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of 16 patiente,confirm.d angiopmphica].].y. A further 2
patient. had graft closure undetected by Tl-201 SIC.

It i. concluded that:
(a) Tl-201 8)18is a sensitive indicator of altered

myocardial perfusion following CABO
(b) the sensitivity to detact graft closure i.

directly related to the importance of the graft
with respect to the severity of native coronary
disease.

THALLIUM-201SCINTICRAPHYINUNSTABLEANCINA.Frans.T.Th
Wackers.LI.Lie.Koen L.Liea.Ellimor Busemann Sokole C
Samson.Jan van der Schoot.Hein J.J.Wellena and Dirk Durrer@
Departmentsof Cardiology and Nuclear Medicine,Wilhelmina
Gasthuis ,Amsterdan,The Netherlands.

To determine the value of Thalliumâ€”2O1scintigraphy in
patients (pta) with unstable angina (UA) 108 pta with cres
cendo angina of recent onset or acute progression of stable
angina were studied.Pts with previous infarction were cx
cluded.Scintigraphywas performed in absence of chest pain
but within 7 hours of last anginal attack.Analogue unpro
cessed scans were judged as + (defect),Â± (questionable)or
as â€”(normai).In 51 pts the ECC remained normai.In 57 pts
the ECG was transientlyabnormal (developmentof negative
T,ST depression or ST elevation during pain).Enzyme deter
minations were normal at the time of scintigraphy in all
108 pts.In six pts subsequentlywithin 24 hours of scinti
graphy acute myocardiai infarction (ANI) deveioped.Tenpts
were resistant to treatmentwith Bâ€”blockingdrugs and un
derwent coronary bypass surgery (CBS).None of the 108 pts
died within three weeks after scintigraphy.
Results:29 (27%) of all pts with UA had in absence of chest
pain + scintiscans.Thescans were .4.in 25 (43%) of 57 pts
with abnormal ECC and in four of 51 pts with normal ECG
(P O.O1).The six pts who developed AMI all had abnormal
scans.Sevenof 10 pta who underwent CBS had+ scans,but
three had normal scans.
Conclusions:1)Pts without AMI may have +Thaliiunâ€”2O1 scans
in the setting of UA. 2)In pts with UA,in absence of chest
pain,scintiscanshave no prospective value in identifying
candidates for CBS or those who will develop AMI.

MONDAY 10:45 a.m.-12:15 p.m. JANE ADDAMS ROOM

RENAL/ELECTROLYTES

Chairman: David L. Lilien
Co-Chairman:George A. Wilson

DIFFERENTIAL Tc-99m DIMERCAPTOSUCCINIC ACID (EMSA) RENAL
LOCALIZATION: CORRELATIONWITH RENAL FUNCTION. Michael J
Daly William A Jones Thomas C Rudd and James A
Tremann. University of Washington, Seattle, Washington

The relationship between differential Tcâ€”99nDMSArenal
uptake and differential renal function was examined in
normal and abnormal dogs by correlating Tcâ€”99m DMSA local
ization with relative renal blood flow and creatinine
clearance.

9 mongrel dogs (13â€”20kg) were studied as follows:
Controls (3), unilateral renal stenosis (4), ureteral
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DUAL RADIONUCLIDE D(AGING OF MTOCARD1AL INFARCTION IN MAN:
DISCORDANT SIZE OF DECREASED Ti-20l ACTIVITY AND INCREASED
Tc-99m PYROPROSPHATEUPTAKE. Harvey J Berger , Alexander
Gottechaik Bar!y L Zaret. Tale Univ., New Haven, Ct.

Superimposition of thaiiiumâ€”2O1 (Ti) and technetiumâ€”99m
pyrophosphate (FTP) images may help define regions of myo
cardial infarction (MI) , ischemia , or scar that are not cvi
dent from either image alone. Therefore, 80 patients (pts)
with acute MI (55 transmurai (T) and 25 nontransmurai (NT))
were imaged with both tracers within 1 week of MI. Studies
were performed in the coronary care unit using a stationary
computerized muiticrystal scintillation camera.

Sensitivity of dual imaging was 100%, with all pts havix@
at least a positive (+) Ti or +PYP. Sixtyâ€”ninepta (86%)
had both +Ti and +PYP (29/29 anterior (ant) ThI, 19/26 in
ferior (inf) ThI, and 21/25 NThI). There were 4 pta with
+Tiandnegative(â€”)PYP(3 inf.TMIandi HTMl)and7 with
â€”Ti and +PYP (4 inf ThI and 3 NTMI). Sixteen Ti images were
diagnostic for MI only when computerâ€”smoothedand displayed
as 16â€”color isocount images (2 ant TMI, 6 inf ThI, and 8
NTMI). In pts with THI, 90% of +Ti and 89% of +PYP images
correctly identified the electrocardiographicsite of acute
MI. However, assessment of areas of decreased Ti activity
and localized PYP uptake revealed major size discordance in
50% of 49 TMI pts in whom both images were +. The size of
the MI zone on the PYP image was larger than that on the Ti
image in 2i/49 pts, even in 5 pta with previous MI and cor
responding Ti defects. The size of the MI zone on Ti was
larger than that on PYP only in 4 pts with previous MI.

While dual radionuclide imaging is a sensitive technique
for detecting and localizing acute MI, superimposition of
Ti and PYP images often reflects a discordance in MI zone
size. This discordance must be considered in quantification
of MI with dual imaging.

QUANTITATIVE THAlLIUM SCINTIGRAPUT IN THE ASSESSME2JT AND
FOlLOW UP 07 C@P@ART ARTERY BYPASS GRAI'PS. Ray J
Wainwri@it Michael N Naisey Edgar Sowton Guy' a
Hospital, London, @â€˜gl.nd.

Stresa @â€˜ocardial ecintigraphy using thalliua-201
(Tl-201 sMs) has been performed on 20 patients with
angiographically normal coronary arteries without angina
and compared quantitatively to 16 patients who had Tl-201
slits before and after CABG.

Digitie.d thallii@ images were e@ented and a normal
count profile construCted. Before surgery all patients
had at least one significant acintigraphic abnormality,
Following surgery, Tl-.201 SNS was repeated in all patients
exarcimad to an equivalent pre-operative work load.

Paired t test analysis showed a significant increase in
T1-201 uptake in the ventricular septum (p <0.001) with a
further significant increase in tracer uptake in the whole

@ocardium (p < 0.05) . Individual patients showed
improvement, no change or deterioration of tracer uptake.

Graft patency predicted by Tl-201 EMS has been
confirmed at follow-up coronary arteriography in 5 out of
16 patient., and premature graft closure detected in 2 out
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obstruction (2). Under general anesthesia, bilateral ure
teral catheters were placed and quantitative injection of
Tcâ€”99nDMSAwas given. Over the next 2â€”4hours, serial (3)
differential creatinine clearances were made. An arterial
(left ventricle or aorta) injection of Srâ€”85microspheres
(lSii)was then given to estimate relative renal blood flow,
and the animal sacrificed and the kidneys removed. Frac
tional distribution of Tcâ€”99mand Srâ€”85in each kidney was
quantitated and expressed as L/L+R. Absolute renal uptake
(I dose), cortex/medulla ratios, and urinary excretion of
Tcâ€”99n II4SA were also determined.

The fractional Tcâ€”99mUMSA localizationcorrelatedwell
with both relative blood flow (r'.87), and creatinine
clearance (r.95) over a range of 0.35â€”0.71(L/L+R).
Absolute total renal uptake of Tcâ€”99mDMSA ranged from 22â€”
49% (2â€”4hrs.). The cortex/medullaryratio averaged 30/1
and maximal urinary excretion was 33% in 4 hours. In the
3 normal dogs, Tcâ€”99mDMSA distributioncorrelated closely
with renal mass.

These preliminary data indicate Tcâ€”99mDMSA renal local
ization correlates well with differential renal function in
both normal and diseased kidneys.

ASSESSMENT OF RECOVERABLE RENAL FUNCTION: A COMPARISON OF
TWO RADIOPHARMACEUTICALSâ€¢ J R Perry W H McCartney
W B Bateman W D Mattern and E V Staab. University
of North Carolina, Chapel Hill, N. C.

Tcâ€”99mDimercaptosuccinic acid (DMSA) and 1â€”131Ortho
iodohippurate (0tH) were compared in patients with renal
failure to assess potential for recoverable renal function.
Renal scans were performed with both radiopharmaceuticals
in close temporal sequence on 98 patients. Interpretations
were made without reference to clinical data. Visualization
of the kidneys was considered evidence for recoverable or
stable function, while nonâ€”visualizationindicated end
stage renal disease.

Fortyâ€”fourpatients studied with both Tcâ€”99mDMSA and
1â€”1310tH were ultimately shown to have recoverable or
stable renal function. All of these patients had visuali
zation of the kidneys with both radiopharmaceuticals. Six
patients died of nonâ€”renalproblams less than one month
following scanning and before their renal outcome was
determined. Fortyâ€”eightpatients' renal function deterior
ated to endâ€”stagerenal disease. Tcâ€”99mEMSA results for
this group were renal visualization in 37 cases and non
visualization in 11 instances. 1â€”131OIH showed renal
visualization in 28 cases and nonâ€”visualizationin 20
instances.

Both radiopharniaceuticals were helpful in determining
which patients had recoverable renal function. However,
1â€”131OIH was significantly more reliable in predicting
which patients lacked recoverable function (endâ€”stagerenal
disease) and required chronic dialysis to sustain life.
There was no instance of renal nonâ€”visualizationin which
the patient recovered renal function.

QUANTITATIVEASSESSMENTOF RENALTRANSPLANTSWITHTc-99m-
DTPA(Sn): EXPERIENCE WITH 955 CASES. Andrew J.W Hilson
MichaelN Maisey ChishoimS Og@,ColfnB Brownand
Nfc@hae1Bewick. Guy'sHospital,london,England.

A methodof studying renal transplants suitable for
routine use has been developed. Following bolus injection
of 12-15mCi Tc-99m-DTPA(Sn),serialimagesare recorded
over a period of 30 minutes. Simultaneouslythe data is
recorded on a computer (GAMMA-il, DEC)at 1 frame/second
for 30 seconds,then 1 frame/minutefor 29 mInutes.
Curves are generated from regions of interest over the
Iliacartery,thetransplantanda backgroundarea. From
the areas under the curves up to the time of the peak In
thearterialcurvedue to thefirstpassageof thebolus,
a perfusionindexisgeneratedas

countsper unitareaof iliacROIx oo
counts per unit area of renal ROl

Datais basedon 955 studIeswiththismethod,779with
the computer. By comparison of the images and the computer
datait Is possibleto defineclearlythestatusof the
kidney. The normalkidneyshowsgoodperfusion,witha
perfusionIndexof lessthan150,goodselectiveaccumula
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tionof chelate,and rapidtransitintothecollecting
system. In ATM the kidney may show slight impairment of
perfusion,whichimproveswithrepeatedstudies.Thereis
variable retention of chelate In the kidney, depending on
the degree of functional impairment. In rejection there is
always impairment of perfusion, reflected In a rise in the
perfusionIndex.Thismay occurseveraldaysbeforedin
icalevidenceof rejection,andcan be detectedevenIn
the anuric patient. The method Is rapid, taking about 40
minutes,andhas provedcapableof resolvingmanyof
the problemswhichoccurin thepostoperativeperiod,and
especiallyof distinguishingbetweenATM and rejection.

RENALLOCALIZATIONOF RADIOGALLIUMâ€”ARETROSPECTIVESTUDY.
Rashid A Favwaz and Philip N Johnson. College of Physi.
clans and Surgeons, Columbia University, New York City.

Review of 287 consecutiveGa.-67citrate scans revealed
renal localizationat 214or 1@8hrs. in 30 patients belong
ing to 3 groups. (:1.) Patients with renal transplants: of
8 patients studied, seven exhibited localizationof Gaâ€”67
in the transplanted kidney. All had normal renal function
at the time of scan and 1 month later, despite the fact
that in 3 patients renal biopsies close to the time of scan
demonstrated varying degrees of nonocytic infiltrate. (2)
Patients with urinary tract infections: all 7 patients who
had positive urine cultures at the time of the scan showed
renal localization of Gaâ€”67. However , renal uptake was
also observed in 11 asymptomatic patients with a history of
pyelonephritis and in whom sterile pyuria was present at
the time of the scan. (3) Miscellaneous: this group con
prised 2 patients with nepbrotic syndrone, one with acute
tubular necrosis , and 2 with leukemia or lymphona with no
signs or symptczns referable to the kidney. Biopsy of one
of the nephrotic kidneys was normal on light microscopy.

It has been shown that the intensity of the cellular re
action in a transplanted kidney does not correlate with its
functional integrity. Our results with renal transplants
likewise indicate that renal uptake of Gaâ€”67is of no value
in assessing kidney function and/or clinical rejection. The
Gaâ€”6'ruptakein thekidneysof patientsexibitingsterile
pyuria raises the possibility that it may be related to an
autoionune cellular reaction within the kidney. The mecha
nisn of renal localization in the miscellaneous group is
not clear.

Therefore, renal localization of gallium is nonspecific
and not necessarily indicative of clinical renal disease.

ACCURACYOF THE KIDNEY/AORTICBLOODFLOWINDEX(K/ARATIO)
FORASSESSINGRENALTRANSPLANTFUNCTION.P.T Kirchner M
Goldman S Leapman R.F Kiepfer.NNMC,Bethesda,Md.

TheK/A ratio, representing the slopes of the upstrokes
of game camera derived first transit blood flow curves,
was assessedforaccuracyin reflectingtransplantfunction.
20 patients (26 transplants) were studied serially with a
totalof 148Tc-99mDTPAor sulfurcolloidstudies.Rell
ableK/A ratioswereavailableIn 105studies.Clinical
course, transplant flow sheets, biopsy and autopsy data
were the basis for retrospective diagnosesof normal, im
proving or deteriorating function and acute tubular necro
sis (ATM),rejectionandsurgicalcomplications;these
were established without knowledge of scan results.

The K/A ratio clearly separated normally functioning
transplants(mean.86)fromstableabnormals(.55),but
normal transplants fell below normal patients (1.04). All
5 ollguric ATN's had very low values (.25) initially; three
improved (meanrise .22) but none becamenormal. 7 of 8
kidneysremovedforfailurehadevenlowerterminalratios
(.16). 10 of 13 acute rejectionswere correctly identified
(meanfall .15 or 31%)as were all 8 improvements (mean
rise.28or 118%).One urineleakandoneepisodeof sepsis
showeda fallin K/Aratio;two urineleaksand oneob
struction did not. The K/A ratio is most accurate when used
seriallywiththe patientservingas hisown control.Re
jectionsare identifiedas a fallfroma baseline,while
ATN's tend to hold stable or improve. Accuracy in employing
the K/Aratiorequiresgoodbolusinjectionsand careful
duplicationof regionsof interestforaortaand kidney.
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Usedproperly,the K/Abloodflowratiois a reliable
indexof renaltransplantfunction.It hasparticularvalue
In post-transplantationanurla when other parameters of
renal function are not applicable.

