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Purpose : We investigated the predictive values of relative CBV measured with
perfusion MR imaging, and relative CBF measured with SPECT for tissue outcome in
acute ischemic stroke.

Material and Methods : Thirteen patients, who had acute unilateral middle cerebral
artery occlusion, underwent perfusion MR imaging, and *Tc-HMPAO SPECT within
6 hours after the onset of symptoms. Lesion-to-contralateral ratios of perfusion
parameters were measured, and best cut-off values of both parameter ratios with
their accuracy to discriminate between regions with and without evolving infarction
were calculated. ’
Results : Mean relative CBV ratios in regions with evolving infarction and without
evolving infarction were 0.58+0.27 and 0.99+0.17 (p < 0.001}, and mean relative
CBF ratios in those regions were 0.41+0.22 and 0.71+0.14 {p < 0.001). The best
cutoff values to discriminate between regions with and without evolving infarction
were estimated to be 0.80 for relative CBV ratio and 0.56 for relative CBF ratio. The
sensitivity, specificity and efficiency of each cutoff value were 80.6, 87.5, 82.7% for
relative CBV ratio, and 72.2, 75.0, 73.0% for relative CBF ratio (p > 0.05 between
two parameters).

Conclusion : Measurement of relative CBV and relative CBF may be useful in
predicting tissue outcome in acute ischemic stroke.
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not only an early detection of ischemia, but also an iden-
Introduction tification of viability of ischemic tissue. Recently, by us-
ing combined diffusion and perfusion MR imaging, the

The role of neuroimaging in acute ischemic stroke is mismatch between lesion extents on both imagings has
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been considered as an estimate of ischemic penumbra
(1, 2). However, we still need quantitative criteria con-
cerning the tissue viability because the mismatch some-
times goes on to infarction and sometimes does not,
probably depending on the individual variability of he-
modynamic status (i.e., the amount of residual perfu-
sion). Therefore, interests have been focused on identifi-
cation of the tissue viability by measuring the perfusion
parameters such as cerebral blood flow (CBF) and cere-
bral blood volume {CBV) at the acute stage of ischemic
stroke. Definite quantitative criteria for CBF and CBV to
predict the tissue outcome have not yet been estab-
lished. Although a few studies using positron emission
tomography (PET), which is referred to as a gold stan-
dard for perfusion measurement, have been conducted
to investigate the change of CBF and CBV in acute is-
chemic stroke (3, 4}, it still can not be useful in emergent
evaluation of cerebral perfusion because of limited
availability.

Single-photon emission CT (SPECT) and perfusion MR
imaging, which can measure relative CBF and relative
CBV, respectively, are clinically more accessible meth-
ods than PET. A few studies of SPECT have been con-
ducted to determine the quantitative threshold of rela-
tive CBF for prediction of tissue outcome in acute is-
chemic stroke, and comparably similar data have been
reported among those studies (5-8). Perfusion MR imag-
ing has been increasingly utilized to measure the various
perfusion parameters in acute ischemic stroke and the
size of relative CBV abnormality was reported to corre-
late best with that of final infarction (2, 9). However,
comparative studies between relative CBF measured
with SPECT and relative CBV measured with perfusion
MR imaging have been rarely conducted for predictive
values of tissue outcome {10, 11}.

In our study, we performed both SPECT and perfu-
sion MR imaging in patients with acute middle cerebral
artery occlusion within 6 hours after the onset of symp-
toms. Relative CBF was measured with SPECT, and rel-
ative CBV was calculated with perfusion MR imaging.
We investigated the predictive values of relative CBF
and relative CBV for tissue outcome by calculating the
thresholds of these parameters with their accuracy.

Materials and Methods

Patients

Forty-four consecutive patients underwent perfusion
MR imaging within 6 hours after the onset of symptoms
of acute middle cerebral artery occlusion during a peri-
od of three years. Of these 44 patients, 13 patients, who
had unilateral occlusion of M1 segment (proximal hori-
zontal segment of middle cerebral artery) and under-
went perfusion MR imaging together with SPECT in less
than 20 minute time interval between the two examina-
tions, were included in this study. They had only con-
servative treatment with or without intravenous he-
parin therapy (n=9), or failed intraarterial thrombolysis
{n=4) during the acute stage of stroke were selected for
this study.

