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deaths in the treatment group which exceeded 30% of treated
patients in the European and Australian trials (2). The only trial
so far to demonstrate the therapeutic effect of tPA was the
National Institutes of Health-sponsored study in which half of
the patients were treated within 90 mm of stroke onset (3). Yet
the incidence of symptomatic HT was at least ten times greater
with tPA than in the placebo group: 6.4% versus 0.6% (3).

The entry criteria in the thrombolytic trials include: the
duration of symptoms, clinimetric assessment of stroke severity
and admission CT scan. These tests are inadequate to determine
stroke pathogenesis and depth of ischemia, and thus large
numbers of patients are required to demonstrate the benefit
from treatment, if any, compared to a placebo group (2,3). A
natural extension of first successful trials would be to determine
a time threshold when thrombolytic agents become more
harmful than useful, and a target group of patients for safe
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ThROMBOLYSIS FOR STROKE
The spirit of resignation in management of patients with

acute stroke will likely disappear when measures for brain
tissue rescue are proven effective (1 ). The first four randomized
placebo-controlled trials showed no benefit from intravenous
thrombolysis with streptokinase (5K) and tissue plasminogen
activator (tPA) (2). This was due to excessive numbers of
hemorrhagic transformations (HT) of brain infarction and
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thrombolytic treatment (2,3). For this purpose, it was suggested
that noninvasive brain perfusion studies may prove useful
adjuncts to clinical examination and CT-scanning, and future
trials should include some form of vascular imaging (2,4).

BRAIN SPECT METhODS
SPECT helps to determine the presence of collateral flow,

depth of ischemia and stroke pathogenesis during the â€œthera
peutic windowâ€• when CT scans usually fail to show an
ischemic lesion (4,5). The role ofSPECT in acute stroke setting
is still emerging (4,5) because no treatment decisions are made
based on SPECT findings. Furthermore, SPECT does not
influence clinical decision-making directly because no random
ized multicenter trials were performed utilizing SPECT to select
patients for treatment. The technology has, however, evolved to
allow fast and informative evaluation of acute stroke patients.

Selection of methods and tracers for brain SPECT in acute
stroke setting is influenced by several specific considerations.
Most modern brain dedicated SPECT systems aim at providing
multiple cross-sectional images covering the whole brain with
spatial resolution of 7â€”10mm. This resolution is achieved by
using a fairly long data acquisition time, typically in the order
of 30 mm or longer. This is an extremely long time if one wants
to perform acute studies within the first few hours for selecting
stroke patients for active treatment. A cruder approach can be
used in emergency situations whereby only 2â€”4transaxial
slices are recorded and with a spatial resolution ofabout 12 mm.
Blood flow recordings by 133Xeor 99mTc@labeledtracers (6) are
made within a few minutes. Technetium-99m-hexametyl-pro
pylene-amine-oxime (HMPAO) is trapped by a simple chemical
interaction with intracellular glutathione (7) which levels in
crease with reperfusion (8). This leads to an increased retention,
or hyperfixation (9) seen in some patients during the subacute
phase. Technetium-99m-ethylenthol-cysteine-diethylester (ECD)
retention is dependent on brain esterase activity. Thus, only
hypofixation of ECD is usually seen during the subacute phase
with no reflow phenomenon visualized beyond the first 24 hr
(6).

If urgency of starting thrombolytic therapy precludes imme
diate scanning then the excellent retention of the 9@Tc com
pounds allows one to simply inject the tracer acutely but delay
the scanning for up to 8 hr: the delayed image is a â€œfrozen
snap-shotâ€•of the brain perfusion at the time of injection (7,9).

To date, no other technique has been developed that allow
estimates of collateral blood flow. The so-called â€œcoldâ€•xenon
enhanced x-ray-CT scanning technique is not suited for acutely
ill and often restless patients; PET scanning is logistically
difficult and magnetic resonance imaging has not been able so
far to measure brain perfusion quantitatively. We believe that
acute SPECT can reliably evaluate cerebral ischemia and has
potential to better select candidates for thrombolytic therapy. In
particular, SPECT imaging in the first few hours after stroke
onset can provide information about the intensity and extent of
ischemia, as well as the degree of collateral flow. A plea is
made, therefore, for wider use of acute SPECT studies in
cerebral ischemia as all evidence points to the key importance
of not only considering duration of ischemia but also its
intensity when thrombolysis is considered (2,3,4).

