
municationdescribesa newtechniquefor the analysis
of brain SPECT data that can be used to generate
quantitative uptake maps of the brain. This program
can facilitate the interpretation of the data when corn
pared to the currently used multi-slice display tech
niques.

MATERIALS AND METhODS

Patients
Seventeennormal right-handedmale subjectsrecruited

from the normal control pool of the UCSD-MentalHealth
Clinical Research Center, ranging in age from 25 to 55,
constituted the study group. All of them received a physical
and laboratoryexamination,a structuredpsychiatricinterview
and the schedule for affectivedisorders and schizophrenia
(SADS).All were free of significantdevelopmental,medical,
or psychiatricdisorders.No subject had a history of loss of
consciousnesslastinglongerthan 5 mm or one whichresulted
inneurologicsequelae.Allsubjectswerefreefromillicitdrugs
and medication, refrained from drinking alcohol for 7 days
prior to the study, and from caffeine and tobacco the day of
the study. The subjects reported to the Department of Nuclear
Medicine of the Veterans Administration Hospital of San
Diego early in the morning. The subjects reclined on the
imaging table in a quiet, dimly lit room and were instructed
to keep their eyes closed but to remain awake. An i.v. was
started in an arm vein. The syringe, containing 3â€”4mCi of
[â€˜231]IMP,was imaged at a fixed distance from the collimator
of the gamma camera for a total time of 1 mm immediately
prior to the injection. At the end ofinjection, the syringe was
flushed several times to assure that the entire dose had been
administered. The first tomographic acquisition (SPECT) be
gan 20 mm postinjection. Subsequentacquisitions began2
and 4 hr after the injectionwithout specificcontrol of subject
behavior between the scans.

ImagingProtocol
All of the patients were scanned with a truncated head

General Electric 400 AT-Starport camera (Milwaukee, WI)
andthetomographicdatareconstructionwascarriedout on
a GE-StarH computersystem.To assessthe qualityof the
camera, a 30-million count intrinsic flood was acquired each
morning with a 0.7-mCitechnetium-99m(@@TC)source lo
cated precisely five useful fields of view away (2.0 meters) on
the central axis of the detector. This quality control was

A programwasdevelopedto extractfrombrainSPECT
data globalas well as regionalconcentrationsof a radio
pharmaceuticalwhile allowing for improved subjective
evaluationof its distribution.This programwas used to
process the data obtained from 17 normal subjects, 20
mm, 2 hr, and 4 hr after the injection of iodine-labeled
iodoamphetamines.Themeanabsolutecorticaluptakeat
these three time periods was 0.921 (Â±0.185), 0.803
(Â±0.107), and 0.748 (Â±0.103) in arbitrary units (Â±s.d.),
respectively.Theregionaldistributionof thetracerbecame
more uniformwith time due to an unevenwashoutrate.
The cerebellum was noted to have a very high variability
in its uptakeanda highwashoutrate, makingit unsuitable
as an internalstandardfor relativequantification.Finally,a
repeatstudywas performedon 10 subjects.No significant
difference could be demonstrated in the mean uptake of
the group at 2 and 4 hr, however the difference observed
inthe 20 mmuptakevalueswas significantat the p = 0.05
level.
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ith the approval by the FDA of some new brain
imaging agents (1â€”2),and many more in development
(3-5), brain imaging appears to be on the verge of

making a comeback in nuclear medicine. Among these
agents,thosedirectedtoward thedetermination of brain
blood flow are probably the best known. Iodine-123-
iodoamphetamine ([1231]IMP),a â€œblood-flowâ€•agent,
has been studied by several investigators and was found
to be of possible value in stroke (6â€”8),epilepsy (9â€”10),
and dementia (11â€”12),to name a few. However, its
clinical effectiveness seems to be heavily dependant on
the availability of single-photon emission computed
tomography (SPECT) due to its unique ability (versus
planar imaging) to provide contrast between the struc
tures of the brain located at various depths. This com
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initially performedwith an @23Isource,but no appreciable
difference could be found between the @mTcsource and the
1231 source. The flood image was processed on the computer

and a report generatedcontaining the integral uniformity as
wellas a measureofthe standarddeviationfrompixelto pixel
within the useful field of view. These values were plotted on
a graph to keep track of the stability of the camera from day
to day.

