patients formed a homogeneous group with respect to the diagnosis
of MCA-infarction but differed regarding the time-interval be
tween stroke-onset and SPECT examinations (5-30 days). The
MCA stroke-scale according to Orgogozo (28) was used to assess
neurological deficits. This MCA-scale evaluates level of con
sciousness, verbal communication, eye movement, power in arm,
hand, leg and foot, and facial paresis on a score ranging from 0
(death) to 100 (complete recovery). Scoring was performed on day
of scanning and discharge (at least 60 days after stroke-onset),
when patients were clinically stable, and had demonstrated no
further improvement for at least 14 days.

Technetium-99m-HMPAO-Labeled Leukocyte and Cobalt-
57-SPECT

Autologous leukocytes were isolated and labeled with 99mTc-
HMPAO (CeretecR, Amersham, Rainham, United Kingdom) using

a previously described method (29). For incubation, a dose of
10-15 mCi ""Tc-HMPAO was used. Four hours following the
injection of 99mTc-HMPAO-labeled leukocytes, SPECT was per

formed using a double-headed gamma camera (Elscint, Haifa,
Israel) equipped with low-energy, high-resolution collimatore.
Data were acquired in a 128 X 128 matrix through a 360Â°rotation
at an angular interval of 6Â°.Frame time was 30 sec. Filtering was

performed using a Butterworth filter with a cutoff frequency of
0.50 fNy13 order. Subsequently, images were re-oriented in the
orbitomeatal plane, using externally applied point sources.
Oblique, coronal and sagittal slices were obtained in each study. In
each of the three planes, 16 images were obtained; 1-3 days later,
0.4 mCi 57CoCl2 (Amersham, Rainham, United Kingdom) was
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TABLE 1
Patient Characteristics, Orgogozo Scores and the Technetium-

99m-HMPAQ-labeled Leukocyte SPECT and Cobalt-SPECT Data

Patient Age Interval
no. (yr) Sex (days) ost, ost2 os^-ost;, CER LER

1234567891068717080756465645974MMFFMMFMMM301920143011915155100453025804575707045100904025658580908545045100-15405201500.960.921.582.600.921.601.041.051.101.780.701.052.072.001.031.800.930.841.375.25

Interval time between onset of infarction and acquisition of "Tc-

HMPAO-labeled leukocytes SPECT; ostn = neurological status as measured
by MCA-scale (0-100) at time of cobalt-SPECT scanning; ost2 = neurolog
ical status as measured by a MCA-scale (0-100) on discharge; ost, -ost2 =
clinical improvement defined as the (positive) difference between the MCA-
score on day of scanning and discharge; CER = cobalt enhancement ratio
(quotient of the mean average cobalt-uptake in arbitrary units in the infarction
versus the nonaffected brain); LER = leukocyte enhancement ratio (quotient

of the mean average leukocyte uptake in arbitrary units in the infarction

versus the nonaffected brain).

administered intravenously, and 24 hr later, 57Co-SPECT was

performed using the same double-headed gamma camera equipped
with high-resolution, low-energy collimatore. Filtering was per
formed using a Butterworth filter with a cutoff frequency of 0.50
fNy13order. Reconstruction and re-orientation was performed in an
identical way as for 99mTc-HMPAO-labeled leukocyte SPECT.

Data Analysis
For each MCA-stroke patient, sequential oblique SPECT-slices

that were located in a 8-cm thick brain section displaying the actual
infarction were analyzed visually. In those patients showing
positive 57Co or 99mTc-HMPAO-labeled leukocyte accumulation, a

region of interest (ROÃ•)outlining the infarction-area was defined in
each slice according to the location on CT scan. For each ROI in
the infarcted area, an identical contralateral ROI was defined
(mirror-ROI). The average 57Co and 99mTc-HMPAO-labeled leu

kocyte uptake in all ROIs was assessed. Data were combined to
obtain the area as well as the labeled-leukocyte and cobalt-content
of each ROI. The 99mTc-HMPAO-labeled leukocyte enhancement

ratio (LER) and cobalt enhancement ratio (CER) were defined as
the quotient of radioactivity in the ROI versus mirror-ROI. In the
patients showing no visually depictable 57Co and 99mTc-HMPAO-

labeled leukocytes accumulation, semicircular ROIs encompassing
the right and left middle cerebral artery territory in four successive
slices were drawn with a manual cursor. Subsequently, using the
infarcted site as a reference, hypothetical LER and CER were
determined, allowing estimation of the normal variation in right to
left (or vice versa) asymmetry. The possible relation between CER
or LER and the Orgogozo scores were statistically evaluated using
the nonparametric Spearman's rank correlation. Multiple regres

sion analysis was performed to evaluate the relation between the
time interval of LER or CER, Orgogozo-score at the time of the
SPECT studies and the time interval. Correlations were defined as
significant when p < 0.05.

