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#MTe-ECD SPECT is valuable for the evaluation of cell
viability and function. The purpose of the present study was
to evaluate the significance of #Te-ECD brain SPECT in
ischemic stroke. We compared #MTe-ECD brain SPECT with
perfusion and diffusion weighted images (PWI, DWI). Ten
patients with acute and early subacute ischemic stroke were
included in this prospective study. T2-weighted images
(T2WI), DWI, PWI and ® Tc-ECD SPECT were obtained
during both the acute/early subacute and late subacute stages.
In the case of PWI, time to peak (TTP) and regional cerebral
blood volume (rfCBV) maps were obtained. The tCBV map
and *™Tc-ECD SPECT images were compared in 8 lesions
using AAI. The asymmetry index (Al) was calculated as (Ci
- Cc) X 200/ (Ci + Cc); where Ci is the mean number of pixel
counts of an ipsilateral lesion and Cc is the mean number of
pixel counts of the normal contralateral hemisphere. AAI was
defined as Alacue - Alsubacue in the ischemic core and periphery.
PWI and *™Tc-ECD SPECT detected new lesions of the
hyperacute stage or of evolving stroke more accurately than
T2WI and DWI. *Tc-ECD SPECT was able to localize the
infarct core and peri-infarct ischemia in all lesions in both the
acute and the subacute stages. A4AI was higher in the tCBV
map than in the #MTe-ECD SPECT images in the ischemic
core (p=0.063) and in the periphery (p =0.091). In the
#MTe-ECD SPECT images, AAI was higher in the ischemic
core than in the periphery (p =0.028). During the subacute
stage, PMTc-ECD SPECT detected all the lesions without the
pseudonormalization seen in the MR images of 5/11 lesions.
Based on this study, #"Tc-ECD SPECT is comparable to PWI
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in terms of its ability to detect acute stroke and is more useful
than PWI in the case of subacute infarction.
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INTRODUCTION

Single photon emission computed tomography
(SPECT), using radiolabeled blood flow tracers
such as HMPAO, ECD and IMP, is known to be
useful for detecting acute ischemic stroke by
demonstrating hypoperfusion earlier than conven-
tional MR images. However, the spatial resolution
of brain SPECT is less than that of MR images,
and “hyperfixation” of the ”"Tc-HMPAO within
the area of luxury perfusion limits the precise
evaluation of its viability during the subacute
stage." Since ”"Tc-ECD was introduced by Che-
eseman et al,® “™ Tc-ECD brain SPECT has
become a good marker of regional cerebral blood
flow (rCBF) and has proven to be useful for the
evaluation of cellular viability even in cases of
luxury perfusion.””

In the case of MR images, conventional T1-
weighted images (T1IWI), T2-weighted images
(T2WI) and fast spin-echo (FSE) T2 images depict
acute ischemic areas with good anatomic reso-
lution, but these techniques are limited in terms
of their abilities to detect lesions during the 24
hours following an ischemic attack.”” Perfusion-
weighted images (PWI) including, cerebral blood
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volume (CBV), mean transit time (MTT) and CBF
images provide information which supplements
those that obtained from conventional MR im-
aging of the regional microcirculation. In parti-
cular, PWI combined with diffusion-weighted
images (DWI) allows regional assessment of the
tissue at risk by providing a PWI/DWI mismatch
in the case of acute ischemic strol<e,8'12 which is
valuable for selecting those patients that require
intensive thrombolytic and neuroprotective ther-
apies.

The purpose of the present study was to com-
pare ”"Tc-ECD brain SPECT with MR images,
including PWI and DWI, and to evaluate the role
of ”"Tc-ECD SPECT in stroke patients.