Perfusion MR imaging was performed from 2to 6
hours (mean, 3.9 hours) after the onset of symptoms in
these 13 patients. Occlusion of M1 segment was deter-
mined by MR angiography which was included in our
MR imaging protocol for acute ischemic stroke. Patients
were 30-81 years old {(mean, 56 years; 7 men and 6
women).

Imaging Studies

MR examinations were performed on a 1.5T 63SP sys-
tem {Siemens, Erlangen, Germany) with our acute
stroke protocol ({turbo spin-echo T2-weighted imaging,
axial spin-echo T1-weighted imaging, MR angiography,
dynamic contrast-enhanced T2*-weighted imaging for
perfusion-weighted imaging, and postcontrast T1-
weighted imaging in sequence). The imaging parame-
ters were 3500-5000/90 (repetition time msec/echo time
msec) for T2-weighted imaging and 550/14 for T1-
weighted imaging. Section thickness was 5-6 mm and
matrix number was 192 X 256. MR angiography was
performed around the Circle-of-Willis with a standard
3D time-of-flight sequence (38/7, 15° flip angle, 64 mm
slab thickness and 192 X 256 matrix]. Total imaging and
processing time was approximately 17 minutes. The to-
tal scan time, including patients transfer to and from the
table, patient positioning and coil tuning, was within 25
minutes.

Dynamic contrast-enhanced T2*-weighted imaging
was performed with a conventional gradient-echo se-
quence (40/26, 10° flip angle, 64 X 128 matrix, 5-
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6 mm slice thickness, 3.8 sec acquisition time). Single-
section 17-22 dynamic images were obtained at the lev-
el of the basal ganglia, at which level the largest infarc-
tion is usually detected on T2-weighted images. After ac-
quisition of the first three images, gadodiamide
{Omniscan, 0.2 mmol/kg) was administered via the fore-
arm vein as a bolus within 5 seconds, followed by a
flush of 30 ml saline. The total imaging time was ap-
proximately 60 seconds after initiation of bolus injec-
tion.

All dynamic MR images were transferred via Ethernet
to a personal computer after image aquisition. Relative
CBV and TTP maps were created by using inhouse soft-
ware as follows. According to the indicator dilution the-
ory, non-linear regression method was used to fit a gam-
ma-variate function to the contrast material concentra-
tion versus time curve on a pixel-by-pixel basis, under
the assumption of exponential relationship between the
relative signal reduction and the contrast material con-
centration {12). Then, relative CBV was calculated by
numerical integration of the area under the concentra-
tion-time curve (i.e., CBV = [ C(;)dt}. The time-to peak
(T'TP) was calculated as the time for contrast material to
reach the highest concentration {13).

A Siemens MULTI-SPECT3 (Chicago, IL) was used for
cerebral blood flow {CBF) imaging. Patients received
28-35mCi (1036-1295 MBq]) of *Tc-HMPAO within 20
minutes before or after MR imaging. Scanning (20 min-
utes on average acquisition time) was performed within
2 hours after tracer injection depending on the patient s
condition. Images were reconstructed in 128 X 128 ma-
trix, 410 mm field-of-view and 5 mm slice thickness in
transverse, sagittal and coronal planes using
Butterworth filtered backprojection.

Follow-up MR imagings were performed at various
times from 1 to 28 days (mean, 7.2 days) after the onset
of symptoms. Abnormal hyperintense area on T2-
weighted image was considered as eventual infarction.

