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Semi-quantitative SPECT scanning in acute ischaemic stroke
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ABSTRACT. We performed semi-quantitative SPECT
scans using ***Tem-HMPAO on 34 elderly subjects 10—
15 days after ischaemic stroke. Each cerebral hemi-
sphere was divided into five regions of interest. Asym-
metry scores were determined for ten slices in each
region using activity ratios to the other hemisphere and
to the ipsilateral cerebellum. Outcome was assessed by
maximal Barthel ADL score during the first two months
after stroke. Asymmetry scores in the hemisphere
involved by the stroke event were much higher than those
in the opposite hemisphere. Subjects with poor outcome
(maximal Barthel 0-12) had significantly higher asym-
metry scores than those with good outcome (Barthel 13-
20). The total asymmetry score (both hemispheres) and
the score of the involved hemisphere predicted Barthel
ADL score in a general linear model. Total asymmetry
score remained a significant predictor of maximal
Barthel score in multivariate models. Thus semi-quanti-
tative SPECT scanning is of value in predicting func-
tional recovery after stroke.

Key words: cercbral ischaemia, cerebrovascular disorders,
tomography emission computed.

Stroke is the third leading cause of death in New
Zealand. Among survivors strokc is a major cause of
disability, leading to institutionalisation in up to 30%.
Although stroke rehabilitation units hasten functional
recovery after stroke, 23% of stroke survivors aged 60
or over from Waikato Hospital remain so severely
dependent that they requirc long-term geriatric hospi-
tal care.

There have been many previous studies of predic-
tors of functional outcome after strokc. Most have
examined only clinical variables such as motor loss,
age and homonymous hemianopia (16-19). Others
have examined lesion volume on CT scan (1, 3, 11) or
SPECT scan (2, !1) as predictors of strokc outcome
without adjustment for the effects of clinical variables
as predictors. Few studies of lesion volume on CT scan

have used multivariate modelling to assess the relative
contributions of clinical variables and scan findings in
predicting functional outcome (9). No such studies
exist for SPECT scanning.

Most studies of semi-quantitative SPECT scanning
have used the hemisphere opposite to the stroke lesion
as the reference standard, calculating an activity ratio
of affected to non-affected hemisphere or region
within the hemisphere (2). Unfortunately flow to thc
contralateral hemisphere is often reduced following
stroke (14). Others have suggested that the ipsilateral
cerebellum is a superior refcrence standard for two
reasons. First, prior stroke is less likcly in the cerebel-
lum than in the opposite ccrebral hemisphere. Second,
following cerebral infarction blood flow to the contra-
lateral cerebellar hemisphere is reduced more than
that to the ipsilateral cerebellum (12). Accordingly we
decided to compare regions in the affected hemisphere
to both the opposite cerebral hemisphere and to the
ipsilatcral cerebellum.

We tested three hypotheses in this study:

1. The cerebral hemispherc involved by the stroke
event would have significantly higher asymmetry
scores than the opposite hemisphere.

2. Asymmetry scores based on cortical/cerebellar
ratios would be more closely related to current
functional state and functional outcomc than
scores bascd on cortical/cortical ratios (left/right).

3. Asymmetry in the involved cerebral hemisphere
would be associated with poor functional outcome
after stroke whereas asymmetry in the opposite
hemisphere would not be related to functional
outcome.

MATERIALS AND METHODS

Inclusion criteria for this study were:

1. Age 60 or above
2. Admitted to Waikato Hospital with acute hemiplegia or
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bilateral limb wcakness due to non-lacunar hemispheric
stroke (cerebral infarction or intracerebral haematoma)

Exclusion criteria were:

. Previous hemispheric stroke

. Lacunar stroke syndrome, bilateral cortical stroke or
cerebellar stroke

3. Not ambulatory prior to stroke

4. Moderate or severe dependency prior to stroke (Barthel

score <15)

5. Lower extremity amputation prior to stroke

6. Other illness precluding rehabilitation

7. SPECT scan not performed between days 10 and 15 or

technically inadequate

N —

Semi-quantitative SPECT using HM-PAO were per-
formed 10-15 days post-stroke. HM-PAO kits were reconsti-
tuted with 740 MBq of pertechnetate which was eluted less
than 2 hours previously from an Amersham generator which
had been eluted within 24 hours. Staff explained the pro-
cedure to each subject to allay any possible anxiety. Follow-
ingintravenous injection of HM-PAO within 5-10 minutes of
reconstitution imaging was performed using 6° (64-step) 360°
acquisition. All patients were imaged in the same anatomical
position with their eyes open. Room lighting was moderate
and the noise level was low. None of the patients were
agitated or required sedation. Imaging commenced 10-30
minutes post-injection. Scan time was approximately 32
minutes. Nuclear Diagnostics SPECTS Tomographic
Reconstruction Software was used with a PDP/73 TSX +
operating system.