The isotropy (sensitivity and parallelism) of the high reso
lution, low-energycollimatorwasinitiallyassessed(13) and
found not to introduceany appreciablenonuniformityin the
reconstructed images. This evaluation took into account the
lowcount levelstypicallyobtainedin an [â€˜23111MPbrain study.
The center of rotation was determined on a monthly basis
according to the manufacturer's recommendation.

The tomographicacquisitiondata consistedof96 views(64
x 64 matrix), with a zoom of 1.3 (pixel size: 4.8 mm X 4.8
mm), covering a 360-degree counterclockwise elliptical orbit
around the patient. The starting position for this orbit was
constantly the right side ofthe brain and the frontal area was

imaged last. The counting time for each view was set at 15 sec
in order to keep the total scanning time within 35 mm. Repeat
scans beginning at 2 and 4 hr were performed in a similar
manner.

Reconstruction of the Data
Tomographicreconstructionwascarriedout on a GE-Star

II computersystem.The rawdata waspre-filteredwitha two
dimensionalButterworthfilterwitha powerof 11.0and a cut
off frequencyof 0.35 cycles/centimeter.Count rate attenua
tion due to absorption by soft tissues and bone was corrected
for, assuminga uniform effectiveattenuation coefficientof
0.1 1/cm and an elliptical contour fitted individually, for each
transaxial slice, on an isoactive contour set at 15% of the
maximal count within the entire brain.

The transaxial sliceswere reconstructedusing a distance
weighted backprojection algorithm [Nowak reconstruction al
gorithm (14)], readily available on the Star II system. The
sagittaland coronalslicesweregeneratedfrom thesedata.

A complete orthogonal set of reoriented slices was then
produced after defining a new transaxial plane on a mid
sagittal image (Fig. 1). This two-step procedure began with the
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definition ofa proper mid-sagittal plane on the original trans
axial images (correction for any axial rotation of the head).
Then, a new transaxial plane was defined by drawing a straight
line running fromjust underthe frontal lobeto apoint halfway
between the occipital lobe and the cerebellum on this mid
sagittal slice (Fig. 1B). The new coronal plane was automati
cally defined by the previous two operations.

Quantitative Analysis
Transformation of the reconstructed data and mapping of

the cerebral uptake were also carried out on the Star II system,
using the â€œAdvancedProgrammabilityâ€•(PASCAL) feature.
This process required â€˜@â€˜30mm of computer time for each
tomographic study.

The reconstructeddata was first normalized to take into
account the exact dose administered to each patient. The
number of counts in each voxel of the reconstructed volume,
which is proportional to the activity in the corresponding
location of the brain of the subject under examination, was
multipliedbya normalizationfactor(N),whichwascalculated
from the number of counts (C) in the image of the syringe
obtainedimmediately beforethe injection. More specifically:

N = 500,000 / C.

Typically, this normalization factor was approximately equal
to 1,sincethe number ofcounts (C)recordedover 1mm with
a 4.0-mCidose of IMP was approximatelyequal to 500,000.
Since the actual number of counts recorded was dependent
on the exactdoseadministeredto eachpatient multiplied by
the sensitivityofthe system,this one-stepprocedurecorrected
for variation in both ofthese two parameters. The number of
counts found in each voxel after applying this normalization
process was further corrected for physical decay on the basis
of the time elapsed between injection and the beginningof
the tomographic procedure. The resulting number of counts
ineachvoxelwasthendirectlyproportionaltotheuptakeof
each individual volume element, expressed in some arbitrary
units.

The mappingtechniquewehavedevelopedto presentthose
results is similar in many respects to the technique used by
geographers to depict the surface of the earth, either with an

FiGURE 1
Reorientationof the slices. (A) Defini
tion of an appropriate mid-sagittal
planeon a transaxialslice,followed by
(B)the definition,on a reoriented mid
sagittalshea,of a newtransaxialplane
tangent to the under portion of the
frontal and occipital lobes.
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FIGURE 2
Mapping techniques. (A) Borrowing from the geographers a
methodto representthe surfaceof a sphericalobject on a fiat
paper, we used both equatorial (B) and hemispheric maps (C)
to depictthedistributionof a radiotracerinthecortex.

equatorial map or with two hemispheric maps (Fig. 2), each
one correspondingto one hemisphere(northern and southern
hemispheres versus right and left sides ofthe brain). The inner
structures of the brain could also be represented in a similar
fashion, in analogy with the peeling ofan onion, each â€œlayerâ€•
being represented by additional uptake maps.