SEGMENTAL ATM IN LIVING RELATED DONOR TRANSPLANTED KIDNEYS
WITHMULTIPLERENALARTERIES.RobertShlmshakRobert
Hattner CarolTuckerand OscarSalvatierra.TIniversityof
California,San Francisco,Ca.

A retrospectiveanalysis of l3l-iodo-orthohippuranreno
gramsand sequentialimagesdone24 hourspostoperatively
on all patientswho receivedlivingrelateddonortrans
plantedkidneysoverthreeyearswas performed.

Ten of 47 kidneyshadtworenalarteries.3/10hadsim
ultaneousrevascularizationof bothrenalarterieswhile
7/10hadsequentialrevascularizedwiththe lowerpolear
teryrevascularizedlastcausinga differentialischemla
timebetweenpoles. Kidneyswithsimultaneousrevascular
izationshowedno differentialfunctionbetweenupperand
lowerpoles. All kidneyswithdelayedrevascularization
of the lowerpolearterydemonstratedsignificantlate
corticalretensionof Isotopein the lowerpolewithnormal
upper pole excretion suggesting segmental ATNinvolving the
lowerpole. Followupexaminationsdemonstratedresolution
of the latecorticalretensionwithsubsequentsyimietrical
functionof bothpolesIn allcases.

The group of patients with segmental ATMhad no signifi
cantly different morbidity comparedto the group without
thisfinding.However,recognitionof thecharacteristic
appearenceof segmentalATM preventsconfusionwithother
abnormalities such as urine extravization due to urteral
necrosis.Microscopicanalysisof biopsyspecimensobtain
ed at the time of transplant from both renal poles In pa
lentswho are likelyto developsegmentalATM may help
clarifytheearlypathogenesisof ATM In man.

graphic and cerebral angiographic studies were in agree
sent and correlated with the clinical status, whereas 30%
of computerized tomographic scans were normal.

SCINTIGRAPHIC DETECTION OF CONGENITAL HYPERVASCULAR
CEREBRAL ABNORMALITIES. Gary F Gates Lawrence S
Fishman and Hervey D Segail. Childrens Hospital of Los
Angeles, Los Angeles, Ca.

Accurate detection of congenital cerebral arterioven
ous malformations (AVM's) and aneurysms is crucial since
the prognosis has improved following advances in micro
surgery. Cerebral angiography is necessary prior to
surgery but is not suitable as a widespread screening
test. Six children with AVM's and a seventh with a
cerebral aneurysm were studied with radionuclide scinti
graphy and computerized tomography (CT) (including scans
following iodinated contrast administration) to determine
which was the most effectual screening test. Cerebral
scintiangiography was performed using Tcâ€”99mDTPA and a
scintilation camera interfaced with a digital computer,
the latter used for image processing and histogram curve
generation. In all cases scintiangiography demonstrated
the vascular abnormality but 2 of the ATM's were barely
(if at all) identifiable on CT scans. Histogram curves
generated from the hemispheres and components of AVM's
estimated maldistribution of hemispheric perfusion and
identified the route of venous drainage from the malform
ation. Unilateral hemispheric hypoperfusion could occur
when an AVM was in the contralateral hemisphere, whereas
bilateral hemispheric hypoperfusion occurred with deep,
midline AVM's. Hemispheric perfusion was neither diminish
ed nor maldistributed with the cerebral aneurysm. The
most hemodynamically significant AVM in a child with
multiple lesions was apparently only by scintiangiography.
Compared to CT scanning scintigraphy was the most effectual
screening test for these patients due to its accuracy,
lower cost and lack of required anesthesia/heavy sedation.

MONDAY, 4:00 p.m.-5:30 p.m.

PEDIATRICS
SCINTIGRAPHIC ABNORMALITIES IN GLYCOGEN STORAGE DISEASE.
John H Miller Gary F Gates Benjamin A Landing Maurice
Ko@ut and Thomas F Roe. Childrens Hospital of Los Angeles
Los Angeles, Calif.

Glycogen storage disease, type I (GSD I or von Gierke's
disease), often results in hepatomegaly and liver failure.
Fourteen patients with glycogen storage disorders (average
age 12 years, 10 male and 4 female) were studied with
Tcâ€”99msulfur colloid liverâ€”spleenscintigraphy. Followâ€”up
studies covering up to three years were serially performed
in eight patients with a total of 31 examinations for the
group. Hepatomegaly occurred in all cases, whereas
splenomegaly was seen in only 5. However, splenic uptake
of radionuclide was increased in all cases. Abnormal bone
marrow accumulation occurred in 7 patients. While many of
these abnormalities were nonspecific and commonly found in
patients with diffuse hepatic dysfunction, focal hepatic
defects were of special interest. Seven individuals
demonstrated focal defects at scintigraphy varying in size
from small to large of which 3 were multiple or diffuse.
Serial scintigraphyaided in differentiationbetween the
potential presence of regenerating nodules and malignant
neoplasia. Tissue specimens in these patients have
revealed a histologic spectrum ranging from adenomatous
hyperplasia to malignant hepatoma. Benign changes occurred
in patients with small or stable scintigraphic defects
while malignant changes occurred in those with either
growing or large lesions. The potential malignant end
point for hepatic changes in GSD I is not widely
appreciated and warrants careful, serial liver scinti
graphy so that palliative surgical resection may be
considered.

NON-OPERATIVE TREATMENT OF CHILDREN WITh SPLENIC RUPTURE--
EXTENDED FOLLOWâ€”UPWITH SCINTIGRAPHIC ASSESSMENT OF REAL
INC. Keith C Fischer Pedro Rossello Angelo Eraklis,and
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ASSESSMENTOF CEREBRALPERFUSION IN CHILDHOODSTROKES.
Gary F Gates Lawrence S Fishman and Hervey D Segall.
Chiidrens Hospital of Los Angeles, Los Angeles, Calif.

24 children with strokes had cerebral scintiangiograms
using Tcâ€”99m DTPA and a games camera interfaced with a
digital computer. Cerebral perfusion was evaluated by
serial scintiphotos plus hemispheric timeâ€”activityhisto
gram curves. Initial interhem.ispheric nuclide distribution
was estimated by: (1) integratingeach curve from the up
swing to the time at which the first of the pair reached
its peak and expressing each side as a percent of the
total integral counts, and (2) plotting the leftâ€”toâ€”right
hemispheric count ratio during each Â½second of the 30
second study. Four stroke patterns resulted: (1) early,
persistent hypervascularity in the affected hemisphere,
(2) prompt collateral flow into the initially ischemic
hemisphere from the opposite side, (3) hemispheric ischemia
with late collateral flow, (4) hemispheric ischemia with
poor collateral flow. Collateralization in category #3
was identified by close approximation of the terminal
portions of the hemisphere curves whereas wide divergence
occurred with poor collateralization (i.e., #4 when ab
normal curve tail was below the normal one) or with early
collateralization (i.e., #1 and #2 when abnormal tail was
above the normal one). Estimation of early interhemis
pheric nuclide distribution correlated with the clinical
magnitude of the stroke. Identification of collateral
flow into the diseased hemisphere was a favorable prog
nostic sign often heralding prompt recovery. All scinti
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compares both techniques, in two overlapping groups of
patients, with determinations of Qp:Qs by the Fink method
using measured 02 consumption. In 4 patients without din
ical evidence of shunts, Fick Qp:Qs was assumed to be 1.0.

21 patients had RnAngio, 14 with ventricular septal
defect (VSD) , 3 with patent ductus arteriosus and 4 without
shunts. Areaâ€”ratioanalysis of the pulmonary dilution
curve correlated well with Fick Qp:Qs (r@O.92).

26 patients with VSD had Echo. Correlationwas shown
between Fick Qj :Qs and calculated ratios of LA/An , TAt (body
surface area) and LA/(body length) (r..O.54,r0.59 and râ€¢
0.63, respectively). A test statistic based on the Fisher
zâ€”transformationindicated that the correlation coefficient
with Fick Qp:Qs was higher for the 21 RnAngio patients
that for the 26 Echo patients (p<O.Ol).

12 patients with VSD were coon to both of the above
groups. Areaâ€”ratioanalysis by Rn.Angio correlated well
with Fick Qp:Qs (râ€”O.9l). Correlation coefficients for
Fick Qp:Qs and Echo were r0.75 for LA/An, r0.64 for LA!
(body surface area) and r'-O.73 for LA/(body length).

In this study, RnAngio appeared superior to Echo for
nonâ€”invasiveestimation of leftâ€”toâ€”rightshunts.

MONDAY, 4:00 p.m.-5:30 p.m.

CARDIOVASCULAR2

Chairman: William L. Ashburn
Co-Chairman: Robert 0. Smith

S Treves. Children's Hospital Medical Center and Harvard
Medical School, Boston, Mass.

Because of the increased risk of overwhelming and even
lethal infections in splenectomized children, conservative,
nonâ€”operativemanagement of splenic trauma is becoming more
colenonpiace.In our hospital, patients suspected of splen
ic trauma undergo scintigraphy in multiple projections uti
lizing 60 pCi/kg of Tcâ€”99msulfur colloid. If â€œruptureâ€•is
demonstrated, the patients are placed at bed rest, closely
monitored, and if stable, surgery is not performed. Since
December, 1975, 17 patients with blunt abdominal trauma
have had scintigraphicevidence of â€œsplenicruptureâ€•and
have been followed without surgery. Fifteen of these pa
tients had at least one followâ€”upstudy and 7 patients had
scans two months or later after trauma. Two patients went
on to complete â€œscintigraphichealingâ€•of their splenic
trauma by 3 months. The other 5 had a decrease in size of
the areas of decreased activity in the spleen but residual
defects persisted. One patient showed a residual complete
separation of the spleen at 3 months. Our small number of
cases suggests that the areas of decreased activity within
the damaged spleen tend to fill in and that complete reso
lution of spienic defects can be obtained as early as 3
months. The meaning of residual defects for management of
patients is uncertain at this time, but all patients in our
study are free of pain and have resumed normal activity.
No postâ€”traumaticcysts have bean demonstrated scintigraph
ically. We feel that splenic scintigraphy is a sensitive
method for diagnosing splenic damage and a safe and
effective method to assess healing.

METAPHYSEAL DOSE FOR 99'@Tc-EHDP BONE IN&GING IN CHILDREN.
Stephen R Thomas Michael J Gelfand James G Kereiakes
Frank A Ascoli Harry R Maxon and Eugene L Saenger,
Radioisotope Laboratory, General Hospital, Cincinnati,
Ohio; Paul A Feller, Nuclear Medicine Laboratory, Bureau
of Radiological Health, FDA, Cincinnati, Ohio.

In children, the spatial and temporal distribution of
radiopharmaceuticals may differ greatly from accepted aâ€”
dult data. A specific illustration is the localization of
boneâ€”seeking agents (as 99â€•!Fcâ€”EHDP)in the ends of long
bones. Radioactivity in the metaphyseal growth complexes
of the distal femur and proximal tibia was quantitated

with a games cameraâ€”computer system, providing exact de
finition of areas of interest and precise conjugate view
(anterior and posterior) count rate information for these
areas. The effective attenuation coefficient across this
patient thickness was obtained from transmission measure
ments using a point source. Repeated measurements pro
vided the effective half@life. From above measurements,
the cumulated activity, A, was calculated. The mean dose
per cumulated activity, 5, was obtained using di.$j/M. d@,
the equilibrium dose constant, was calculated from the
decay characteristicsof 99mTc. $@, the fraction of the
energy emitted which is absorbed in the metaphysis, and N,
the mass of the complex, ware determined based on the as
sumption that the complex simulated a disc having dimen
sions: 2â€”6mm height, 1-4 cm radius, and a density of 1.3
g/cm3. The product of@ . S provided doses ranging from
1.5 rad to 4.4 rad to the metaphysis of children of sever
al age groups, when adjusted to an administered activity
of 2@O iidi/kg.
*supported in partâ€”Nuclear Medicine Support Services Con
tract No. 233â€”73â€”6203,Bureau of Radiological Health,FDA.

COMPARISON OF SCINTIGRAPHIC AND EdHOCARDIOGRAPHIC METHODS
FOR ESTIMATION OF LEFTâ€”TOâ€”RIGHTSHUNTS. Michael J Gelfand
James Breitweser Terrence Dillon Richard A Meyer Wesley
Covitz Edward B Silberstein and Samuel Kaplan.
Radioisotope Laboratory, University of Cincinnati, and
Division of Pediatric Cardiology,Children's Hospital
Medical Center, Cincinnati, Ohio.

Radionuclide angiography (RnAngio) has been used to
estimate the magnitude of leftâ€”toâ€”rightshunts in children.
Echocardiography (Echo) , using measurements of left atrial
diameter (LA) and aortic root diameter (An), has been pro
posed as an alternate nonâ€”invasivetechnique. This study
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CORRELATION OF PROTEIN BINDING AND THE LOCALIZATION OF
Tc-99tn PYROPHOSPHATEAND OTHERAGENTS IN INFARCTED
MYOCARDIUM. Mrinal K Dewanjee. Mayo Clinic and
Mayo Foundation, Rochester, MN.

Although Tc-99m pyrophosphate (Tc-PP) has been used for
imaging infarcted myocardium, its mechanism of local
ization is poorly understood. We have performed double
labeling, gel filtration, dialysis and separation of serum
and muscle protein by modified Katz method in normal and
infarcted myocardium in rabbits, obtained by coronary
artery ligation. Rabbits were then injected with Tc-PP,
Tc-99m glucoheptonate (Tc-GH), Tc-DTPA, 1-131 HSA and
P-32 pyrophosphate. Tc-PP, a strong serum protein binder
gives a ratio of 50:1, for IN/NM (infarcted vs normal
myocardium) in contrast to the ratio of 2:1 for Tc-DTPA a
poor protein binder. The intermediate serum protein
binders e.g. Tc-GH show ratios of (10-15:1). The gel
filtration of serum containing Tc-PP show that Tc-PP is
always in equilibrium with Tc-PP protein complex. This
Tc-PP in equilibrium with Tc-PP protein complex reaches
necrotic cells and binds with the denatured soluble
protein of cytoplasm of the infarcted myocardium. The
subcellular studies of infarcted myocardium indicate that
65-757,of the Tc-pyrophosphateis protein bound. Analysis
of this supernate after separation of subcellular organ
elles, by gel filtration, dialysis and sucrose gradient
analysis confirms this concept of protein binding. Myosin
of infarcted myocardium contains only (2-4)7.of Tc-PP
activity in contrast to (50-60)7. in the cytoplasmic
protein. In the infarcted area, with 1-131 HSA a ratio of
(2:1) for (IN/MN) is obtained. Blood flow study with
Sr-85 microsphere and plasma transport with labeled HSA,
show that Tc-PP enters infarct zone not via blood flow but
by other mechanisms of transport probably by lymph flow.

