
the brain (1â€”5).Retention in the brain is controlled by
bindingof â€˜@I-IMPto nonspecific amine binding sites and
the washout of 123!activity following its conversion to
nonamphetaminemetabolites. Washout and redistribution
of the radiopharmaceuticalis sufficiently slow to allow
SPECT imaging of rCBF between 30 and 90 min after
tracer administration. Its use and utility in providing a
sensitive assay of cerebral perfusion in the workup of ce
rebrovascular disease, epilepsy and dementia is docu
mented (1). The high sensitivity of the â€˜@I-IMPSPEC!'
procedure to detect alterations in blood flow in the brain
led us to use it to investigate possible alterations in rCBF
caused by cocaine.

In preclinical â€˜@I-IMPSPEC!' studies of cerebralperfu
sion in the beagle dog, we observed that alterations in
rCBF occur after acute doses of cocaine as low as 0.5
mgfkg (6). With crack users often using higher doses ofcocaine(>2â€”4mg/kg)threetofourtimesperweek,we
thought that the SPEC!' brain perfusion procedure could
offer a sensitive assay that might detect early alterationsin
rCBF in the asymptomatic crack subject before overt
symptomatology or positive testing by other means. Dc
spite increasingnumbersof reports of neurovascularcom
plications associated with crack abuse (7â€”9),very little
informationhas been reported thus far on the use of nu
clear medicine procedures to detect cerebral pathology in
crack users (10â€”12).Ourstudy was designed to investigate
the useof 123Ifl@4pSPEC!' imagingto detect alterationsin
rCBF in asymptomatic crack users.

MATERIALSAND MEIHODS

A totalof 42 adultsubjectsparticipatedin the study.These
included21 volunteers, control subjects and 21 subjects that had
â€œsnortedâ€•or smokedcrack, the cocainealkaloidor freebase, for
1â€”20yr (Table1).The studieswere approvedby the Institutional
Review Committees at Brookhaven National Laboratory and the
Health Sciences Center, State University of New York, Stony
Brook.Allsubjectsparticipatinginthestudywererecruitedusing
newspapersolicitationand informedconsent was obtained.The
controlsubjectspresentedwithouthistoryof disordersor trauma
affecting the central nervous system (CNS) or drug, including
alcohol,abuse.Onlyasymptomaticcrackuserswereacceptedfor
study; those with history of other drug dependence were cx

Theuptake,distribution,andclearancepropertiesof 1@I-IMPin
the brainwereevaluatedin controlsand asymptomaticcrack
users to investigate cerebral blood flow alterations in crack
abuse.Serialdynamicplanarimagesof the brain(0â€”25mm),
SPECTof thebrain(0.5hrand4 hr)andwhole-bodyscans(75
mm)wereobtainedin21 crackabusersand21 controlsubjects.
Majorobservationsinclude:(a)fod of abnormallyreduced1@I@
IMPactivitymainlyin the frontalandpanetO-OCCIP1taIcortexor
marked irregularfties in the uptake of 1@I-lMPthroughout the
cerebralcortexconsistentwithmoderateto severedisruptionin
regionalcerebralbloodflowwereobservedonthe0.5hrSPECT
images of 16/21 asymptomatic crack users; (b) no correlation
could be demonstratedbetweenthe incidenceor severityof
SPECTperfusionabnormalityw@ithefrequency,amountor
lengthof timeof crackuse;(C)focalperfusiondefectsobserved
in 6/21 crackuserson the 0.5-hrSPECTimagespartiallyor
completely filled-in on delayed SPECT at 4 hr in four of six
subjects;(d)the rateofcerebral uptakeof 1@l-IMPin crackusers
averaged23%lessthanobservedin controlsubjectsoverthe
first25 mmaftertraceradministration;and (e)1@I-IMPactivity
reachingthe brainof cigarettesmokingcontrolsubjects(n = 14)
at 25 mm after injectionaveraged42.5% less than in nonsmok
ing controls (n = 7). Quantitativemeasurementsof the uptake
anddistributionproper@esof 1@I-IMPin the brainprovedto be
an ot@ectJve,sensitiveand usefulmeasureof regionalcerebral
blood flow in crack abuse.

J NuciMed1993;34:899-907

PECF imaging of intravenously administered â€˜@I-la
beled d,I-N-isopropyl-p-iodoamphetamine hydrochloride
(IMP) provides a useful procedure to evaluate regional
cerebral blood flow (rCBF) (1). The lipophiic radiophar
maceutical dissolves in the lipidmembraneof the capillary
vessels of the brain and passes through the blood-brain
barrier by passive diffusion (2). Characterized by high and
rapid first-pass extraction, the localization properties of
123II@@4pprovide an activity map of rCBF distribution in
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Sex

M FAge
(yr)

Range Meang/wkyrlastusedpk/dpk/yrMoanControls(c)Nonsmokers(ns)10421-5940â€”â€”â€”â€”â€”â€”Smokers(s)7027-6646<1â€”2.58â€”3119â€”â€”â€”Crack

users(cr)Nonsmokers(ns)5023â€”5032â€”â€”â€”3â€”133â€”191â€”
35dSmokers(s)13325-4032<1â€”21â€”44162â€”151â€”201â€”240d

Crackuse

TABLE I
SubjectData

C@arette use

cluded. Intravenous drug users were excluded to reduce the
chance of including subjects with coexistent cerebral pathology
resulting from AIDS or infection (14). Subjects with current or
prior CNS disorders, head trauma or medication histoiy for
chronic conditions affectingcerebral metabolismor blood flow
were excluded from the study. The sex, age, cigarette use and
crack use historyof the subjectsare shown in Table 1.