To facilitatethe extraction of the pertinent data and the
creationof our maps,we applieda sphericaltransform to the
SPECT data, rather than the cylindrical transform reported
by Ichise and Crisp (15). This meant that the information on
the uptake of each volume element of the brain, which is
normally expressed in terms of its (x,y,z) coordinates, x and y
referring to the coordinate within a slice and z, referring to
the slicenumber, had to be expressedin terms of three other
coordinates (r, 9, and 4) after definition of a center of refer
ence.

The firststep ofthis transformationwasthe selectionof an
appropriate â€œcenterâ€•of reference. The â€œcenterâ€•of the brain
(c) was defined anatomically (Fig.3) as a point located halfway
from side to side ofthe brain (mid-sagittal) and halfway from
the front to the rear on a transaxial plane (â€œreferenceplane,â€•
R), arbitrarilydefined as the one tangentialto the undersurface
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FIGURE 3
Definition of the â€œcenterSof the brain. (A) The â€˜centerof the
brain(C)was definedas beinglocatedon the transaxialplane
which was tangent to the undersurfaceof the braln at the
levelof the interpeduncularfossa (f). The selectionof this
â€˜referenceplaneâ€•(A)wasdonefromthesimultaneousdisplay
of the reorientedsagittal,coronaland transaxialslices.(B)
The exact location of (C)on (A) was determined by the user
fromthe displayof a mid-sagfttalshce,on wh@hthe anterior
and posterior limitsof the brainwere easiestto define(yellow
vertical lines).

ofthe brain at the level ofthe interpeduncular fossa (apparent
recess located between the two temporal lobes on a coronal
slice). This â€œcenterâ€•was easily defined by the user from the
simultaneous display of the reoriented sagittal, coronal and
transaxial slices. A transverse axis extending from one side of
the brain to the other, through this â€œcenter,â€•was referred to
as the â€œcentralaxisâ€•(Ca) ofthe brain.

Given that center of reference, the spherical transform
allowed us to represent the data contained in the entire set of
transaxial slices in terms of three coordinates (Fig. 4): â€œlati
tudeâ€•(4k),â€œlongitudeâ€•(9), and radius (r). The longitude of a
voxelwasthe angleformedby the anterior half of the â€œrefer
ence planeâ€• (R) and the â€œvoxelplaneâ€• (P) defined by the voxel

itself and the â€œcentralaxis.â€•The â€œlatitudeâ€•of a voxel was
definedastheanglebetweentherighthalfofthe â€œcentralaxisâ€•
and the radius (r) connectingthat pixelto the â€œcenterâ€•of the
brain. So defined, the â€œlongitudeâ€•could vary by 360 and the
â€œlatitudeâ€•by 180Â°(unlike the geographic model where the
longitudeis expressedin termsof degreeeastor westof
Greenwich, and the latitude, in terms ofdegree north or south
ofthe equator, the mid-sagittalline in our model).

With this transformation,the frontal area had a longitude
(0) grossly comprised between 0Â°and 90Â°,while the cerebel
lum was located at a longitude slightlyover 180Â°relative to
the anterior half of the â€œreferenceplane.â€•In a half-plane
havinga longitudeof9OÂ°,(similarto the upper part ofa mid
coronalslice),the right temporal lobe had a latitude (4) of 0Â°,
the mid-sagittalline was locatedat 90Â°,and the left temporal
lobewasat 180Â°.