KINETICS AND DISTRIBUTIONAL DYNAMICS OF MYOCARDIAL INFARCT
GROWTh IN DOGS. Patrick T Cahill Sheanâ€”LanHo Jerome G
Jacobstein Daniel R Alonso@, Martin R Post and Susan A
!q4.@.z@Cornell Medical College, NewYork, and Polytechnique
Institute of New York

Recent evidence strongly supports the hypothesis that
myocardial infarct (MI) is a dynamic and evolving process.
In order to develop imaging techniques to evaluate the
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effects of therapeutic modalities on this process, it is
important to learn some of the dynamics of interaction of
appropriate radiopharmaceuticalswith the acutely evolving
MI. We have studied the kinetics of uptake of Tcâ€”99mgluco
heptonate since it is the only â€œhotspotâ€•imaging agent
capable of demonstrating this process within the first few
hours of MI when salvageable myocardiun still remains. In 5
dogs with MI produced by occlusion of the LAD coronary
artery we have determined the characteristics of MI growth
in terms of activity corrected for background. The area of
scintigraphic â€œMIâ€•increased until between 6 and 9 hr after
occlusion when it reached a plateau; however, MI activity
continued to increase up to 12 to 14 hr in a linear mono
tonic fashion, We separated the outer and middle regions
of the MI utilizing our newly developed edge detection and
deconvolution procedures and studied the kinetics of accu
mulation of TcGH in each, We found a relatively constant
level of uptake in the central, presumably necrotic, region
compared to a rapid and continuing accumulation of activity
in the outer, presumably salvageable, region. A 5 compart
ment kinetic model has been developed to describe these
findings. The ability to define and identify a potentially
salvageable portion of ischemic myocardium offers the
potential of evaluating the efficacy of interventions de
signed to protect ischemic myocardium, one of the principle
goals of cardiologicalresearch today.

USE OF CORONARY VASODILATORS IN MYOCARDIAL
SCANNING--A NEW METHOD FOR VISUALIZATION OF
CORONARYINSUFFICIENCY. AngelK Markov RobertO
Smith Patrick H Lehan and Harper K . Hellems . Univer
sity of Mississippi Medical Center, Jackson, Miss.

As an alternative procedure to the exercise stress test
used in myocardial scanning, vasoactive drugs were em
ployed to elicit deficits in blood flow to myocardial regions
supplied by stenotic arteries or collateral circulation. The
data was collected from: (1) 10 dogs had partial occlusion
by a silver clamp of either the circumflex (CFX) or anterior
descending artery (LAD) reducing the lumen by 70%. (2) In
10 dogs Ameroid constrictors were implanted and studied
from a fortnight post-operatively up to two years . (3) In 4
dogs complete ligation of the LAD or CFX. Coronary hemo
dynamics and myocardial K-43 dispersion were evaluated
in 6 acute experiments with iv 70% stenosis . After four
rapid serial rectilinear control scans from K-43 (750 @iCi)
were recorded; dipyridamole , nitroglycerin or lidoflazine
were administered iv. When the selected drug reached a
peak vasodilator effect, a second equal bolus of K-43 was
given and four additional scans were recorded. The last
scan of the first set was subtracted from the corresponding
regional count rates of all serial scans from the second set
and the resulting images were interpreted to be myocardial
perfusion patterns produced by the drug intervention.
Control scans from dogs with partial stenosis or an Ameroid
constrictor showed homogeneous distribution of the K-43.
When drugs were , regions supplied by compromised
circulation became apparent because of lower counts . With
total , the contrast between normal and infarcted
myocardium was enhanced. Coronary vasodilators as
opposed to exercise in myocardial imaging have a lesser
effect on cardiac dynamics and peripheral hemodynamics,
increase twofold K-43 uptake in normally perfused myo
cardium, and elicit true coronary reserve.

RAPID SERIALSCANS (K-43) DETECT TRANSIENTMYOCARDIAL
ISCHEMIA WITHOUT STRESS. Robert 0 Smith Angel K
Markov, Patrick H . Lehan, William M . , Jr. , and
Harper K Hellems . University of Mississippi Medical
Center, Jackson, Miss.

In order to determine whether regions of scar could be
distinguished from ischemic myocardium by scanning

without exercise stress, 32 patients received one mCi K-43
iv both at rest (bolus and scanning simultaneously begun)
and at peak exercise (ex) . Multiple serial anterior and
oblique 5 . 5 mm scans were obtained without pause . The
images were correlated with ventriculography and coronary
arteriograms . Zones of diminished uptake were seen in all
series when angiography confirmed coronary artery disease

(CAD) was present. When blood flow was by stenosed

(eu 50% or more) or collateral arteries , the first serial
resting scan demonstrated lower uptake in corresponding
regions followed by a short period (5-10 mm) of homo
geneous counts . Areas of delayed uptake also usually
evidenced rapid K-43 washout. When no collaterals were
shown and the artery was totally occluded , the scarred
myocardium had persistent low counts in both rest and

cx scans . There was@ 80%agreement with arteriograms
of both rest and ex scans. These studies show that rapid
serial imaging with a single bolus of K-43 without exercise
can locate areas of ischemia that appear reversible if
reserve blood flow were returned . Regions of scar and
ischemia were separately identified and rapid washout
appears to be another indicator of ischemic myocardium.
(Supported by NIH Grant 1 RO1 HU9289.)

FACTORS INFLUENCINGTHE NYOCABDI.ALUPTAKE OF TH.ALLIUN-20l.
Heinz Schelbert Joanne IngwalL Robyn Watson William
Ashburn,ljniversity of Californa, San Diego, California

Uptake and distribution of Tlâ€”2Ol in myocardiun is re
lated to regional flow and cell viability. To eliminate the
effects of flow, myocardial uptake of Tlâ€”201was studied in
intact , beating fetal mouse hearts (FMH) in organ culture.
Thirtyâ€”one litters were randomly divided into a control
(C) and an intervention group (I) and exposed to Tlâ€”2@l
contained in the medium at a concentration of 5 x l0@
mg/mi for 20, 40 and 60 aim. Uptake of Tlâ€”2O1and the rate
of uptake (RU) in each I were compared to the litter mate
hearts in C. To ascertain reproducibilityeach experiment
was duplicated. After equilibration, the RU (2 x icr8 @g
Tlâ€”20l/mgheart/mix) was linear between 20 and 60 mm.
Raising the temperature fron 20Â° to 37Â° increased the RU
by 71.8% (P <.005) and the nyocardial Tiâ€”2Olconcentrations
at 60 mm Q(C) by 58.6% (P <.001). Quabain (1O4M) reduced
the RU by 31.1% (P <.001) and lowered MC by 27% as con
pared to C (P (.001) . Propranolol (l03M) similarly de
pressed the RU by 35.5% (P< .002) and NC by 23.1% (P <
.001).Procainamide(lO4M) had no significanteffecton
RU and MC. However, isoproterenol (1OSM) considerably in
creased the RU by 46.5% (P <.002) and the MC by 51.1%
(P < 003) . Tlâ€”20l uptake remained constant over a wide
range of pH, but significantly increased at pH>8.O. We
conclude, that comsonly used drugs , changes in temperature
and pH can alter the RU and myocardial concentrations of
Ti.-2Ol. These effects should be considered if quantitation
of regional myocardial Tlâ€”2Olcontent or its rate of
change by external imaging are to be used as an index of
regional myocardial perfusion or cell viability.

TIME COURSE OF REDISTRIBUTION OF Th-2O1 AFTER TRANSIENT
ISCH@5IA. Heinz Schelbert Gerhard Schuler WilliazaAshburn
James Covell. University of California, San Diego, CA.

â€œRedistributionâ€• (ED) of Tlâ€”2O1 (Ti) injected during
stress and monitored by repeat imaging may permit differ
entiation of transient from permanent ischemia. To study
the time course of ND, 16 closed chest dogs with indwelling
left atrial (LA) catheters and occlusive cuffs at the prox
imai left circumflex coronary artery (LCA) ware used. In 12
dogs, the LCA was occluded, andâ€”as an index of regional
myocardial (H) perfusion at the time of occlusionâ€”â€”cardiac
output and Srâ€”85microspheres (i5u) were injected into the
LA and Ti administered. Four dogs were sacrificed ininedi
ately (t0), 4 dogs after 30 mm. (t30) of reperfusion (HP)
and 4 after 4 hrs. (t310) of HP. Four dogs with 1 week old
myocardial infarctions (MI) were studied 4 has. after in
jection of Ti and microspheres. Compared to normal myocard
ium (NM) Ti in regions with transient flow reductions > 95%
(IM) was decreased by 94.6 Â±0.9 (SEM)% (P < .01) at t0, by
53.8 Â±7% (P < .025) at t30 and by only 16.1 Â±1.6% (P <
.025) at t21@.,.During the first 30 mm. of HP, the change
in Ti distrt@ution between NM and IN was due to a 340.9 Â±
40.1% (P < .01) increase of Ti in IM and a 29.9 Â±1.7% (P <
.05)failin NM. Duringthenext3.5hrs.of HP Ti fell
only in NM by 31.9 Â±3.4% without changing significantly in
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1K. In dogs with MI, Ti in regions with flow reductions >
95%werestillreducedby 86%relativeto NM.Thus,early
RD reflects primarily active Tlâ€”20iuptake by DI while late
RD primarily represents loss of Tiâ€”20ifrom NM. We conclude
that transient ischamia is visualized best early after
stress and that repeat imaging begun 30 aim. after stress
may not permit differentiationbetween transient and
permanent ischemia.

THALLIUM-201 REDISTRIBUTION IN @RONARYHEART
DISEASE (CHD) . EARLY AND DELAYED MYOCARDIAL S@N@

Gustav !.@ri Heintut Sebenincr , Fckart Saue@jochen
1@ Bofi ii@

@oi,oi4oLÃ¼@.iTsk@and Hans W Pabst. Nuklearmedi
zinjscheKTIjnj@ and I.Me@[@inIs@hi Kiinik,Tech
nische UniversitNt MUnchen, Munich, PRO.

Exercise Ti-201 myocardmal scans in signifi@'
aID sh@ c@creamedTi-uptake in the reqion of
stressinduced ischemia immediately after cx (cx)
with redistribution on delayed scans. 8 healthy
subjects (HS) and 25 with CHDproven by angio
qraohy and ventriculogranhy including 6 with
orevious niyocardial infarction (Nil) were scanned
at rest, cx, 1 and 2 hrs after cx. Data was
collected by ON 100 qaimna camera interfaced to ON
150 data system. In HS Ti distribution was
hanoqeneous at rest after cx, in 19 patients with
CHD only at rest. 6 with PMI presented a locally
diminished Ti uptake even at rest. In scans 1 and
2 hrs after cx sianificant increase of count rate
ratio (ROl utin/ROl max) was measured (p <0,001)
in CHD without PMI interpretable as Ti redistri
bution. Scans beyond 2 hrs were equal to those at
rest. 6 patients with CED and PMI had Ti-defects
larger under cx than at rest, 1 and 2 hrs after
cx defects persisted without redistribution beina
observed in ROl ntin. Rapid (lack of) redistri
bution in delayed scans within areas undernezfused
in early cx scans is a sian of (ir-)reversibie
ischemia in CHD. Scans at rest may be omitted in
CED, because transient ischemia is undetectable.

tions e within 16% in all cases, but varied up to 43%
if a single depth was assumed for both adrenals.

NPâ€”59adrenal images show greater detail than prior aâ€”
gents, providing the opportunity for greater accuracy in
adrenal disease detection. However, such results will be
obtained only if normal scintigram patterns are apprecia
ted. A major factor impairing interpretationis the depth
variation between the left and right adrenal gland. Accu
rate interpretation requires correlation of information
derived from anterior and lateral as well as posterior
views.

RESULTS OF AN ADRENALIMAGINGSTUDYBY EIGHT (8) nivEsTI@.
GATORS USING ADRENOSCAN (I-l3l-19-IODOCHOLESTEROL). Irvin
Strathman and Mary Ann Leeper. Searie Laboratories,
Skokie, Ill.

Eight (8) investigators following a uniform protocol
used Searle Laboratories' Adrenoscan (Iâ€”131â€”19â€”iodocho
lesterol) to investigate 73 patients with suspected adre
nal disease including primary aldosteronism (34 patients),
Cushing's disease (22 patients) and other less comson
adrenal disease states (17 patients). Of the 83 scans
performed, 64 (77.1%)accurately diagnosed unilateral
lesions, bilateral pathology or normal adrenals. Only
one false positive scan (1.2%) incorrectly suggested
adenoma; a repeat scan confirmed by surgery correctly
identified bilateral hyperplasia. There were no false
negatives. Eleven scans are not yet confirmed; in seven
cases, the adrenals failed to take up the radioactive
materials for unknown reasons although possible mechanisms
are discussed. Only three of the patients experienced
mild and transient discomfort after injection. Radiation
absorbed dosages and optiu imaging times differed
somewhat from those reported in previous clinical studies.
Such differencesmay well be attributable to improved
quality control associatedwith current preparative
techniques. Other factors contributing to optimum
imaging and interpretation of imaging information are
discussed. Adrenoscan is a safe and effective adrenal
imaging agent. The conclusion is that adrenal imaging
using Adrenoscan should be used early in the investigation
of suspected adrenal disease states.

ADRENALSCINTIGRAPHYIN LOWRENIN â€œESSENTIALâ€•HYPERTENSION.
Ayman Rifai William H Beierwaites@JohnE.Freitas. Uni
versity of Michigan Medical Center, Ann Arbor, MI.

We have reported three types of adrenal cortical abnor
malities in primary hyperaldosteronisin(i.e. aldosteronoaa,
macronodular and micronodular hyperplasia) with dexametha
cone suppression and Iâ€”i3iâ€”l9â€”iodocholesterol adrenal meg
ing. Twentyâ€”threepatients with low renin â€œessentialâ€•hy
pertensionwere imaged using identical technique because
Gunneis showed the same histopathologyin 32 adrenalecto
inized patients with this syndrome.

Standard adrenal scintiscanswere performed in 17 pa
tients but were of little help.