RESULTS
Five patients suffered from a minor neurologic deficit (Or

gogozo > 70) and showed no enhanced cobalt-uptake (0.96 <
CER < 1.05) or leukocyte infiltration (0.70 < LER < 1.03) in

FIGURE 1. Brain SPECT scans of Patient 10, showing 57Co (A) and
"'"Tc-HMPAO-labeled leukocytes (B).

the affected MCA region. One patient suffered from cerebral
ischemia with a large initial neurological deficit who revealed
progressive improvement as shown by an increase in Orgogozo
score and showed no enhanced cobalt-uptake (CER = 0.92) or
leukocyte infiltration (LER = 1.05) in the affected MCA
region. In the four patients presenting a major stroke (Orgogozo
score 25-45) showing minor improvement, CER varied from
1.58-2.60 whereas the LER varied from 1.80-5.25. The uptake
of the 57Co and leukocytes tends to concur (Fig. 1). There was

a significant correlation between CER and LER, as shown in
Figure 2 (r = 0.65). The only notable exception was Patient 4,
having a high accumulation of cobalt relative to that of the
labeled leukocytes.

Analysis of the Orgogozo scores at time of scanning and
discharge with the LER revealed for both a significantly
negative correlation coefficient (r = - 0.8, p < 0.05, Fig. 3).

Comparing CER and the Orgogozo scores at time of scanning
and discharge showed only a significant negative correlation
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FIGURE 2. Relationship between uptake of leukocytes and cobalt in 10
stroke patients with mild-to-severe cerebral damage. The correlation coef-
fecient between CER and LER was 0.74 (p < 0.05).
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FIGURE 3. Relationshipbetween the Orgogozo score at the time of scanning
(ost,) (A), discharge (ostg) (B) and the relative uptake of lymphocytes (LER O)
and 57Co (CER D). Analysis of the Orgogozo scores and enhancement ratios
showed the following correlations: ost^LER (r = - 0.8, p < 0.05), osVLER
(r = - 0.8, p < 0.05), osVCER (r = - 0.7, p < 0.05) and ost2-CER (r = -
0.6, p = 0.05).

between Orgogozo score at time of scanning and CER (r = -

0.7 p < 0.05, Fig. 3).

DISCUSSION
This study shows the concurrent accumulation of 57Co2+ and

99mTc-HMPAO-labeled leukocytes in the ischemie area of

cerebral infarcts. It is assumed that leukocytes often accumulate
in the most severe infarcts (1-4), which is corroborated by the
present results. The five patients without clear-cut accumulated
radioactivity had only a slight neurological impairment,
whereas the patients with the highest leukocyte infiltration
suffered from a major stroke and showed little improvement.
Our previous studies with 55Co-PET showed that the radiotracer

(presumably) accumulates in the perifocal tissue, surrounding
the ischemie focus, which is the same tissue exhibiting inflam
matory response and that is primarily infiltrated by leukocytes
(22,23). The pattern of accumulation of 99mTc-HMPAO-labeled

leukocytes was similar to that reported by Wang et al. (4) and
others (1,2). These investigations showed that leukocyte infil
tration is a dynamic process that persists for 5 wk and then

declines. The wide variance in LER (0.70-5.25) seen in our

study (with 10 patients) is mainly due to the dynamic process of
leukocytes accumulation. Since most leukocyte infiltration is
found in the first week after a stroke, a high level of LER will
also be found in the same time window. The uptake of both
isotopes correlated with the actual neurological state as estab
lished by Orgogozo score, indicating to visualize neuronal
damage reflecting functional impairment. Only LER correlated
with the Orgogozo score at the time of discharge suggesting that
leukocyte accumulation may not favor clinical improvement.

Cobalt was initially proposed to reflect calcium-influx in
ischemically or neurotoxically affected nerve tissue
(17,19,21,22). The cerebral uptake of intravenously adminis
tered radioactive calcium and cobalt shows high similarities in
their localization in damaged tissue (17). It has become clear
that the observed radioactivity cannot entirely be attributed to
the diffusion of the free cations but also for at least a part to
protein-bound calcium (and perhaps cobalt) (18,20). If this is
also the case in this study, then cobalt-SPECT visualizes the
opening of the blood-brain barrier towards serum proteins,
including albumin. In in vitro experiments, the neuroprotective
capacity of serum in glutamate-intoxicated neurons has been
shown (30). If such a mechanism may also occur in vivo, then
cobalt-SPECT or cobalt-PET may provide information about
severity of the infarcÃ¬and the protective potential in stroke.

