
eri-ictal SPECT is a potentially powerful tool to study
changes in regional cerebral blood flow (rCBF) during and

after a partial seizure, as well as to aid in the localization of
the seizure focus during the presurgical evaluation of
patientswith intractablepartial epilepsy.Pen-ictal SPECT
involves intravenous injection of a radiotracer with a high
first-pass cerebral extraction rate and low backdiffusion,
such as99mTc..hexamethylpropyleneamine oxime (HMPAO),
99mTc..ethyl cysteinate dimer (ECD) or â€˜23I-iodoamphet
amine (IMP), during (ictal SPECT) or immediately after
(postictal SPECT) a partial seizure. The peri-ictal SPECT
images then can be acquired up to several hours later,

providing a semiquantitative image of the rCBF pattern
present approximately 30â€”120s after the injection (1,2). In
an attempt to improve the utility of peri-ictal SPECT, we
have developed and validated a method known as subtrac
tion ictal SPECT coregistered to MRI (SISCOM). This
method coregisters and normalizes the interictal SPECT to
the ictal SPECT and then derives a difference image
coregistered to the patient's MR image (3). In a subsequent
blinded study, it was shown that SISCOM significantly
improves clinical outcomes in surgery patients (4). Other
groups have independently reported methods for creating

subtraction (or â€œdifferenceâ€•)SPECT images co-registered
to MRI and also found that these methods improve sensitiv
ity and specificity compared with unaided visual SPECT

analysis (5â€”8).In addition, we performed a pilot study that
suggested that the SISCOM method may have a role in
cerebral activation studies (9).

One of the continuing limitations of using peri-ictal
SPECT as a tool for studying seizures is that, whereas
seizures are a dynamic phenomenon, SPECT is able to give
only a single â€œsnapshotâ€•of the blood-flow pattern during
the limited time window of a seizure. It is therefore very
difficult, with current SPECT methods, to study the evolu
tion of blood-flow changes occurring during and after an
epileptic seizure. Partial seizures have long been known to
be associated with a transient focal increase in cerebral

The acquisition of multiple radiotracer studies at different time
points during a neurological event permits the study of different
functional activation states in humans. Peri-ictal SPECT is a
promising technique for localizing the epileptogenic zone and
would be enhancedby the ability to acquiresequentiallycoregis
tered ictal and postictalSPECT imagesof a single seizure.This
study was designed to develop and validate an accurate method
for the simultaneousacquisitionof @Tcand 1231SPECTimages
of the brain. Methods: A multicompartment,transaxial Hoffman
brain-slicephantomwas filled with @Tc,1@lor a 3:1 mixtureof
the two isotopes.Planarand SPECTimageswere acquiredby a
dual-head gamma camera system equipped with parallel and
fanbeamcollimators, respectively.Thirty-twoenergywindows(2
keV width) were acquired over the energy range 120â€”184 keV.
From the planar data, the signal-to-noise characteristics and
crosstalk were measured for each energy window and used to
devise an energy window acquisition strategy that was then
applied to the SPECT data. Three summed energy windows
were created: a primary @Tcimage (130â€”146keV), a primary
1231image (152â€”168 keV) and a secondary @Tccrosstalk image

(134â€”140keV). A fraction (0.041) of the @Tccrosstalk image
was subtractedfrom the 1231image. No crosstalkcorrectionwas
performed on the primary @mTcimage. Results: (a) Planar
images: results showed 1.3% crosstalk in the 1231image com
pared with 19.7% for a 10% asymmetric energy window alone.
1231crosstalk into the @Tcwindow was 2.79% and was relatively
constantwithchangesin the locationofthe 99mTcenergywindow.
(b)Tomographicimages:resultsshowed1.51% @mTccrosstalkin
the 1231imagecomparedwith 12.44% for the uncorrectedimage
and 3.70% 1231crosstalk in the @Tcimage. Conclusion: An
effectivetechniquefor the simultaneousacquisitionof @mTcand
1231radiotracer distributions in the brain has been developed and

validated in a phantom model and should have clinical applica
tion in peri-ictalfunctionalactivationstudiesofthe brain.
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blood flow in the region of the seizure focus (10â€”13),but
more recently it has been found that many patients will also
show prominent focal hypoperfusion at the epileptogenic
zone postictally (1,2,8,14â€”18).A dual-isotope, double
injection technique using sequential injections of two radio
pharmaceuticals with different photopeaks, for example,