Image Analysis

According to the findings of initial T2-weighted im-
ages, initial TTP maps and follow-up images, affected
MCA territories were divided into regions with evolving
infarction (area of final infarction), and regions without
evolving infarction (area of TTP abnormality minus that
of final infarction) based on visual analysis (Fig. 1a-c).
Thereafter we placed variable-sized region-of-interests

(ROIs) symmetrically in both affected and contralateral
hemispheres on relative CBV maps (Fig. 1d). We made
an effort to place two ROIs in regions with evolving in-
farction and the other two ROlIs in regions without e-
volving infarction, but it depended on the extent of in-
farctions. Thus all four ROIs were placed in regions
with evolving infarction when the extent of infarction
matched that of TTP abnormality. Each ROI included
120-240 pixels, which corresponded to 3-6 cm?” in size.
Care was taken to include cortical areas as much as pos-
sible in a given ROI, but some subcortical white matter
was inevitably contained. Using the contralateral hemi-
sphere as reference, lesion-to-contralateral relative CBV
ratios (i.e., relative CBV of a ROl in the affected vascular
territory divided by that of corresponding contralateral
ROIJ were calculated.

For comparative analysis of relative CBV and relative
CBF, we selected two consecutive sections of SPECT
images, the imaging planes of which fitted best that of
relative CBV map, because of unavailability of automat-
ed MR-SPECT coregistration technique. Symmetric mir-
ror ROIs used above for measurement of relative CBV
ratio were copied on each of the selected SPECT images
{Fig. le). Owing to unequal dimension between SPECT
image and CBV map, we adjusted slightly the spatial lo-
cation of ROIs on SPECT images. Lesion-to-contralateral
relative CBF ratios (i.e., radioisotope activity in a ROI of
the affected vascular territory divided by that of corre-
sponding contralateral ROI) were then calculated on the
two sections and averaged for comparison with relative
CBV ratios.

Statistical Analysis

Differences of relative CBV and relative CBF ratios be-
tween regions with and without evolving infarction
were examined by student t test. Univariate discrimi-
nate analysis was performed to obtain the best cutoff
values of each perfusion parameter to discriminate be-
tween regions with evolving infarction and without e-
volving infarction. On the basis of the best cutoff values,
the sensitivity (true positive prediction of infarction),
specificity (true positive prediction of non-infarction)
and efficiency (true positive prediction of either infarc-
tion or non-infarction) were calculated. Differences of
the sensitivity, specificity and efficiency between rela-
tive CBV and relative CBF were examined by x* test.
Statistical computations were performed with the SPSS
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statistical software package (SPSS, Chicago, IL}, and the
level of statistical significance was defined as p < 0.05.

Results

The overall results of patients and hemodynamic data
are summarized in Table 1. Thirty-six ROIs were placed
in regions with evolving infarction and 16 ROIs were in
regions without evolving infarction. Mean relative CBV

ratios in regions with and without evolvihg infarction

were 0.58+0.27 and 0.99£0.17, respectively (p <
0.001) (Fig. 2). Mean relative CBF ratios in regions with
and without evolving infarction were 0.41+0.22 and
0.71£0.14, respectively (p < 0.001) {Fig. 3).

From discriminate analysis, the best cutoff values to
discriminate between regions with and without evolv-
ing infarction were estimated to be 0.80 for relative CBV
ratio and 0.56 for relative CBF ratio (Fig. 2 & 3). The sen-
sitivity, specificity and efficiency of each cutoff value to
predict the tissue outcome were 80.6, 87.5, 82.7% for

. Fig. 1. Measurement of perfusion
¢ parameter ratios.

. a. T2-weighted image obtained at
the level of perfusion MR imaging
shows subtle increased T2 signal
and minimal swelling in the peri-
sylvian portion of right middle
cerebral artery (MCA) territory. b.
TTP map shows increased TTP in
. the whole right MCA territory. €.
Follow-up T2-weighted image
shows a definite infarction. d and e.
Relative CBV map (d) and SPECT
. image (@) show remarkably de-
creased CBV and CBF in the peri-
. sylvian portion of right MCA terri-
" tory, respectively. Multiple sym-
metrical ROIs are placed in regions
with evolving infarction (solid line
in right hemisphere) and without e-
volving infarction (dotted line in
left hemisphere) for measurement
of relative CBV and CBF ratios.
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relative CBV ratio, and 72.2, 75.0, 73.0% for relative
CBF ratio. Relative CBV ratio was slightly superior to
relative CBF ratio in predicting tissue outcome, howev-
er, the sensitivity, specificity and efficiency were not s-
tatistically significantly different between the two perfu-
sion parameters.