All subjects had a series of imaging procedures following the
intravenous administration of 111 MBq (3 mCi) of â€˜MI-IMP
(SPECTamine,lofetamineHC1â€˜@IInjection,MediPhysics,Para
mus, NJ; studies were performedbetween 12188and 11/90).Sub
jects were instructedto rest witheyes openin a supinepositionin
a quiet, dimly lit imaging room for at least 10 min before, during
and 10mm after traceradministration.The rateof uptakeand the
localization properties of 1@I-IMPin the brain were evaluated
from sequentialdynamicimagesof a posteriorview of the head
acquired over the first 25 mm following radiopharmaceuticalad
ministration and two SPEC!' procedures of the brain at 0.5 hr and

4 hr after â€˜231-IMPadministration.SPEC!' studieswere collected
as60projections,40secperprojectionwith a 1.5zoom,usingan
ellipticalorbitwith aradiusof rotationrangingfrom11to 14cm.
The 30-mmSPEC!'studywas used to assess regionalcerebral
perfusion. Delayed SPEC!' was used to evaluate redistribution
and washout of tracer. Distributionproperties of the radiophar.
maceuticalwere investigatedon anterior and posterior whole
body scans obtained at 75 mm after radiopharmaceuticaladmin
istration.

All imaging procedures were made on rotating gamma camera
SPECF-imagingsystems (ToshibaGCA-901Aor Toshiba GCA
9O1SA,38 cm X 50.8 cm UFOV). An 123Jparallel-hole collimator
with a measuredsystemspatialresolutionof 9.5mm(FWHM)at
10 cm depth with water as the scattering material (8.7 mm in air)
was used to acquire images on the 901A system and an LEGP
collimator(60-180keV)withameasuredsystemspatialresolution
of 12.5 mm (FWHM) at 10 cm depth with water as the scattering
material (10.2 mm in air) was used on the 9O1SAsystem. The
reconstructed system axial spatial resolution for 1@Ion the re
spectivesystemsrangesfrom8.5and10.1mmattheperipheryto
12.0and14.5mmatthecenterforlinesourcemeasurementsina
22-cmdiameterwater-filledphantom.

Image Processing and Data AnalysIs
SerialDynamicImages. The rateof uptake of â€˜@I-IMPin the

brain was determined in each subject from the time-activity curve
obtainedusing a single regionof interest (ROl) over both cerebral
hemisphereson the dynamic imagedatacollected over the first25
mm. The curve of the counting data was fit to a two-compartment
uptake curve, y(t) = )â€˜â€”aie_A1t a2e_A2t,usinga least-squares
fittingroutine (Fig. 1). The biologic half-times, T1 and T2, of the

two compartment curves and the time to 50% and 90%, T50and
T%,of themaximumcountrateinthecerebralhemispheresover
the first 25 mm after injectionwere determined.

SPECT. SPEC!' projections of the brain were preprocessed
with a high-countfloodsourceuniformitycorrection(120x 10@
counts) and a weighted 3 x 3 pixel smoothing routine. Tomo

graphic slices (5.3 mm thick) were reconstructed using the con
ventional filteredbackprojectionmethod with a Shepp-Logan flu
ter. Slices parallel to the canthomeatal line were reconstructed
fromthevertexto thebaseof thecerebellumusingthefirst-order
Changattenuationcorrectionmethod (15)with an experimentally
determinedattenuationcoefficient of 0.135 cm1 (16).

The regionaldistributionpropertiesof â€˜@I-IMPin the brain
were evaluatedby visualinspectionandquantitativelyby using
ROIsto obtaincount(activity)informationon 2-pixel(10.6-mm)
thick tomographic slices. Transverse, sagittal and coronal tomo
graphic slices were reconstructed on all SPEC!' studies. Trans
verse slices were inspected for abnormalities and sagittal and
coronal views were reviewed for confirmatoryevidence. Four
reviewers(H.A., C.C., D.F., D.A.W.)read all studiesin random
order at the completion of the study. Final interpretationswere
based on a consensus agreementof all reviewers. For the quan.
titative evaluation, one to six ROIs were defined over each of nine

cerebral structures on the tomographicslices. Forty ROIs were
positionedover the temporal,frontal,parietal,prefrontaland
visual cortex, basal ganglia, thalamus and cerebellum. RO! sizes

rangedfrom 8 to 39 pixels. Positioningof the ROIs was adjusted
for individualsubjects; however, RO! size was held constant for
all subjects.Figure1 showsexamplesof ROl selectionfor two
slices of the brain. In control subjects, typical count densities
ranged from 150 to 200 counts/pixel/ill MBq (3 mCi) adminis

tered activity in the selected ROIs. The ratios of counts (activity)
for contralateralregions, for regions to cerebellum and for the
same regions, 4 hr/0.5 hr, were calculated.

Whole-BodyScans. Activity in selectedorganswas calculated
asa percentageof retaineddosefrom the geometricmeansof
ROIsplacedoverselectedorgansdividedby thegeometricmean
of ROIs of the whole body.

Statistics. The statistical significance of differences in 1@I-IMP
uptake kinetics and distribution properties for control subjects
and crack users was determinedby applying the paired and un
paired Student's t-test. Statistical significance was selected as p <
0.05.