Each cerebral hemisphere was divided into five regions of
interest as shown in Fig. 1: frontal, fronto-parietal, parietal,
posterior parietal and occipital. Regions of interest were
zoomed to fit the image and were of similar but not identical
size. Regions of interest contained primarily cerebral cortex.
Semi-quantitative analysis involved linearization and com-
parison of activity ratios in five regions of interest in the
affected cerebral hemisphere to that of the ipsilateral cerebel-
lum and the contralateral cerebral hemisphere (10, 20).
Images from 10 consecutive transaxial reconstructions were
analyzed using the defined regions of interest bilaterally.
Counts from each of these regions of interest were averaged
prior to calculating ratios compared to the ipsilateral cerebel-

Fig. 1. The five cortical regions of interest: Frontal (A and B),
fronto-parictal (C and D), parietal (E and F), posterior
parietal (G and H) and occipital (I and J).
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lum and opposite cerebral hemisphere. For comparison to
the opposite cerebral counts were normalized according to
the size of each region. Each reconstructed section had a
thickness of 6.4 mm.

A cortical asymmetry ratio was calculated for each of the
50 areas by dividing the activity in the left hemispherearea by
that of the corresponding right hemispherc. Ratios between
0.85and 1.15 were defined as normal; ratios below 0.85 were
scored as left-sided asymmetry whereas ratios above 1.15
were scored as right-sided asymmetry. These norms were
adapted from a study of 17 normal subjects by Giubelei et al.
(6) who found that 12% asymmetry represented the normal
range (two standard deviations above or below the mean).
Thus for the 10 slices involving each region the number of
abnormal scores could range from 0 to 10; some of the
abnormal scores could indicate left-sided asymmetry whereas
others might indicate right-sided asymmetry. Adding all 50
scores for each hemisphere yielded a left hemisphere score (0-
50), a right hemisphere score (0-50) and a total cortical score
(0-50) reflecting asymmetry in either hemisphere.

Each cerebellar hemisphere was counted as an additional
region and ratios were obtained comparing each area in the
cortex with the ipsilateral cerebellar hemisphere. These ratios
were not normalized for the size of the regions. We defined
cortex/cerebellar ratios above 0.55 as normal based on a
study of seven normal subjects (8) and results from ten pilot
scans.

SPECT scans using ®"Tcm-HMPAO were read conven-
tionally and subsequently compared to simultaneous non-
contrast CT brain scans.

The following scores were obtained:

1. Total cortical score: the sum of all abnormal cortical ratio
scores (range 0-50).

2. Ipsilateral cortical score: the sum of all abnormal scores in
the hemisphere related to the current stroke event (range
0-50).

3. Contralateral cortical score: the sum of all abnormal
scores in the hemisphere opposite to the current stroke
event (range 0-50). This can represent either luxury
perfusion in the involved hemisphere or a prior ischaemic
event in the opposite hemisphere.

4. Total cortex/cerebellar score: the sum of all abnormal
scores for cortex/cerebellar ratios (range 0-50).

5. Ipsilateral cortex/cerebellar score: the sum of all abnormal
scores for the cerebral hemisphere involved in the current
stroke event (range 0-50).

6. Contralateral cortex/cerebellar score: the sum of all
abnormal scores for the cerebral hemisphere contralateral
to the current stroke event (range 0-50).

Arm and leg power on the aflected side were measured on
the MRC scale (0-5). Homonymous hemianopia was
assessed by confrontation field testing. Mini-Mental State
Examination score was obtained as soon as the patient was
able to perform the test (5).

