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Intraarterial thrombolytic therapy has been used recently for
treatment of acute ischemic stroke within 6 h after onset.
Although hypoactivity of %mTc-hexamethylpropyleneamine
oxime (HMPAO) in stroke has been well documented, hyper-
activity of HMPAO has not been evaluated in sufficient detail.
The purpose of this study was to evaluate the incidence and
clinical importance of hyperactivity of HMPAO in manage-
ment of patients with acute ischemic stroke. Methods: We
retrospectively investigated HMPAO SPECT in 90 patients
with acute ischemic stroke within 6 h after onset. The lesion-
to-contralateral radioactivity ratios (L/Cs) were calculated on
the SPECT images before treatment and were compared with
the imaging results of CT or MRI (or both). Results: Hyper-
activity of HMPAO, accompanied by surrounding hypoactiv-
ity, was observed in 6 of 90 patients (7%) within 6 h after
onset. The L/Cs ranged from 1.17 to 2.95. Two patients
showed hyperactivity in the cortex and the other 4 patients
showed hyperactivity in the basal ganglia. Angiography con-
firmed spontaneous recanalization of occluded vessels in
accordance with the area of hyperactivity. In both patients
with cortical hyperactivity, cerebral infarctions were revealed
on follow-up CT; in 1 patient, hemorrhagic transformation
developed after intraarterial thrombolytic therapy. In 3 of the
4 patients with hyperactivity in the basal ganglia, follow-up
CT showed no infarction in the surrounding hypoperfused
cortex (selective intraarterial thrombolytic therapy was per-
formed on 2 patients), although various degrees of infarction
were observed in the basal ganglia. Obvious infarctions de-
veloped in the basal ganglia and the cortex of the other
patient. Conclusion: Hyperactivity of HMPAO could be seen
in the basal ganglia and the cortex within 6 h after onset,
reflecting spontaneous recanalization. The areas of hyperac-
tivity may develop infarctions, whereas the accompanying
areas of hypoactivity could be rescued by selective intraar-
terial thrombolytic therapy.
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HyperACTIVITY oF HMPAO IN AcuTe STROKE ¢ Sugawara et al.

I ntraarterial thrombolytic therapy has been performed to
rescue the ischemic brain and improve neurologic outcome
in patients with acute ischemic strok#&).(In general, the
critical time range for intraarterial thrombolytic therapy is
<6 h after onset,2). SPECT with®**"Tc-hexamethylpro-
pyleneamine oxime (HMPAO) has been reported to be
useful for evaluating brain tissue reversibility before treat-
ment and for predicting the outcom&-Q). Hypoactivity of
HMPAO in the area of ischemia has been well documented
in relation to the indications of thrombolytic therapy,
whereas hyperactivity of HMPAO within 6 h after onset has
not been well elucidated.

HMPAO hyperactivity has been well documented in the
subacute phase of cerebral infarction, and it usually occurs
at the site of infarctioni0-13. HMPAO hyperactivity is
much less common during the acute phase of ischemic
stroke (2,13, and the outcomes of HMPAO hyperactivity
were different in several report¢,12,14—-1% Moreover,
most of the SPECT images evaluated in previous studies
were acquired in the acute but relatively late phase (usually
after 5—6 h after onset), whereas the critical time range for
intraarterial thrombolytic therapy has been reported to be
<6 h after onset. Thus, the predictive value of HMPAO
hyperactivity for infarction in the acute ischemic stroke is
still controversial.

Shimosegawa et al4) reported cases of HMPAO hyper-
activity within 6 h after onset of ischemic stroke, and in all
cases HMPAO hyperactivity developed into low-density
areas on follow-up CT. Although Shimosegawa et al. re-
ported cases of hyperactivity only in the cortex, we have
encountered some cases of hyperactivity in the basal ganglia
as well, which were accompanied by areas of cortical hy-
poactivity corresponding to the site suggested by clinical
symptoms. The purpose of this study was to evaluate the
incidence and final outcome of HMPAO hyperactivity
within 6 h after the onset of ischemic stroke, with reference
to indications of intraarterial thrombolytic therapy.