MATERIALS AND METHODS
Subjects

Ten patients (7 males and 3 females; mean age,
59 years; range, 28 to 75 years) with acute (6-24
hr) and early subacute (24 - 72 hr) stage of MCA
territory infarction were included in this prospec-
tive study (Table 1). Patients with abrupt onset of
hemiplegia and the evidence of recent MCA
infarction on DWI were consecutively selected for
the study. Patients showing involvement of more
than two-thirds of the hemisphere or hemorrhagic
transformation in the initial MRI or recent infarc-
tion of the vertebrobasilar system were excluded
from the study. The mechanisms of the strokes
were classified using ‘Trial of ORG 10172 in

Table 1. Summary of Patient Data

Acute Stroke Treatment’ (TOAST) criteria.”” Pa-
tients received conservative management. This
study was approved by the institutional review
board and informed consent was obtained from
patients or their authorized representatives.

FSE T2WI, DWI and PWL time to peak (TTP)
maps and regional cerebral blood volume (rCBV)
maps were performed during the acute and suba-
cute stages. Initial MR images were obtained
within 56 hours of onset and follow-up studies
were performed during the 2nd week after the
ischemic attack. SPECT imaging was performed
within 2 hours of MR imaging during the acute
and/or the subacute stages (Table 2).

Fast Spin-Echo T2-weighted MR imaging

FSE T2WI were obtained at 4000/100/2 (repeti-
tion time, msec/effective echo time, msec/excita-
tion), with a 256 x 256 matrix, a 20 x 20 cm field
of view, 5/2mm slice thickness /gap, 16 klz
bandwidth and a 3 min 12 sec acquisition time for
20 slices on a 1.5 - T clinical MR system (Horizon,
General Electric, Milwaukee, WI, USA).

Diffusion-weighted MR imaging

DWI was performed using a single-shot spin-
echo echo-planar imaging (EPI) technique with
multislice continuous imaging and images free of
motion artifacts. The imaging parameters for DWI
were 5000/100/1 (repetition time, msec/effective
echo time, msec/excitations), with a 128 x 128
matrix, a 24 X 24 cm field of view, 4/1 mm slice

Case No. Age/Sex Imaging time (hr/d) NIHSS (Initial/2nd wk) Location of Lesions
1 28/M 56/10 13/11 Rt. BG, P
2 50/M 24/8 7/14 Lt. BG, TO
3 66/F 46/8 11/10 Lt. P
4 63/ 45/14 11/6 Lt. BG, T
5 75/M 46/10 14/5 Lt. P
6 56/M 42/13 19/12 Lt. P
7 70/M 16/10 20/16 Rt BG, T
8 68/M 24/8 13/5 Lt. BG
9 45/M 27/12 21/14 Lt. BG, T

10 65/F 46/10 17/12 Lt. P

hr, hour; d, day; wk, week; Rt., right; Lt., left; BG, basal ganglia; P, parietal; TO, temporooccipital; T, temporal.
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Table 2. Imaging Modalities Performed during the Acute and Subacute Stages of Ischemic Stroke in Each of 10 Patients

with 13 Lesions

Acute and Farly Subacute

Late Subacute

T2WI  PWI DWI

T e-ECDSPECT T2WI  PWI DWI

P Tc-ECDSPECT

Case 1la
Case 1b
Case 2a
Case 2b
Case 3

Case 4

Case ba
Case bb
Case 6

Case 7

Case 8

Case 9

Case 10
Total

+ 4+ + + 4+ + + + + +
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thickness/gap, 91 kHz bandwidth, 90° flip angle
and 50 sec acquisition time for 140 images (10
single-shot EPI in each of 14 slices). The EPI pulse
sequence supplied by the manufacturer was mod-
ified to acquire the images with multiple values
along multiple axes. The b factors used were 0,
333, 666, and 1000 sec/ mmz, which these were
applied to the x, y, and z directions, respectively.
Stroke was evaluated using a transverse slice ori-
entation. Images with b factors of 1000sec/mm’
and in the z direction were used to make image
comparisons. To enable direct comparisons with
PWI, the same slice thickness and gap were used.