In addition, the concurring uptake of cobalt and leukocytes in
the peri-infarct tissue may indicate that 57Co (and 55Co) enables

the visualization of inflammatory responses or processes con-
committant with such responses. Since activation of leukocytes
is accompanied by calcium uptake, the accumulation of exog
enous calcium in ischemie brain tissue may also be attributed to
infiltrating leukocytes. Considering the rather low radiation
burden (25), its long half-live (270 days) and its inexpensive
and simple preparation, 57Co can be considered as a suitable

isotope for establishing inflammatory response and clinical
prognosis after stroke. The clinical value of cobalt-SPECT and
cobalt-PET has to be assessed by comparison with other recent
developed imaging tools in stroke (3,29,31,32).

CONCLUSION
Both 99mTc-HMPAO-labeled leukocyte and 57Co SPECT

visualize a pathophysiologic response in postischemic brain
tissue characterized by a inflammatory reaction and changes
that are associated with unfavorable clinical prognosis. Since
the results of both imaging techniques concur, 99mTc-HMPAO

leukocyte labeling procedure is labor intensive and the radiation
burden associated with 57Co is low (5 mSv), 57Co should be

considered as an alternative clinical imaging agent for this
application.
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Evaluation of Carbon-11-Labeled KF17837:
A Potential CNS Adenosine A2a Receptor Ligand
Junko Noguchi, Kiichi Ishiwata, Shin-ichi Wakabayashi, Tadashi Nariai, Seigo Shumiya, Shin-ichi Ishii, Hinako Toyama,
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Positron Medical Center and Department of Laboratory Animal Science, Tokyo Metropolitan Institute of Gerontology, Tokyo;
Showa College of Pharmaceutical Sciences, Tokyo; Department of Neurosurgery, Tokyo Medical and Dental University,
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The 11C-labeled KF17837 ([7-methyl-11C](Â£)-8-(3,4-dimethoxy-
styryl)-1,3-dipropyl-7-methylxanthine) was evaluated as a PET li-
gand for mapping adenosine A^ receptors in the central nervous
system (CNS). Methods: The regional brain distribution of
[11C]KF17837 and the effect of adenosine antagonists on the distri

bution were measured in mice by the tissue sampling method. In
rats, the regional brain uptake of [11C]KF17837 and the effect of

carrier KF17837 was visualized by autoradiography. Imaging of the
monkey brain with [11C]KF17837 was performed by PET. Results:
In mice, a high uptake of [11C]KF17837 was found in the striatum in

which Aza receptors were highly enriched. The uptake was de
creased by co-injection of carrier KF17837 or a xanthine-type f\^a
antagonist CSC but not by nonxanthine-type Aj,a antagonists ZM
241385 or SCH 58261, or an A, antagonist KF15372. In the rat brain,
[11C]KF17837 was accumulated higher in the striatum than in other
brain regions, and the uptake was blocked by co-injection of carrier
KF17837. In a monkey PET study, a high striatal uptake of radioac
tivity was observed. Conclusion: Carbon-11-KF17837 binds to
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adenosine Aga receptors in the striatum. However, the presence of
an unknown but specific binding site for xanthine-type compounds
also was suggested in the other brain regions. The results also
suggested that the in vivo receptor-binding sites of xanthine-type
ligands are slightly different from those of nonxanthine-type A-,.,
antagonists.
Key Words: carbon-11-KF17837; xanthine; adenosine A^ recep
tor; central nervous system; PET
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Adenosine is an endogenous modulator of synaptic functions
in the central nervous system (CNS) as well as in the peripheral
system. The effect is mediated by two major subtypes of
receptors: adenosine A, receptors, which exhibit higher affinity
to adenosine and inhibit adenylyl cyclase, and A2 receptors,
which exhibit lower affinity to adenosine and stimulate adeny
lyl cyclase. Recent advances in molecular biology and pharma
cology have demonstrated the presence of at least five subtypes,
i.e., A,, A2a, A2b, A3 and A4 receptors. They act with guanosine
triphosphate-binding proteins and are coupled not only to
adenylyl cyclase but also to ion channels and phospholypases.
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