@Tc-ECDor 99mTc@.HMpAOfollowed by â€˜23I-IMP,to
produce two different simultaneously acquired images has
great potential as a tool for studying peri-ictal blood flow by
documenting the changes occurring over time during a
single seizure. Because both 99mTc@ECD(19,20) and@
IMP (21â€”24)show similar brain uptake kinetics that closely
reflect the pattern of cerebral blood flow shortly after their
injection, the differences between the images should reflect
the changes in the cerebral blood flow pattern that occur
between the injections.

The dual-isotope, double-injection method hasgreat poten
tial to further improve the sensitivity and specificity of
SISCOM in localizing partial epilepsy by allowing the
subtraction of a postictal image from a simultaneously
acquired ictal image. The traditional SISCOM technique has
required that the ictal and interictal SPECT images, which
are acquired at different times, be coregistered to one
another before quantitative analysis. One of the major
determinantsof the signal-to-noiseratio in the subtraction
image (and therefore its sensitivity and specificity) is the
accuracy of this SPECT-to-SPECT coregistration. Our cur
rent method of coregistration has produced a matching
accuracy of better than 1 voxel dimension (3). Although
registration algorithms have improved in automation and
accuracy in recent years, most algorithms require user
interaction, and no algorithm, to our knowledge, is more
accurate than a half voxel (25). Misalignments of this
magnitude have been shown to result in significant errors in
blood-flow estimates (26). With the dual-isotope, double
injection technique, the ictal and postictal images will be
acquired at the same time and, therefore, will be perfectly

coregistered, removing this source of measurement error
entirely. In addition, the magnitude of the focal hypoperfu
sion in postictal SPECT is generally greater and more
reliable than that in interictal SPECT (15â€”18).As a result,
the magnitude of the focal difference in the subtraction
images in the region of the epileptogemc zone should be
greater by subtracting a postictal SPECT, rather than an
interictal SPECT, from the ictal SPECT. An additional
advantage of this technique is that it avoids the inconve
nience and expense to the patient of having to return to the
institution for a separate interictal SPECT.

The essential prerequisite to the development of a clini
cally useful double-injection, dual-isotope technique for
brain studies is to be able to acquire simultaneously two
separate @â€œ@Tcand 1131images with minimal crosstalk and
spatial resolution comparable to current single-isotope 99mTc
images. The purpose of this article is to report and validate
an original method, suitable for routine clinical use, for
simultaneously acquiring two separatetomographic SPECT
images of 99mTcand 123!uptake in the brain.

MATERIALS AND METHODS

Brain-Slice Phantom
A two-dimensional brain-slice phantom (Hoffman phantom;

Data SpectrumCorp., ChapelHill, NC) was used.This phantom
consisted of seven independent compartments, simulating realistic
uptake of cerebral blood-flow agents in the cortex and white matter
areas of the brain. The phantom represents a two-dimensional
transaxial slice through the lentiform nucleus and corpus callosum.
As shown in Figure 1, compartments 1â€”4(total volume 18.6 mL) in
the anterior left section of the phantom were designated â€˜231-only
compartments, whereas compartments 5 and 6 (total volume 12.3
mL) in the posterior left section of the phantom were designated

@â€œTc-onlycompartments.Compartment7 (96.3 mL) was desig
nated for mixed isotopes. The phantom's perimeter was covered by
a layer of simulated bone to replicate bone scatter in tomographic
acquisitions.
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FIGURE1. (A) Simulatedcrosssectionthroughtwo-dimensionalHoffmanbrain-slicephantom.Graymatterissimulatedbyareas
where isotopesare present in both layersof phantom,and white matter (cerebralbackground)is simulatedby areas with isotopesin
bottom layer only. Labels correspond to areas shown in (B), and numbers correspond to phantom's compartments. (B) Planar
representationof two-dimensionalHoffmanbrain-slicephantom.Areas are both isotopes (B), 1231area (I), both isotopes in bottom
layeronly (BG), @Tcarea (T) and isotope-freeareas (A). Numbersidentifyvarious isotopecompartmentsin phantom.
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Planar Images
Energy Channel Analysis. Planar images of the brain phantom

