
radiopharmaceutical that was developed for use in
cerebral blood flow (CBF) imaging by SPECT is @â€œTc
hexamethyl propyleneamine oxime (99'Â°Tc-HMPAO) (1).
HMPAO is a stable, lipophiuic, small molecule that circu
lates with the blood to the brain and rapidly passes through

the bloodâ€”brainbarrier, where it is metabolized intracellu
larly from the lipophilic form to a hydrophilic derivative.
The exact mechanism of retention in brain cells is unknown.
However, a steric transformation of the HMPAO chelate
linked to intracellular glutathione activity has been proposed
(2), and an effect of the redox state of the interstitial space
has recently been discussed (3).

The distribution of @Tc-HMPAOin the brain is propor
tional to CBF over a wide range (4). However, CBF
dependent backdiffusion of nonmetabolized lipophilic @Â°â€˜Tc
HMPAOfromthebraintobloodcausespoorimagecontrast
between normal and hypoperfused areas (5) and CBF
underestimation in high-flow regions (6). Lassen et al. (7)
have proposed an algorithm with which to correct underesti
mated CBF values.

On the other hand, Sperling and Lassen (8,9) showed
dissociation between increased @â€˜@Tc-HMPAOuptake in
infarcted areas and relatively low-flow values using the
reference method of CBF analysis Q33Xe). They indicated
that @â€œTc-HMPAOSPECT can overestimate reflow hyper
emmaafter spontaneous reperfusion in patients with subacute
ischemic stroke. Although hypofixation and hyperfixation of

@â€˜Â°Tc-HMPAOâ€”â€”namely,the underestimation and overesti
mation ofCBFâ€”are conflicting phenomena, the relationship
between the 2 has not been determined (8).

The purpose of this study was to compare @â€œTc-HMPAO
SPECT with regional CBF imaging using â€˜33Xeinhalation in
patients with subacute cerebral infarction and to investigate
the behavior of @Â°@Tc-HMPAOin the infarct area using
dynamic SPECT.

MATERIALSAND METHODS

The relationshipbetweenhypofixationand hyperfixationof @Â°â€˜Tc
hexamethylpropyleneamineoxime (@â€˜Tc-HMPAO)remainsun
clear.The purpose of this study was to compare Â°@â€œTc-HMPAO
SPECT with regionalcerebralbloodflow(CBF) imagingusing
iroXe inhalationin patientswith subacute cerebral infarctionand
to investigate the behavior of @â€œTc-HMPAOin the infarct area
using dynamic SPECT. Methods: lasXe and consecutive @mTc.
HMPAOSPECTstudies,the latterofwhich consistedof dynamic
and static scanning,were performedon 51 patients (22 women,
29 men;age range,40â€”83y; meanage,61 y) withcortical
infarction in the middle cerebral artery territory 13â€”15 d after
stroke onset. One region of interest (AOl) was drawn in the
infarct area. The control AOl was mirrored to the contralateral
side,andthe samesetof ROIswasappliedto all SPECTstudies.
Fractional fixation of 99mTc-HMPAOin the infarct area was
evaluated relativelyas the ratio of the infarct-to-controlregion in
Â°@â€œTc-HMPAOstatictomograms/theratioofthe infarct-to-control
region in CBF images using 1roXeinhalationand was classified
as hyperuixationwhen this value was >1 .1 and hypofixation
when this value was <0.9. To investigate the behavior of

@Â°â€˜Tc-HMPAOintheinfarctarea,thesecond(36â€”72saftertracer
injection) and eighth (252â€”288s after tracer injection) of 8
dynamicscans were selected,and the washout rate was calcu
latedusingthe formula: I â€”(meancount in the eighthscan/mean
count in the second scan). Results: The infarct area showed
hyperfixation of Â°@Tc-HMPAOwhen CBF in the area was 35
mLJl 00 g/min or less and showed hypofixation when CBF was
>45 mL/100g/min.The washout ratewas usually negative when
CBF imagingusingIroXeinhalationwas <20 mL/100g/minbut
was positivewhen it was >45 mL/100 g/min. The washout rate
was negative when the infarct area showed hyperfixation of
99mTcHMPAObut was positivewhen it showedhypofixation.
Conclusion:romTc@HMPAOSPECTunderestimatesCBFinhigh
flow regions and overestimates CBF in low-flow regions of
subacute cerebral infarction. 99mTc-HMPAOhypofixation and
hyperuixation are associated with backdiffusion from the brain to
blood and gradual accumulation of hydrophilic metabolites,
respectively.Dynamicimagesshouldbe usefulfor discriminating
between @Â°â€œTc-HMPAOhypofixationand hyperfixation.
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Patients
Fifty-one patients (22 women, 29 men; age range, 40â€”83y;