MATERIALS AND METHODS

Ninety consecutive patients (50 men, 40 women; age range,
35-91 y; mean age: SD, 69+ 11 y), whose clinical diagnosis
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was acute ischemic stroke and whose brain SPECT scans WRBSULTS
HMPAO were performed witlm 6 h after onset, were retrospec-

tively evaluated. After completion of brain SPECT, 48 of the 9? Hyperactivity of HMPAQ was detected in 6 of 90 pa-

ents (7%) withn 6 h after onset. Clinical information and

patients (53%) were treated with intraarterial thrombolytic therap " . o - . .
The time of onset was determined by reliable information obtaindd€ imaging findings of these patients are summarized in
from the patients or their relatives (or both) and rounded to theable 1. All areas of hyperactivity were surrounded or
nearest hour. Written informed consent was obtained from adjoined by areas of hypoactivity (except in 1 patient)
patients or their relatives. corresponding to the site suggested by clinical symptoms.
CT was performed on all patients on admission to excludpwo patients (patients 1 and 2) showed hyperactivity in the
intracranial hemorrhage. Patients who had lacunar infarction OkBrtex and the other 4 patients (patients 3—6) showed hy-

clear low-density area on CT corresponding to the site sugges Coe . .
by clinical symptoms and who had critical systemic condition graCtIVIty in the basal ganglia. Angiography (performed on

were also excluded from the study. SPECT with HMPAO wag""t'emS 1, 3, and (_3)’ Wh'Ch_ was performed |mmed|ate_ly
performed using a rotational gamma camera (GCA 602A; Toshitter SPECT scanning, confirmed spontaneous recanaliza-
Tokyo, Japan) or a 4-head gamma camera (SPECT 2000H-#i@n of occluded vessels in accordance with the area of
Hitachi, Tokyo, Japan) equipped with a low-energy, high-resollpyperactivity because they showed capillary blush or early
tion collimator. Patients were injected with 740-1,110 MBgenous filling (or both) in the corresponding vascular terri-
(20—-30 mCi) HMPAO prepared immediately after CT scanningory. Both patients with cortical hyperactivity showed cere-
About 5 min later, SPECT data were acquired with 12 s per vieyyg| infarction on subsequent CT; in 1 patient, hemorrhagic

In 60 views by the single-head gamma camera and with 10 S Relstormation occurred  after intraarterial thrombolytic
view in 64 views by the 4-head gamma camera. Both data acqyi-

sitions were performed in a 64 64 matrix and completed within Hnerapy (Fig. 1)_' In 3 of the 4 patients with r_\ypera_cnv_lty In
about 12 min. The data were reconstructed using Butterworth® basallganglla, follow-up CT showed no '_nfarf:t'on n the
filtered backprojection and a slice thickness of 7 mm for the formétirrounding hypoperfused cortex (selective intraarterial
camera and 4 mm for the latter camera. Attenuation correction wagombolytic therapy was performed on 2 patients), al-
performed by Chang’s method ). The estimated error of this though small infarctions were observed in the basal ganglia
method was<5% by regions-of-interest (ROIs) analys#.(Lin-  (Fig. 2). Infarctions developed in the basal ganglia and the

earization correction proposed by Lassen etl#) as performed cortex of the other patient (patient 4) without thrombolytic
by assuming that the normal cerebellar blood flow was 55 mL/lQHerapy

g/min.
The ROIs were placed symmetrically on the lesion (i.e., the
hypoactivity area corresponding to the site suggested by clini@SCUSSION

symptoms) and on the contralateral normal brain. When the hy- . . .
peractivity areas were visually observed within or adjacent to the In this study, hyperactivity of HMPAO was observed in

lesions, the ROIs were also placed on the area of hyperactivify.0f 90 patients (7%) with the acute phase of ischemic
The lesion-to-contralateral radioactivity ratios (L/Cs) were calciptroke withn 6 h after onset. This incidence is similar to that
lated and compared with the results of CT or MRI (or both). reported by Shimosegawa et al).( Although cases of