RESULTS

Rate of Uptake
The time-activity curvesfor â€˜MI-IMPuptakein the brain

showed significant differences in the rates of uptake be
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FiGURE 1. Exampleof AOlselectionandpositioningontwoofsixtransverseslIcesofthebrainusedto analyzedistributionproperties
of 1@I-IMPinthebrain.

tween the crack users and the control subjects (Fig. 2,
Table 2). The results showed a mean biological uptake
half-time of T2 = 419 Â±41secandT@= 1005Â±92secin
21 crack users as compared to T2 = 340 Â±22 sec (p =
0.001) and T@ = 806 Â±220 sec (p = 0.0003) in 21 control
subjects (Table 2). Smoking also influenced the rate of
cerebral uptake. The mean biological uptake half-time of
â€˜@I-IMPin the brainof nonsmoking crack users (T2(ns-cr)
= 391 Â± 35 5cc, n = 5) and smoking crack users (T2(s-cr)

= 432 Â± 38 5cc, n = 16) averaged 13% and 32% less than

in the respectivenonsmokingcontrol (T2(ns-c) = 345 Â±22
5cc, n = 14, p = 0.03) and smoking control subjects (T2(s-c)

FiGURE2. Time-activitycurvefor1@I-lMPuptakeinthebrainof
controlsubjectsobtainedfrom serialdynamicimagesof the brain
recordedoverthefirst25 mmfollowingradiOpharmaCeUticaladmin

@trabon.Rateof uptakeusCharaCtedZedby bklogschalf-timesTi
andT2 andthetimeforactMtyto reach50%(F@ and90%fr@)of
the uptake plateau seen within 25 mm following 1@I-IMPadmin

@rabon.

= 328 Â± 50 5cc, n = 7, p = 0.009). Smoking in the control

population also significantly reduced the level of activity
reachingthe brain. The uptake plateauof â€˜@I-IMPactivity
in the brain of smoking control subjects (y = 2.3 Â±0.8
c/mCi/s/100p, n = 15)was 413% less than that observed in
nonsmoking control subjects (y = 4.0 Â±1.4 c/mCi/s/100 p,
n = 7). The totalcounts in the SPEC!' projectionscollected
for the 30-min SPEC!' studies of the four differentpatient
groups were consistent with these findings.

Imaging PropertIes
The activity distribution of 1@I-IMPin reconstructed

transverse slices from the SPEC!' studies was evaluated
qualitatively by visual inspection and quantitatively by
RO! analyses.

VIsual Inspection
SPED.' studies in the 21 asymptomatic crack users re

vealed three types of image findings. Normal perfusion
images with good definition of cortical, subcortical and
cerebellar structures were observed in 5/21 subjects; focal
perfusion defects corresponding to regions of reduced
blood flow were observed in 6/21 subjects, with 4/6 show
ing partial or complete filling in of the perfusion defect on
delayed SPEC!' at 4 hr; and irregulardecreases in tracer
uptake, characterizedby a loss of contrast anddefinitionof
123II1'@4puptake in the gray matter structures, were ob
servedin 10/21subjects(Figs. 3â€”5).In the last group, the
severity of change was graded between 1 and 4, with 1
showingminimal loss in definition and mild asymmetries,
ranging to 4 and showing poor definition of the cerebral
cortex with decreased and highly variable or mottled up
take throughout the cortex. Image quality was typically
very poor in the subjects interpreted as having mottled
uptake with a gradeof 3 or 4. Six of the subjects in the
latter group were interpretedas having small to moderate
changes(grades1or 2)andfour subjectswere readto have

1-123 IMP cerebral uptake curve
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I
T-90 1000

Time (sec@
1500
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FiGURE5. TransaxialSPECTsI@es(10.6mmthick)ofthebrain
from a crack usershow markedirregularitiesin tracer uptakeand
loss of definitionof the normalperfusionpatterninthe corticaland
subcorticalstructuresand cerebellum.This image set was read as
sho@ng mottled uptake witha grade of 4.

Quantitative Regional DIstributIon Properties
The distribution properties of 1@I-IMPin the brains of

controls and crack userswere evaluatedin terms of con
tralateral (left/right), region-to-cerebellum and regional re
tention (240 min/30 min) activity uptake ratios. The mean
activity ratios for 15 contralateral ROIs in the frontal, pa
rietal, temporal, thalamic, basal ganglia and cerebellar re
gions in controls and crack users were uniformly close to
1.0. No significant quantitative differences (p > 0.05) in
uptakeratioswere seenbetweenthecontrol andcrackuser
groups. In comparison, small but statistically significant
differences in contralateraluptake ratios were seen in the
subjects interpreted to have perfusion defects (Table 3).
The meancerebellaruptake ratios for 24 regions-to-cere
bellum, consistingof 9 unpaired regions in the prefrontal
andvisual cortex and 15 regions on the left for the frontal,
parietal and temporal cortex, thalamus,basalgangliaand
cerebellum showed variations in regional uptake in gray
matterstructures, however, these differences tended to be
similarfor all patient groups (Table 4).

Variationsin regionalactivity retentionbetween the 240-
miii and 30-min SPECF examination of the brain were
evaluatedby comparing the activity uptake ratio for the
two imaging times in 24 regions of the brain. The mean
uptake ratios for the different patient groups are shown in
Table 5.

An estimate of regional WI-IMP uptake from the whole
body scans, in terms of percent retained dose, was calcu
lated from the geometric means of conjugate paired ROIs
over the brain, lungs and liver compared to the whole
body. The results were as follows: (c-ns) brain = 5.8 Â±0.9,
lungs = 15.0 Â±2.6, liver = 19.3 Â±3.2 (n = 13); (c-s) brain
= 4.7 Â± 1.2, lungs = 22.1 Â± 6.9, liver = 16.6 Â± 2.9 (n = 7);

FiGURE3. Twopixels(10.6mmthick)transaxialSPECTsl@es
of the brainfrom a controlsubject.Imagesshownormalperfusion
pattern with good definition of cortical, subcortical and cerebellax
structures.

highly irregular to major disorganizationof 1@I-IMPuptake
(grades 3 or 4) in the cortex.

No perfusion defects were seen in the SPEC!' studies in
the 21control subjects.Fifteen subjectshadnormal perfu
sion images and six subjects showed varying degrees of
loss of definition and irregular uptake in cortical structures.
Five subjects showed small to moderate changes (grades 1
and 2) and one subject showed greater irregularitiesand
mottled uptake (grade3).