meanage Â±SD, 61 Â±9 y) withsubacutecerebralinfarctioncaused
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by cerebral embolism were admitted to Kohnan hospital between
January 1995 and May 1996 and participated in this study. At
Kohnan Hospital, local intra-arterial thrombolysis using recombi
nant tissue plasminogen activatoris indicatedas the treatmentof
choice for cerebral embolism according to 3 criteria: the patient is

hospitalized within 6 h of onset; no regions of hypodensity are
observed on the CT scan on admission; and sites ofocclusion are in
the middle cerebral artery (MCA). All patients who do not meet the
criteria for this therapy receive only conservative systemic care. We
never use medicationsthat affect the function of thrombocytesor
the coagulationâ€”fibrinolysissystem in ordernot to impairhemor
rhagic transformation associated with delayed recanalization. For
ischemic brain edema or hemorrhagic transformation, mannitol or
glycerol is administered. When this treatment is ineffective and
brain herniation is progressing, mild hypothermia or decompres
sive hemicraniotomy should be performed. The subjects of this
study were patients who did not meet our criteria for local

intra-arterial thrombolysis and did not require mild hypothermia or
decompressive hemicraniotomy.

Cerebral angiography was performed on all patients within 24 h
of the onset of symptoms. Sites of occlusion were the internal
carotid artery in 17 patients, the horizontal segment of the MCA in
20patients,anddistaltothebi-ortrifurcationof theMCAmain
trunkin 9 patients.Angiographicocclusions were not evident in 5
patients. CT scans performed 1 wk after stroke onset revealed
massive cortical infarction in the MCA territories of all patients.

This study was performed according to the standards of good
medical practice. Informed consent was obtained from all partici
pants or their next of kin, and the ethics committee of Kohnan
Hospital approved the study.

SPECTImaging
A SPECT study was performedon all patients 13â€”15d after

stroke onset. SPECT images were obtained using a multidetector
ring-type scanner, the detector array of which consists of 64 Nal
crystals in a 38-cm-diameter circle. After tomographic reconstruc
tion, the spatial resolution and slice thickness in the center of the
plane were 9- and 16-mm full width at half maximum(FWHM),
respectively, for static imaging and 20- and 25-mm FWHM,
respectively, for dynamic imaging. The energy window in this
study was 140 keV Â±15%. Projection data for static and dynamic
imaging were processed with Ramachandran's filtered backprojec
tion after introduction of a Butterworth prefilter. A 64 X 64
(@â€œTc-HMPAOstatic) or 32 X 32 (@â€˜Tc-HMPAOdynamic and
â€˜33Xe)image matrixwas used.

Patients inhaled 1480 MBq â€˜33Xegas for 1 mm, and sequence
SPECT imaging was performed every mm for 10 mm using a

FIGURE1. ProtocolforconsecutivelasXe
and dynamic and static romTc@HMPAO
SPECT imaging.

high-sensitivity collimator. Quantitative CBF maps were recon
structed using the Kannoâ€”Lassenmethod (10). @â€œTc-HMPAOwas
prepared from a freeze-dried kit by addition of 1110 MBq freshly
eluted pertechnetate in 5 mL saline solution immediately before
injection. The radiochemical purity of @â€œTc-HMPAOwas tested
according to the manufacturer's recommendations. In this study,
only reconstituted kits with a radiochemical purity of >80% were
used. Ten to 15 mm after the â€˜33XeSPECT scan, each patient
received an intravenous bolus injection of 1110 MBq @â€œTc
HMPAO. At the same time, dynamic scanning with a high
sensitivity collimator was begun and continued for a total of 288 s
(8scans)withascan-timedurationof36s.StaticSPECTimaging
with a high-resolution collimator proceeded 10 mm after tracer
injection. Tomographic data were obtained continuously over a
20-mm period (Fig. 1).