Perfusion-weighted MR imaging

PWI were performed using the dynamic first-
pass bolus tracking of gadopentetate dimeglumine
(Magnevist, Schering, Germany) with an EPI gra-
dient-echo sequence. The gadolinium bolus (0.2
mmol/kg) was administered intravenously using
an 18-guage catheter placed in an antecubital vein
by manual injection over a period of 5 seconds,
followed by a 30 ml saline flush. The manual in-
jection was undertaken by an experienced doctor
to ensure it was performed under the same condi-
tions in all patients. Imaging parameters for PWI
were 1500/65/1 (repetition time, msec/effective
echo time, msec/excitations), using a 256 X 192

matrix, 24 X 24 cm field of view, 4/1 mm slice
thickness/gap, 91 kHz bandwidth, 90° flip angle
and a 2min 2 sec acquisition time for 240 images
(80 phases of single-shot EPI in each of 3 slices).
Three transaxial slices, which showed high signal
intensity by DWI, were selected for comparison
with T2WI, DWI and *"Tc-ECD SPECT. Upper
slices to the frontal sinus were chosen to avoid
magnetic susceptibility artifacts. The dynamic per-
fusion series were processed on a pixel-by-pixel
basis using a customized commercial image an-
alysis software program (IDL; Interactive Data
Language, Research System Inc., CO, USA) to pro-
duce TTP and rCBV maps (see next paragraph).
By applying tracer kinetic principles, a gamma-
variate function was fitted to the relaxivity (con-
centration-time) curve to eliminate recirculation
effects in the rCBV map.

The signal-time curve for each pixel was trns-
formed to the relaxivity curve ( ARy* curve) using
the following equation:

ARy*=1/T2%=-1/TE In (S(t)/S(0)), (1)

where ARy* is change in transverse relaxation rate
and T2* represents dephasing due to magnetic
field inhomogeneities. TE is echo time. S (t) is the
signal intensity at time t and S(0) is the signal
intensity at time 0.
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The ARy* curve was calculated to generate each
rCBV map. TTP was defined as the time from the
beginning of dynamic change to the AR>* curve
maxima and TTP map was constructed from the
TTP value of each pixel.

SPECT imaging

One hour after the intravenous administration
of 740MBq (20 mCi) of ”™Tc-ECD, SPECT imaging
was performed using a brain-dedicated annular
crystal gamma camera (Digital Scintigraphic Inc,
Waltham, USA) equipped with low-energy high-
resolution parallel-hole collimators. Images were
acquired in a 128 X 128 image matrix over 120
projections at 3° angular increments. A minimum
of 60,000 counts per view were obtained with an
upper limit of 20 sec of acquisition time per view.
Transaxial images were reconstructed by the
filtered-back projection method using a Butter-
worth filter (Nyquist frequency 1.1 cycle/cm at an
order No. 10). Attenuation correction of the trans-
axial images was performed using Chang's
method. Coronal and sagittal slices were calcu-
lated from the original transaxial images. The slice
thickness of the transaxial images was 5mm
without any gap. Image planes were adjusted to
have the same level and orientation as the MR
images.

Data analysis

Qualitative comparison of MR images and *"Tc-
ECD SPECT images. PWI and DWI were compared
with ®"Tc-ECD SPECT in terms of lesion detect-
ability and apparent lesion size and in terms of
the estimated size of the final infarct lesion during
the acute and subacute stages. FSE T2WI taken at
3 months after ischemic attack was used to
determine the lesion size of final infarction. This
qualitative evaluation was performed by two
experienced neuroradiologists.

Semi-quantitative comparison of the rCBV maps and
#"Te-ECD SPECT images. Regions-of-interest (ROI)
were decided by comparing the size of the 8 ische-
mic lesions of 5 patients in initial and follow-up
studies. The ischemic core was defined as black
area in the ”"Tc-ECD SPECT. The ischemic peri-
phery was defined as a blue area located between
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the dark ischemic core and normal brain paren-
chyma (Fig. 1). Care was taken not to include
large vessels or hemorrhagic foci. The asymmetry
index was calculated using the following equa-
tion:

Al=(Ci-Cc) x 200/ (Ci+ Cc), )

where Al represents asymmetry index. Ci is the
mean pixel counts (or signal intensity) of the
ipsilateral lesion and Cc is the mean pixel counts
(or signal intensity) of the normal contralateral
hemisphere.