The modified Barthel ADL score was the principal indi-
cator of functional outcome (19). Barthel scores range from 0
(totally dependent and doubly incontinent) to 20 (indepen-
dent self-care activities). Barthel scores were measured at
days 7, 30 and 60 post-stroke and at hospital discharge. Pre-
stroke Barthel score was determined from reports by family
or friends. The day 7 score was used as the measure of
functional state at the time of SPECT scanning. The highest
Barthel score during the two months after stroke was
recorded as maximum Barthel score; this served as a time-
independent index of functional outcome.
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Table I. Asymmetry scores according to corticall
cortical ratios and cortical cerebellar ratios

Scores in one hemisphere can range from 0 (no asymmetry) to
50(allregions asymmetric). Total score for both hemispheres
scores can range from 0 to 50.

Region Cortical/cortical Cortical/cerebellar
Both hemispheres 15.7+11.5 17.4415.7
Involved hemisphere 10.54+11.6 13.2412.5
Opposite hemisphere  5.24+6.7 4.2+54

The SAS Statistical Package, version 6.04, was used for all
data analysis. Exploratory data analysis began with the SAS
PROC NORMAL UNIVARIATE procedure, which
demonstrated that nonc of the variables wecre normally
distributed. Hence, non-parametric statistical tests were used
for further analyscs. These procedures included Spearman
rank correlations and the Wilcoxon rank sum test. General
lincar models were created using PROC GLM. P valucs were
taken from the type III sum of squares.

RESULTS

Thirty-four subjects, 16 men and 18 women, wcre
evaluated. All 34 subjects had ischaemic stroke; none
had intracerebral haematoma on CT scan. Their mcan
age was 75.5 ycars. Prior to the current stroke 31
subjects lived at home and three lived in rest homes.
Their mean Barthcl ADL score prior to stroke (19.8
out of a possible 20, rangc 18-20) indicated that
subjects could perform self-carc activitics prior to
stroke.

SPECT scanning was performed on average 12.4
days after stroke. Asymmetry scorcs are shown in
Table I. The hemisphere attected by the stroke event

accounted for 67% of the total cortical asymmetry
scorc and 76% of the total cortical/cerebellar asym-
metry score. The cortical/cercbellar asymmetry score
for the involved hemisphere was significantly higher
than that of the opposite hemisphere (p=0.0001); for
cortical asymmetry scores this difference did not rcach
statistical significance (p=0.065).

Asymmetry scores derived from cortical/cortical
ratios were higher than those dcrived from cortical/
cercbellar ratios in four out of five regions of interest
(Table II). In the frontal regions, however, scores
based on cortical/cerebellar ratios were higher. Sec-
tions low in the frontal regions often included signifi-
cant amounts of bone, leading to lower counts than
other regions; comparison to the cerebellum, which
has greater blood flow than the ccrebral hemisphere,
may have crcated artefactually high cortical/cerebellar
asymmetry scores in the frontal regions. The mean of
the ten correlation coefticients betwecn cortical/corti-
cal and cortical/cerebellar scores was 0.35; five of the
ten were significant at the p <0.05 level. The weakest
correlations were seen in the posterior parietal regions;
the strongest were seen in the parictal regions (Table
).

Six subjects had major postischacmic hyperacmia
on SPECT scanning. In every case this was accompa-
nicd by a zonc of subtle increased attcnuation at the
margins of the infarct on the unenhanced CT scan.
Hyperaemia leads to *“‘ischaemia’ on cortical/cortical
ratios in the region opposite to the truc ischaemic
injury.

Table 111 shows the Spearman rank correlations
between different variables. Total cortical scorc was

Table 11. Corticallcortical and cortical|cerebellar asymmetry scores according to region of interest

Cortical/cortical scores were higher than corresponding cortical/cerebellar scores except in the frontal regions. Correlations
represent Spearman rank correlations between cortical/cortical and cortical/cerebellar scores. p-values denote the significance

of these correlations.

Region Side Cortical/Cortical Cortical/Cerebellar Correlation p
Frontal Right 1.38 3.56 0.25 NS
Left 1.09 4.12 0.40 0.019
Fronto-parietal Right 1.82 0.62 0.45 0.0084
Left 16L1S 0.47 0.25 NS
Parietal Right 1.71 0.50 0.55 0.0007
Left 1.94 1.29 0.44 0.0086
Posterior parietal Right 1.97 1.91 0.08 NS
Left 1.76 2.97 0.26 NS
Occipital Right 1.65 0.56 0.30 NS
Left 1.85 1.67 0.49 0.003
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Table II1. Spearman rank correlation matrix: 34 subjects

Bold correlations are significant (p < 0.05).