FIGURE 4. TransadaiSPECTslices (10.6 mmthick)ofthe brain
fromacrackusershowfocaldefectsinthenghtfrOntaicortexandin
the nghtparieto-occipitalregionwh@hcorrespondto regionsof
reducedbloodsupply.
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T1*
(see)T2* (see)T@ (sac)Tm (sac)â€˜ (c/37MBq/lOOp)Control(n=21)14Â±5340Â±2272Â±47806Â±2203.4Â±1.5Nonsmokers

(14)15 Â±5345 Â±2270 Â±40801 Â±1914.0 Â±1.4Smokers(7)12Â±6328Â±5077Â±63775Â±2832.3Â±0.8Crack(n=21)16Â±6419Â±4190Â±601005Â±923.1

Â±1.0Nonsmokers
(5)13 Â±6391 Â±35101 Â±56989 Â±993.3 Â±1.1Smokers(16)17Â±6432Â±3885Â±621012Â±923.1

Â±1.0Controls

(21) vs. crack (21)â€”p-values0.001â€”0.0003â€”ControlsNonsmokers

(14)vs. smokers(7)â€”â€”â€”â€”0.009CrackNonsmokers

(5) vs. smokers(16)â€”0.03â€”â€”â€”NonsmokersControls

(14)vs. crack(5)â€”0.03â€”0.04â€”SmokersControls

(7)vs. crack(16)â€”0.009â€”0.007â€”@y(t)

= y â€”aie_A1t@ whereT1= In 2/As, T2 = In VA@

SubjectSl@eUptake

ratioPerfusionControlno.Regionno.defectssubjects2Frontal

Paneto
ocdpftai4

40.82 0.851.04Â±0.101.00Â±0.0612Occipital70.951.02Â±0.041

6OccIpital60.881 .01Â±0.033Occipital70.961.02Â±0.049Paiietal

Temporal4 60.89 0.841.00Â±0.040.99Â±0.0513Occipital60.941
.01 Â±0.03

TABLE 2
Iodine-123-IMPCerebralUptake(0â€”25mm)

(cr-ns) brain = 4.3 Â±0.6, lungs = 14.9 Â±2.1, liver = 21.6
Â±1.4 (n = 4); (cr-s) brain = 4.7 Â±1.0, lungs = 23.1 Â±6.6,
liver = 16.3 Â±4.2 (n = 13).

DISCUSSION

InItial Uptake and Localization Properties
Cocaine use in the United States is widespread. Gawin

and Ehlinwood, Jr. estimated that in 1986, 3 to 5 million
people in the U.S. used cocaine regularly and that 15% of
the U.S. population had tried cocaine, including 40% of
those between the ages of 25 and 30 years (17). Its use is
widespread despite well-documented observations which
show cocaine to be a dangerous reinforcing drug that is a
potent vasoconstrictor and neurotransmitter blocking
agent (18). Cocaine has been documented to cause many
serious medical problems affecting metabolism and func
tion in the heart, brain, lungs, muscle and other tissues
(7â€”9,17, 18). In the brain, cocaine use has been shown to

TABLE 3
Iodine-123-IMPUptakeRatios:

PerfusionDefectROI-to-ContralateralROl

lead to cerebral infarction, subarachnoidand intracerebral
hemorrhage, cerebral ischemia, vascular spasm and cere
bral vasculitis (7â€”8).Here we investigated the use of the
brain SPEC!' imagingprocedure to see if it could be used
to detect alterations in rCBF in advanceof overt clinical
symptomatology.

The results of this study suggest that â€˜@I-IMPSPED.'
brainimagingcould offer a sensitive assay of alterationsin
regional brain perfusion in crack abuse. Measurements
made to characterize the uptake rate of the radiopharma
ceutical into the brain showed that the average biologic T2
of â€˜UI-IMPuptake in the brain of crack users was 23%
longerthan in controls (Table2). The findingssuggestthat
a history of smoking may further alter uptake rate.
Whereas significant differences in T2 were seen between
nonsmoking controls and smoking crack users, T2was 10%
longer in smoking crack users than in nonsmokingcrack
users (p = 0.03), and T2 was 32% longer in smoking crack
usersthan in smokingcontrols (p = 0.009).A decreaseof
43% in the average plateau activity level, y, of smoking as
compared with nonsmoking controls, suggests that smok
ing alters the amount of â€˜@I-IMPthat reachesthe brain.
Furthermore, y differences of <7% found between smok
ing and nonsmoking crack users, and â€˜@â€˜decreases of 18%â€”
23% found in smoking and nonsmoking crack users com
paredwith nonsmoking controls, suggest that the effect of
crack useon uptake in the brain is similar to that of ciga
rette smoke. The average retained dose in the brain of
nonsmoking controls from the whole-body scans at 75â€”105
min was consistently higher (19%-26%) than in smoking
controls, nonsmoking crack users and smoking crack us
ers. In comparison, the average lung activity was consis
tently greater in smokers. Smoking control subjects on the
average showed 47% more activity in the lungs on the
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SI@e,@JINonsmokers(ns)Smokers(s)Control(c)Crack(cr)Control(c)Crack(cr)Control(c)Crack(cr)Region
no.n=21n=21n=14n=5n=7n=16Prefrontal

31 .03 Â±0.081 .02 Â±0.071 .03 Â±0.091 .05 Â±0.061 .04 Â±0.071 .01Â±0.0641.03
Â±0.101.04 Â±0.081.03 Â±0.121.07 Â±0.061.03 Â±0.061.03Â±0.0661

.01 Â±0.101 .05 Â±0.091 .01 Â±0.121 .07 Â±0.081 .00 Â±0.071 .05 Â±0.0970.97
Â±0.101 .01 Â±0.080.98 Â±0.121 .04 Â±0.110.96 Â±0.061 .00 Â±0.0780.67
Â±0.150.72 Â±0.150.69 Â±0.170.80 Â±0.160.63 Â±0.090.70 Â±0.1490.46
Â±0.090.47 Â±0.100.46 Â±0.0110.48 Â±0.080.46 Â±0.050.46 Â±0.10Frontal