Suppression scintiscans (13 patients) revealed four pat
terns of adrenal uptake. Four patients had symmetricalbi
lateral visualizationbefore and after the fifth day of
tracer injection (macronodular hyperplasia), five had sym
metrical visualizationon the fifth day or thereafter (am
cronodular),one patient had asynunetricaiuptake (adenomaâ€”
proved by venography), and three had no visualizationof
the adrenais (normal) . Three control patients had a normal
pattern (2 â€”normal renin hypertension, 1 eutensive, hir
sutism).

Good blood pressure resj@onsc to spironolactone was found
in all patients with the macronodular pattern and in three
of five with micronodular pattern. Poor response was found
in all patients with a normal pattern.

The demonstrationof abnormal adrenal cortical suppres
sion in patients with low renin â€œessentialâ€•hypertension
who had a good response to spironolactone, and normal sup
pression with no response to spironolactoneis additional
evidence of adrenal cortex abnormality in most patients
with low renin â€œessentialâ€•hypertension and the utility of
radionuclide adrenal imaging in this syndrome.
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MONDAY, 4:00 p.m.-5:30 JANE ADDAMS ROOM

ENDOCRINE/METABOLISM1: ADRENAL

Chairman: Martin L. Nusynowitz
Co-Chairman:Thomas P. Haynie

NORMAL ADRENAL IMAGING. John E Freitas James H Thrail
Dennis P Swanson Ayman N Rifai and William H Beierwal
!!!. University of Michigan Medical Center, Ann Arbor, MI.

Previously unrecognized scintigraphic differences be
tween normal right and left adrenal glands can now be ap
preciated using Iâ€”i3lâ€”68â€”iodomethylâ€”l9â€”norcholesterol(NP
59). Adrenal scintigrams in 21 patients without evidence
of adrenal disease were reviewed. Posterior, left lateral,

and occasional anterior views were obtained 2 â€”8 days post
injection of 1â€”2mCi of NP-59 with a gamsa cameraâ€”computer
system. Adrenal depth was determined from the lateral view
and percent uptake calculated for each gland.

On posterior views, the following differences between
the left and right adrenal were noted: 1) more cephalad
location of the right adrenal (81%); 2) round or truncated
shape of the right adrenal as compared to the oval or don
gated left adrenal (62%); and 3) apparent greater activity
of right versus left adrenal (66%). On the lateral view,
the left adrenal was more anterior than the right adrenal
(81%). Asymmetric activity on the posterior view was re
versed on the anterior view in all cases studied (4), mdi
cating that the asymmetry was a function of adrenal depth
variation. Percent uptake using individual depth correc
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VISUALIZATION OF NONFUNCTIONINGADRENALADENOMASWT9@H
IODOCHOLESTEROL: POSSIBLE RELATIONSHIP TO SUBCELLULAR
DISTRIBUTION OF TRACER. Robert A Rizza Heinz W Wahner
Thomas C Spelsberg Robert C Northcutt and Harold L.

@ MayoClinicandMayoFoundation,Rochester,Minn.

Intense uptake of I-l31-19-iodocholesterol (1-131 C)
was observed in five cases of nonfunctioning adrenocortical
adenoma. Adrenocortical steroids were normal, Four of
the five tumors showed significant accumulation of lipid
histologically. 1-131 C was taken up avidly without
steroid hypersecretion. To clarify this discordance, the
subcellular localization of 1-131 C was studied. Rats were
injected intravenously with 1-131 C or H-3 cholesterol
(H-3 C) and killed after 3 days. The distribution of 1-131
C vs. H-3 C in various cell fractions after differential
centrifugation was: lipid (90 Â± 2.37.vs. 86 Â± 2.57.,
rkZO.0O5); nicrosomal-soluble protein (1.2 Â± 0.527, vs. 3.4 Â±
0.487.,P'(O.OOl);and mitochondrial and crude nuclear
fractions (no difference), Treatment of rats with amino
glutethimide (AC) increased both the amount and the percent
contained in the lipid fraction of both 1-131 C and H-3 C:

Tracer dprn/ Untreated AC Untreated AG
1â€”131C ng 655Â±167 1976Â±417* 7. 90Â±2.3 93Â±l,5t
H-3 C adren 13156Â±5995 41665Â±11374* 86Â±2.5 93Â±1.3*

(*p@zo.oO1, tPZO.O5). ACTh treatment did not change 1-131 C
content in the lipid layer but it decreased H-3 C content.
Thus, adrenal tumor scanning with 1-131 C does not require
excess steroid production for imaging. Adrenal imaging of
nonfunctioning tumors may be explained by 1-131 C uptake
into the nonsteroid lipid fraction. 1-131 C scanning is
therefore an appropriate technique in evaluating adrenal
lesions regardless of their secretory state.

DEVELOPMENTAND INITIAL EVALUATIONOF 123-IODINE LABELED
68â€”IODOMEThYL-l9-NORQIOLEST-5(lO)-ENâ€”38â€”OL(NP59)FOR
ADRENAL SCINTIMAGING. Susanne von SchuchinK and Henry N
Wellasa. Indiana University School of Medicine , Division
@f_Nuclear Medicine , Indianapolis , Indiana.

Two reports have been published on the enhanced adrenal
uptake of 6@â€”i3iâ€”iodomethylâ€”9â€”iodochoiesterol (1,2) . In
order to extend the scintimaging quality of Iâ€”l31â€”NP59
molecule, a rapid exchange procedure was developed for the
introduction of 123â€”iodine into the NP59 molecule. Only 45
minutes are needed for an 85% exchange. The relative dis
tribution of 1â€”123from Iâ€”i23â€”NP59vas studied in 24 rab
bits foiimiing intravenous injection of O.5mCi Iâ€”i23â€”NPS9.
The thyroids were not blocked and 6 animals were sacrificed
at 1, 2, 3 and 4 days after the dose. The data obtained

from the distributionof radioactivityin 13 tissues and
body fluids was used for the calculation of the radiation
dose. The 2 kg dose/gm in the adr.nals was 4.54% at 2 days
and 5.65% at 3 days; the ratio per gin of adrenal:kidney was
28:1at 2 day.and 37:1at 3 days. Previousstudieswith
Iâ€”131â€”i9â€”iodocholesteroi had given a ratio per gui of adre
nal:kidney of 10:1 at 2 days and 15:1 at 3 days. Dogs ware
given 2mCi 1â€”123 intravenously and scimtimagea were obtain
ed 2 and 3 days later, satisfactorilydemonstratingthe ad
renals â€¢ The studies in animals indicate that scintimaging
of adrenais in the human is possible employing Iâ€”i23â€”NP59,
resulting in a reduced radiation dose to the patient.

1. KojimaN, MacadaM, OgaiaH, NittaK, ItoT, J Mud Med
16:666,1975.

2. Sarkar 5, BeierwaltesW, Ice R, Basmadjian G, Hetzel K,
Kennedy W, Mason M, JNucl Med 16:1038, 1975.

Supported by NIH Grant GMâ€”FD233692â€”01

TELLURIUMâ€”i23m LABELED 24â€”NORâ€”23â€”(ISOPROPYL TELLURA) -5ct
CHOLANâ€”38â€”OL:A NEW POTENTIAL ADRENAL IMAGIhG AGENT.*
F F Knapp Jr and Kathleen R Ambrose, Radioisotope
Dept., Oak Ridge National Laboratory, Oak Ridge, Tenn.

This study was initiated to determine the efficacy of
Teâ€”123mlabeled 24â€”uorâ€”@.3â€”(isopropyltellura)â€”5aâ€”cho1anâ€”3@â€”
ol as an adrenal imaging agent. Male rats were injected
intravenously with 6 iaCi (25 mCi/minnie) of the labeled
steroid and the tissue distribution of radioactivity was
determined at periods from one hour to seven days after in
jection. The results (% dose/gm) indicated an adreual/
liver ratio of 25/1 after one day which increased to 6/l
after seven days. The adrenal cortex/medulla ratio was
approximately 2/1. Approximately 50% of the administered
dose was excreted after five days, primarily in the feces.
The adrenal glands of rats injected witn 60â€”tOOj@Ciof the
labeled steroid were clearly imaged with a rectilinear
scanner one day after injection. Lipids extracted from the
adrenals and liver were subjected to absorption column
chromatographic analyses. The adrenal extract contained
nonâ€”polarradioactive material with the expected mobility
of steryl esters in addition to more polar components. The
liver extract contained predominantly very polar compo
nents. These combined results indicate that radioactivity
from Teâ€”.L23mlabeled 24â€”@orâ€”23â€”(isopropyltellura)â€”5aâ€”
cholanâ€”3$â€”olaccumulates in rat adrenals following intra
venous administration. More importantly, rat adrenal
glands can be clearly imaged using this new agent.

*Rasearch sponsored by U. S. Energy Researca and Develop
ment Administration under contract with Union Carbide
Corporation.

TUESDAY, 8:30 a.m.-1O:OOam.

CARDIOVASCULAR 3:
VENTRICULARFUNCTION

Chairman: Barry L. Zaret
Co-Chairman: Michael L. Goris
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CHICAGO ROOM blood pool (equilibrium) imaging. This study comparedLVEF
measuredby these two techniqueswith IVEFmeasuredby RAO
x-ray contrast angiograph@In 27 consecutivepatients
(pts). Twenty-five mCI 9@@10Tclabelled autologous red blood
cells(3.5cc)weredeliveredIntothe superiorvenacava
via a percutaneouscatheter. First-pass Imagingdata was
collectedIn serialmodein the40Â°leftposterioroblique
positionduringthefirst60secondsafterInjection.Af
ter 5 mm, the cardiac blood pool was Imaged in the 45Â°LAO
position. ECGR wave signals were simultaneously recorded
for gating. LVEFwascalculated from the ECGsynchronized,

FIRST-PASS AND BLOOD POOL RADIOISOTOPE ANGIOGRAPHYAS background corrected, time-activity curve obtained by sum

METHODS OF DETERMINING LEFT VENTRICULAR EJECTION FRACTION. ming 5-6 consecutive cycles on the first-transitstudy and200-400 cycles on the equilibrium study.
Edeard0. Folland, James1, Ritchle, Glen14.Hamilton@and The3 methodsof determining LVEFwere comparedby
J@WardKennedy. VA hospital, Seattle, Wa. linear regression analysis and construction of 65%and 95%

Leftventricularejectionfraction(LVEF)canbemea- confidencelimitsforthemeanandIndividualmeasurements.
sured by radioisotope angiography(RA)using first-pass or Therelationship of RALVEFusing either first-transit
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or equilibrium to the contrast LVEFwas virtually identical
withr valuesof 0.85and0.80,respectively.The relation
ship of the RA LVEF by first-transitand equilibriumwas
similarwithan r valueof 0.87. BothRA methodstendedto
overestimate low and underestimatehigh LVEFas determined
by contrast angiography.

We concludethatboththe first-transitandequilibrium
radioisotope methods can be used to determine the LVEFwith
equalaccuracy.

QUANTITATIVE REGIONAL WALL MOTION: VALIDATION OF RADIOCAR
DIOGRAPHIC STUDIES BY CONTRAST ANGIOGRAPHY. Richard N Pier
son Jr, Marvin I Friedman Samir E Alan Arun V Prabhu
Selichi Shimomura and Harvey G Kemp. St. Luke's Hospital
Center, Columbia University, New York City, N.Y. 10025.

Quantitative wall motion (WM) has been well correlated
with nyocardial injury, and may relate to infarct size.
Radlonuclide Angiocardiography (RAC) and Contrast Ventri
culography (CVG) were performed in 14 patients (7 with nor
nal and 7 with abnormal patterns of systolic contraction)
during cardiac catheterization using TcHSAâ€”99m,Anger cam
era, and computer. In 67 normal and 47 abnormal segments,
RAC WM, both by first pass (lop) and equilibrium (EQ) gat
ing, was analyzed quantitatively from a 32 x 32 digital nat
rix, and compared with calibrated CVG studies. WM ranged
from â€”.5to 2.7 cm by RAC, vs â€”.8to 2.7 cm by CVG. Slopes,
intercepts, and correlation coefficients varied by segment;
the Table lists slopes and (r) values:
Segment lÂ°PNormai Abnormal EQ Normal Abnormal
Ant Basal (AB) .9x (.89) .8x (.80) â€”â€”â€”
Lateral .8x (.85) .8x (.80) .lx (.13) .6x (.41)
Apical .2x (.38) .7x (.82) .3x (.44) â€”.lx(.08)
Inferior .3x (.19) .4x (.86) .3x (.72) Ox (.04)
Post Basal(PB) l.Ox (.88) l.lx (.91) â€”â€”â€”

For normal segments, overall lÂ°PRAC WM was .8lx (CVG) +
.2 cm, (râ€”.78),for the RAO position; in abnormal segments,
correlation was .54x(CVG) + .4 cm, (R=.56). EQ RAC is inval
Id for the hidden AB and PB, and less well Lorrelated for
other segments. Both lÂ°Pand EQ were reliable for the 4 seg
ments seen in LAO.

Quantitative RAC is more accurate for normally contract
ing (>1 cm) than for abnormal segments. lop RAC showed much
greater quantitative agreement with CVG, but EQ showed use
ful qualitative correlation for direction of WM in 71 of 93
segments.

NONINVASIVERADIONUCLIDEASSESSMENTOF RIGHTVENTRICULAR
EJECTION FRACTION IN CHRONIC OBSTRUCTIVE PULMONARY DISEASE.
Harvey J Berger Richard A Matthay Alexander Gottschalk
Barry L Zaret. Yale University, New Haven, Ct.

Right ventricular ejection fraction (RVEF) was evaluated
noninvasively in 34 patients (pts) with chronic obstructive
pulmonary disease (COPD) and in 30 normal (nl) control pts
without (â€˜OPD.Quantitative radionuclide angiocardiograms
were obtained in the anterior position with a computerized
multicrystal scintillation camera following peripheral
venous injection of Tcâ€”99mpertechnetate. A high count rate
timeâ€”activitycurve (TAC) from the RV region of interest
was used to identify 1â€”5cardiac beats. A reproducible
right atrial (HA) background was selected at the RAâ€”RV
interface and subtracted from the RV TAC. RVEF was calcula
ted using endâ€”diastolicand endâ€”systoliccounts from the
backgroundâ€”corrected RV TAC. In the control pts, RVEF aver
aged (Â±SD)55Â±5%, with a nl range of 45 to 65%.