Variable 1 3 4 &) 6 7 8 9

1. Total cortical score —

2. Cortical score of involved hemisphere 073 —

3. Cortical score of opposite hemisphere 032 —-026 —

4. Total cortex/cerebellar score 0.17 039 -027 —

5. Cortex/cerebellar score of involved hemisphere  0.28 049 —-0.21 096 —

6. Cortex/cerebellar score of opposite hemisphere —0.29 —0.19 —0.18 0.58 037 —

7. Age —0.09 0.05 —0.02 0.35 0.34 022 —

8. Arm power —-0.26 —0.22 —0.06 0.21 0.19 0.28 038 —

9. Leg power —-0.32 —-0.39 0.07 —0.07 —-0.13 0.15 0.10 0.72 —
10. Day 7 Barthel ADL —0.50 —0.66 0.14 —042 —-0.51 0.10 —0.34 0.38 0.57

significantly correlated with cortical score for the
involved hemisphere, the major component of total
cortical score, and Barthel ADL score at day 7.
Cortical score for the involved hemisphere was more
closely related to clinical variables than was total
cortical score; it was significantly correlated with leg
power and Barthel ADL score at day 7. Cortical score
for the opposite hemisphere was not correlated with
any of the variables in Table III.

Total cortex/cerebellar score was correlated with
scores for the involved and uninvolved hemispheres,
age and Barthel ADL at day 7. Cortex/cerebellar score
for the involved hemisphere was correlated with that
of the opposite hemisphere, age and Barthel ADL
score at day 7 (Table III).

We divided subjects into two groups according to
functional recovery. Poor outcome was defined as
maximal Barthel score 0-12 during the first two
months after stroke; good outcome as a score of 13-

20. The group with poor outcome was on average S
years older than those with good outcome (p=NS§,
Table IV). They had significantly lower leg power
scores and a higher prevalence of homonymous
hemianopia.

Total cortical score and score for the involved
hemisphere were significantly lower in the group with
poor outcome versus those with good outcome (Table
IV). Likewise total cortex/cerebellar score and score
for the involved hemisphere were also significantly
lower in those with poor outcome. Cortical or cortex/
cerebellar scores for the opposite hemisphere were not
significantly different in the two groups.

Using a general linear model we sought predictors
of maximal Barthel ADL. The strongest predictor was
Barthel score at day 7 followed by total cortical score,
cortical score for the involved hemisphere, age, leg
power, homonymous hemianopia and cortex/cerebel-
lar score for the involved hemisphere (Table V). Using

Table IV. Comparison of the 24 subjects with good outcome (maximum Barthel ADL score 13-20) with the
10 subjects with poor outcome (maximum Barthel ADL 0-12)

Poor outcome

Good outcome

p

n (% Male) 10 (60%) 24 (42%) NS
Age 79.1+£7.2 73.9+8.0 NS
Pre-stroke Barthel ADL 19.6+0.8 19.9+0.4 NS
Prior residence in rest home 1/10 (10%) 2/24 (8%) NS
Arm power 0.70+1.49 1.73+1.90 NS
Leg power 1.00+1.63 2487 % .75 0.009
Homonymous hemianopia 6/10 (60%) 4/23 (17%) 0.014
Mini-Mental State Score 17.44+9.6 20.8+5.8 NS
Total cortical score 25.7+11.3 11.5+8.9 0.0033
Cortical score of involved hemisphere 19.9+14.8 6.6+7.2 0.0064
Cortical score of opposite hemisphere 5.84+6.5 49469 NS
Total cortical/cerebellar score 26.01+18.9 13.84+13.1 0.043
Cortical/cerebellar score of involved hemisphere 21.7+14.4 9.74+9.9 0.015
Cortical/cerebellar score of opposite hemisphere 4.3+6.8 4.1+4.8 NS
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Table V. Predictors of maximum Barthel ADL score among 34 subjects ranked according to F values from a general

linear model
All predictors had one degree of freedom.