were acquired using one head of a dual-head gamma camera
system (Helix; Elscint, Inc., Haifa, Israel) equipped with a high
resolution parallel-hole collimator. Foam pads were taped to the
collimator as a template for positioning the phantom. Acquisitions
were performed using 32 contiguous energy channels, each 2 keV
in width, from 120to 184keV. Datawere acquiredinto a 256 X
256 matrix, with a zoom of 2, giving an effective pixel size of 1.1
mm.Threetypesof acquisitionswereperformedandnumberedas
(1) â€˜231-only:compartments1â€”4and7 werefilled with 1231,while
compartments5 and 6 were filled with water; (2) @Tc-only:
compartments 5â€”7were filled with 99mTc,while compartments 1â€”4
were filled with water; and (3) dual isotope: compartments 1â€”4
were filled with 1231only, compartments 5 and 6 were filled with

@â€œTconly and compartment 7 was filled with a
activityratioof3:1.

Figure 2 illustrates the dual-isotope, â€˜231-onlyand @mTc@only
acquisitions. The 32 images from the dual-isotope acquisition were
transferred to a Unix workstation (Silicon Graphics, Inc., Mountain
View, CA). Region of interest (ROl) analysis was performed on
eachof the 2-keV bandimagesusing theAnalyzeAVW software
package (Mayo Foundation, Rochester, MN) (27). Five different
regions of each image were analyzed. These were labeled (A) a
background region outside the brain, (I) a region over compart
ments 1â€”4,(T) a region over compartments 5 and 6, (B) a region
over compartment 7 and (BG) a region over the â€œwhitematterâ€•
region of compartment 7. Note that a portion of compartment 7
overlaps compartments 1â€”4and compartments 5 and 6. Hence, the
region BG was used to remove the contribution of activity in
compartment 7 from activity measured in the other compartments.
The ROIs are shown in Figure 3A. The average counts per pixel
from these regions were determined for the 32 energy channels and
were used to calculate signal above baseline (SAB) and percent
crosstalk (PC) as follows:

SAB@=Tâ€”BG, SAB1=Iâ€”BG,

PC(Tc to I) = SAB1c/SAB1 X 100%,

PC(I to Tc) = SAB1/SAB1cX 100%.

FIGURE 2. Planar images of brain-slicephantomobtained
from dual-isotope (left), 1@l-only(center) and @Tc-only(right)
planar acquisitions. Energy windows were set to 146â€”162,
143â€”175 and 126â€”145keV, respectively. (Dual-isotope window
was chosen to show roughly equal amounts of @Tcand 1@I
activity.)

The parameter SAB represents the signal in the single-isotope
compartments, and PC represents crosstalk from the opposing
isotope as a percentage of each isotope's signal. These parameters
were used to determine the best combination of energy window
settings for the @â€œTcand 123! signals. A third parameter, the
signal-to-noise ratio (SNR) was derived from the equation:

SNR = SAB/A.

SNR depends on the total activity in the phantom and the
acquisition time and, hence, should not be used to compare
between different acquisitions.

Using the Analyze AVW software, various combinationsof
energy channels were summed to generate composite images
equivalent to images that would be acquired using an energy
window spanning the included energy channels. This technique
was used to test various energy window settings and to reproduce
methods previously reported in the literature (to within 1 keV) for
planar images. Most previous authors have used a 10% energy
window centered on the 99mTcphotopeak (28â€”30)and either a
slightlyasymmetric(153â€”169or 155â€”171keV) 10% 23!energy
window (29,30) or a very asymmetric 10% (159â€”175keY) energy
window that excludes the lower half of the photopeak (28,31). Our
optimal energy window settings were chosen based on values for
SAB, PC and SNR. The optimized crosstalk-corrected images were
comparedto similar images(identicalenergywindows)generated
from the @â€œ@Tc-only(acquisition #1) and â€˜231-only(acquisition #2)
studies. In addition, our acquisition strategies were applied to

@â€œTc-onlyand â€˜231-onlydatasets,and the counting statisticsof
these images were compared to images generated using the
20% centered energy windows commonly used in single-isotope
acquisitions.