AAl was calculated as the change of Al
between an initial study during the acute/early
subacute stage and a follow-up study in the late
subacute stage upon the ischemic core (4Alorw)
and peri-infarct ischemic lesions (A4 Alpex).

AAlore = Aleore in the acute/early subacute stage-
Alcre at a late subacute stage 3)

AAlperi = Alperi In the acute/early subacute stage-
Alperi at a late subacute stage “4)

Fig. 1. The asymmetry index (Al) was calculated using
the following formula in the ischemic core and in the
periphery; Alcore=(CA -CB) X 200/ (CA + CB), Alperi
=(CC-CD) x 200/ (CC+CD), where C are the mean
pixel counts in the ROIs.
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Table 3. Time to Peak (TTP) Values in the Ischemic Core, Periphery and Contralateral Normal Brain Parenchyma during

the Acute and Subacute Stages of Ischemic Stroke (sec)

Acute or Early Subacute

Late Subacute

Ischemic lesion Contralat. Ischemic lesion Contralat.

Core Periphery normal Core Periphery normal
Case 1a * 16.23 12.55 12.23 7.12 6.45
Case 1b 13.12 13.12 12.85 10.15 7.43 6.7
Case 2a 14.26 14.26 7.64 ¥ 15.21 8.33
Case 2b ¥ 14.34 7.94 1213 12.13 8.86
Case 3 9.17 9.17 6.56 9.12 9.12 11.02
Case 4 ¥ 14.56 9.15 13.13 13.13 9.25
Case ba ¥ 14.21 8.54 * 16.54 11.17
Case bb ¥ 14.34 8.54 * 16.54 11.17
Case 6 412 417 5.34 11.22 11.22 11.15
Case 7 ¥ 11.11 7.21 11.52 11.52 9.96
Case 8 ¥ 14.25 14.23 13.87 13.87 13.11
Case 9 ¥ 16.31 9.13 9.44 9.44 913
Case 10 * 9.12 9.13 15.22 9.86 9.26
Mean ¥ 12.57 9.26 ¥ 11.49 9.77
SD (L) ¥ 3.56 2.66 * 3.13 191

*uncheckable due to severe time delay; Case 2a is not included in the Mean and SD because it is newly developed lesion during the

subacute stage.

AAI on the rCBV map was compared with that
of the corresponding area on the *™"Tc-ECD
SPECT images. Data was expressed as mean =*
SD. The Wilcoxon Signed-Rank test was used for
statistical analysis and a p value of < .05 was
considered significant.

We were not able to calculate AAI from the
TTP maps because of the severe time delays
experienced in the ischemic core during the acute
stage.

RESULTS

Qualitative comparison of MR images and
P"Te-ECD SPECT

Acute and early subacute Stage of Ischemic Stroke.
In the acute and early subacute stage, the TTP
map showed time delays in both the ischemic core
and the peri-infarct ischemic lesion. In the
contralateral normal region, the TTP was 9.26 *
2.66 sec (Table 3). Although during the acute stage
the TTP map showed a similar area and degree
of hypoperfusion in all lesions, the rCBV map

showed a similar area and degree of hypo-
perfusion in only 5/10 lesions. The hypoperfusion
areas of the remaining 5 lesions were smaller in
the rCBV map than in ”"Tc-ECD SPECT images.
On comparing *"Tc-ECD SPECT with DWI,
P"Te-ECD SPECT showed larger abnormal areas
in all lesions than DWI during the acute stage
(Fig. 2-4).

Late Subacute Stage of Ischemic Stroke. In the late
subacute stage, TTIP was improved in the ischemic
core in 8/13 lesions. In Case 2a, where the
ischemic core had newly developed during the
late subacute stage (Fig. 3), TTP was delayed and
immeasurable. In the periphery of the subacute
stroke, TTP showed either normalized or
improved in 12/13 lesions (Table 3).