Variable F p
Barthel ADL score at day 7 41.2 0.0001
Total cortical score 10.5 0.0028
Cortical score of involved hemisphere 8.8 0.0057
Age 7 0.0090
Leg power 7.2 0.011
Homonymous hemianopia 6.0 0.020
Cortical/cerebellar score of involved hemisphere 4.8 0.036

these significant predictors we created multivariate
general linear modcls of maximum Barthel score.
Because total cortical score was highly correlated with
cortical score [or the involved hemisphere (Spearman
r=0.73), these two variables could not be included in
the same model. Total cortical score was used because
it was a stronger predictor of maximal Barthel ADL
scorc. One successful multivariate model included
Barthcl ADL at day 7 (p=0.0025), age (p=0.0097)
and total cortical score (p=0.023). The use ol Barthel
ADL score at day 7 to predict maximum Barthel score
during the first two months after stroke may be
questioned on the grounds that the score at day 7
could represent the maximal value. Among multivar-
iate models excluding Barthel ADL at day 7, the most
successful model included age (p=0.0001) and total
cortical score (p=0.001).

DISCUSSION

In this study of 34 elderly subjects with acute ischaemic
stroke, semi-quantitative SPECT scanning showed
that approximately 70% of asymmetric areas were in
the hemisphere involved in the current stroke event, as
assesscd by clinical signs such as hemiplegia.

Current functional state and functional outcome
following stroke were significantly corrclated with
total asymmetry scores (both hemispheres) and asym-
metry scores of the involved hemisphere. Asymmetry
scores [rom the cerebral hemisphere opposite to the
current stroke event were not correlated with current
functional state, functional outcome or any clinical
parameters measured. This supports the experimental
hypothesis that ischaemia in the hemisphere affected
by stroke is related to current stroke deficit and

functional outcome whereas ischaemia in the opposite

hemisphere is not.
Cortical/cerebellar asymmetry scores were less

strongly correlated with currcnt functional state and
functional outcome than were cortical/cortical scores.
Rank correlations between these two scts of scores by
region of intercst were modest. Although cortical/
cortical scores of the involved hemisphere were signifi-
cantly correlated with cortical/cerebellar scores for the
involved hemisphere, total scores were not signifi-
cantly correlated. Cortical/cortical scores exceeded
cortical/cerebcllar scores in four of the five regions of
interest whereas in the frontal regions cortical/cerebel-
lar scores were higher. This may be explained by two
factors. First, the frontal region of interest was the
smallest of the five rcgions. Cortical ratios wcre
normalized by area of each region of interest cortical/
cerebellar ratios were not. This may have created
artefactual ischaemia in the frontal regions according
to cortical/cerebellar ratios. Second, due to con-
straints of reconstruction angle in the SPECT software
used, lower scctions through the frontal regions
contained significant amounts of bone. When activity
ratios through these sections were compared to those
of thc contralateral cortex the presence of bone on
both sides would not alter left/right ratios greatly. In
contrast the comparison of low frontal cortex scctions
with bone to cercbellar sections free of bone would
yicld “ischaemic” cortical/cerebellar ratios.

Our choice of 0.55 as the cutoff for cortical/
cerebellar ratios was based on a study of seven normal
subjects (8) using '*IMP SPECT and the rcsults of ten
pilot scans; these norms may be inappropriate for
PmTem-HMPAO SPECT. Perhaps a better cutoft
would have yielded scorcs more predictive of current
functional state and functional recovery. In any event
study results do not support the experimental hypoth-
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esis that asymmetry scores based on cortical/cerebellar
ratios would be more related to functional state and
functional outcome than scores based on cortical/
cortical ratios.

In multivariate models containing other powerful
predictors of functional outcome such as Barthel score
at day 7 and age, total cortical asymmetry score
remained a significant predictor of functional out-
come. Hence total cortical asymmetry score was an
independent predictor of outcome.

Eighteen per cent of our subjects had major postis-
chaemic hyperaemia on SPECT scanning. Such hyper-
aemia confounds semi-quantitative scan analysis by
creating false “ischaemia”™ in the opposite cortex on
left/right cortical ratios.

Left/right cortical ratios were derived from primar-
ily cortical regions of interest. Analysis based on such
ratios may miss important subcortical ischaemia.