Among axial slices, 1 slice through the basal ganglia was
selected. One 11.1-cm2region of interest (ROI) was drawn in the
infarct area shown on CT scans. The control ROI was mirrored to
the contralateral side, and the same set of ROIs was applied to all
SPECT studies. Fractional fixation of @â€œTc-HMPAOin the infarct
area was evaluated relatively as the ratio of the infarct-to-control
region in @Tc-HMPAOstatic tomograms/the ratio of the infarct
to-control region in CBF images using 133Xeinhalation and was
classified as hyperfixation when this value was >1.1 and hypofixa
tion when this value was <0.9. To investigate the behavior of

@â€œTc-HMPAOin the infarct area, the second and eighth of 8
dynamic scans were selected, and the washout rate was calculated
using the formula: 1 â€”(mean count in the eighth scan/mean count
in the second scan).

StatisticalAnalysis
Correlations among various parameters were determined by

linear regression analysis and by computing regression equations
and correlation coefficients. The Mann-Whitney U test was used to
compare CBFs between groups. Statistical significance was set at
the P < 0.05 level.

RESULTS

The ratio of the infarct-to-control region in 99mTc..
HMPAOstatic tomogramswas comparedwith that in
â€˜33Xe-CBF,and the results are shown in Figure 2. The fit to
the regression line was significant (P < 0.0001), with the
correlation coefficient being 0.79. However, the ratios of the
infarct-to-control region in @Tc-HMPAOstatic tomograms
were lower at high ratios of the infarct-to-control region and
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SPECT typical of @Tc-HMPAOhypofixation and hyperfix
ation, respectively.

DISCUSSION

The notion has prevailed since 1993 that patients with
reperfusion in regions of subacute cerebral infarction always
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FIGURE2. Relationshipbetweenratioof infarct-to-control
region in @Tc-HMPAOstatic tomogramsand that in lasXe
tomograms.Dottedline representslineof identity.

higher at low ratios of the infarct-to-control region of
133Xe-CBFtomograms. The CBF ofthe control region on the
contralateral side ranged from 19 to 41 mL/100 g/min
(mean Â± SD, 25.2 Â± 5.0 mL/100 g/min), which was
significantly (P < 0.0001) lower than the normal control
value (mean Â±SD, 46.1 Â±3.1 mLIlOO g/min) obtained
from 10 healthy volunteers (age range, 35â€”65y; mean age,
52.3 y).

The relationships between 133Xe-CBF, the relative frac
tional fixation of @â€œTc-HMPAO,and the washout rate of
99mTc47@fpAOin the infarct area are shown in Figure 3. The
correlation between relative fractional fixation and 133Xe
CBFwassignificant(r = â€”0.71;P < 0.0001).Theinfarct
area showed hyperfixation of @â€œTc-HMPAOwhen 133Xe
CBFwas35mL/100g/minor lessandhypofixationwhenit
was >45 mL/100 g/min. The correlation between the
washout rate and â€˜33Xe-CBFwas significant (r = 0.83; P <
0.0001). The washout rate was usually negative when the
flow rate of 133Xe-CBF was <20 mL/100 g/min but was
positive when it was >45 mL/100 g/min. The correlation
between the washout rate and the relative fractional fixation
was significant (r = â€”0.84;P < 0.0001). The washout rate
was negative when the infarct area showed @â€œTc-HMPAO
hyperfixation but was positive when it showed hypofixation.

Figures 4 and 5 show timeâ€”activitycurves for dynamic

FIGURE3. (A)Relationshipbetweenrelativefractionalfixation
of @Tc-HMPAOand CBF in infarctareas. (B) Relationship
between washout rate of Â°@â€œTc-HMPAOand CBF in infarctareas.
(C)Relationshipbetweenwashoutrateandrelativefractional
fixation of romTc@HMPAOin infarct areas. Relative fractional
fixations>1 .1 and <0.9 indicatehyperfixationand hypofixation
of @Tc-HMPAO,respectively (dotted vertical lines in C and
dotted horizontal lines in A). Dotted vertical lines in A and B
indicatemeanCBFofhealthyvolunteers(controlgroup).
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overestimates even reflow hyperemia with â€˜33Xe-CBF equal

to or higher than that in the control region on the contralat
eral side (8,9). Our finding that 99mTc@HMPAO SPECT
underestimated CBF in high-flow infarct areas appears to be
inconsistent with their results. Meyer et al. (15) reported
bilateral reduction of hemispheric CBF in patients with
unilateral cerebral infarction and concluded that unilateral
hemispheric damage with reduced metabolism caused trans

hemispheric reduction of metabolism and a consequent
reduction in blood flow on the contralateral side. Indeed,
CBFof the controlregionon the contralateralsideof our
patients was considerably lower than the mean CBF of
healthy volunteers (control group). Therefore, although CBF
in the infarct region was the same as or higher than that in
the control region on the contralateral side, it might have
been below normal levels in the patients with hyperfixation
observed by Sperling and Lassen.