Crosstalk Compensation
Crosstalk from @â€œTcrepresented a significant problem in the

relatively count-poor 123!image, particularly in the lower half of
the 1231photopeak.To correct for this crosstalk,a fraction of the

@â€œTcphotopeaksignalwassubtractedfrom the 1231image.A 4%
asymmetric window (134â€”140keY) was used to isolate the @mTc
signal from 1231contamination and septal penetration. This pro
vided a spatial map of the @â€œTccrosstalk in the 123!window. The
contamination correction fraction was calculated from acquisition
#2 (the 99mlconly study). The counts in the @Tccompartments

were measured as a function of the energy channels. The counts in
each energy channel were divided by the counts in the 4%
photopeakimage to yield a correction factor. Correction factors
lessthan0.0005wereobservedto consistprimarily of background
noise and were therefore set to zero. The total correction factor for a
given energy window was obtained by summing the appropriate
correction factors for the energy channelscontainedwithin the
energy window. To verify the crosstalk correction from @â€œTcinto
the â€˜@Ienergy window, we applied our optimized technique to the

@â€œTc-onlydatasetto produceideallyan imagecontainingonly
noise. An additional dual-isotope study with a @â€œTc-to-'23Iactivity
ratio of 6:1 wasalsoperformedto assessthe technique'sability to
correct for high levels of crosstalk into the 123!energy window.

Tomographic Images
Tomographic images of the brain phantom were acquired using

both heads of the gamma camera with high-resolution fanbeam
collimators. The brain phantom was taped to the headrest and its
location marked to facilitate repositioning. Acquisitions were

Tc-99m+ 1-123 1-123only Tc-99monly
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FIGURE3. (A) PlanarimageofbrainshowsROlsusedincalculatingSAB,PC andSNR. Regionsare labeledas (A)background
regionoutside brain, (I) regionover compartments1â€”4,(T) region over compartments5 and 6, (B) regionover compartment7 and
(BG) regionover â€œwhitematterâ€•area of compartment7. (B)Tomographicimageof brain shows ROls used in validatingaccuracyof
crosstalkcorrectiontechnique.Labelsare consistentwith (A).

corresponding99mTcimage should producean image containing
only noise and reconstruction artifact. To verify this, a tomographic
acquisition was performed using our dual-isotope acquisition
strategyon a three-dimensionalbrain phantom(three-dimensional
Hoffman phantom; Data Spectrum Corp.) filled uniformly with a
3: 1 mixture of @â€œTcand 123!The images were reconstructed and
attenuationcorrectedto yieldthe @â€œTctransaxialimagesandthe
crosstalk-corrected lB1 transaxial images. Both image volumes
were normalized to a mean cerebral pixel count of 100 and
subtracted (3).

RESULTS

Planar Images
Figure 4 plots the SAB and the isotope-to-isotope PC for

99mTc and 1231across the acquired energy spectrum. It
illustrates that the 99mTcand 123Jsignals show significant
overlap and crosstalk between 145 and 155 keV. As a result
of the abundance of 99mTccounts below 146 keV, a clean
99mTcimage with minimal crosstalk and a good SNR can be
constructed by simply restricting the energy window to
below this level. Therefore, for the 99mTcimage, we used a
12% (130â€”146keV) asymmetric window, which maximized
the @Tccounts in the image while minimizing 1231crosstalk.
Figure 5 compares the dual-isotope @Tcplanar image with
the reference @Tc-onlyplanar image. The 99mTc image
contained 2.79% PC and had an SNR of 180.The previously
reported (28,30) asymmetric 10% energy window (133â€”147
keV) contained 3.60% PC and had an SNR of 186.Applying
our acquisition strategy to the @â€œTc-onlydata resulted in an
image with 18% fewer counts compared to an image
generated using the standard single-isotope 20% energy
window.