Discussion

Recently, combined perfusion and diffusion MR imag-

Table 1. Summary of Findings in Patients

ing has been utilized in an attempt to discriminate be-
tween the tissues which proceed to infarction and tis-
sues which do not. Perfusion-diffusion mismatch on MR
imaging has been reported to be correlated with re-
versible ischemic tissue (14-16). However, the tissue
with a mismatch sometimes goes on to infarction and
sometimes does not, probably depending on the individ-
ual variability of hemodynamic status (15, 17).
Furthermore, there are no absolute threshold for appar-
ent diffusion coefficient that predicts tissue outcome

Case  Agely) Time to Regions with Evolving Infarction (N = 36) Regions without Evolving Infarction (N = 16}
/Sex  Initial MRI {hr) rCBV ratio rCBF ratio rCBV ratio rCBF ratio
1 55/M 4 0.38 0.23 1.14 0.51
0.75 0.42 1.05 0.55
2 49/F 6 0.56 0.61 1.00 0.92
0.34 0.30 0.84 0.86
3 65/M 4 0.32 0.26 0.87 0.52
0.28 0.14
0.57 0.40
4 81/F 5 0.51 0.63
1.00 0.47
1.33 0.73
0.84 0.82
5 25/F 3.5 0.43 0.43 0.87 0.52
0.21 0.30 1.01 0.79
6 78/M 3 0.55 0.10 0.85 0.58
0.63 0.09
0.21 0.33
7 30/F 5.5 0.34 0.17 0.67 0.79
0.38 0.14
0.40 0.38
8 37/F 4.5 0.44 0.23 0.94 0.66
0.67 0.31 1.08 0.76
9 66/M 3 0.65 0.18
0.53 0.16
0.68 0.21
0.76 0.56
10 51/F 4 0.62 0.58 1.05 0.60
0.46 0.46
0.84 0.60
11 70/M 2 0.24 0.44 0.74 0.87
0.26 0.40
0.70 0.74
12 71/M 3.5 0.41 0.20 1.30 0.84
1.18 0.75
1.17 0.80
13 51/M 3.5 0.67 0.47
1.08 0.84
1.02 0.55
0.99 0.76

rCBF =relative cerebral blood flow; rCBV = relative cerebral blood volume.
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(18}, and no linear relationship between the decreased
apparent diffusion coefficient and degree of eventual is-
chemic injury {19, 20). Even the tissue with diffusion ab-
normality was reported to be salvaged with successful
thrombolysis (21, 22). Therefore, tissue reversibility can
not be evaluated by diffusion abnormality alone.
Independent quantitative assessment of perfusion para-
meters is still informative for predicting the tissue out-
come.

Various perfusion-related parameters have been pro-
posed to assess acute ischemic stroke in terms of the ex-
tent and severity of perfusion abnormality. Although
the significance of each parameter is still a matter of de-
bate, relative CBF and relative CBV have been studied
the most, using SPECT and perfusion MR imaging, re-
spectively (6, 8, 10, 11, 23). Among the patients in our s-
tudy, relative CBF and relative CBV of regions with e-
volving infarction were significantly lower than those of
regions without evolving infarction, which are consis-
tent with previous results (10, 11).

The significant differences of relative CBF and relative
CBV between regions with and without evolving infarc-
tion suggest that threshold values of each parameter for
predicting tissue outcome can be estimated. Previous s-
tudies have reported relative CBF ratios in a range of
0.52-0.7 as threshold values for development of infarc-
tion (7, 8, 10). Threshold values for relative CBV ratios
have been reported to be 0.85-0.87 (10, 11}. Threshold
values of the two parameters in our study are similar to
the previous results, although perfusion MR imaging
and SPECT were performed with shorter time interval
than in the previous studies, allowing more precise com-
parison of the two parameters.