30.97 Â±0.080.95 Â±0.060.97 Â±0.090.99 Â±0.070.98 Â±0.080.94Â±0.0540.96
Â±0.080.93 Â±0.060.95 Â±0.090.96 Â±0.050.98 Â±0.090.93Â±0.0660.92
Â±0.070.93 Â±0.070.91 Â±0.080.96 Â±0.060.93 Â±0.050.92 Â±0.0770.88
Â±0.090.88 Â±0.060.87 Â±0.090.92 Â±0.070.89 Â±0.070.87 Â±0.05Parietal

30.97 Â±0.070.96 Â±0.060.97 Â±0.071 .01Â±0.050.98 Â±0.070.95 Â±0.0640.98
Â±0.060.94 Â±0.070.98 Â±0.050.95 Â±0.070.99 Â±0.090.94 Â±0.07Temporal

61 .02 Â±0.071 .02 Â±0.071 .02 Â±0.071 .05 Â±0.101 .01 Â±0.081 .01 Â±0.0670.99
Â±0.071 .02Â±0.050.99 Â±0.071 .03 Â±0.050.99 Â±0.061.02Â±0.0680.84
Â±0.05k0.91 Â±0.07*0.86 Â±O.O6@0.94 Â±O.04@0.80 Â±0.03*0.91 Â±0.08*90.65
Â±0.11*0.76 Â±0.10k0.67 Â±O.l2@0.82 Â±0.07@0.61 Â±0.06k0.75 Â±0.11*Thalamus

60.96 Â±0.100.91 Â±0.110.97 Â±0.090.99 Â±0.160.95 Â±0.060.96 Â±0.08Basal

60.93 Â±0.080.91 Â±0.110.92 Â±0.080.92 Â±0.160.93 Â±0.080.91Â±0.09gan@
70.96 Â±0.080.98 Â±0.080.96 Â±0.090.99 Â±0.090.95 Â±0.060.98Â±0.08Visual

31 .07 Â±0.081 .04 Â±0.071 .05 Â±0.071 .11 Â±0.041 .10 Â±O.08@1 .02 Â±O.06@cortex
41 .10 Â±O.O7@1 .05 Â±0.07@1 .10 Â±0.061 .10 Â±0.061 .11 Â±O.09@I .04 Â±0.07@61

.10 Â±0.071 .06 Â±0.071 .11 Â±0.061 .09 Â±0.061 .08 Â±0.091 .05 Â±0.07Cerebellum

81 .00 Â±0.020.97 Â±0.051 .00 Â±0.011 .00 Â±0.051 .00 Â±0.030.96Â±0.0491
.01 Â±0.040.99 Â±0.021 .01 Â±0.040.98 Â±0.021 .00 Â±0.051.00Â±0.02*0.0009

p0.004.to.01
@ p 0.05.

TABLE 4
ActMty Ratio: Region-to-Cerebellum

whole-body scans than nonsmoking controls and smoking
crack users showed 55%greateruptake thanthe nonsmok
ing crack users.

Recently, other investigators have shown that â€œSI-IMP
clearance from the lungs is delayed in cigarette smokers
andthat variations in lunguptakecaninfluencethe activity
reaching the brain (19â€”21).The time-activity curve for
WI-IMP clearance from the lung in these studies is char
acterized by a dual-exponential equation, where an initial
fast component (t@ 3 mm) is thought to reflect the rapid
clearance of the nonsaturable amines and the longer-lived
component reflects the washout of the saturable amines
with partitioning into different compartments. Alveolar
macrophagesbind the saturableaminesand play a major
role in their release. With macrophage activity enhanced
and modified in smokers (21), it is not surprising to see
alterationsin clearancetime. It is the changein this slower
component that is suspected to be the cause of greater
retention in the lungs in cigarette smokers. The decrease in
activity available to the circulation probably reduces the
activity which reaches the brain of cigarette smokers.

Whether the decreases in the rate of cerebral uptake and
the amountof â€˜@I-IMPactivity reachingthe brainof crack
users only reflects the effects of smoking on the lungs, or
may also include additionaleffects of cocaine on the brain,
such as cocaine-blockedamine receptor sites, or is the
result of other factors, could not be answered from the
observations in our study.

SPECT
The high incidence of perfusion defects and loss of con

trast and definition of gray matter structures seenon the
early (30-mm) SPED.' images of the brain of crack users
are consistent with decreased blood flow in the cortex and
may reflect ischemic changes due to focal vasoconstric
tion, spasm or cerebral vasculitis resulting from crack
abuse. Neurovascular changes are frequently cited in the
literature on cocaine abuse (7â€”9,23â€”29).Figure 5 shows an
example of a set of images interpreted as having severe
mottled uptake with a grade of 4. Cortical borders are
poorly defined with mottled uptake seen throughout the
cortical, subcortical and cerebellar structures. The obser
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Sl@eAllNonsmokers(ns)Smokers(s)Control(c)Crack(a@)Control(c)Crack(cr)Control(c)Crack(cr)Regionno.(n
= 21)(n = 21)(n = 14)(n = 5)(n = 7)(n =16)Prefrontal3