We found that the optimum 1231image was obtained using
an energy window of 152â€”168keV (10%) with crosstalk
correction. This correction was performed by subtracting
0.041of the 99mTccrosstalkimage(134â€”140keV) fromthe
1231 image. The 152â€”168 keV energy window without

performed using 32 contiguous energy channels, each 2 keV in
width, from 120 to 184 keV. Data were acquired into a 64 X 64
matrix, with a zoom of I.4, giving an effective pixel size of 3.1mm.
The three types of acquisitions described above for planar studies
were repeated with SPECT. Image data were reconstructed using a
standard filtered-backprojection algorithm with a Metz filter
(power = 3, full width at half maximum = 6 mm). The Metz filter
was fixed and not count dependent.

Dual-isotope @Tcand 1231images were acquired on the basis of
the analysis of the planar images. Simple energy windows from the

@â€œTc-onlyand â€˜231-onlyacquisitions were used to create reference
images. ROI analysis was performed to compare the crosstalk
corrected and reference images. Three different regions of each
image were analyzed and labeled as (I) a region over compartments
1â€”4,(T) a region over compartments 5 and 6 and (B) a region over
compartment 7 (Fig. 3B). Ratios of counts (TIB for the 1231images
and I/B for the 99mTcimages) were calculated for each of the
crosstalk-corrected images and compared to the corresponding
ratios for the reference single-isotope images.

To determine the attenuation coefficients for use with @â€œTcand
231 and a low-energy fanbeam collimator, our acquisition strategy

was applied to tomographic acquisitions of an anthropomorphic
head phantom (Radiology Support Devices, Long Beach, CA)
filled with a 3: 1 mixture of 99mTcand 1231This phantom consisted
of auniform waterchamberfilling thecranialcavity of a simulated
human skull. Attenuation correction was performed on the recon
structed transaxial slices using the method of Chang (32). Values of
the attenuation coefficient varied between 0.0 and 0.14 cm1, and
optimum values were determined by placing an ROl around
activity in a 1.76-cm-thick transaxial slice of the midbrain and
minimizingthecoefficientof variation(SD/mean)ofcountswithin
the region. This method was applied in place of the more traditional
approach of adjusting the attenuation coefficient to yield a flat
count profile across the brain, since previous work has shown this
method to be unreliable. The nonuniform effects of bone attenua
tion alter the shape of the profile and make it impossible to
determinea single value of the attenuationcoefficient that will
yield a flat count profile for all regions of the brain (33).

If thereis nodifferencein thespatialdistributionof the @mTc
and 123!photopeak events, subtraction of an 123!image from its
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FIGURE4. (A)Signalabovebaseline(SAB)plottedasfunctionofenergyfor @Tcand1231.(B)Percentcrosstalkfrom1231into @Tc
for eachenergychannel[PC(l to Tc)].1@lcontaminationof@mTcdata is lessthan 10%below 145 keV.(C) Percentcrosstalkfrom @â€œTc
into 1231for each energy channel [PC(Tc to I)]. @Tccontamination of 1231data becomes significant (> 40%) below 153 keV.

crosstalk correction (nearly identical to a previously re
ported method [29]) produced 19.7% crosstalk into the 1231
image from 99mTcApplying crosstalk correction reduced the
99mTccrosstalk to 1.33% but decreasedthe SNR from 16.3 to
14.7. Shifting the 1231energy window up to 159â€”175 keV

(28,31) resulted in only 3.65% crosstalk; however, this
reduced the SNR by a factor of 2, to 7.98. The planar
dual-isotope 99mTcand 1231images are shown compared to
their reference counterparts in Figures 5 and 6, respectively.
Applying the crosstalk correction method to the @mTc@only
acquisition resulted in an image containing only noise.
When the optimized â€˜23Icrosstalk-corrected strategy was
applied to the â€˜23I-onlyacquisition, there was a 48%
reduction in counts compared to those obtained with a
standard 20% energy window. However, the 153â€”169keV
technique of Mathews et al. (29) yielded a 37% reduction in
counts, and the 159â€”175keV window method of Ivanovic et
al. (28) and Devous et al. (31) resulted in a 58% reduction in
counts relative to a standard 20% energy window. Increasing
the @mTc@to@l23Iratio to 6: 1 increased the @mTccrosstalk to
28.1%, and crosstalk correction only reduced this to 7.9%.