As compared with " Tc-ECD SPECT images in
the subacute stage, the TTP map showed similar
or smaller areas of hypoperfusion in all lesions.
Both DWI and rCBV maps showed smaller
abnormal areas than “"Tc-ECD SPECT in all
lesions. In addition, ®™Tc-ECD SPECT showed the
infarct core clearly as did the MR images;
however, ™ Tc-ECD SPECT better demonstrated
the area of decreased perfusion adjacent to the

Yonsei Med J Vol. 43, No. 2, 2002
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Fig. 2. A 28-year-old man with severe left hemiplegia and dysarthria (Case 1). Fifty-six hours after ischemic attack, TTP
map shows a perfusion defect in the right basal ganglia (Case 1a) and a slight time delay in the right parietal area (Case
1b), which is in the same region as the decreased perfusion observed by T ECD SPECT. However, the TTP map
is not able to localize the ischemic core in the right parietal lesion. The rCBV map also shows a little asymmetry of
cerebral blood volume in the right parietal lesion (asymmetry index: 1.5). T2ZWI and DWI show discrete high signal
intensity in the ischemic core, but they do not show the mildly injured area adjacent to the core. Images taken 10 days
after the ischemic attack show normal signal intensity on T2WI and DWI due to pseudonormalization and/or to a slight
improvement. Unlike PRI CECD SPECT, the TTP map does not localize the infarct core in the right parietal lesion. Initial
and follow-up MRA show occluded right M1. This patient’s condition improved to mild left hemiplegia one month after
the ischemic attack (NIHSS 13 —11 —4).

DWWl " TC-ECDSPECT

24 hours

Fig. 3. A 50-year-old man with right hemiplegia and dysarthria (Case 2). Twenty-four hours after ischemic attack,
P"Te-ECD SPECT shows a diffusely decreased uptake in the left temporal lobe, which was most prominent in the
temporooccipital area (Case 2b). This abnormality in #MTe-ECD SPECT matches well with the TTP map. T2WI and DWI
show a patch of high signal intensity only in the left temporooccipital area of the ischemic core. In images taken 8 days
after the ischemic attack, high signal intensity area has developed in the posterolateral aspect of the left basal ganglia
(Case 2a) on T2WI and DWI, which matched decreased uptake by PMe-ECD SPECT. The TTP map showed severe time
delay in the left basal ganglia. In the left temporooccipital lesion, persistent high signal intensity by T2WI and DWI and
a further decreased uptake on #mTeECD SPECT are observed. Both the TTP and rCBV maps are unable to localize the
infarct core of the left temporooccipital lesion due to improved perfusion. Initial MRA and follow-up DSA show
occluded left M1.
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Fig. 4. A 75-year-old man with right hemiplegia and dysarthria {(Case 5). Forty-six hours after ischemic attack, PMTe-ECD
SPECT, TTP and rCBV maps show the same area of perfusion defect in the left parietal lobe. T2ZWI and DWI show high
signal intensity only in the 2 separate infarct cores (anterior lesion: Case 5a, posterior lesion: Case 5b). Images taken 10
days after the ischemic attack show persistent defect by #mTeECD SPECT, although perfusion improved slightly in the
posterior parietal core in the TTP and rCBVmaps. Left ICA is not seen on initial and follow-up MRA.

infarct lesion caused by recent insult than did the
MR images (Fig. 2 -4).

Semi-quantitative comparison of rCBV map and
P "Te-ECD SPECT

Comparison of AAIL on the y*CBV Map with the
corresponding AAI of *"Te-ECD SPECT. In the
ischemic core, A4Al on the rCBV (-88.44 *+ 65.80)
map was higher than that on ”"Tc-ECD SPECT
(-27.35 + 14.84), but this was without statistical
significance (p =0.063). In the ischemic periphery,
AAl on the rCBV (-60.99 * 55.40) map was higher
than that on the "Tc-ECD SPECT images (-7.62
+ 5.06), again without statistical significance (p =
0.091) (Table 4, 5, Fig. 5). 4Al on the TTP map
was not included in this comparison due to the
severely delayed and immeasurable nature of TTP
values in the ischemic core during the acute and
early subacute stages.