Sampling of the transaxial data was done at 64 values of
longitude covering the 360Â°around the â€œcentralaxisâ€•of the
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FIGURE 4
Definitionof a new referencesystem.The locationof any
voxel (Â°)within the reconstructedvolume was described by
its latitude (@),longitude (0), and distance(r)from the Â°centerâ€•
of the brain(C).Theexactcoordinatesof that voxellocated
on the â€œpixelplane' (P)were uniquelydefinedby the definition
of theâ€œcentralaxisâ€•(Ca)of thebrain[transverseaxisthrough
(C)] on the â€œreferenceplaneâ€•(A).

brain. At each longitude, the data were sampled 64 times to
cover the range of latitude from 0Â°to 180Â°(from the right
temporal area to the left temporal area). Radial sampling was
performedat eachofthese 4,096combinationsoflatitude and
longitude at 32 points (equivalent to 32 voxels) thus covering
the entire volume ofa sphere (larger than the brain) having a
diameter equal to the width (64 voxels) of the original data.
The transformeddata could then be representedin a set of 64
images (one for each longitude) of 64 x 32 voxels (64 values
of latitude and 32 values of radius). This set of images
(Fig.5A)constitutedthe basisofany furtheranalysis.It should
be remembered that the number of counts in each voxel
within this set of images remained proportional to the uptake
in the volume element corresponding to its coordinates.

The â€œoutersurfaceâ€•ofthe brain wasdefinedas an isoactive
surface defined by the first voxel whose value exceeded a
predefinedthresholdwhenmovingradiallyfromthe extremity
of each radius toward the center of the brain (Fig. SB). The
radius of the â€œoutersurfaceâ€•could easily be obtained from
the above data and the resulting information could be dis
played in a 64 x 64 image (â€œequatorialmapâ€•)where each
pixel(Fig.SC)wascolor-codedto representthe radius at that
latitude (x-axis) and longitude (y-axis). A threshold value of
30% of the maximal voxel count was used in our protocol.
With some experience,the shape of the patient's brain and/
or the proper definitionof the â€œcenterâ€•of the brain could be
ascertained from the symmetry of the radius map.

Once the outer surface of the brain had been defined, the
brain could literally be peeled and a map ofthe uptake within
that â€œpeelâ€•(uptake versus latitude and longitude)could be
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FIGURE 5
Dataextraction.(A)Oneof 64 imagesof the uptake(color
coded)as a functionof latitude(4) and radius (r), after trans
formationof the data. The ventricles(v) and the mid-sagittal
sinus(5)are easily recognized.(B) Outer surfaceof the brain
as definedby an isoactivecontour (white line)drawn on each
image.The y-coordinateof each pixel in that linecorrespond
to theradiusof thebrainatagivenlatitude(4 = x-coordinate)
and longitude (0 = image #). (C) â€œEquatorialâ€•map of the
radiusof the brain(colorcoded)displayedin termsof the
latitude (4k)and longitude (0). The symmetric shape of this
braincanreadilybeappreciatedaswellas theextentof the
areacorrespondingto the undersurfaceof the brain(u).Our
definitionof the cortical layer of the brain is depicted by the
white area in (D).(E) â€œEquatorialâ€•map of the cortical uptake,
in correspondencewith the â€œequatorialâ€•mapof the radius(C).
ThehorizontaldOttedlinesin (C)and(E)weredrawnat the
longitudeof the imagepresentedin (B)and (D).

displayed. The â€œcorticalpeelâ€•was defined as that constant
thickness region (five voxels thick) whose outer surface was
located at 90% of the radius for each latitude and longitude
(Fig. SD). By this procedure, we defined a volume located just
belowthe isoactiveouter surfaceof the brain with a constant
thickness of 2.40 cm.

An â€œequatorialmapâ€•of the cortical uptake averagedover
the chosen thickness (averagecounts/voxel) could then be
generated and displayed using a chromatic color scale (Fig.
SE) with 16 discrete levels. Since the data have been corrected
for the injecteddose as wellas for physicaldecay, this color
scale could be kept constant for all subjects. It must be noted
that on theseequatorial maps (longitudeversuslatitude),the
mid-sagittalline was representedby a vertical line (constant
â€œlatitudeâ€•of 90Â°),in analogy with an equatorial map of the
earth where the equator is represented by a straight (although
horizontal) line.