Based on visual analysis, the extent of relative CBV
abnormality has been reported to correlate best with
that of final infarction, compared with relative CBF and
mean transit time (2, 9). In our study, the sensitivity,
specificity and efficiency of the threshold value of rela-
tive CBV to predict tissue outcome were slightly higher
than those of relative CBF, but the differences were not
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Fig. 2. Scatterplot shows relative CBV ratios for regions
with evolving infarction { #) and without evolving in-
farction (¢ ). The best cutoff value of relative CBV ratio
to discriminate between regions with and without e-
volving infarction is 0.80 (indicated by horizontal line).

Fig. 3. Scatterplot shows relative CBF ratios for regions
with evolving infarction { ) and without evolving in-
farction (< ). The best cutoff value of relative CBF ratio
to discriminate between regions with and without e-
volving infarction is 0.56 (indicated by horizontal line).
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statistically significant. Definite criteria for all these per-
tusion-related parameters mentioned above to predict
the tissue outcome have not yet been established.
Further studies with a greater number of patients are
needed.

Unexpectedly large infarctions were found, compared
with the extent of initial perfusion abnormalities, on fol-
low-up images of two patients in our study. Relative
CBF was slightly low and relative CBV was near-normal
in the substantially large areas of the affected vascular
territories. Thus, those areas were initially considered
not to proceed to infarction. Secondary ischemic events
such as clot progression, clot fragmentation and migra-
tion, new emboli could not be excluded. However, we
can not determine whether the infarction was caused by
secondary ischemic insults or initial ischemic insult
alone with failure of collateral development.

Our study has several methodological and technical
limitations. First limitation is that our study was not
conducted for patients with successful thrombolytic
therapy. The study was based on a population of pa-
tients who had only conservative therapy or failed
thrombolytic therapy. Threshold values of perfusion pa-
rameters in the tissue salvageable with thrombolytic
therapy can be lower than those obtained in the tissue
treated with conservative therapy. Therefore, further s-
tudy including patients with early successful thromboly-
sis will provide more practical quantitative data which
help to guide the selection of patients who will benefit
from thrombolytic therapy. Second, only relative perfu-
sion parameter values were provided and therefore the
contralateral values were considered as normal controls.
However, the contralateral hemisphere may be affected
by ischemic insult. Unfortunately, absolute parameter
values can not be measured currently with perfusion
MR imaging, although deconvolution technique of arter-
ial input function provides more reliable data than the
method used in our study. Third, coregistration be-
tween CBV map and SPECT image was not utilized. We
selected two consecutive SPECT images, which fit best
the CBV map, by visual determination. Thus, regional
comparison between CBV map and SPECT image may
not be sufficiently accurate. Fourth, only single section
can be evaluated with conventional dynamic contrast-
enhanced T2*-weighted imaging technique. Thus, con-
cerns about the reliability of data obtained at single sec-
tion without covering the whole region of ischemia may

be raised. However, we think that single section perfu-
sion MR imaging can provide useful hemodynamic in-
formation in a homogeneous group of patients with M1
segment occlusion as in our study, because the imaging
plane at the level of the basal ganglia covers usually the
largest ischemic region in case of M1 segment occlusion.

Conclusion

We measured relative CBV with perfusion MR imag-
ing, and relative CBF with SPECT in patients with acute
unilateral middle cerebral artery occlusion. The best
cutoff values of relative CBV and relative CBF to dis-
criminate between regions with and without evolving
infarction were provided with high accuracy. Relative
CBV was slightly superior to relative CBF in predicting
tissue outcome, although there was no statistically sig-
nificant difference between the two parameters. For es-
tablishment of definite criteria for these perfusion para-
meters to predict the tissue outcome, further studies
with a greater number of patients including those with
successful thrombolytic therapy are needed.
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