Comparison of AAI of the Ischemic Core with that
of the Ischemic Periphery. In the rCBV map, AAI
was not significantly different in the ischemic core
and the periphery. However, “"Tc-ECD SPECT
showed a statistically significant difference in 4
Al between the two (p=0.028). Despite the fact

that cerebral perfusion had improved in the
periphery during the late subacute stage, by " Tc-
ECD SPECT, the effect of improved perfusion on
cell function was significantly higher in the ische-
mic core (Table 4 and 5, and Fig. 6).

Detectability of the final infarct lesion

In the acute and early subacute stages,
#"Te-ECD SPECT identified all of the lesions.
However, MR images did not detect 2/10 lesions;
specifically, normal signal intensity on T2WI and
DWI in the left basal ganglia lesion of case 2a, and
an almost normal rCBV coupled with a failure to
localize the infarct core in the TTP map of the
right parieto-occipital area in case 1b (Table 6, Fig.
2, 3).

In the late subacute stage, ~"Tc-ECD SPECT
identified all of the final infarct lesions showing
persistent defect or slightly increased uptake com-
pared to the acute and early subacute stage (Figs.
2-4). However, MR images did not identify 5
final infarct lesions; Case la in the rCBV map,
Case 1b in the T2WI, DWI and TTP maps, Case
2b in the rCBV and TTP maps, Case 3 in the rCBV
and TTP maps, and Case 9 in the DWI, due to

Yonsei Med J Vol. 43, No. 2, 2002



218 Hyun-Sook Kim, et al.

Table 4. Asymmetry Indices of *"Tc-ECD SPECT Radioactivity Count in the Ischemic Core and Periphery during the

Acute and Subacute Stages of Ischemic Stroke

Alcore Alperi
AALeore Ao
A or ES LS A or ES LS

Case la -117.06 -90.90 -62.62 -50.43 -26.16 -12.19
Case 1b -110.52 -61.53 -48.42 -45.04 -48.99 -3.38
Case 2a -32.83 -78.99 -29.41 -59.37 46.16 29.96
Case 2b -60.46 -56.84 -38.29 -34.61 -3.62 -3.68
Case 3 -83.15 -44.21 -47.06 -32.00 -38.94 -15.06
Case 4 -100.00 -80.60 -22.68 -20.31 -19.40 -2.37
Case 5a -161.32 -127.40 -568.99 -47.86 -33.92 -11.13
Case 5b -130.81 -110.42 -57.54 -52.00 -20.39 -5.54
Mean -109.04 -81.70 -47.94 -40.32 -27.35 -7.62
SD (L) 32.62 30.08 13.91 11.69 14.84 5.06

Alcore, asymmetry index in the ischemic core;
Alper, asymmetry index in the ischemic periphery;
A, acute; ESearly subacute; LS, late subacute;

AAlwre, Aleore in acute or early subacute stage - Al in late subacute stage;
AAlper, Alpey In acute or early subacute stage - Alpen in late subacute stage;
Case 2a is not included in the Mean and SD because it is newly developed lesion during the subacute stage.

Table 5. Asymmetry Indices of Rcbv in the Ischemic Core and Periphery during the Acute and Subacute Stages of

Ischemic Stroke

Alcore Alperi
AALeore Ao
A or ES LS A or ES LS

Case la 4.01 510 46.77 510 -1.09 41.67
Case 1b 1.50 93.28 1.50 93.28 -91.78 -91.78
Case 2a -34.03 -115.23 -37.05 -27.45 81.20 9.60
Case 2b -108.60 28.57 -50.68 28.57 -137.18 -79.25
Case 3 -71.41 7.94 -15.03 45.51 -79.35 -60.54
Case 4 -173.96 -20.40 -150.44 -10.23 -153.57 -140.21
Case ba -200.00 -197.52 -36.57 14.47 -2.48 -50.04
Case bb -200.00 -46.34 -36.57 11.21 -153.66 -46.78
Mean -106.92 -18.48 -34.14 26.84 -88.44 -60.99
SD (&) 88.64 90.17 60.53 34.18 65.80 55.40

Alcore, asymmetry index in the ischemic core;
Alper, asymmetry index in the ischemic periphery;
A, acute; ES, early subacute; LS, late subacute;