Alternatively, in order to reduce the distortion introduced
by the equatorial maps in the polar area (temporal lobes in
the case of the brain), a set of â€œhemisphericmapsâ€•was
generated from the same data (Fig. 6). On these hemispheric
maps, the mid-sagittalline was located at the peripheryof a
radial display, where the radius represents the latitude, while
the angular position of each point represented the longitude
from 0Â°to 360Â°.The right hemispheric map covered a range
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FIGURE 7
Thresholdon the radius.Theareacorrespondingto the Un
dersurfaceof the brain was discriminatedon the basis of its
lower radius. Whenever the radius fell below a predefined
threshold (@6.0cm), the pixel was eliminatedboth from the
uptake (A) and the radius maps (B). The activity measured
withinthe parotidglands(p)could not bediscriminatedagainst
on the basisof its distancefrom the center of the brain.The
activity within those glandsas well as within the nasopharyn
geal area(n)was sufficienflyhigh to introducean error in the
automaticdeterminationof the contour of the brain.

RESULTS

â€œCorticaluptakeâ€•values were obtained in 17 individ
uals at 20 mm, 2 hr, and 4 hr after injection of IMP
(Table 1). These results suggest a slow clearance of the
tracer (paired t-test with a p < 0.01) from the cortical
layer, over time, with a mean uptake (Â±s.d.)of 0.92 1
(Â±0.185)at20',decreasingto0.803(Â±0.107)at120',
and finally down to 0.748 (Â±0.103) at 240' (Fig. 8).
Within our age range, no significant correlation was
found between the measured uptake at each time period
and the age of the subject.

To appreciate how well these results could be repro
duced, 10 subjects (Table 1) had a repeat study per
formed at a later date (2 wkâ€”9mo). A paired t-test
(initial study versus repeat study) analysis ofthe uptake
values obtained at 120' and 240' resulted in p values
ofO.29 and 0.14, respectively, indicating no demonstra
ble difference between the first and second series of
measurements (p > 0.1). However, the same test per
formed on the 20' uptake values resulted in a p value
of 0.05, suggesting a difference between the two series
of measurements. A more detailed look at the uptake
values obtained from this restricted group suggests that
these values are different in their mean and, perhaps
more strikingly, in their standard deviation around the
mean (Fig. 9).

To further assess the distribution of the tracer in the
cortex,a compositeuptake map wasgeneratedby add
ing together the maps ofall the subjects and by dividing

FIGURE 6
Hemisphericmaps. The data contained in each â€œequatorialâ€•
map was representedon two â€œhemisphericâ€•maps in corre
spondencewith the two brainhemispheres.Againthe cere
helIum(C)and the areacorrespondingto the undersurfaceof
the brain (u) can readily be identifiedon these maps of the
cortical uptake (A)and of the radius(B).

of â€œlatitudeâ€•varying from 0Â°in the center to 90Â°on the
periphery, while the left hemispheric map covered the range
from 90Â°in the periphery to 180Â°in the center.

When the hemisphericmaps of the cortical uptake were
displayedalong with the hemisphericmaps of the radius of
the brain, it became evident that a large portion of them did
not represent the outer cortex but the uptake in structures
underneath the brain, or even external to the brain (e.g.,
salivary glands). However, these structures could be excluded

on the basis of the shorter radius of the brain in these direc
tions. The hemispheric maps ofthe cortex were thus left blank
(pixelssetto zero)wherevertheradiusin thecorresponding
radiusmapwasbelowa predefinedthreshold(Fig.7). The
similarityoftheseuptakemapsto lateralviewsofthe brainis
evident,yetthenumberof countsin eachpixel(color-coded)
reallyrepresentthe uptake of the tracer as a function of the
angular position of each specific volume element of the â€œcor
tical peel,â€•around the â€œcenterâ€•ofthe brain.

The mean absolute â€œcorticaluptakeâ€•of a tracer was cal
culatedfrom the averagevalueof the uptake (pixelcounts) in
the left and right hemispheric maps of the â€œcorticallayer,â€•
limitedtothosevalueswitha longitudebetween0Â°and180Â°.
This area covered grossly the two hemispheres and excluded
the cerebellum.This averagevalue (pixelcounts)was further
dividedby 48, somewhatarbitrarily,in orderto reducethe
normal value of the mean â€œcorticaluptakeâ€•in the vicinity of
1 (arbitrary uptake unit: Uu). On an absolute basis, the Uu
we used to expressthis averagecortical uptake was found to
be equal to 3.62 x l0@% of the administereddose/cc (see
Appendix).