RVEF was abnormal (abnl) in 17 pts with COPD (38Â±2%,
meanÂ±SEM) and ni in 17 (57Â±2%). Cor pulmonale, with RV
hypertrophy on electrocardiogram, was present only in pts
(8117) with abnl RVEF; in these 8 pts, RVEF (35Â±2%)was
significantly less than in the remaining pts with abnl RVEF
(p<.O5). Arterial oxygen tension was 53+2 on Hg in pts with
abnl RVEF and 64Â±3mm Hg in those with nl RVEF (P<.O5).
While forced expiratory volume in oneâ€”second(FEVi) was

@ of predictedin ptswithabniRVEF,FEV1was signifi
cantly greater in those with ni RVEF (54Â±5%of predicted,
p<.OO1). RVEF averaged@ in the 18 pta with FEV1<liter
and 53Â±2% in the 16 with FEV@l liter (p<.Ol).

Thus, radionuclide RVEF correlates with the presence of
cor pulnonale and the severity of pulmonary impairment. RVEF
distinguishes abnl from ni RV function and appears to be a
useful noninvasive index for heinodynamic evaluation of COPD.

GATED CARDIAC POOL AND MYOCARDIAL PERFUSION STUDIES.
Masahiro ho Hinako Toyama Hajime Murata Kazuo Chiba
Shinichiro Kawaguchi Hideo Yanada and Kengo Matsui.
Tokyo Metoropolitan Geriatric Hospital, Tokyo, Japan.

High temporal resolution E@CG gated analysis was perform
ed either 5mCi of Technetiumâ€”99m Albumin or 4nCi of Thai
liuniâ€”201 Chloride to visualize cardiac pool or nyocardium.
Using 32 KW computer system and LIST mode data aquisition,
sequential events during 10 to 50 macc. Intervals are con
tinuously recorded for 1500 to 2000 cardIac cycles. Be
sides high temporal resolution sequential images of cardiac
pool and xnyocardial mass during a cardiac cycle, such
parameters were obtained as relative volume curve(V(t)/V@)
@Rv),ejectionfraction(EF),relativevolumevelocity(dV(@)

/dt)/VED)(RVV) ,maximum systolic volume velocity(MSVV),
maximum diastolic volume velosity(}'D)VV),contraction
pattern of left ventricle and relative myocardial volume
curve(RMVC). Normal control at rest and under physical
stress, cases with ischemic heart disease, primary myocar
dial disease(PMD), hy-perthyroidism were evaluated by this
method. Mean EF were TO % for control, 71 % for hyperthy
roidism, @47% for old myocardial infarction(OMI), 21 % for
OMI with decompensation, @4O% for PM]). Mean MSVVand MDVV
were 3.8 and 3.6 for control, h.5 and 5.5 for hyperthyroi
dism, 2.7 and 2.1@ for OMI, i.6 and 1.7 for OMI with decom
pensation and 2 . 1@and I . 9 for PHD. MEW and MOW were
proved to be of special value to elucidate the left car
diac function. Gated myocardial perfusion image produced
the sequential high temporal change of inyocardial muscle
volume during each cardial cycle. Cyclic change of muscle
volume was found to occur in different grade at apex, free
wall and septal wall of control . Asynchronous change of
muscle contraction was noted in such cases as OMI and PMD.

CHARACTERISTICSOF LEFTVENTRICULARTIME-ACTIVITYCURVESIN
PATIENTSWITHHEARTDISEASE.SaeedaQureshi HenryN
W@ner Jr. Philip0 AldersonMattheusG Lotter
KennethH DouglassLloydG Knowles.The JohnsHopkins
MedicalInstitutions,Baltimore,Md.

Leftventriculartime-activitycurveswereobtainedin
112patientswithvarioustypesof heartdiseaseusinga
scintillationcamera-computersystem. Afterintravenous
injectionof Tc-99malbuminscintillationcameraimages
synchronizedwiththepatients'ECG'swereacquiredat 64
intervalsduringthecardiaccycleand leftventricular
time-activitycurvesweregenerated.The followingindices
weremeasuredfromthesecurves:Pre-ejectionperiod(PEP);
R-R interval(R-R);PEP/R-R;leftventricularemptyingtime
(LVET);LVET/R-R;leftventricularfastfillingtime
(LVDT1);LVDT1/R-R;leftventricularslowfillingtime
(LVDT2);LVDT2/R-R;PEP/LVET;ejectionfraction(EF) and
EF/LVET.Themeanvaluesin8 normalcontrolswere: PEP!
R-R0.085,LVET/R-R0.351,LVDT1/R-R0.345,LVDT2/R-R
0.202, PEP/LVET 0.239, EF 0.55, EF/LVET 1.91. There was
shorteningof LVET/R-Rand prolongationof LVDT1/R-Rin
patientswithessentialhypertension.Patientswithcon
gestiveheartfailurehadshorteningof LVET/R-Rbutan
increasedPEP/LVETratio. EF remainednormalin hyperten
sivepatientsbutwas slightlydecreasedinmyocardial
infarctionandmarkedlyreducedin congestiveheartfailure
and cardiomyopathy.Theseinitialresultssuggestthat
displayandanalysisof synchronizedleftventriculartime
activitycurvesmay be of valuein thedetectionand
differentialdiagnosisof patientswithcertaintypesof
heartdisease.

RELATIONBETWEENTHEEXTENTOFACUTEMYOCARDIAL
INFARCTIONAND LEFTVENTRICULARPERFORMANCEASSESSED
BY SCINTIGRAPHICAND ENZYMATICMETHODS. Hartmut
Henning Heinrich Schelbert William Ashburn and Joel Karliner.
University ofCalfornia, San Diego.

A relationbetweenabnormalitiesin left ventricular(LV)perfor
mance and the extent of muscle damage in paflents (pts) with acute
myocardialinfarction (AMI)hasnotpreviouslybeenwell-documented
by noninvasive means. In 38 pInwith AMI, ejection fraction (EF)
was calculated from the LV time-activity curve obtained during the
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initial passageof a bolusof Tc-9@npyrophosphate(PYP).Theextent
of AMI wascalculated both by integrating the area underthe corn
pleted creafinirie phospholcinase (CPK) curve and by planimefering
the largest area of PYP uptake. In 21 pta with anterior AMI, the
CPKcurveareacorrelatedwell with PYParea(r 0.92). Bycon
frost, in 17 pta with inferior AMI the correlation waspoor (r 0.45).
In 21 pts with fransrnuralAMI, but no evidence of prior Ml or LV
hypertrophy(LVH), EFrangedfrorn39 to72% andcorrelatedinverse
ly with CPK curve area (r -0.76). In 10 pts with a first transrnural
anterior AMI there was a good correlation between EF and PYP area
(r -0.88) . In 7 pts with LVH and a first anterior AMI, EF was with
54.Â±6significantly higher (p(O.OS) than in 10ptawith AMI, and
no LVH (41 Â±5), although P@'Parea did not differ significantly for
bothgroups. Weconcludethat in ptswith transrnuralAMI altera
tions in EFcorrelate well with the extent of infarction measuredby
theCPKcurvearea. Furthermore,in ptawith anteriorAMI, a
single procedure, radionuclide scintigraphy, can be usedto estimate
the extent of inforction and also to assessLV performance.

PROGNOSTICATIONAFTERACIIFEMYOCARDIALINFARCTIONWIThA
PORTABLE PROBE RADIONUCLIDE LEFT VENTRICULAR FUNCTION
STUDY. Michael Kelly Michael Quinlan and Peter Thompson.
Perth @1edica1Centre, Perth, Western Australia.

This study's aim was to determine the prognostic value
of bedside measurements of left ventricular function after

acute myocardial infarction (AMI). Over a 12 month period,
measurements of left ventricular ejection fraction (EF)
and pulmonary transit time (P17) were made in 171 patients
with AMI, at a median tine of 24 hours after onset of pain.
A probe method described by Steele et al. was used. The
results were correlated with clinical outcome.

In 14 controls without heart disease EF (meanÂ±SD)was
O.61Â±.06, and PTT was 6.4Â±1.1 seconds. In the 171 patients
with AMI EF was 0.36Â±0.10, and PIT was 8.8Â±3.7; in only 18
(11%) was EF >0.50.

In the 90 patients with HF >0.34 there were no episodes
of ventricular fibrillation (VF), pump failure deaths
(PFD) , or post-hospital deaths (PHD) (mean follow-up time
6 months). EF (meanÂ±SD)was 0.26Â±0.06in 8 with â€œprimaryâ€•
VF (all hospital survivors), 0.20Â±0.07 in 12 with PFD, and
0.23Â±0.07 in 5 with PhD, which was sudden in each case.
PTT was >14 in 11/12 with PFD (mean 17.6, SD 3.4), but in
only 3/159 without PFD. In 6 patients who died of other
causes (2 of cardiac rupture, 3 of ruptured septum, and
1 ofsudden â€œelectromechanicaldissociationâ€•)EF (meanÂ±SD)
was 0.44Â±0.12 and PTI was 7.2Â±2.2.

It is concluded that bedside measurements of left
ventricular function after AMI with a simple, inexpensive
radionuclide method are of high prognostic value. EF
<0.35 indicates a high risk of VF, PFD, and PHD. A PU
>14 indicates the subgroup with the highest risk of PFD.
However, mechanical ventricular defects arc not associated
with a particularly low EF or a long PU.

TUESDAY, 8:30 a.m.-1O:OO a.m. LINDHEIMER ROOM

ONCOLOGY I

Chairman: William D. Kaplan
Co-Chairman: Alan D. Waxman

MOUSETUMORLOCALIZATIONAND BLOODCLEARANCEOF HEAVILY
IODINATEDFIBRINOGEN.GeraldL DeNardo KennethA Krohn
SallyJ DeNardo DavidW Wheeler.Departmentof Nuclear
Medicine,Universityof California,Davis,Sacramento
MedicalCenter.(Supportedby ACS Grant#DT-45)

Our earl ier work demonstrated that the tumor concentra
tion at 4 hours of fibrinogen labeled with 2 atoms of
iodine per molecule of fibrinogen was equal to the maximum
tumor concentration of 67Ga-citrate in KHJJtumor-bearing
mice. Otherinvestigatorshavefoundthatheavilylodin

ated fibrinogen is cleared from the blood more rapidly than
fibrinogen lodinated at 2 atomsof iodine per moleculeof
fibrinogen . In order to determine whether fibrinogen modi
fied in this manner retained its oncophilic properties, the
distributionand clearanceof *I_fjbrinogen(2,5,25,45,65
Iodine atoms per molecule of fibrinogen) labeled by the ICl
orelectrolyticmethodswasmeasuredat 1-24hoursinthe
KHJJtumormodel. Heavilyiodinatedfibrinogenconcentra
tionlocalizedin thetumorat leastas wellas 2 atomsof
Iodinepermoleculeof fibrinogen,althoughheavilyiodin
ated fibrinogen by electrolytic method cleared more rapid
ly after 4 hours. Blood clearance of heavily iodinated
fibrinogen labeled by IC1 at 45 and by electrolytic method
at 42 atoms per molecule was 2 and 5-10 times faster than
that of fibrinogen (2 iodine atoms per molecule) during the
initial 4 and 8 hours, respectively. Subsequentclearances
weresimilar.Highlyiodinatedfibrinogendid notconcen
trateexcessivelyin anyorgans,e.g.liver,indicatingthe
absence of aggregated or grossly denatured fibrinogen.
Tumor:bloodof heavilyiodinatedfibrinogenwas greater
than that of normal fibrinogen (almost 7-fold at 4 hours).
If thisdatacanbe extrapolatedto cancerin patients,
heavilyiodinatedfibrinogenlabeledwith1231hasexciting
potentialas an oncophilicradiopharmaceutical.

Ga-67 TUMOR UPTAKE IN ANIMALS AFTER WHOLE BODY IRRADIATION.
William P Bradley Philip 0 Alderson William C Eckelmam
and Joseph F Weiss. Armed Forces Radiobiology Research
Institute, Bethesda, Md. and the George Washington Univer
sity, Washington, D.C.

The mechanism of decreased Gaâ€”67retention after whole
body irradiation is unknown. To investigate this mechanism,
and determine the effects of prior irradiation on Gaâ€”67
tumor uptake, Spragueâ€”Dawleyrats bearing a subcutaneous
Walkerâ€”256carcinosarcoma were exposed to Coâ€”6O.Each ani
mal received 10 @iCiof Gaâ€”67citrate intravenously 24 hours
after exposure to wholeâ€”bodydoses of 250, 500, 750 or 1000
rads. Control animals received Gaâ€”67,but were not irradi
ated. Urine was collected for 48 hrs after exposure to de
termine the I injected dose (ID) excreted. Animals were
sacrificed at 48 hrs and the % ID/gm in tumor and other
tissues was determined. A blood sample was also obtained to
determine the serum iron, unbound ironâ€”bindingcapacity
(UIBC) and transferrin level. Tumor uptake and serum UIBC
were decreased in irradiatedanimals, while serum iron
levels and Gaâ€”67urinary excretion were increased.There
was a significant correlation between the UIBC and the Ga
67 tumor uptake (r +0.74, n 22). Transferrin levels in
the irradiated populationwere not different from control
values. Local irradiation of the tumor without wholeâ€”body
exposure had no effect on Gaâ€”67tumor uptake or urinary cx
cretiom. When the experiments were repeated with a 15 mg/
animal dose of transferrin preceding Gaâ€”67injection, urin
ary excretion and tumor uptake returned toward normal. The
results indicate that the decreased Gaâ€”67retention and
tumor uptake seen after wholeâ€”bodyirradiation is related,
at least in part, to saturation of transferrin by increased
levels of circulating iron.

MOSSBAUERSPECTROSCOPICSTUDYOF THE CHEMICALBONDINGOF
Co-57-BLEOMYCININ TUMORS. N R ZalutskyA 11 Friedman
J C SullivanS L Ruby andG V S Rayudu. Argonne
NationalLaboratory,Argonne,Illinoisand RushUniversity
MedicalCenter,Chicago,Illinois.

Severalradiolabeledbleomycincomplexeshavebeenpro
posedas possibletumorscanningagents;however,only
Co-57-bleomycinhas beenshownto possessbiologicalpro
pertiessuitableforclinicaluse. In thiswork,we have
investigatedthechemicalbondingin theCo-57-bleomycin
complexusingMÃ¶ssbauerSpectroscopy.F@easurerontswere
takenusingstandardt'Vdssbauertechniquesusinga Fe(CN)6
absorberwithboththesourceandabsorberat 80Â°K.Co-57-
bleomycinwas preparedby additionof Co-57-Cl2to a solu
tionof bleomycinIn 0.9%NaCl. The reactionmixturewas
passedthrougha SephadexG-25columnto removeany
unboundCo-57. The Co-57bleomycinwas injectedintothe
lateraltailveinof Sarcoma-l80bearing,ICRstrainmice.
Forty-eight hours later, the mice were sacrificed, the
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tumorswereremovedand cooledto 80Â°K,and theMÃ¶ssbauer
spectrum of the Co-57 activity in the tumor was measured.
Thisspectrumwas comparedto thosemeasuredfor several
compoundswithknownchemicalbondingas wellas to a
spectrumfor theCo-57-bleomycintakenpriorto injection.
The resultsshowthat1) theCobaltin theCo-57-bleomycln
complexIs rapidlyairoxidizedto a mixtureof Co(II)and
Co(III)and 2) onlytheCo(III)complexconcentratesin
the tumors. Weconclude that the Cobalt-57-bleomycin
complexshouldbe oxidizedpriorto itsadministrationin
orderto increaseitsaccumulationin tumors.