In this study, the @â€œTc-HMPAOwashout rate increased
with decrease in the fractional fixation of 9mTc@HMPAOin
the infarct area. These findings confirmed that the underesti
mation ofCBF in 99mTc@FIMPAOSPECT images in subacute
cerebral infarction with high-flow regions is associated with
increased backdiffusion from the brain to blood, as observed
in patients with chronic disease (16).

On the other hand, the washout rate in low-flow infarct
areas with @â€œTc-HMPAOhyperfixation was negative, mdi
cating a gradual increase in tracer activity. Hyperfixation of

@ is observed only during the subacute stage
(10â€”28d after stroke onset), when damaged cerebral tissue
undergoes repair with the formation of new capillaries and
granulation tissue in the infarct area (9). Our finding
therefore suggests that the excess @â€˜@Tc-HMPAOuptake was
associated with the gradual accumulation of hydrophilic
metabolites in new capillaries or granulation tissue resulting
from alteration of the bloodâ€”brainbarrier. In high-flow
infarct areas, a similar 99mTc@HMPAOphenomenon should
also be present, but its effect on fractional fixation is

probably negligible compared with that of backdiffusion
from the brain to blood.

The CBF-dependent backdiffusion and gradual accumula
tion of@ in subacute stroke might interfere
with the ability to obtain accurate CBF images in static
SPECT.Dynamicimagesshouldbe usefulfordiscriminat
ing between 99mTc4@(J)AO hypofixation and hyperfixation
because the correlation between the washout rate and the
fractional fixation was significantly negative and that be
tween the washout rate and CBF was significantly positive.

These findings also suggest that @â€˜@â€˜Tc-HMPAOdynamic
images permit CBF in infarct areas to be quantified.

CONCLUSION

@â€œTc-HMPAOSPECT underestimates CBF in high-flow
regions and overestimates CBF in low-flow regions of
subacute cerebral infarction. @â€œ@Tc-HMPAOhypofixation
and hyperfixation are associated with backdiffusion from the
brain to blood and gradual accumulation of hydrophilic
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FIGURE4. Exampleofhypofixation:47-y-oldmanwithcere
bral infarction in right MCA territory. Timeâ€”activitycurves for
dynamic @Tc-HMPAOSPECT reveal rapid decrease in tracer
activity in infarct area.

exhibit hyperfixation on @â€œ@Tc-HMPAOSPECT (11â€”14).All
authors who have described this phenomenon have used the
term â€œhyperfixationâ€•to indicate @â€˜@Tc-HMPAOuptake in
the infarct region exceeding that in the corresponding region
of the contralateral hemisphere (11â€”14).However, Sperling
and Lassen (8) originally used this term to describe @â€œ@Tc
HMPAOretentionexceedingwhatcouldbe explainedby
CBF aloneâ€”thatis, side-to-sideasymmetryin 99mTc@
HMPAO uptake clearly exceeding that for CBF. Therefore,
the method of quantitative CBF analysis should be referred
to when testing for hyperfixation of@'Tc-HMPAO. Accord
ing to Sperling and Lassen (9), who analyzed a series of
paired â€˜33Xeand 99mTc@HMPAOstudies, 13 of 14 patients
with subacute cortical infarction exhibited hyperfixation in
the infarct area: The side-to-side asymmetry index of the

@ counting rate exceeded that of â€˜33Xe-CBF by

9%-30%. They alsostressedthat @Â°@Tc-HMPAOSPECT
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FIGURE5. Exampleof hyperuixation:60-y-old man with cere
bral infarction in left MCA territory. Timeâ€”activitycurves for
dynamic @Tc-HMPA0SPECTrevealgradual increasein tracer
activity in infarctarea.
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metabolites, respectively. Dynamic images should be useful
for discriminating between 99@â€•Tc-FlMPAOhypofixation and
hyperfixation.
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