AAlwre, Aleore in acute or early subacute stage - Al in late subacute stage;
AAlper, | Alperi In acute or early subacute stage - Al in late subacute stage;
Case 2a is not included in the Mean and SD because it is newly developed lesion during the subacute stage.

either improved perfusion or pseudonormali-
zation (Table 6, Fig. 2, 3). FSE T2WI taken at 3
months after ischemic attack disclosed an
encephalomalatic cavity in all lesions of high
signal intensity in the initial or follow-up T2WI
and DWL

Yonsei Med J Vol. 43, No. 2, 2002

DISCUSSION

Perfusion-weighted MR imaging is used to
track the changes, which occur during the first-
pass transit of injected contrast bolus agent
through the brain. After ischemia, perfusion defi-
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Fig. 5. Comparison between AAI by ™™ Tc¢-ECD SPECT
and rCBV map (Wilcoxon Signed-Rank test).

Fig. 6. Comparison between AAI of the ischemic core and
of the ischemic periphery (Wilcoxon Signed-Rank test).

Table 6. Detectability of the Final Infarct Lesion in MR Images and by *"Tc-ECD SPECT during the Acute and Subacute
Stages of Ischemic Stroke (n=10 lesions in acute and early subacute stage, n=11 lesions in late subacute stage)

MR images
PMTe-ECD SPECT
T2WI TTP rCBV DWI
Identification of Acute and Farly Subacute 9 9 9 9 10
Final Infarct Lesion Late Subacute 10 8 8 9 11

cit can be observed as a decrease in the concen-
tration of contrast bolus transit. Moreover, the
change in the transverse relaxation rate { AR>¥), as
measured by perfusion-weighted MR imaging, is
linearly related to the concentration of paramag-
netic contrast agent remaining in the tissue."*"°
This bolus tracking method provides a reasonably
accurate measure of relative cerebral perfusion
changes.

We define two perfusion parameters; the TTP
map and the rCBV map. The TTP is the time taken
from the beginning of cerebral perfusion to the
peak value in the ARy* curve. Although, MTT
should be used for the cerebral blood transit time
in the absolute quantification analysis,” MTT may
be substituted by TTP in a relative quantification.
The TTP map shows the area of delayed perfusion

and gives a distinct boundary between the areas
of normal and abnormal perfusion. During the
acute stage of ischemic stroke, the lesion size
appeared larger in the TTP map than in the rCBV
map, DWI or T2WI. This is because the abnormal
area in the TTP map is comprised of the infarct
core and the peri-infarct ischemia, which is similar
to the anomalous perfusion area observed by
PMTe.ECD SPECT. However, some differences
exist between the ”"Tc-ECD SPECT images and
the TTP map; for although “™Tc-ECD SPECT can
localize the infarct core and the peri-infarct ische-
mia in the same vascular territory, the TTP map
can not in some cases. This is particularly true of
the infarct core during the subacute stage. With
the aid of the TTP map, one can identify areas
prone to future ischemic injury as exemplified by
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the basal ganglia lesion of the present study (Fig.
3). At the time of the initial examination, the basal
ganglia lesion may have been in the very early
hyperacute stage, which even DWI can not detect.
Only the TTP map and the "Tc-ECD SPECT
images showed an abnormality in this region. This
suggests that if PWI was unavailable, " Tc-ECD
SPECT could play the role of PWI during the
acute stage of an ischemic stroke.

The rCBV map is obtained by integrating the A
Ry* curve during the first passage of contrast
agent and represents the regional cerebral blood
volume. The abnormal portion of the rCBV map
was found to be smaller than that found either by
TTP map or by *™Tc-ECD SPECT, because the
rCBV map showed only the acute stroke lesion
which represents the final infarction and more-
over, the rCBV map does not show peri-infarct
ischemia."” AAI by rCBV map was larger than A
Al determined by *"Tc-ECD SPECT in both the
ischemic core and the periphery. This means that
the rCBV map is hemodynamically more sensitive
than *"Tc-ECD SPECT because the rCBV map
does not express the tissue viability state, but this
feature is a disadvantage of rCBV map in the
evaluation of ischemic stroke.