Cross-sectional images with tissue density discrimination
of 17.at the spatial resolution of the scintillation camera
are acquired in several minutes. The radiation dose is 0.5
rads. Several economical long-lived radionuclidesare
currently under investigationas alternatives to Tc-99m.
Following Compton scatter toinographic (CST) studies, the
irradiating beam is shut off with the patient still in
position and a conventional vertex radionuclide cerebral
perfusion study is performed with 20 mCi of Tc-99m DTPA.
The anatomical structures demonstrated by CST images and
the functional informationof the radionuclide images are
uniquely correlated in this system by superimposing the
two studies.

TUESDAY, 8:30 a.m.-1O:OO a.m. TRANSVERSE SECTIONS IN CONE BEAM GEOMETRY. Gerd
Muehllehner Joseph H Dudek Frank Atkins Paul
V Harper. Searle Radiographics, Des Plaines,I1L
and University of Chicago, Ill.

By rotating a positron camera consisting of
two opposed uncollimated Anger cameras around
the patient, data are collected which represent
projections through a threeâ€”dimensional volume
which are not restricted to lie in a plane.
Algorithms developed in the field of computed
tomography are not readily applicable, since
they deal with single planes. The problem is
twoâ€”fold: 1) incoming data must be organized
for processing and 2) the appropriate filter
function must be found. Since during a rotation
the number of possible independent coincidence
channels exceeds l0@, data are not summed into
coincidence channels but are backprojected
directly through a 64 X 64 X 16 element volume.
The backprojected volume is then filtered to
obtain the original distribution.

Programs to perform this operation have been
implemented on a minicomputer (Interdata 8/32)
which is currently being connected onâ€”line to
the positron camera. Both phantom and clinical
results show high contrast typical of computed
tomography transverse sections.

COMPARISONOF THE ANGERTOt4DGRAPHICSCANNERANDTHE 15â€•
SCINTILLATION CAMERA IN GALLIUM IMAGING . Mary F . Hauser
andAlexander Gottschalk. Yale University, New Haven, Ct.

A clinical evaluation of 29 patients was made to det
ermine the relative merit of the Anger Tomographic Scanner
(Pho/Con) for gallium scanning by comparing it to the 15â€•
detector Gamma Cameras.

After IV administration of 6 â€”lOmCi of gallium citrate
(Ga-67) the patients were examined by both the Pho/Con and
a 15â€•GammaCamera, (either a Searle LFOVwith a medium
energy parallel hole collimator and 20% windows at the 3
principal peaks or a Picker 1@/l5 with a high ener@ paral
lel hole collimator with 20% windows at the 184 end 296
key peaks). The time interval between injection and imag
img varied according to the nature of the suspected pathol
ogy , I . e . 1&8hours or more for malignant disease and fre
quently 21@hours or less for infla=atory disease. Both
posterior and anterior views of all areas of interest
were obtained on the camera.

On the basis of a simultaneous â€œsideâ€”byâ€”sideâ€•scrutiny
of the readâ€”out from both imaging modalities , each case
was classified I â€”V. The results were: Category I
(lesion(s) seen only with Pho/Con) â€”1; II (better visual
ization with the Pho/Com) â€”6; III (equivalent with either
instrument) â€”22; IV (better visualization with the camera)
- 0; and V (lesion(s) seen only with the camera)â€”0. In
7 of 29 cases (24%) we found that the tcmographie effect
was helpful in either distinguishing norma]. structures
such as colon from pathologic collections of activity or
increasing the contrast of lesions.

Although Virtually all lesions were detected with the
cameras, we show a clear preference for the tcmographic
read-out. We believe the tomographic scanner to be the
current instrument of choice for Gallium.-67 scintigraphy.
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JANE ADDAMS ROOM

INSTRUMENTATION I: TOMOGRAPHY

Chairman: Gordon L Brownell
Co-Chairman: David A. Weber

A NEWEMISSION COMPUTEDAXIAL TOMOGRAPHFOR POSIThON
EMITTERS, Michael E Phelps Edward J Hoffman Robert
Highfill and David E Kuh1.Center for Health Sciences,
University of California,Los Angeles,Los Angeles,Ca. and
Oak Ridge Associated Universities, Oak Ridge, Term.

This Fhiission Computed Axial Tomograph (ECAT) is de
signed to image positronâ€”emitting radioisotopes im any body
part. A hexagonal array of 66 Nal detectors is employed
with an annihilation coincidence detection scheme which
gives the system a â€œtanbeamâ€•geometry. This design pro
duces high sensitivity while maintaining high resolution
and high image contrast. Sensitivity at 1.9cm FWHM resolu
tion is 29,000 cps/Alci/ml for 20cm diameter uniform
cylinder,which is approximately 3 tines the sensitivity of
PITT III. Resolution is user selectable and will typically
be 1.0 to 1.9cm FWHN. The high contrast of this system is
demonstrated by its ability to detect .T5cm cold spots in
20cm diameter phantoms while employing shadow shields with
l.dcn FWHM resolution. Intrinsic field uniformity and re
solution uniformity within a 20cm diameter phantom are
better than Â±2% and Â±5%, respectively.

The redundant sampling scheme employed in ECAT protects
against patient movement and detector instability. In
studies with uniform phantoms in which as many as 3 detec
tors were disconnected only minimal distortion was observed.

Indexing of the patient bed is under computer(PDPâ€”ll)/l&5
control which allows accurate repositioning of patient for
multiple scans ,accurately spaced scans and minimal time
loss between scans. This effectively increases sensitivity
of system by minimizing data loss from decay of short lived
isotopes. This indexing capability also allows the ECAT to
do high contrast,quantitative rectilinear whole body scans
producing A? and 600 left and right oblique views.

COMPTONSCATTERTOMOGRAPHYOF THE BRAIN. S.G Mirell ama
W H Blahd, Veterans Adninistration Wadsworth Hospital
Center, Los Angeles; and School of Medicine, University of
California, Los Angeles.

A new technique of tornographicbrain imaging is present
ed. A specially designed gasses irradiator accessory, an
unmodified Searle LFOV scintillation camera, and a mini
computer have been integrated into a system capable of
acquiring images of tissue density from 1 cm-thick cross
sections of the head. The images are analogous to those
obtained by CT scanners. The game irradiator consists of
a planar-collimatedring that contains 5 Ci of Tc-99m which
surrounds the head at the cross-sectional level to be
imaged. Compton scattered gaama rays are detected by the
camera in a vertex position. The acquired image is a rep
resentation of local electron densities or the nearly pro
portional mass densities in the cross-section of tissue.
Computer algorithms correct for attenuation artifacts from
overlying sections of tissue. The images are displayed on
a 128 x 128 matrix at a selected tissue density range.
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CORRECiION OF POSITRON SCINTIGRAMS FOR DEGRADATIONDUE TO
RANDOM COINCIDENCES: Charles A Burnham Nathaniel M Al
pert Bernard Hoop Jr. and Gordon L Brownell. Massachu
setts General Hospital, Boston, Massachusetts
A premature limit on the amount of activity which can be

imaged with a positron camera is imposed by random coinci
dences which are detected along with true coincidence
events. Detection of random coincidences invariably in
creases with activity, degrading image contrast. Unlike
the background in conventional scintigrams due to Compton
scattering, detection of random coincidences adds a back
ground which may be measured and subtracted. The distrib
ution of random coincidences within the image depends
strongly on the geometry of the source distribution, usual
ly following that of true coincidences but with greatly
reduced resolution. Because the random coincidences are
smoothly distributed, their amplitude can be estimated with
relatively few events.

Logic permitting accumulation of delayed (i.e. random) as
well as prompt (i.e. true + random) coincidences has been
incorporated in the MGH positron camera. Delayed coinci
dence images are accumulated for 1/7 the total imaging time
smoothed and subsequently subtracted from the prompt coin
cidence image. Using the MGH camera without random sub
traction, image degradation can become observable with less
than 1 mCi in the field of view. Measurements with phan
tons and in routine imaging studies have shown that random
subtraction can restore image contrast with activities in
excess of 5 mCi in the field of view. The correction is'
limited only by its statistical nature and may be adapted
to any coincidence counting device.(This work was supported
in part under ERDA EYâ€”76â€”Sâ€”O2â€”3333.*000,USPHS â€œAnInter
departmental Stroke Program,â€•5 P5ONS1O828â€”03,and USPHS
lâ€”Pl7HLl7665,â€œIschemiaSCOR Imaging.â€•)

TUESDAY,10:45a.m.-12:15p.m.

BONE/JOINT 1

whereas, the later maximum correlated with a large increase
in bone remodeling as observed histologically and auto
radiographically. With the exception of a single lytic
lesion, radiographic changes consistently lagged behind
changes in radiopharmaceutical deposition. Bone imaging
with Tcâ€”99mPPi was found to provide a sensitive indicator
for radiation damage to bone.

HETEROTOPICBONE,A POTENTIALSOURCEOF ERRORIN EVALUATING
HIP PROSTHESISBY RADIONUCLIDETECHNIQUES.JayMall Paul
Hoffer WilliamMurray JuanRodrigo HalAnger Audrey
Samuel.Universityof California,San Francisco,CA.

Whileinvestigatingpatternsof radionuclideuptakefol
lowinginstallationof hip prostheses,we observeda seri
ous potentialproblemin distinguishingradionuclideuptake
in heteroptopicbonefromIncreaseduptakedue to loosening
and/orinfectionin the femoralcomponent.

Eightpatientswho hada hipprosthesisinstalled4
monthsto 6 yearspreviouslywereevaluatedby technetium
99m MDP joint scan prior to surgery. A total of 10 hips
withprostheseswereevaluated,5 withclinicalevidenceof
looseningand 5 asymptomatichipsscannedincidentalto in
stallationof a prosthesisin theoppositehip. All but
one patient had scans performed with a conventional gamma
camera, tomoscannerand multi-angle imaging device.

Eighthipshad radiographicallydemonstrableheterotopic
bonein the regionof the proximalfemur.Six of these8
hipsdemonstratedIncreasedradionuclideuptakein the re
gionof the heterotopicbonewhichwas easilyconfused
withthe patternsof uptakedescribedin the literaturein
looseor infectedprostheses.Twoof theseconfusingpat
terns of heterotopicboneuptakeof radionuclidewereseen
in hipswithno evidenceof prostheticdysfunction.

The tomographicandmultiangleviewsystemsprovidedex
cellentimagesof the hip butwereonlyslightlysuperior
to theconventionalcamerain helpingto distinguishheter
otopicboneuptakefromprostheticloosening.

Increaseduptakeof radionuclideat thedistalendof
the femoralprosthesiswas theonlyfindingseenin all 5
hipswithprostheticlooseningandnoneof the 5 asymptoma
tic hip prostheses.It was theonlysignof prosthetic
looseningnoteasilyconfusedwithheterotopicbone.

JANE ADDAMS ROOM

JAW IMAGING IN CLINICAL DENTAL DIAGNOSES. Daniel A Garcia
Donald E Tow Dace Jansons Thomas H Sullivan and
Richard Niederman. VA Hospital, West Roxbury, MA

Bone imaging of the jaws was evaluated as an adjunct
dental diagnostic method to determine potential usefulness
in presurgical screening for infectious dental lesions.

Comparisons were made between the findings of dental cx
aminations and jaw images of 31 males prescribed for bone
imaging with Tcâ€”99mdiphosphonate, for reasons other than
oral disease. The positive findings from clinical and
radiographic dental examinations were divided into 4 cate
gories: Healing of recent extractions and 3 ranked cate
gories of disease. The jaws were each divided into 4 quad
rants and the regions scored for the type of finding pre
sent. Anterior and right and left lateral jaw images were
made with a scintillation camera, and areas of positive
uptake were assigned to specific jaw quadrants.

Of the 248 total quadrants, 12 of 13 scored for bone
healing were image positive as expected. Quadrants in which
both radiographic and clinical findings of disease were
present were generally image positive (15 of 18, positive),
while those in which radiographic evidence of disease was
not accompanied by clinical symptoms were largely image ne
gative due to arrested disease, as evidenced by treattient
findings in one of the quadrants. 20 of the 207 quadrants
scored as normal or minimally diseased were image positive,
indicating incipient disease, one of which was subsequently
found to contain a focal lesion of infectious osteitis.

It was concluded that bone imaging is potentially useful
for detecting incipient dental disease not readily identi
fied in dental examinations. More importantly, imaging
could be a valuable adjunct to dental radiography to dis
tinguish active from arrested or inactive disease.
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Chairman: Robert E. O'Mara
Co-Chairman: Larry L. Heck

AN IMAGING, AUTORADIOGRAPHIC , RADIOGRAPHIC , ISOTOPIC , AND
HISTOPATHOLOGIC STUDY OF IRRADIATED BONE. Michael A King
George W Casaret@ David A Weber and Francis A Burgener.
University of Rochester Medical Center, Rochester, N.Y.

A study was conducted to correlate the postâ€”irradiation
changes in Tcâ€”99mpyrophosphate (PPi) deposition with path
ological and radiological changes in bone. A 1,000 kVp xâ€”
ray machine was used to deliver 1,750 rads to the left hind
legs of 40 rabbits. Serial quantitative images of both the
irradiated and control legs were recorded before irradia
tiQfland at numerous times over the first 12 months follow
ing irradiation. Six rabbits (5 irradiated and 1 sham
irradiated) were included at each imaging time. Both cor
tical bone (tibial shaft) and trabecular bone (tibial and
femoral epiphyses) were evaluated in these serial studies.

Radiographs were taken before irradiation and at 3, 6,
7Â½,9,10Â½,and12monthspostâ€”irradiationandwerecom
pared to the camera images. At 1 day, 1, 3, 6 and 12 months
postâ€”irradiation, 3 rabbits were sacrificed for study of
Tcâ€”99mPPi, Srâ€”85,Crâ€”51RBC and Rbâ€”86(blood flow) activity
levels in skin, muscle, marrow and bone. Also at these
times, 3 additional animals were sacrificed for Tcâ€”99mPPi
autoradiographic and histopathologic studies.