FIGURE 5. @Tcplanardual-isotopeimage (left) and @Tc
planar referenceimageacquiredwithout1231in phantom(right).

Tomographic Images
Crosstalk correction for the 1231image was applied before

and after image reconstruction with essentially identical
results. Post-reconstruction crosstalk correction is preferred
for its practical ease and lower computation time. The

tomographic dual-isotope 99mTcand 123!images are shown
compared to their respective reference images in Figures 7
and 8, respectively. The reference 1231image had a T/B ratio
of 0.3 155, whereas the crosstalk-corrected dual-isotope
image had a TIB ratio of 0.3202, a difference of 1.5 1%. A

dual-isotope 1231image using a 10% energy window (152â€”
168 keV) and no crosstalk correction had a T/B ratio of
0.3547, a difference of 12.44% from the reference 1231
image. The dual-isotope @mTcimage had an I/B ratio of

0.2657, compared to the reference @mTcimage I/B ratio of
0.2759, a differenceof 3.70%.

An attenuation correction factor of 0.04 cm@ was used
for the 99mTcimage, and no attenuation correction was
applied to the 1231image. Figure 9 shows three representative
transaxial images (@mTc image â€”normalized crosstalk

FIGURE6. Dual-isotope1231planarcrosstalk-correctedimage
(left) and 1231planar reference image acquired without @mTcin
phantom(right).
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FiGURE 9. Subtractionimages (@â€œTcimage â€”normalized
crosstalk-corrected 1231image) from reconstructed transaxial
slices throughthree-dimensionalHoffmanbrain phantom.Phan
tom contained 3:1 mixture of @Tcand 1@l.Representative slices
are shown from superior, central and inferior sections of brain
phantomand showonly noise.

can produce two clinically usable images with minimal
isotope crosstalk and satisfactory SNR for both planar and
tomographic acquisitions. No previous work to our knowl
edge has used a pixel-by-pixel analysis of the isotopes'
energy spectra to devise and validate an acquisition strategy.
Narrowing the acquisition window to 10% and applying
subtractive crosstalk correction for the 1231image does
reduce total image counts substantially, relative to a standard
single-isotope 20% symmetric energy window, but some
loss is necessaryin a dual-isotope acquisition to separatethe
two isotope signals. Subtractive crosstalk correction is
important for the dual-isotope method to produce satisfac
tory 1231images, because it allows acquisition of a greater
portion of the lower half of the 1231photopeak without @mTc
crosstalk contamination. Most previous studies have ignored
this crosstalk component (29,30) and have used simple
energy windows with no crosstalk correction. This is
unacceptable for our purposes, because the @mTccrosstalk
remaining in the 1231image will corrupt any ictal to postictal
comparisons. Other studies (28,31), which have shifted the
energy window toward higher energies to avoid crosstalk,
exclude nearly half the 1231photopeak and reduce the SNR.
In addition, much of this reduction in counts occurs by
excluding scattered and septal penetration counts from the
image, rather than photopeak events. One study has pro
posed solving crosstalk equations for the 1231and @mTc
photopeak signals (34). To our knowledge, no formal
validation of this method hasbeen published, but the method
was tested by a different group (28), who found it unsuitable
because of spatial variation in the crosstalk fraction. Our
results confirm that there is spatial variation in the 1231
crosstalk into the @â€˜@â€˜Tcwindow. However, we observed no
spatial variation in the @mTccrosstalk into the 1231window,
other than the tendency for noise to increase in the high
signal areas, which we regard as a reflection of the noise
characteristics of the two images. Several filter-based
crosstalk-correction methods have been proposed for
crosstalk correction (35,36). These techniques are most

â€˜I,

FIGURE 8. Dual-isotope1@ltomographiccrosstalk-corrected
image (left) and 1231tomographic reference image acquired
without @â€œ@Tcpresent in phantom(right).
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FIGURE 7. @Tctomographicdual-isotopeimage (left) and
@Tctomographic reference image acquired without 1@l in

phantom(right).

corrected 1231image) from the three-dimensional brain
phantom. These images contain only noise and reconstruc
tion artifacts, suggesting that the SISCOM method can be
applied successfully to dual-isotope images acquired with

the reported strategy.