Diffusion-weighted MR imaging applies diffu-
sion-sensitized gradients which make the collected
MR signal sensitive to the incoherent motions of
water protons.’® After ischemia, acute cell swelling
and changes in cell membrane permeability result
in reduced water diffusion, thus increasing the
DWI signal intensity.””” DWI can detect acute
ischemic stroke within Thour of MCA occlusion in
the experimental models."**" PWI accompanied by
DWI can identify tissue at risk, which is achieved
by identifying regions of mismatched PWI and
DWL****® Intra-arterial thrombolysis candidates
can be identified during the hyperacute stage
when they have either a PWI/DWI mismatch or
a decreased DWI apparent diffusion coefficient
(ACD).

However, in the subacute stage, conventional
MRI and DWI show a “fogging effect” or “pseu-
donormalization” due to decreased edema and the
temporal normalization of the ACD value.*** PWI
also shows improved flow “luxury perfusion” in
the areas of acutely compromised perfusion.”
This behavior makes it difficult to evaluate ische-
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mic lesions. However, ™ Tc-ECD SPECT is insen-
sitive to luxury perfusion during the subacute
stage.” ®"Tc-ECD is a radiochemically stable
brain perfusion agent and shows good image con-
trast and spatial resolution.”””” After rapid up-
take of lipophilic " Tc-ECD by the normal brain,
it is retained within the brain by a rapid de-esteri-
fication to a polar metabolite which does not re-
cross the blood-brain barrier.”*™

During the examination of the acute and early
subacute stage in the present study, *"Tc-ECD
uptake in the ischemic periphery was less severely
reduced than in the ischemic core, because cells in
the ischemic periphery had a relatively preserved
function. In the late subacute stage of ischemic
stroke, cells in the ischemic core which were via-
ble, though dysfunctioning recovered their enzy-
matic activity after reperfusion and *"Tc-ECD
uptake correspondingly increased. However, in
the ischemic periphery, mild or moderate enzyme
activity dysfunction during the acute stage re-
covered to a lesser extent. Consequently, 4Al was
significantly higher in the ischemic core than in
the ischemic periphery by *"Tc-ECD SPECT. This
result demonstrates that »"Tc-ECD is useful for
assessing both brain tissue viability and enzymatic
activity. This result is consistent with previous
reports that ”"Tc-ECD uptake in the infarct lesion
is very low in despite of luxury perfusion during
the subacute stage of ischemic stroke and suggests
that ”"Tc-ECD might be useful to assess brain
tissue viability.”>”*® Improvement in the neuro-
logic dysfunction of patients supports this result.
The ability of " Tc-ECD SPECT to directly depict
tissue damage is superior to that of MR images
during the subacute stage of an ischemic stroke.
Pseudonormalization in T2WI and DWI and lux-
ury perfusion in PWI inhibit the proper evalua-
tion of tissue viability by MR images.

Although initial imaging is performed during
the acute stage of ischemic stroke, a new lesion of
the hyperacute stage or an evolving stroke may be
present. TTP map and *"Tc-ECD SPECT allow as-
sessment of the vulnerability of this region. In the
acute stage of ischemic stroke, *"Tc-ECD SPECT
and PWI findings are substantially in agreement.
Although, T2WI, DWI or PWI may miss both
newly developing and improved perfusion
lesions, ™ Tc-ECD SPECT was found to be able to
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detect all acute ischemic lesions. During the
subacute stage of ischemic stroke, PMT ECD
SPECT was able to detect all lesions without the
pseudonormalization seen in MR images. In addi-
tion, it was always able to localize the infarct core
and peri-infarct ischemia in all lesions examined
in both the acute and subacute stages. Moreover,
P"Te-ECD SPECT is a valuable tool for the
evaluation of cell viability and function. This can
undoubtedly be widely applied to other situa-
tions, which require the evaluation of cell viability
and enzymatic activity.

In summary, ”"Tc-ECD SPECT is comparable
to PWI in terms of its ability to detect acute stroke
and may be more useful than PWI in the case of
subacute infarction.
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