The changes in Tcâ€”99mPPi uptake observed on the images
showed a bimodal response with maxima occurring in the
irradiated leg at 1 day and 3â€”4months postâ€”irradiation.
The early response was found to be a vascular effect;
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FACIAL BONE SCANNING BY EMISSION TOMOGRAPHY. M.L Brown
J.W Keyes Jr â€¢P.F Leonard@ and J.H Thrall. University
of Michigan Medical Center, Ann Arbor, Michigan.

Facial bone anatomy is complex and localized areas of
increased or decreased activity may become lost among over
lapping structures even when multiple views are obtained.
This study was undertaken to evaluate the use of emission
computed tomography to overcome these difficulties.

Using a single photon emission tomographic system, the
Huinongotron, we have studied normal facial anatomy and a
number of patients having abnormalities of the facial bones.
Three to four hours following the injection of 15 mCi of
Tcâ€”99mpyrophosphate routine bone scans were obtained.
Emission tomography of the face and head was then performed.
Total time for tomographic projection data collection s'as
thirty minutes. From this data, serial tomographic recon
struction of all levels of the head and face from below the
mandible to the vertex were made. These reconstructions
were compared with the conventional bone images and xâ€”rays.

The resulting images demonstrated resolution comparable
to the standard gamma camera images but the tomographic
presentation was superior in defining the anatomy of the
facial region and in the characterization and localization
of various forms of pathology including osteomyelitis, can
cer, osteoradionecrosis and postâ€”surgicalchanges.

Emission computed tomography is a useful technique. It
offers particular advantages in problem areas such as bone
scanning of the face and skull where the complex structure
of the mandible and facial bones is easily studied and well
defined.

CONTRIBUTIONOF THE BONESCAN,SERUMACIDANDALKALINE
PHOSPHATASE,AND THERADIOGRAPHICBONESURVEYTO THEMAN
AGEMENTOF NEWLY-DIAGNOSEDCARCINOMAOF THE PROSTATE.
RexB Shaferand DonovanB Reinke. NuclearMedicineand
RadiologySvcs.,V.A.Hospitar,Minneapolis,MN.

Cancerof theprostateIs themostcommonneoplasmmet
astatic to bone. Early detection of skeletal involvement
Is importantin stagingand selectionof therapy.This
studywas undertakento determinetheaccuracyof nonopera
tivetechniquesfordetectingbonymetastasesfromcarci
nomaof theprostate.

One hundredtenunselectedpatientswithbiopsy-proven
carcinomawereexaminedby Tc-99mPYPbonescanand radio
graphicbonesurvey. Bonescansand radiographicsurveys
wereobtained within onemonthof the initial diagnosis and
priorto the introductionof therapy.Heat-labileserum
alkalinephosphatasesand prostaticfractionatedserumacid
phosphataseswereobtainedat thetimeof bonescan.

Resultsshowthat37 of 110patientshadevidenceof
bonymetastaseson bonescan. In 25 of thesepatients,
therewereabnormalradiographicsurveys.Twentyof these
patientshadabnormalalkalinephosphatasesand 18 patients
hadabnormalacidphosphatases.In 77 patientswithnormal
bonescans,18 hadelevatedalkalinephosphatasesand 12
hadelevatedacidphoshatases.

Thesefindingssuggestthatbonescanningis of consider
able importancein the managementof newly-diagnosedcar
cinomaof the prostate.As a screeningprocedure,bone
scanningis superiorto radiographicbonesurvey. Surpris
ingly, elevated serum acid phosphatase was not as useful
as bonescanningin thediagnosisof bonymetastasesfrom
carcinomaof theprostate.

1975) in 14 mongrel dogs. Crâ€”Sialbumin (nondiffusible

reference tracer), sucrose (diffusible reference tracer),
PP, and HEDP were injected into the isolated tibial artery.
Blood was collected from the ipsilateral tibial vein every
5 S for 2 mm. Emax, the apparent extraction at the time
of the peaks of the dilution curves, is influenced little
by back diffusion; for PP, Emax (mean Â± S.D.) â€”0.42 Â±0.08
(N â€”4); for HEDP, Emax â€”0.27 Â± 0.05 (N â€”10). Net extrac
tion (apparent fractional retention by bone at 2 mm) was
0.36 Â± 0.1 and 0.27 Â± 0.05. Emax for Srâ€”85chloride and
Fâ€”18sodium in our laboratory is 0.65 Â± 0.14 (N 24) and
0.64 Â± 0.14 (N â€”26). Permeabilities (P) were calculated
by PS â€”â€”Fslog e (1â€”Emax),where Fs plasma flow and S
capillary surface area; the ratio of P for HEDP to P for
sucrose was 0.71, which is close to the ratio of diffusion
coefficients, 0.76. The data suggest that HEDP and
probably also PP pass through the capillaries by passive
diffusion. As expected, the extraction through capillary
walls for HEDP and PP was lower than for Srâ€”85and Fâ€”18
because of their larger molecular size. (Supported in part
by NIH grant AMâ€”15980.)

BONE SCINTIGRAPHY IN RENAL OSTEODYSTROPHY. Pieter
de Graaf leke M Schicht Ernest K.J Pauwels
and Jaap de Graeff. University Hospital, Leiden,
The Netherlands.

The value of bone scintigraphy in renal osteo
dystrophy was studied in 30 patients on mainten
ance hemodialysis, using Tc-99m EHDP. In order
to reduce background activity to levels found in
normal controls, all patients were dialyzed for
5 hours, starting 15 mm. after radionuclide ad
ministration. After 6 hours qualitative and
quantitative scintigraphic skeletal examination
took place. The results were compared with a
normal control group.

All patients had histological proof of renal
osteodystrophy . Only 4 8% showed roentgenological
abnormalities. In contrast 80% had pathological
scintigrams. Increased activity was noted mainly
in the pelvis (46%) , hips (60%) , knees (70%),
ankles (53%) , chest (42%) , spine (42%) and skull
(46%) . In addition metastatic visceral calcifi
cations were detected in some patients. Quanti
tative analysis revealed increased skeletal ac
tivity accumulation in all patients compared to
controls even when scintigrams appeared normal.

These findings sucjgest that bone scintigraphy
is superior to conventional roentgenological
techniques. Quantitative assessment of skeletal
activity appears to be an even more sensitive
technique to detect renal osteodystrophy.

TUESDAY, 2:00 p.m.-3:3O p.m.

PULMONARY I

TRANSCAPILLARY EXTRACTION BY THE CANINE TIBIA OF Tc-99m
PYROPHOSPHATE AND EThANE- i-HYDROXY-i ,1-DIPHOSPHONATE . Sean
P F Hughes Heinz W Wahner Patrick J Kelly James B
Bassingthwaighte and David R Davies. Mayo Clinic and
Mayo Foundation, Rochester, Minn.

Uptake by bone of Tcâ€”99mâ€”labeledpyrophosphate (PP) and
ethaneâ€”1â€”hydroxyâ€”lâ€˜1â€”diphosphonate(HEDP) involves passage
through capillaries in the haversian system, extracellular
fluid space, and membrane of osteoblasts before adsorption
onto available apatite surfaces. Passage through capillar
ies was studied by the outflow dilution technique In a
canine tibia model (Cofield et al. J@ Physiol 39:596,
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VENTILATION-PERFUSION LUNG IMAGING AND SELECTIVE PULMONARY
ANGIOGRAPHY IN ANIMALS WITH EXPERIMENTAL PULMONARYEMBO
LISM. P.O Alderson J.L Doppman 5.5 Diamond K.G
Mendenhall. Armed Forces Radiobiology Research Institute
and National Institutes of Health, Bethesda, MD.

To determine the accuracy and limitations of Xenonâ€”l33
ventilation and Tcâ€”99mperfusion (Vâ€”P)lung images in de
tecting pulmonary emboli (PE), these studies were per
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haled rad.ioaerosol (indicating large airway dilatation) in
8 and faster washoutof Xenon-l33(indicating small airway
dilatation) in all 9 patients . Lung imaging results corre
lated well with physiologic indicators of large and small
airway function. Inhaled terbutalime gave evidence of large
airway dilatation both on function tests and lung images in
7 of 9 subjects and of small airway dilatation in only I@.
In asthma, inhaled radioaerosls are deposited in highest
concentration in large airways and presumably inhaled ter
butaline aerosol has a similar distribution, thereby giving
its maximum bronchodilator response in the large airways.
In conclusion, xenon lung imaging failed to detect evidence
of the sites of large airway obstruction or dilatation in
@his study, whereas this important supplementary inforna
tion is clearly revealed in aerosol images.

LUNG SCAN PATTERNS IN FIFTY CASES OF PROVEN PULMONARYAIR
â€˜EMBOLISM. Robert C Carroll MauriceAl14p@j'eter Watey@p
and Lewis@ Wâ€˜ Gumermam. -Presbyterian-UniversityHospital,
Pittsburgh, Peana.

Fifty neurosurgical patients in whom air embolism was
proven by Doppler detection and subsequent aspiration of
air via central venous catheter were scanned in the iinmedi
ate post operative period. Most patients had been operated
in the semiâ€”sittingposition. Follow up lung scans were
obtained. Scan lesions of a segmental nature were seen in
nineteen of the fifty patients studied. A pathognomonic
pattern of peripheral decortication crossing segmental
lines and distributing in accord with the effects of gravi
ty on air bubbles were found in seven patients. Gross
lesions of the lung apices of a non segmental pattern were
found in sixteen patients, and lesions involving the poe
tenor and superior portions of both upper lungs were found
in six patients. When segmental lesions were present, they
most commonly involve the anterior segment of the right up
per lobe. Patients with segmental lesions commonly had
other subsegmental lesions as well. All lesions resolved
partially or completely without the use of anticoagulent
therapy as demonstrated by the follow up lung scans. Our
clinical impression is that when air centers rapidly in
moderate amounts, there is a tendency to the production of
segmental lesions which minnaick pulmonary thromboeniboli.
When sir enters slowly, but in large quantities over a pro
tracted period of time, the pathognomonic peripheral decor
ation pattern is seen. When air enters in moderate quanti
ties over a moderate period of time, lesions involving the
apex end posterior portions of both lung fields are common
ly encountered. Air embolism and subsequent perfusion de
fects can occurr in many operative settings.

OBSERVATIONS ON REGIONAL VENTILATION AND PERFUSION IN KYPHO
SCOLIOSIS. R.H Seckerâ€”Walkerand J.E Ho. St. Louis Uni
versity School of Medicine, St. Louis, Ho.

Little has been written on regional lung function in ky
phoscoliosis. This study reviews our observations on ten
patients with kyphoscoliosis.

Regional ventilation was studied in the upright position,
during the washin and washout of l33Xe. Regional perfusion
was studied in the same position after the injection of
(Tcâ€”99)HAN.Images of ventilation and blood flow were ob
tamed with a gamma camera. The results of the ventilation
perfusion studies have been compared to the degree and posi
tion of the kyphoscoliosis and the results of pulmonary
function tests (PFTs).

The PYIs showed the expected pattern of restrictive lung
disease and diminished air flow rates, mild hypoxia, mean
Pa02 74mmHg, but normal overall alveolar ventilation, mean
PaCO2 37.SmmHg. Clearance of l33Xe was more severely impair
ed from the zone with the greatest curvature, than from
other parts of the lung in 7 patients, and averaged 4.5 mm.
longer than the opposite zone. No difference was seen in 2
patients with Harrington rods in place, and in 1 patient
with a minor kyphoscoliosis. The normal vertical gradient
of blood flow was seen in 5 patients, an even gradient in 3
and a reversal of the gradient in 2 others. Additional de
fects in blood flow were seen in each patient.

The hypoxia was most likely due to the.failure to match

formed in 23 dogs after experimental production of PE.
Each dog had a baseline Vâ€”Pstudy. Several days later ye
nous thromboemboli were formed using a modified Wessler
technique and released to the lungs. Each dog then had a
repeat Vâ€”Pstudy, and 14 also had bilateral selective pul
monary angiography. Each dog had both a 20â€”miintravenous
injection of India ink prior to sacrifice to outline per
fused segnents of the lung and a postâ€”mortemlung dissec
tion. Two of 23 animals (8.7%) with normal baseline Xeâ€”l33
studies had Xeâ€”133abnormalitieswhen studied immediately
after embolization. These abnormalities were in regions
where emboli completely obstructed large (>6mm diameter)
vessels. Perfusion images revealed the location of 84% of
emboli which completely obstructed pulmonary vessels, but
only 26% of those which partially obstructed flow. Perfu
sion defects were seen with 97Z of emboli which completely
obstructed vessels greater than 2.0 mm in diameter, but in
only 65% of those which lodged in smaller vessels. Small
(<2x2 cm) perfusion defects revealed by India ink were
detected much less frequently (l6Z) than larger ones (93%).
Vâ€”Pimaging is an accurate technique for detecting perfu
sion defects due to PE, but has a limited ability to de
tect very small or incompletelyobstructing emboli. PE
induced Xeâ€”l33abnormalities should not significantly in
terfere with interpretation, as they occur infrequently.

RElATION BEWEEN PULMONARYDEPOSITION OF RADIOAEROSOLAND
VENTILATION. Norman D Poe. University of California,
Los Angeles, California.

The use of radioaerosols to study regional pulmonary
ventilation has been criticized because a direct correla
tion between peripheral lung deposition of inhaled aerosols
and ventilation has not been proven. The relationship be
tveen aerosol deposition and ventilation measured by the
single breath Xeâ€”133and Xe washout rates in dogs was
determined after production of unilateral hypoventilation.
Using a controlled respiration device and a gamma camera
with computer , single breath Xe, Xe washout and Tc-99m
sulfur colloid aerosol studies were performed in sequence.
Hypoventilation was produced by ligation of the left main
pulmonary artery, partial external occlusion of the left
main bronchus , or intraluminal bronchial obstruction with
a removable perforated silastic ball.

The Xe washout rate was used as reference. In PA
occlusion and external obstruction animals (n6), measure
nents were made 48 hours post surgery then weekly for 1
month. Both procedures produced uniform reduction in Xe
uptakes and aerosol deposition. The best correlation was
found with the single breath method; in contrast, there
was a tendency for relatively greater reductions in nero
501 deposition as hypoventilation increased. With intra
luminal obstruction (n5 ) , a â€œhotspotâ€• was usually
evident at the site of the obstruction. Surprisingly,
ventilation was only slightly reduced in this group while
aerosol deposition was usually markedly reduced.

Qualitatively, the results with Xe and radioaerosols
are similar although the latter tend to quantitatively
overestimate the degree of hypoventilation.