Finally, it must be noted that, by definition, the calculation
of the mean â€œcorticaluptakeâ€•was independent of the exact
brain sizeof eachindividual.
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FirststudyRepeatstudyTime

after injectionTime afterinjectionSubjectAge20'120'240'20'120'240'1551

.0540.9170.8320.9450.9680.8462550.8780.7950.8123470.8430.6660.6564460.9090.8460.7530.7620.71

60.7075461
.1080.8840.8370.9260.8480.8396460.8290.9270.8607431

.0070.6770.7570.9440.8180.6968420.8520.8090.7570.9180.9040.7659410.8530.8400.6540.6770.6170.5751

0370.7170.6450.5820.7370.6610.6291
1371 .4600.9940.91 11.2090.7820.71012350.9010.8230.81813340.9840.7360.68514310.5770.6090.5870.7400.6890.54615300.8760.8780.84616290.9380.8350.75917250.8750.7760.6030.8210.7630.676Mean

(17subjects)0.9210.8030.748s.d.0.1850.1070.103Mean

(10 subjectswho0.9240.8000.7270.8520.7770.699had
a repeatstudy)s.d.0.2360.1240.1160.1520.1110.100

TABLE I
CorticalUptakeValues

the integral value in each pixel of the resulting image
by the total number of subjects.

Again, the number of counts in each pixel of these
composite maps must be thought of as an absolute

1.6

measure of the mean uptake among these normal sub
jects, within that small but specific region of interest
located, within the 2.40-cm thick â€œcorticallayerâ€•of the
brain, at the latitude and longitude given by the coor
dinates ofthe pixel. Ifthose values are displayed with a
16-level color scale which is kept constant in range,
then each color will represent a specific absolute uptake
range. This is why a constant range of 0 to 64 counts!
pixel was used in Figures lOA, 11A, and 12A.

The composite cortical uptake maps obtained at 20
mm, 2, and 4 hr postinjection are shown in Figure 1OA.
Since these maps were fairly symmetric from one hem
isphere to the other, only the right hemisphere is rep
resented. The absolute scales for the maps obtained at
2 and 4 hr were modified by a factor of 1.15 and 1.23,
respectively, to compensate for the overall washout of
the tracer over time, thus giving a better appreciation
of the fact that the uptake is becoming more uniform
with time. Also presented in this figure (Fig. lOB) are
the maps corresponding to the standard deviation meas
ured at each location ofthe cortex. The standard devia
tions were expressed as percent of the uptake in the
corresponding location ofthe cortex and is color-coded
on a scale ranging from 0%â€”32%(2% per color level).

The average washout at each location of the cortical
layer was obtained by subtracting the composite maps
one from the others. The absolute cortical uptake maps,
presented on the same scale, and the wash-out measured
at each location from 20' to 120' and from 20' to 240'
are presented in Figure 11. The wash-out at each loca
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FIGURE 8
This graph of the cortical uptake as a function of time after
injectionillustratesthe averagewashout of [1@IJlMPfrom the
cortex of our subjects. By definition, most of the individual
uptakevalues(.)fell in the rangedefinedby the average(0)Â±
2 s.d.(AandY) exceptforSubject11 at 20' afterinjection.
For some yet unknown reason,the uptake of Subject 11 (â€¢)
wasmorethan4.5s.d.higherthantheaverageoftheother
subjects.
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investigators have already shown their potential in the

study of many pathologic states that will result in a
qualitatively abnormal cerebral study (6â€”12,16â€”18).
As pointed out by Holman (19) in 1987, quantitative
SPECT imaging is within our reach and should become
a reality if we want to take full advantage of those
results in the day to day evaluation of CNS disease.
Given the various tracers currently in development,
quantitative SPECT imaging could even become a pow
erful, yet readily accessible research tool leading to new
clinical applications.