Bushell et al. (2) studied 14 subjects with first-ever
stroke 4-30 days post-stroke using 'ZIMP SPECT.
Five of seven subjects with good recovery had ischae-
mia involving less than 10% of the affected hemisphere
whereas five of six with poor recovery had ischaemia
involving greater than 25% of the affected hemisphere.
In our study the average subject with good and poor
outcomes had ischaemia involving 13% and 40% of
the affected hemisphere respectively. Direct compari-
son to Bushell and coworkers’ study is not possible
because we measured ischaemia in a different manner.

Raynaud et al. (15) studied 17 subjects with 'ZIMP
SPECT more than 90 days post-stroke. Lesion volume
predicted current functional status.

Lee et al. (11) performed CT and '*IMP SPECT
scans in 16 subjects within seven days of stroke. Lesion
volume on CT but not SPECT was related to outcome
assessed subjectively by a physician. Subjects with
severe initial deficits from stroke had higher lesion
volumes on CT and SPECT than those with less severe
deficits.

Mountz et al. (13) used the ratio of lesion volume on
HM-PAO SPECT divided by lesion volume on CT to
predict functional outcome one year after stroke.
Subjects whose ratios were close to 1.0 had the least
recovery. The higher the ratio the greater the recovery.
However, only 6 of 27 subjects were scanned within
one month of stroke. Hence much of their recovery
would have occurred before they were scanned.

Hayman et al. (7) performed '*IMP SPECT scans
and CT scans on day 0-5 and again on day 5-17 post-
stroke. Lesion size on SPECT and CT scans were
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graded rather than measured. Reduction in lesion size
from the first to the second scan did not predict clinical
improvement.

Giubilei et al. (6) performed HM-PAO SPECT
scans on 32 subjects within 6 hours of ischaemic stroke
and again at days 7 and 30. They calculated an
asymmetry index as the activity ratio in one of three
regions of interest compared to the contralateral
region. Ratios of 40% or greater were classified as
severe ischaemia. Of 12 subjects with severe ischaemia
in one region on admission scan, 92% had poor
functional outcome at 30 days compared to 45% of the
20 subjects with mild ischaemia. Asymmetry ratios
improved significantly between day 0 and day 7
irrespective of whether clinical improvement occurred.
The authors suggested that early SPECT scanning,
prior to onset of luxury perfusion, is superior to later
scanning (day 7) in predicting stroke outcome.

From reviewing these articles one cannot draw firm
conclusions about the timing for SPECT scanning
after stroke. Postischaemic hyperaemia, seen in nearly
one out of five of our subjects, complicates interpreta-
tion of scan results. Ideally scanning should be
performed before this is likely to develop (i.e. within 48
hours of stroke onset).

The preferred method for semi-quantitative analysis
of SPECT scanning is unknown. The five regions of
interest we selected in each cerebral hemisphere were
largely cortical. Hence we may have missed important
subcortical ischaemia. We are currently repeating this
study using a sixth region of interest to detect and
measure subcortical ischaemia. Our method for
obtaining cortical/cerebellar ratios was unsatisfac-
tory.

ACKNOWLEDGEMENTS

This study was funded by grants from the Waikato Medical
Research Foundation and the Lottery Board Medical
Research Fund.

REFERENCES

1. Brott, T., Marler, J. R., Olinger, C.P., et al: Measure-
ments of acute cerebral infarction: Lesion size by com-
puted tomography. Stroke 20: 871-875, 1989.

2. Bushnell, D. L., Gupta, S., Mlcoch, A. G. & Barnes, E.:
Prediction of language and neurologic recovery after
cerebral infarction with SPECT imaging using N-Isopro-
pyl-p-(1123) lodoamphetamine. Arch Neurol 46: 665-
669, 1989.

3. Chauduri, G., Harvey, R. F., Sulton, L.D. & Lambert,
R. W.: Computerized tomography head scans as predic-



Semi-quantitative SPECT scanning in acute ischaeniic stroke

tors of functional outcome of stroke patients. Arch Phys
Med Rehabil 69: 469-499, 1988.

. Costa,D.C.,Ell, P.J.,Burns, A, Philpot, M. & Levy,R.:

CBF tomograms with [*™Tc]-HM-PAO in patients with
dementia (Alzheimer type and HIV) and Parkinson’s
disease - initial results. J Cereb Blood Flow Metab &:
S109-S115, 1988.