4
6
7
8
90.70

Â±0.10
0.70Â±0.11
0.70Â±0.09
0.71 Â±0.08
0.66 Â±0.11
0.65 Â±0.110.67

Â±0.12
0.67 Â±0.14
0.67Â±0.13
0.68Â±0.14
0.60Â±0.17
0.62Â±0.150.67

Â±0.10
0.67 Â±0.09
0.68Â±0.09
0.68 Â±0.08
0.67Â±0.10
0.65Â±0.110.65

Â±0.04
0.65 Â±0.07
0.66Â±0.07
0.65Â±0.10
0.53Â±0.05
0.58 Â±0.090.75

Â±0.11
0.77Â±0.10
0.75 Â±0.08
0.76 Â±0.07
0.69Â±0.14
0.66 Â±0.150.68

Â±0.14
0.68Â±0.15
0.67Â±0.15
0.68Â±0.16
0.63Â±0.19
0.63 Â±0.16Frontal3

4
6
70.72

Â±0.10
0.73 Â±0.11
0.73 Â±0.1 1
0.71 Â±0.080.71

Â±0.14
0.73 Â±0.15
0.73 Â±0.15
0.72Â±0.160.69

Â±0.09
0.70Â±0.10
0.70 Â±0.11
0.68Â±0.080.69

Â±0.08
0.70Â±0.07
0.68 Â±0.06
0.69Â±0.100.79

Â±0.10
0.78Â±0.12
0.78Â±0.10
0.77Â±0.070.72

Â±0.16
0.74Â±0.17
0.74 Â±0.17
0.72Â±0.18Panetal3

40.73
Â±0.11

0.72 Â±0.080.71
Â±0.13

0.73 Â±0.140.71
Â±0.12

0.69 Â±0.070.69
Â±0.08

0.73Â±0.100.72
Â±0.14

0.77 Â±0.070.78
Â±0.08

0.73 Â±0.16Temporal6

7
8
90.71

Â±0.08
0.72 Â±0.09
0.75 Â±0.08
0.74 Â±0.100.69

Â±0.14
0.69Â±0.13
0.72 Â±0.14
0.69Â±0.170.68

Â±0.07
0.69Â±0.05
0.73 Â±0.07
0.72Â±0.09k0.66

Â±0.07
0.66Â±0.04
0.69Â±0.02
0.62Â±0.03*0.76

Â±0.07
0.77Â±0.08
0.78Â±0.09
0.77Â±0.130.70

Â±0.15
0.69Â±0.15
0.73Â±0.16
0.71Â±0.19Thalamus60.73

Â±0.100.70 Â±0.150.68 Â±0.080.68 Â±0.080.70 Â±0.160.83Â±0.05Basal60.76

Â±0.110.72 Â±0.150.72 Â±0.090.71 Â±0.050.85 Â±0.100.73 Â±0.17gan@ia70.73
Â±0.110.68 Â±0.150.69 Â±0.100.69 Â±0.060.82 Â±0.100.68 Â±0.17Visual30.67

Â±0.100.65 Â±0.130.65 Â±0.100.63 Â±0.060.72 Â±0.070.65 Â±0.15cortex4

60.65
Â±0.09

0.62Â±0.090.64
Â±0.13

0.62Â±0.130.62
Â±0.07

0.59 Â±0.070.62
Â±0.06

0.58 Â±0.070.70
Â±0.09

0.69 Â±0.100.65
Â±0.15

0.63Â±0.14Cerebellum8

90.62
Â±0.08

0.63 Â±0.090.63
Â±0.13

0.62Â±0.130.59
Â±0.07

0.59Â±0.070.61
Â±0.04

0.62Â±0.040.69
Â±0.08

0.71 Â±0.100.63
Â±0.14

0.62 Â±0.15*p

= 0.02.

TABLE 5
Regional 1@I-lMPRetention:

4 hr-to-0.5hr SPECTROlUptakeRatio

vations seen in crack users appear to reflect the high sen
sitivity of the rCBF SPED.' procedure to detect alterations
in perfusion before clinical symptomatology is expressed.

Alterations in rCBF images have been reported with
PET imaging using â€˜50-labeledwater in intravenous co
caine or free base abuse without abnormalitieson physical
and neurological examinations (12). The study showed a
high incidence of reduced activity throughout the brain
except for the cerebellum, focal reduced activity in the
anterior areas of the brain and â€œpatchyâ€•areas of tracer
localization throughout the brain. The results are similar to
the results reported here with the exception that focal
defects were seen primarilyin the prefrontalcortex. Our
SPEC!' study shows focal defects to be more widespread,
with defects seen in the occipital, parietal, temporal and
frontal cortex (Table 3). Theseobservationsare in agree
ment with the other two studies of drugabuse that involve
PET imaging with â€˜8F-FDGin cocaine users and SPECT
imagingwith @Tc-HMPAOin polydrugusers (11,13). An
additionalhigh incidence of perfusion abnormalitiesin the
basal ganglia was also reported in the @Tc-HMPAO

SPED.' study. It is proposed that these findings are not the
resultofdifferences in the localizationpropertiesofthe two
radiopharmaceuticalsor differencesin rCBFbetween poly
drugandcrackusers, but probablyreflect the higherspatial
resolution properties of the dedicated SPECF imaging sys
tem used in that investigation.

No focal perfusion defects were observed in SPEC!'
studies of 21 control subjects. Fifteen of 21 subjects were
read as normaland 6/21 subjects were interpretedas show
ing abnormally irregularand variable uptake throughout
the cortex and loss of definition in cortical structures. In
the last group, five of six subjectshad small to moderate
changes(grade1or 2) andone of six showedhighly irreg
ularuptake with the cortex of the righthemisphere poorly
visualized. With four of six of the controls who were also
smokers showing abnormaluptake, these findings are felt
to reflect, in part, the loss in imagequality associatedwith
reduced activity reaching the brain in cigarette smokers.
The highersensitivity ofdedicated multipledetector or ring
type SPEC!' systems with similar or better spatial resolu
tion would aid in the workup of these subjects to discrim
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inate focal perfusion defects from loss in definitionof cor
tical structures resulting from limited photon statistics.