REPERFUSION AND NON-NUTRmONAL FLOW
Rapid reperfusion of the ischemic penumbra may salvage

viable neurons (10). The Australian Streptokinase Trial (ASK)
has recently concluded, demonstrating no overall benefits for
patients treated with intravenous streptokinase (SK) within 4 hr
ofacute ischemic stroke (11 ). Patients entered after 3 hr had an

increased mortality with thrombolysis, linked in part to hemor
rhagic transformation. Conversely, patients treated within 3 hr
(an a priori hypothesis) had no excess of death and significantly
improved outcomes in the 5K group. The relationship between
SPECT-measured acute reperfusion and clinical gains, how
ever, is controversial. Some authors have correlated acute
reperfusion with neurological or functional improvement
(12, 13), but others have found little or no relationship (14,15).
The discrepancies between the results of these studies could
well be explained by the confounding problem of non-nutri
tional flow, or â€œluxuryâ€•perfusion syndrome (16). Non-nutri
tional flow can be diagnosed by SPECT retrospectively, as the
degree of acute reperfusion that is not maintained at the
outcome stage of chronic brain infarction, expressed as hypo
perfusion volumes. Reperfusion should be measured early after
therapy, because the hyperfixation of HMPAO and hypofix
ation of ECD do not reflect actual brain perfusion in the
subacute phase (6,9).

The ASK trial was the first to use SPECT as an add-on test
to evaluate brain perfusion before and after administration of
SK or placebo (12). In this trial, SK administration was
associated with a trend to greater acute reperfusion compared
with placebo, using SPECT, performed before treatment and 24
hr later. However, a paradoxical increase in hypoperfusion
volume between the acute and outcome studies at 3 mo was
found despite neurological and functional improvement in the
SK-treated patients (1 7,18). This finding could be best ex
plained by the presence of early non-nutritional flow or luxury
reperfusion through nonviable brain tissue (18). In this study
(18), non-nutritional flow predicted a worse functional outcome
after 3 mo and was also linked to hemorrhagic transformation.
This suggests that streptokinase increases luxury perfusion after
stroke, which might potentiate reperfusion injury. SPECT
measurement of the varying components of nutritional and
non-nutritional reperfusion after stroke requires outcome mea
surements as well as analysis of acute reperflision.

Finally, acute measurements of crossed cerebellar diaschisis,
which correlate with metabolic depression and infarct size,
might be a prospective indication of non-nutritional flow with
HMPAO-SPECT (19). These measurements on SPECT may
prove useful in selecting individuals with maximum therapeutic
response for tissue rescue.

STROKE PAThOGENESIS AND OUTCOME
SPECT provides information on stroke pathogenesis and

outcome, which is relevant for clinical decision-making (4). In
the natural history studies, an association was found between
SPECT perfusion patterns and pathogenetic mechanisms of
ischemia (20â€”23).First, focal absence ofperfusion was seen in
patients with ischemic strokes due to occlusion of a major
artery. Second, patients with lactmar stroke often presented with
normal SPECT study, and finally, increased uptake of HMPAO
was associated with suspected cardioembolism (20â€”23). This
advantage of SPECT could help to avoid inaccuracies in early
classification of patients by stroke pathogenic mechanisms
bound to clinical trials based on clinical and CT examinations
alone. For example, despite randomization in the NIH-rt-PA
study, more patients in the tPA group had small-vessel occlu
sive disease compared to placebo group at baseline clinical
examination (5 1/253 versus 30/272, p = 0.0 18) (3 ). Further
more, the percent of patients with a more favorable outcome
was the highest in this group compared to large-vessel occlusive
or cardioembolic strokes (75% versus 49% and 46%, respec
tively) (3). One explanation could be that tPA â€œsavesâ€•the
cortex in large-vessel occlusive or cardioembolic stroke and
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limits the deficit to pure motor or sensory symptoms producing
artificial increase in the number of patients small-vessel disease
benefiting from thrombolysis. This question would have been
answered if baseline SPECT would have been obtained in these
patients.