. Folstein, M. F,, Folstein, S. E. & McHugh, P. R.: Mini-

Mental State. A practical method for grading congitive
statc of patients for the clinician. J Psychiatr Res /2: 189-
198, 1975.

. Giubilei, F., Lenzi, G. L., Di Piero, V., et al: Predictive

value of brain perfusion single-photon emission com-
puted tomography in acute ischaemic stroke. Stroke 2/:
895--900, 1990.

. Hayman, L. A, Taber, K. H., Jhingran, S. G., Killian, J.

M. & Carroll, R. G.: Cerebral infarction: diagnosis and
assessment of prognosis by using '2IMP-SPECT and
CT. Am J Neuroradiol /0: 557-562, 1989.

. Hellman, R. S, Tikofsky, R. S., Collier, B. D., et al:

Alzheimer discase: quantitative analysis of I-123-
lodoamphetamine SPECT brain imaging. Radiology
172:183-188, 1989.

. Hertanu, J. S.,, Demopoulos, J. T., Yang, W. C,

Calhoun, W. F. & Enegstein, H. A.: Stroke rehabili-
tation: correlation and prognostic value of computerized
tomography and sequential functional assessments.
Arch Phys Med Rehabil 65: 505-508, 1984.

. Inugami, A., Kanno, I., Uemura, K., et al: Linearization

correction of %™Tc-labeled Hexamethyl-Propylene
Amine Oxime (HM-PAO) image in terms of regional
CBF distribution: Comparison to C'*O, inhalation
stcady-state method measured by positron emission
tomography. J Cereb Blood Flow Metab &8: S52-S60,
1988.

. Lee, R. G, Hill, T. C., Holman, L., Royal, H. D.,

O’Leary, D. H. & Clouse, M. E.: Predictive value of
perfusion defect size using N-isopropyl-(1-123)-p-iodoa-
phetamine emission tomography in acutc stroke. J
Neurosurg 6/: 449-452, 1984.

. Martin, W. R. & Raichle, M. E.: Cerebellar blood flow

20.

105

and metabolism in cerebral hemisphere infarction. Ann
Neurol /4: 168-176, 1983.

. Mountz, J. M., Modell, J. G., Foster, N. L., et al.:

Prognostication of recovery following stroke using the
comparison of CT and Technctium-99m HM-PAO
SPECT. J Nucl Med 31: 61-66, 1990.

. Podreka, 1., Baumgartner, C., Suess, E., et al: Quantifi-

cation of regional cerebral blood flow with IMP-SPECT.
Reproducibility and clinical relevance of flow values.
Stroke 20: 183-191, 1989.

. Raynaud, C., Rancurel, G., Samson, Y., et al: Pathophy-

siologic study of chronic infarcts with I-123 Isopropy!
lodo-Amphetamine (IMP): the importance of periinfarct
area. Stroke /8: 21-29, 1987.

. Reding, M. J. & Potes, E.: Rehabilitation outcome

followinginitial unilateral hemispheric stroke. Life table
analysis approach. Stroke /9: 1354-1358, 1988.

. Shah, S., Vanclay, F. & Cooper, B.: Predicting discharge

status at commencement of stroke rchabilitation. Stroke
20: 766-769, 1989.

. Strand, T., Asplund, K., Eriksson, S., Hagg, E., Lithner,

F. & Wester, P. O.: Stroke unit care—Who benefits?
Comparisons with general medical care in relation to
prognostic indicators on admission. Stroke /7: 377-381,
1986.

. Wade, D.T. & Hewer, R. L.: Functional abilities after

stroke: measurement, natural history and prognosis. J
Neurol Neurosurg Psychiatr 50: 177 182, 1987.
Yonekura, Y., Nishizawa, S., Mukai, T., ct al: SPECT
with [®®"Tc]-d,I-Hexamcthyl-Propylene Aminc Oxime
(HM-PAO) compared with regional cerebral blood flow
measured by PET: Effects of linearization. J Cereb Blood
Flow Metab 8: S82-S89, 1988.

Addbress for offprints:
Dr Paul Friedman
Rehabilitation Unit
Waikato Hospital
Private Bag 3200
Hamilton

New Zealand

Scand J Rehab Med 25