Delayed images at 240 min in all subjects indicated a
tendency towards loss in contrast and sharp borders be
tween gray and white matter structures, suggesting slow
but progressivechangestowardsequilibrationof activity in
the gray and white matter of the brain. A potentially sig
nificant observation in the crack users was the complete or
partial filling in of the perfusion defects on the 240-mm
SPEC!' study. Based on some work reported with rCBF
imaging in cerebrovascular disease (30), it is possible that
this filling in of hypoperfused regions on delayed images
indicates regions of ischemia that retain a patent, but him
ited, blood supply.

No significant correlation was found between the mci
dence or degree of abnormalfindings (Table 3) and length
of time of crack use (<5 yr. n = 11 compared to >5 yr.
n = 10), the amount of crack use per week (< 10 g/wk,
n = 11 compared to > 10 g/wk, n = 10) or age (20â€”30yr,
n = 10 compared to 31â€”50yr. n = 11). The uncertainty in
the reliability of the patient's history to accurately docu
ment druguse may be a factor in this finding.A similarlack
of correlation, however, was seen in the earlierreferenced
SPEC!' study which involved polydrug users and in the
PET study which included both intravenous injection and
freebase cocaine users (11,12).

The quantitativeworkup of the regional uptake proper
ties of â€˜@I-IMPseen in brain SPEC!' involved evaluation
of: (1) contralateralactivity uptake ratios of pairedregions
of the cerebralcortex, basal ganglia, thalamusand cerebel
hum;(2) a comparisonof all ROIs to cerebellum for the
30-mm SPEC!' images; and (3) a comparison of each ROl
to itself between the 240-min and 30-mm SPECT proce
dures (Tables 4â€”5).The mean contralateraluptake ratios
and the ratios of regions to the cerebellum showed no
significant quantitative differences (p > 0.05) in uptake
between control and crack users when treated as two
groups or when divided into smokers and nonsmokers.
Differences in the cerebellar uptake ratios for the different
groups of subjects were 10%, with exception of differ
ences on the order of 9%â€”23%observed in two of four of
the most distal regions of the temporal lobe. With adequate
region selection being highly dependent on the horizontal
positioning of the brain in the transverse presentation,
thesewere felt to reflect errors in ROl placementrather
than significantdifferences in temporal lobe uptake.

The ratios of the counts (activity) in the 240-mm to
30-mm ROIs were used to evaluate the differences in re
gional tracer clearance due to redistribution or removal.
Table 5 summarizes these data. It shows that only two
regions, one of the five ROIs in the prefrontalcortex from
slice 8 and one of three ROIs in the temporal cortex from
slice 9, out of 24 show significant differences in regional
1@I-IMPuptake. These were considered insignificant since
the remaining ROIs over both regions showed no signifi
cant differences between the crack user and the control
groups.

The small and limited number of changes observed be
tween the averageuptakeratios in controls andcrack users
reflect the small changes in uptake that occur in areas of
decreased blood flow with crack abuse. Focal perfusion
defectsobservedon SPEC!' showed4%â€”16%lessuptake
than the contralateralor adjacentcontrol region (Table 3).
Quantifying the activity ratios between groups of crack
users and controls characterizes the range of activity gra
dients seen in perfusion defects in this population.

In summary, the results indicate that significant alter
ations in cerebral perfusion occur in a high percentage of
asymptomatic crack users. Quantitative indices developed
from â€˜@I-IMPSPEC!' and associated imaging procedures
show that the rate of uptake, the amountand the localiza
tion propertiesof 1@I-IMPprovide a sensitive and efficient
means of investigating the effects of crack abuse on cere
bral perfusion.

ACKNOWLEDGMENT

Research supported by U.S. DOE contract DE-ACO2-
76CH00016.

REFERENCES
1. Weber DA, Devous MD, Tikofsky RS, Woodhead AD, Vivirito KJ, eds.

Brain SPECTperfurion imaging: image acquisition processing display,
and inte,pretation. DOE CONF-91103668, 1992:1-132.

2. Baldwin RM. lofetarnineHQ â€˜@I(IMP).In: Weber DA, Devous MD, Tikof
sky RS, WoodheadAD, ViviritoKJ, eds. BrainSPECTpeTfuriOnimaging:
image acquisition, pmcessing display, and inteipretation. DOE CONF
91103668, 1992:1â€”6.

3. KuhI DE, BarrioJR, Huang, et al. Quantifyinglocal cerebral blood flow by
N.isopropyl.p.[lZ@I]iodoamphetamine(IMP)tomography.I Nuci Med
1982;23:196â€”203.

4. Lassen NA, Henriksen L, Hohn S, et al. Cerebralblood-flow tomography:
xenon-123 comparedwith isopropyl-amphetamine-iodine-123: concise corn
munication. JNuclMed 1983;24:17-21.

5. Devous MD, Stokely EM, Chehabi HH, Bonte FJ. Normal disthbution of
regional cerebral blood flow measured by dynamic single-photon emission
tomography. I Ceia@bBlood Flow Metab 1986;6:95-104.

6. Susskind H, Weber DA. Effect of cocaine on the distribution of 1-123-IMP
in the dog's brain and lungs [Abstract]. JNuclMed 1990;31:887.

7. Jacobs 10, Rosler MH, Kelly JK, Klein MA, Kling GA. Cocaine abuse:
neurovascularcomplications.Radiology1989;170:223.-227.

8. Brown E, PragerJ, Lee H-Y, Ramsey RG. CNS complications of cocaine
abuse:prevalence,pathophysiology,andneuroradiology.AmlRoenzgenol
1992;159:137â€”147.

9. Levine SR. Brust JCM, Futrell N, et al. Cerebrovascular complications of
the use ofâ€•crackâ€•formofalkaloidalcocaine.NEnglJMed 1990;323:699-
704.