DISCUSSION

In this article we have described a method for simulta
neously acquiring separatehigh-resolution images of @â€˜@Tc
and â€˜23I-radiolabeledtracers. The technique was developed
and validated using a two-dimensional phantom and planar
techniques. However, we have shown that this method is
effective for tomographic imaging of three-dimensional
objects and that interslice scatter and crosstalk, which are
not present in the case of a two-dimensional phantom, do not
confound the technique (Figs. 7â€”9).Although few gamma
camera systems permit image acquisition with 32 energy
channels, the technique described in this study requires only
the ability to acquire the three energy windows defined for
99mTc, 1231and 99mTc crosstalk. Our experience also suggests

that the technique remains successful with minor changes to

the @mTccrosstalk-correction energy window, although a
new crosstalk-correction fraction must then be calculated.

Using phantom studies we have shown that our method



useful in cases in which there is a large difference in the
photopeak energies of the two isotopes.

The @mTcimage is aided by its high counting rate relative
to the 1231image, and the small amount of 1231contamination
in the @Tcimage is overwhelmed by the strong @mTc
signal. Because the 1231crosstalk in the @Tcwindow is
dominated by spatially uncorrelated scatter and septal pen
etration, a subtractive crosstalk-correction method (as was
used for the 1231image) is not feasible unless accurate scatter
correction could be applied. However, limiting the 99mTc
energy window below 146 keV to remove the 1231contamina
tion kills a very small portion of the total @Tccounts, and
such methods (which are often computationally intensive)
appear unnecessary. The clinical dose limits for these two
radioisotopes suggest a 6:1 @Tc-to-'23Iratio. However,
because acquisition time is dictated by the relatively count
poor 1231image, and becausecrosstalk correction at this high
ratio is more difficult, we have elected to reduce patient dose
andusea 3:1 @Tc-to-'23Iratio,whichdoesnotdegradethe
99mTcimage significantly. Previous work by Devous et al.
(31) has shown that downscatter from 1231into the @mTc
energy window is relatively small even at a 1:1 ratio of the
two isotopes.

The attenuation coefficient for @mTcis assigneda value of
0.12 cm' in a uniform attenuating material (37). However,
the presenceof bone in the skull has been shown to decrease
the optimum value for the attenuation coefficient to approxi
mately 0.09 cm' (33,38). This paradoxical decrease has
been shown both theoretically and experimentally to be
caused by the effects of outer layers of attenuating material
that are free ofradioactivity (33). It has also been shown (33)
that the use of a fanbeam collimator further reduces the
optimum value of the attenuation coefficient (@i 0.07
cm â€˜).The addition of septal penetration from the high
energy emissions of 1231increases the apparent activity in the
center of the brain and would be expected to further reduce
the optimum attenuation coefficient. This was verified in our
experiments. Attenuation coefficients are likely to be af
fected by changes in collimator design (focal length, septal
thickness, etc.), and, hence, our results may not be appli
cable to other fanbeam collimators.

CONCLUSION

This study has demonstrated that clinically satisfactory
99mTcand 1231tomographic images with minimal isotope-to
isotope crosstalk can be acquired simultaneously using
carefully chosen energy windows and by subtracting @â€˜@Tc
crosstalk from the 1231image. @mTccrosstalk correction is
essential in constructing the 1231image, resulting in im
proved image quality while averting the need to exclude a
large portion of the photopeak, which reduces the SNR. This
method is shown to result in less than 4% crosstalk in planar
and tomographic images. This method inherently provides
semiquantitative maps of cerebral blood flow that are in
perfect alignment with one another, removing any additional
noise attributable to errors in image coregistration. This

dual-isotope, double-injection technique has the potential to
be a valuable research and clinical tool by providing images
of cerebral blood flow at different time points during a single
neurological event. It may prove especially useful in improv
ing the localization of intractable partial epilepsy by allow
ing the subtraction of a postictal SPECT from a simulta
neously acquired ictal SPECT. It also has the potential to
distinguish between primary and secondary areasof seizure
involvement by demonstrating the pathways of seizure
propagation.
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