From a prognostic viewpoint, SPECT predicted improvement
following stroke with accuracy similar to the Canadian Neuro
logical Scale (24) in the natural history studies (20,22,23). The
initial perfusion defect on SPECT also correlated with stroke
severity and outcome assessed by the NIH Stroke Scale and
Barthel Index (15) showing feasibility of SPECT for selecting
or stratifying patients in clinical trials during the first hours of
stroke. Moreover, SPECT have been used in a randomized trial
performed at a single center to assess the effect of antihyper
tensive medication on brain perfusion in acute stroke (25).

INTERPREI1NG SPECT SCANS
Quantitation ofbrain SPECT data can be accomplished using

the region-of-interest methods as suggested by Mountz which
modifications were used in a variety of studies (4, 15, 17). These
methods, however, are relatively time-consuming and may not
be suitable for triage of acute stroke patients. To save time
during triage, HMPAO-SPECT may also be interpreted semi
quantitatively using a simple visual image analysis. Five dis
tinct patterns of brain perfusion were reported (normal, high,
mixed, low and absent) with good intra- and interobserver
reproducibility (26). In this study, the nuclear medicine physi
cians and the neurologists interpreted SPECT with similar
accuracy (kappa > 0.8) (26). As interpreted by visual pattern
recognition during the first 6â€”48hr, SPECT predicted outcome
better than clinical examination due to distinction between the
focal absence of perfusion and presence of collateral flow
(3,25,26). Furthermore, SPECT helps to identify patients with
minor strokes since normal brain perfusion during the first
hours after the stroke is a favorable prognostic sign (26).
Therefore, visual analysis of brain SPECT images may prove
useful particularly in the emergency situations.

HMPAOand Stroke Outcome
Asymmetry of HMPAO distribution during the first 48 hr

predicts stroke outcome with accuracy similar or superior to
clinical scales (4,26,27). The focal absence of HMPAO uptake
implies failure of collateral flow distal to obstruction and poor
prognosis, thus suggesting dismal likelihood of benefit from
acute treatment (15,20,25,26). Unlike the focal absence, acutely
decreased HMPAO uptake indicates some collateral flow and
better chances of recovery comprising patients who may be a
target group for therapeutic interventions (25,26). Increased
uptake of HMPAO or hyperfixation is relatively common after
reperfusion and is often regarded as an artifact (9), yet it is
associated with improved outcome (22,25,28). Since intracel
lular glutathione protects against free radicals (29) its level
increases during reperfusion (8). Thus, HMPAO uptake reflects
a level ofendogenous neuroprotection. Normal HMPAO uptake
during the first hours of ischemia identifies patients with
reversible deficits, despite the severity of dysfunction on
admission (15,20,26). The prognostic value of HMPAO
SPECT scans was studied the most in the natural history studies
in acute stroke setting (4). HMPAO-SPECT is feasible for acute
interventional trials, in which the hypotheses outlined above
can be tested. The value of other tracers need to be evaluated in
separate trials since different trapping mechanisms and imaging
properties will likely produce different diagnostic criteria.

CONCLUSION
SPECT has an advantage of noninvasive evaluation of brain

perfusion and it demonstrates brain collateral flow, depth of
ischemia, lesion volume and metabolism. Readily available
from acute SPECT studies, this information may prove invalu
able to determine a target group of patients for selective
interventions. The clinical value of SPECT would be estab
lished if this promising method is included in future trials of
acute treatment for stroke. Now is the time when clinical
demands meet the promises of SPECT technology, and the
opportunity exists to establish SPECT as a diagnostic test for
stroke. Despite technological improvements in SPECT scan
fling, its clinical utilization will largely depend on its usefulness
and cost-effectiveness (30), parameters which can only be
established through randomized multicenter studies. Integrating
SPECT into an interventional clinical trial may require certain
changes in nuclear medicine, but this is a goal worthwhile to
explore.
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