10. Tumeh SS, Nagel JS, English RI, Moore M, Holman BL. Cerebral abnor
malitiesin cocaineabusers:demonstrationby SPEC!' perfusionbrain scin
tigraphy. Radiology 1990;176:821â€”824.

11. Holman Li, Carvablo PA, Mendelson J, et a!. Brain perfusion is abnormal
in cocaine.dependent polydrug users: a study using technetium-99m-
HMPAO and ASPECr.JNuclMed 1991;32:1206-1210.

12. volkow ND, MUIIaniN, Gould KL, Adler S. Krajewski K. Cerebralblood
flow in chronic cocaine users: a study with positron emission tomography.
BrlPsychiat,y 1988;152:641-648.

13. Baxter LR, Jr, Schwartz JM, Phelps ME, et al. Localization of neurochem
ical effects of cocaine and other stimulants in the human brain. I Clin
P@ychiatiy 1988;49:23â€”26.

14. Pohi P, Vogi G, Fill H, Rossler H, Zangerle R, Gerstenbrand F. Single
photon emission computed tomography in AIDS dementia complex.JNucl
Med 1988;29:1382-1386.

15. Chang LT. A method for attenuation correction in radionucide computed
tomography.IEEE TransNucI Sci 1978;NS25:638-643.

16. Weber DA, Ivanovic I, Cabahug C, Sacker DF, Wong Cit. Experimental

906 TheJournalof NudearMedicineâ€¢Vol.34â€¢No.6 â€¢June1993



L PostAâ€˜

approach to attenuation coefficient and filter selection in brain SPECI'. Eur
INuci Med 1991;18:669.

17. Gawin FH, Ellinwood EH Jr. Cocaine and other srimuisnta NEnglJMed
1988;3l8:1173â€”1183.

18. Gregler LL, Mark H. Medical complications of cocaine abuse. Special
report. N EngJ Med 1986;315:1495-1500.

19. Yonekura Y, Fujita 1, Nishizawa 5, Iwasaki Y, Mukai 1, Konishi J.
Temporal changes in accumulation of N-isopropyl-p-iodoamphetamine in
human brain: relation to lung clearance. JNuclMed 1989;30:l977â€”1981.

20. Ikeda H, Mariko M, Kornatsu M, Takahashi K, Yasui 5, Takahashi K.
Prolonged lung retention of â€˜@â€˜I-IMPin pulmonary disease. EurJ Nuci Med
1989;15:646â€”648.

21. Kato K, Harada S, Takahashi T, Latsuragawa 5, Yanagisawa 1. Effects of
cigarettesmokingon iodine-123-N-isopropyl-p-iodoamphetamineclearance
from the lung.JNuclMed 1991;18:801-805.

22. lijima N, Sato T, YamarnotoM, Ct al. Morphometryof human alveolar
macrophage in smokers and non-smokers (Abstractj. Am Rev Respir Dir
1991;141:A338.

*

R Ant R
Figure 1

Ant L

23. Isner JM, Chokshi5K. Cocaineand vasospasm.N EngiI Med 1989;23:
1604-1606.

24. RiggsD, WeibleyRE. Acute toxicityfromoral ingestionof crack cocaine:
a report of four cases. PediatÃ±cEme@ency Ca@ 1990;6:24-26.

25. Golbe LI, MerkinMD. Cerebral infarctionin a user of free-basecocaine
(â€œcrackâ€•).Newdogy 1986;36:1602-l604.

26. Kaye BR, Fainstat M. Cerebralvasculitisassociatedwith cocaineabuse.
JAMA 1987;15:2104â€”2106.

27. Krendel DA, Diner SM, Frankel MR. Ross WK. Biopsy-proven cerebral
vasculitisassociatedwith cocaineabuse.Neu,vlogy 1990;40:1092â€”1094.

28. LowensteinDH, MasseSM, RowbothamMC,CollinsSD, McKinneyHE,
Simon RP. Acute neurologic and psychiatric complications associated with
cocaine abuse. Am JMed 1987;83:841-846.

29. ModyCK, MillerBL, McIntyreHB, Cobb5K, GoldbergMA. Neurologic
complications ofcocaine abuse. Neumlogy 1988;38:1l89-1193.

30. KSUkUdaM, KuwabaraY, IchiyaY, et al. Evaluationofthe significanceof
â€œredistributionâ€•in 1-123IMP SPECFIn cerebrovasculardisordersâ€”a corn
parativestudy with PET. EurJ Nuci Med 1989;l5:746-749.

For each bone-seekingagent (items 1-4),selectthe moiety
(optionsA-E) for which it substitutes in the hydroxyapatite
crystal.
A. Calcium i.
B. Phosphate 2.
C. Magnesium 3.
D. Hydroxyl 4.
E. Sulfhydryl

For each of the @â€œTcMDP images shown in Figures 1, 2
and 3 (items5-7), select the most likely mechanismfor the
nonosseouslocalizationof the radiopharmaceutical(options
A-E).

A. Excessive free reduced â€˜@â€˜Tcinthe radiopharm
aceutical,withcolloidformation

B. Metastaticcalcification
C. Heterotopicossification
D. Dystrophiccalcification
E. Increasedlocalconcentrationof tracer

@Tcdiphosphonate
â€œFfluoride
â€œIcpyrophosphate
S7mSr

5. Figure 1
6. Figure2
7. Figure3

A L

Figure 2 Figure3
(continuedonpage 952)
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SELF.STUDY TEST
SkeletalNuclearMedicine

Questions are taken from the Nuclear Medicine Self-Study Program 1,
published by The Society of Nuclear Medicine

DIRECTIONS
Items 1-10 consistof five letteredheadingsfollowedby a listof numberedphrasesor statements.For each numbered
phraseor statement,selectthe one letteredheadingthat is mostcloselyassociatedwith it. Eachletteredheadingmay
be selectedonce,morethanonce,or notat all. Answersmaybe foundon page952.