TABLE 1
Clinical Information of Patients with HMPAO Hyperactivity

Time

Outcome
Patient Age (h) to Site of L/C of L/C of Findings on Intraarterial

no. (y) Sex SPECT hyperactivity hyperactivity hypoactivity angiography thrombolysis Hyperactivity Hypoactivity

1 70 F 3 L temporal 2.95 0.33 L MCAO with capillary PR Infarction with  Infarction with
blush and early HT HT
venous filling in L
temporal region

2 83 F 6 L frontal 1.17 0.76 ND ND Infarction Noninfarction

3 64 M 2 L BG 2.64 0.48 L MCAO with capillary CR Infarction Noninfarction
blush in L perforator
territory

4 70 F 6 R BG 1.60 0.43 R MCAO by MR ND Infarction Infarction
angiography

5 64 F 4 L BG 1.66 1.00 ND ND Infarction Noninfarction

6 82 F 2 R BG 1.46 0.57 R MCAOQO with capillary CR Infarction Noninfarction
blush in R perforator
territory

MCAO = middle cerebral artery occlusion; PR = partial recanalization; HT = hemorrhagic transformation; ND = not done; BG = basal
ganglia; CR = complete recanalization.
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FIGURE 1. A 70-y-old woman (patient 1) with right hemiparesis and aphasia. (A) CT image obtained 1.5 h after onset shows no
definite abnormal density. (B and C) SPECT images with HMPAO obtained 3 h after onset show area of hyperactivity in left temporal
cortex with surrounding cortical hypoactivity. L/C of area of hyperactivity is 2.95 and that of area of hypoactivity is 0.33. (D)
Angiogram (lateral view) of left internal carotid artery (ICA) obtained 3.5 h after onset (before treatment) shows middle cerebral artery
(MCA) occlusion but spontaneous recanalization (i.e., capillary blush and early venous filling) in temporal region. (E) Angiogram
(lateral view) of left ICA obtained 4.5 h after onset (after intraarterial thrombolysis) shows partial recanalization of left MCA. (F) CT
image obtained 9 h after onset shows hemorrhagic transformation with extensive brain edema in left temporal region.

cortical HMPAO hyperactivity have been reportet],(we ent in several reports4(12,14-16,21-23 Baird and Don-
also found hyperactivity in the basal ganglia. nan (L2) reported that the area of hyperactivity of HMPAO
Hyperactivity of HMPAO has usually been observed imvas seen in 7% of cases (11/170) within 48 h after onset and
the subacute phase of cerebral infarcti@@{12. During was usually normal on follow-up CT. Marchal et a23}
the subacute phase, relatively increased cerebral blood flmported in a PET study that the area of hyperperfusion in
(CBF) and decreased oxygen metabolism (i.e., luxury pehe acute phase showed little or no metabolic alternation and
fusion) (L9) could occur in the areas of infarction, reflectingvas associated with excellent recovery. In contrast, Shimo-
altered blood-brain barrier and new capillary formatiosegawa et al.4) and Shintani et al.1(5) reported patients
with loss of autoregulation. Although hyperactivity ofwith HMPAO hyperactivity in the acute phase (within 6 h
HMPAO seen in the subacute phase did not alwaydter onset), in whom obvious infarctions were confirmed on
indicate hyperperfusion (or hyperfixation} 1,20, areas follow-up CT.
of HMPAO hyperactivity usually turned into complete Olsen and Lasser2®) reported in a33Xe intracarotid
infarction in the chronic phase. injection study that focal cerebral hyperemia was found in
It has been reported recently that hyperactivity a29% of cases (21/73) of acute ischemic stroke within 72 h.
HMPAO could occur in the acute phase of infarction, an@ihree different types of hyperemia were reported: border-
it has usually been reported to reflect hyperperfusion desne hyperemian(= 8) with occluded arteries seen in the
rived from reperfusion in the ischemic are412,15,2)0. border zone of acute infarcts; postischemic hyperemia (
However, the outcomes of hyperperfusion have been diffeé3} without occlusion (presumably associated with recanali-
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FIGURE 2. A 64-y-old man (patient 3) with right hemiparesis and aphasia. (A) SPECT image obtained 2 h after onset shows
remarkable hyperactivity in left basal ganglia with surrounding cortical hypoactivity in left middle cerebral artery (MCA,) territory. L/C
of area of hyperactivity is 2.64 and that of area of hypoactivity is 0.48. (B) Angiogram of left interrnal carotid artery (ICA) obtained
3 h after onset (before treatment) shows occlusion of distal horizontal portion of left MCA, whereas spontaneous recanalization (i.e.,
capillary blush) is seen in perforating arteries. (C) Angiogram of left ICA after intraarterial thrombolytic therapy shows complete
recanalization of left MCA. (D) SPECT image obtained on day 3 shows normalized perfusion in left MCA territory. (E) CT image
obtained on day 3 shows small and slightly decreased density area in left basal ganglia but cortex of left MCA territory is normal.
(F) Follow-up SPECT image 3 mo later shows slightly decreased activity in left basal ganglia and cortex.