The potential value of our method for the absolute
measurement of the cortical uptake of a tracer either
globally (uptake values) or locally (uptake maps) is well
illustrated by this study of the cortical uptake and
distribution of [â€˜231]IMPin a group of normal subjects.

Among other things, these results clearly indicate the
risks associated with a relative measure of the uptake
based on an â€œinternalstandard,â€•defined as the maxi
mum or average activity measured within the cerebel
lum which we have shown to be an area where the
variations in absolute uptake and the washout are the
highest (Fig. lOB and 1lB).

However, the measurement of the absolute cortical
uptake of a tracer is certainly not by itself the ultimate
answer to all the problems related to the evaluation of
brain physiology. The particular behavior of Subject 11
(Table 1) is very interesting in this respect. His cortical
uptake at 20' was fairly high on both the initial and the
repeat study, with a value of 1.460 and 1.209, respec
tively, as compared to a mean uptake of0.887 (Â±0.126)
for the 16 other subjects on their first study, and 0.830
(Â±0.105)for the 9 others subjects who had a repeat
study. Indeed, these values contributed significantly to

the standard deviation obtained on the 20' uptake
values. At 120' and 240', however, his uptake was
within normal range (Fig. 8). Further experience with
this technique in normal patients should tell us whether

:@:
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FIRST STUDY VS SECOND STUDY
FIGURE 9
This graph illustrates on an individualbasis the relation be
tween the 20' uptakesmeasuredon two separateoccasions,
15 days to 9 mo apart. The mean uptake at 20' (0) of the 10
patients was slightly diminished and the variation in their
uptakevalues[Â±2s.d. (A and Y)] was muchreducedthe
secondtime around.Subject 11 (â€¢)shows a similarbehavior
in that respect but his uptake was still very high the second
time.

tion is expressed as percent of the initial activity and is
color-coded on a scale ofO%â€”64%(4% per color level).

DISCUSSION

Until recently, it was felt that functional brain im
aging was the exclusive territory of positron emission
tomography (PET) due to the wide choice of physiolog
ically specific positron emitting tracers and its well
proven quantitative ability. Even though the new cm
ically available radiopharmaceuticals for SPECT imag
ing are limited to the study of â€œbloodflow,â€•several

FIGURE 10
(A)Compositeuptakemaps.Thehem
isphericuptakemapsof the subjects
wereaddedtogethertoproducethose
composite maps depicting the cortical
distribution (right hemisphere) of the
tracer at 20', 120', and 240' respec
tively. To fully appreciate the more
even distributionof the tracer over
time,thescaleof eachimagewasad
justedto compensatefor the measured
global washout (see Table 1). (B) The
standard deviation in the cortical up
take was measuredfor eachpixel.The
results, expressedas a percentageof
thelocaluptake,arepresentedinthose
maps (2% per color level). The high
uncertainty in the absolute uptake
measuredat the level (c) of the care
helIum(@17%)canbereadilyappreci
ated.

â€˜_@_@.@[
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FIGURE II
(A) The composite uptake maps ob
tamedat 20', 120', and240' aredis
playedon the sameabsolutescaleto
illustratethe washoutof the tracerover
time. (B) The washout was measured
for the 20'â€”l20' and the 20'â€”240'
time intervals. The results were ex
pressed as a percentage of the uptake
at 20' (4% per color level). The white
areaswithinthosemapsare in con's-
spondence with areas where the wash
out was negligibe (<4%). Grossly,the
areasof highestuptakeinitiallywere
alsothe areaswith the highestwash
out rates. Again, the cerebellumwas
an areaof rapidvariationsin activity
overtime.

. this observation was only a statistical oddity or a true

reflection.
The variations observed in the 20' uptake values

between the initial and repeat study (Fig. 9) are also
very intriguing but not without precedent. Prohovnic
et al. (20) have reported a similar tendency to a rela
tively lower mean cerebral blood flow and standard
deviation in their second measurement on resting sub
jects with a xenon-l33 inhalation technique. This phe

I::' :..@
4

;Iâ€¢â€¢@

nomenon was nicely explained by the work of Gur et
al. (21) showing a curvilinear, inverted-U relationship
between anxiety and cerebral blood flow. Such an ob

servation could perhaps even explain the extremely high
20' uptake ofSubject 11 on his first visit, which reverted
toward normal in the repeat study.