zation) seen in infarct1(= 5) and noninfarctsn(= 3); and reperfusion. In other words, it was difficult to estimate the
remote hyperemian(= 5) seen at some distance from theissue viability solely by the CBF image.
infarcted areaq1,29. Postischemic hyperemia was usually In the area of hypoperfusion, it may be possible to esti-
more severe than the other 2 types of hyperemia, but it ditate the tissue reversibility by the duration of ischemia and
not always lead to cell necrosig2). In our study, HMPAO the degree of hypoperfusion,7,9. Shimosegawa et al4)
hyperactivity was considered as postischemic hyperemiargported that the infarcted and noninfarcted brain could be
4 of the 6 patients (patients 1, 3, 4, and 6) because recdistinguished by an L/C of 0.6 withi6 h after onset. Ezura
alization was confirmed in the area corresponding to tle al. (7) reported that a residual relative regional cerebral
area of hyperactivity. However, the type of hyperperfusioblood flow (rCBF) of=70% did not develop infarction, and
was undetermined in patients 2 and 5. they recommended that patients with a residual relative
Similar to the results reported by Shimosegawa etdd). (rCBF between 35% and 70% might be good candidates for
the areas of HMPAO hyperactivity withi6 h after onset intraarterial thrombolytic therapy. Indeed, in our patients
changed into the low-density areas on follow-up CT in owvithout thrombolytic therapy, the areas of mild hypoperfu-
study, although the degrees of infarction were varied. In tlsgon (patients 2 and 5) did not develop infarction, whereas
cases of cortical hyperactivity, almost the same size tife area with an L/C 0&0.6 developed infarction (patient
infarction was observed, whereas the size of the infarct wds The hypoperfusion areas with L/Cs between 0.35 and
smaller than that of the area of hyperactivity in the cases 060 were salvaged by thrombolytic therapy (patients 3 and
basal ganglia hyperactivity. Thus, hyperactivity of HMPAG). In contrast, as seen in patient 1, a residual relative rCBF
could occur in reversible and irreversible brain tissue aftef <35% may put a patient at risk for hemorrhage even if
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successful recanalization could be achieved withh after ble. It is necessary to pay attention to the areas of hyperac-

onset 6,7,9. tivity and hypoactivity on HMPAO SPECT, especially
Thus, prediction of tissue viability in the hypoperfusiorwhen intraarterial thrombolytic therapy is considered in

area could be done by assessing the duration and degrepaifents with acute ischemic stroke.

ischemia after onset. However, prediction of tissue viability

in the area of hyperperfusion is difficult. In previous exper-
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