In a different perspective, the standardization in the
presentation of the results offered by this mapping

technique could simplify the analysis ofthe distribution
of a tracer in the cortex of one individual or group of
patients in terms of the normal values depicted by the
composite (normal) average maps (Fig. bA).

The left hemispheric uptake map ofa normal subject
and the right hemispheric map of a patient with a huge
frontal stroke showing a recent progression of his de
mentia are presented side by side in Figure 12A. The
cerebellumof that patient could not be scannedprop
erly due to an important scoliosis, a fact which is clearly
depicted in this map. A â€œpercentageanalysisâ€•was oh
tamed by dividingthose individualuptake maps by the
normal composite uptake map and multiplying by 100
(Fig. l2B). The color-coded images showed that the
normal subject had an uptake ranging from 75% to
125% ofthe normal values as compared to the patient
who had an uptake reduced below 75% both in the
frontal and parieto-occipital areas. Similarly, a â€œstand
ard deviation analysisâ€•was obtained by subtracting the
individual maps from the normal map and then by
dividing the result by the standard deviation measured
at each location in our normal reference group (Fig.
l2C). The color-coded images obtained showed that the
normal subject had an uptake comprised between Â±1.5
s.d. from the normal average uptake for each area while
the patient had an uptake comprised between +0.5 and
â€”2.5 s.d. everywhere except for two areas within the

frontal lobe which have a very low uptake by all stand
ards. The uptake in the parietal area is within â€œnormalâ€•
limits, those limits being defined as Â±2.5s.d.

The ability to take into account the nonuniform
distribution of the tracer and the expected local varia

A
-bâ€•@@

I.

%ns.d.

75f@25

FIGURE 12
(A)Left hemisphericuptakemapof a normalsubject(left);
righthemisphericuptakemapof a patientwith a frontalstroke
(right). (B) Percentageanalysis: the individualuptake maps
were compared to the normal composite uptake map (Fig.
IOAat 20') andexpressedasa percentage(10%/colorlevel;
yellow = 95%-105%). (C) Standard deviation analysis: the
deviationfromnormaluptakealsowasexpressedintermsof
thestandarddeviationmeasuredateachlocation(1s.d./color
level;yellow = normalaverageuptake Â±0.5s.d.).
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tions in uptake should be a strong asset for these or
similarly derived analysistechniques.

CONCLUSION

The program described in this paper offers several
advantages to the nuclear medicine practitioner. First,
this mapping technique is a powerful data reduction
tool that allows contiguous areas of the brain (e.g., the
cortex) to be evaluated without having to mentally
integrate from slice to slice. Second, this quantification
technique has proved to be reliable with [â€˜231J1MPand
could result in the development of quantitative diag
nostic criteria. Such an approach would remove much
of the subjectivity involved in the evaluation of the
distribution of these tracers.

APPENDIX

Calculationof the (% dose/cc) Equivalentto 1.0Uu
(OurArbftraryUptakeUnit)

The basis for these calculations, namely that:

Number of counts in SUM! counts in each (1)
reconstructedobject \ projection

wasvalidatedwith a simulation program allowingus to gen
crate the 96 projections ofa point source with a known activity
which were then backprojected using the Nowak reconstruc
tion algorithm.

Assumingthat the activityrecordedby the camera during
our preliminary image of the syringe containing the total
administereddose of IMP was 500K cts/60 sec (which was
the purpose of our normalization process), the total number
of counts (N) that would have been recorded during a tomo
graphic acquisition of a point source containing the entire
dose would then have been, according to our acquisition
protocol:

N = 500K counts X 96 views x 15 sec/view

= 1 2,000 counts.

One basicassumption underlyingthesecalculationsis that
the data were properly corrected for attenuation. The accuracy
ofthe attenuation correction method, which is part ofthe GE
tomographic software package, was not evaluated. However,
we can assume that it was, at best, only a first-order approxi
mation to the difficult problem of attenuation and scattering.
Thiscertainlydid limit the precisionofour absolutemeasure
ments (systematic error) but it should not have affected the
reproducibility of our results (random error).
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