IMAGINGSITES OF OBSThUCTIONAND MEASURINGFUNCTIONRE
SPONSE TO THERAPYIN ASTHMA. Sawtantra K Chopra George
V Taplin Donald P Tashkin Everett Trevor and Dennis

@ University of California, LosAngeles, California.

The sites of airway dilatation following terbutaline in
halation and systemic injection were compared in 9 asthznat
ic subjects. Baseline studies included functional tests of
large and small airway obstruction and 2 inhalation radio
nuclide lung imaging procedures (Xenonâ€”133gas - single
breath and washout examination followed by Tc-99m sodium
pertechnetate aerosol imaging). On each of 3 study days,
subjects were treated in a random, doubleâ€”blindfashion
with either 1) aerosolized terbutaline + subcutaneous (SC)
saline; 2) aerosolized saline + SC terbutaline or 3) aero
solized saline + SC saline (placebo). Ten to 30 minutes
after each treatment regime, functional tests and lung in
aging were repeated. The placebo regime was followed by
little or no improvement. Injected terbutaline gave less
central deposition and more peripheral penetration of in
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blood flow with the reduced ventilation that occurred
chiefly in those regions of the lung most disturbed by the
kyphoscoliosis. These findings differ from those of
Dollery et al, (Thorax 20,175,l965)in that the effect of
the major curvature on impaired clearance was not appre
ciated, and the blood flow was more even in their study.

TUESDAY, 2:00 p.m.-3:30 p.m.

In normalregularcases,no differencewas observed.In
abnormal regular patients, the EF was found to be signific
-antly raised (p.c.OOl)by 4% on average. In irregular
patients,the hardwaretechniquewas foundunsatisfactory
and â€˜windowing'valuable.Phaseslicingwas foundto be
inferiorto timeslicing.An additionalbenefitfromthe
postprocessingtechniquewas the possibilityof performing
low temporal resolution slicing for images, followed by
high temporal resolution slicing for the time activity
curves,witha considerableeconomyin timeand storage
required.

JANE ADDAMS ROOM

NEWCOMPARTMENTALMODELFORTRANSPLANTEDKIDNEY
RENOGRAMS. P Cahill E Ornstein J I@,rIey, The New York
Hospitalâ€”CornellMedical Center, New York, N.Y. and
Polytechnic Institute of New York, Brooklyn, N.Y.

An 8 compartmentalmodelfor theanalysisof dynamicI-131
Hippuran renal studies in transplanted kidneys was developed with
separate compartmentsfor the proximal cells and for the glomeruli.
Three compartments represent the delay for the transit of hippuran
through the mâ€•dulla of the kidney. The glorneruli and proximal cell
pools are considered to have return paths to the plasma which are
dictated by the typical plateau shaped or rapidly increasing radio
activily curvesobservedin renogramsof acute tubular necrosis.The
rate equations and steady state massesfor this model are interac
tively solved on a minicomputer usinge Runge-Kutta integration
methodto fit theobservedtimeactivity curvesfor thetotal kidney,
bladder, and outside and middle regions of the kidney. Theoutside
region is related to the effective cortex and the middle to the
effective medulla . To substantiate the glorneruluscompartment,the
clearance, mI/mm, for Tc-99m DTPA was determined and compared
to the patients creatinine clearance (CrCI) where an r 0.99 with
a 4% deviation in the slope was observed. In this method, the
Tc-99mDTPAclearancewascalculated usingthe slopeof the %
dose of DTPA in the bladder and % dose /cc in the serum. A corn
parable filtration rate was obtained for 1-131 Hippuran by our
model, thus supporting the validily of our new compartmental
model. Thesteadystate massesand rate constantsprovide a new
quantitative mode for reporting renogram results which is directly
relatedtokidneyphysiologyand function.

A COMPREHENSIVE SOFTWARESYSTEM FOR PRODUCING FUNCTIONAL
MAPS. Renee G Dunham Bruce R Line,_and Gerald S
Johnston. National Institutes of Health, Bethesda, Md.

A comprehensive set of functional mapping procedures
for clinical use has been developed in FORTRAN II for the
HP 5407 minicomputer. The processing techniques used in
generating many types of functional images were analyzed,
resulting in the definition of a set of nineteen opera
tions which may be used as building blocks. These ele
mental operations fall into several categories: those
which 1) produce minimum or maximum count maps from
sequenced images, 2) produce images of the time to some
event (such as time to maximum count), 3) select out of
a region those values which are greater than, equal to,
or less than values in a comparative region, 4) transform
images using a table driven substitution technique,and
5) full image arithmetic operations, such as addition,
subtraction, multiplication, division inversion, negation,
thresholding, and computing logarithmic and absolute
values.

All functions are part of a comprehensive computer
system which enables a clinician to write functional map
ping procedures in a high level language. Procedures may
be developed interactively and executed automatically.
One such automated procedure for producing maps of left
ventricular peak ejection and time to peak ejection has
proved useful in cardiac analysis.

This software system has significantly reduced time
spent in program development and has been routinely used
to produce functional maps for lung, heart, and renal
studies in over 300 patients.

Volume 18, Number 6 607

DATA ANALYSIS 1

Chairman: A. Bertrand Brill
Co-Chairman: Stephen M. Pizer

OPERATORINDEPENDENTEDGEDETECTIONALGORiTHMSIN
NUCLEAR MEDICINE. P Cahill L Ho E Ornstein D..V Becker.
The New York Hospital-Cornell Medical Center, New York, N.Y.
and Polytechnic Institute of New York, &â€˜ooklyn,N.Y.

For the computeranalysisof radionuclide images,maximumeffec
tivenessdepends largely upon reproducible operator independent
edgedetection methodsfoi@the precisedelineation of borders.We
have evaluated the suitability of six stateâ€”ofâ€”the-artedge detec
tion methods using two and three dimensional phantoms, 1â€”131
Hippuran renograms and Tc-99m Glucoheptonate (TcGH) images of
myocardial infarcts (MI) in dogs. A new method, the nearest neigh
bor algorithm (NNA) wes developed which selects an edge on the
basis of relative derivative changes at the observed point and its
eightnearestneighbors.It provedto betheonlyoperatorindepen
dent method which could detect both inner and outer edgesat
stochastic noise levels.

The NNA haspermitted the accurate determinationof the outside
border of the kidney using 1-131 Hippuran, By this method, the
hippuran distribution can be obtained in the outside and middle
regions of the kidney by deconvolutionanalysis. Because this NNA
functions for overlapping and inner edges, it is the optimal edge
detection method for the quantification of the size of Ml's in the
presence of overlapping liver activity and variable background.
The NNA gave r = 0.94 when scintigraphic area of TcGH was corn
pared to infarct weight determined by pathology in 20 dogscon
frosted to r = 0.84 using visual measurements. Equally important,
theaveragedeviationdecreasedfroma visualof@ 2.3 gramsto
Â±1.1gramsbytheNNA.

A COMPARISONOF SOFTWAREAND HARDWAREGATEDCARDIACSTUDIES
F.A LeqerandA.E Todd-Pokropek,La PitlÃ©ParisFrance,
UniversityCollegeHospitalLondonU.K.

Whereas â€˜gated' cardiac studies have been performed
almost exclusively using an external trigger to synchronise
images,an alternativesoftwaretechniqueexistswithmuch
greaterpowerandflexibility.Here,eitherduringthedata
collection,or, in our hands,usingthe storedlistmode
dataincludingthe ECGtrace,the countsmay be sorted
intocorrespondingframesusingthe timedelayfromthe
previousâ€˜R'wavepeak,theproceedingâ€˜Râ€”R'interval,
thesucceedingâ€˜R-R'interval,or someinformationbased
on â€˜T'. Synchronisation was performed by creating frames of
fixedduration(timeslicing)or variableduration(phase
slicing)triggeredby â€˜R'witha variableoffset,and
â€˜windowed'dependant on the â€˜R-R'interval. In order to
comparethe twotechniquesthe hardwaresystemwas simul
-atedby software.The firstpassageandequilibrium
studieswererecordedIn LAO projection,anda LV region
of interest and a backgroundarea defined.

The two techniqueswerecomparedby determiningthe
ejectionfractionin normal,regularand irregularpatients.
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ASEMI-AUTOMATIC EDGE DETECTION PROGRAM FOR THE
ANALYSIS OF MULTIPLE GATED ACQUISITION CARDIAC BLOOD
POOL IMAGES. RobertBurow Malcolm Pond Terry Rehn H
William Strauss and Bertram Pitt. Johns Hopkins Hospital,
Balfimore, Md.

Time activity curves (TAC) obtained from the left ventricle (LV)
of multiple gated cardiac blood pool images (MUGA) can be used
to calculate left ventricular ejection fraction (IVEF). A semi
automatic techniquefor analyzing MUGA - TAC'swasdeveloped.
Data was collected in 28 frames of 64 x 64 word images triggered by
the Rwaveof the ECGover approximately 1000cardiac cycles. A
remote area of the end diastolic frame which yielded a flat TAC over
the 28 frameswasselectedasbackgroundactivity. Background
activity/cell was subtracted from each cell of the 28 frames. A
rectangle was then circumscribedabout the LV to isolate it fromthe
remainder of the image. Threshold values as a percentage of peak
activity were selected for each quadrant within the rectangle about

the centroid in order to define the LV edge . The LV edge was
automatically determinedin eachof the 28 framesand a TACfrom
the area described by the edge displayed.

In 17patientsevaluated by single plane contrastangiography(CA)
for coronary artery disease % LVEF calculated from the CA was
55.5%+ 3. 1and54.7%+ 3. 1by TAC,r 0.93. A paintby paint
correlation of the TAC ar@ the CA - LV volume curve was r 0.96.
The reproducibility of 4 individual observors was less than 2% for
calculatingLVEF by TAC.

The semi-automatic edge program for MUGA provides accurate
and reproducible TAC's for evaluation of left ventricular function.

AN IMAGEPROCESSINGCOMPUTERSYSTEMFOR NUCLEARMEDICINE.
JohnVerba MartinSperlingNaomiAlazraki@andAndrew
Tdylor Jr. VA}Iospital, San Diego, CaTifornia

A computersystemfor image-orientedprocessingof nu
clear medicine data has been designed based on recent
â€œstateof theartâ€•advancesdevelopedformilitary,indus
trialand medicalapplications.The systemis currently
beingimplementedat theVeteransAdministrationHospital,
San Diego.

The system is organized around a 16-bit minicomputer and
includes processors for high-speed algebraic manipulation
and display control . The algebraic processor is programmed
In microcode with a 200 nanosecondcycle and 400 nanosecond
multiply.LON noiselevelsandexpandedlook-uptablefor
pseudocc@lordisplays permit long tone scales with subtle
gradations.Analogto digitalinterfacesacceptdatafrom
scintillationcamerasand/orotheranalogoutputdevicesIn
a variety of con@uterselected formats and resolutions at
rates to 200,000 events per second with good linearity.

The configurationand operating system allow simultane
ous acquisition of clinical data, development of data re
duction programs and/or execution of such programa on pre
viouslystoreddataby fouror moreconcurrentusers. In
agesaredisplayedInstaticanddynamicmodeswithopera
tor interventionviatouch-sensitivedisplayscreens.Dy
namicdisplayof thebeatingheartin realtimeis possi
ble with excellent display resolution without seriously
slowing concurrent computations. Functions of the system
includeimagefiltrationandotherperceptionenhancing
manipulations as well as three-dimensional reconstructions.

A NEW COMPUTER LANGUAGE FOR RIA. Robert D
Grant Steven J Spencer Sue Weiss David E
Lieberman. The Children's Memorial Hospital,
Chicago, Ill.

A useful application of dedicated nuclear
medicine computer systems is the onâ€”line
computation of radioimmunoassay (RIA) . In
the past, only high level computer languages
such as FORTRAN and BASIC have been available
for this purpose. The inexperience programmer
may have difficulty writing or executing
radioimmunoassay programs in these languages.
A special programming language for computing
radioimmunoassays has been developed on a

16K dedicated minicomputer utilizing a 1.2
megabit disk as the primary source of storage.
The language is an interpreter, oriented to
wards the inexperienced computer operators.
Features of the program include correction for
broken tubes, quality control, several methods
of curve fitting including logit, piecewise
linear, and power equations, a sophisticated
curve display package, long term storage of
data, and easily formatted outputs. The
language has been successfully applied to B-12,
Digoxin, T-3-RIA, TSR, FSH, and other assays
with results comparing favorably with previous
computer analysis or hand calculation. The
design of the language enables simultaneous
acquisition of normal clinical studies during
on-lineradioassayprocessing. Input to the
program is accepted by terminal, storage disk
or paper tape.

â€˜TTALLIITM-201cO@'PuTr'@EVALUATION OF MYOCARDIAL BLOOD FLO@'.
Robert Meade@ V Ba@rah J â€œorgan P @@Lruks,@C.

@ Veterans Administration Center,
?â€˜ilwaukee,t?i.

This study was undertaken to develop a methoi to quanti
tatively evaluate thc myocardial distribution of the iso
tone followinr stress and after 4â€”5hours rest to better
distinguish @sc'.er'ia vs infarction. In ischenia there is
redistribution of flow at rest to the area poorly perfused
during stress.

Thâ€”20lwas injected at tine of maximum stress, angina
or F.KGchanges, and stress continued for one minute. Mul
tiole views were taken from 10â€”30minutes after injection
and repeated 4â€”5hours later. A HP IV Searle camera was
interfaced to a P1W 12/40 fligital Cosmuter. All results
were compared to coronary angio@raohy.

The data matrix was filtered using a fast Fourier trans
form technique (J.9.M. 17:647, 1976). An operator locates
the center position of a commuter generated circle which
anproximates the center of the left ventricular wall. A
straight line plot of the activity along a circular profile
is generated as a function of the angle from 0 to 160Â°. A
plot comnarinp the distribution of myocardial activity fol
lowing stress and rest is obtained following normalization.
An automatic method in which the computer selects the op
tiis,mivalue along the radius Is being run simultaneously.

Patients with nyocarclial infarction show little recovery
compared to those with ischemia. In a study of 22 patients
there anpears to he good correlation between the radionuc
lide and the cardiac angiorraphv results. Atrial pacing vs
the treads'ill is also being comoared but Is not completed.

The method developed allows quantitation of the myocar-
dial blood flow with direct conpirison of stress vs. rest.

AIYl@T@D SYSTEM F@P REc@fl@G RE@ Th@}R@R
MEDIcINE. Kik@x@Machida and Jtmid@i Nisbikawa.
Depar-tiTentof Radiology, University of Tokyo.

With nuclear rredicise rapidly expathing as a diagrx,s
tic tool, wa have developed a system to automatically
r&,ord the clinical r@ort using a Tosbac 40 tine
sharing system electromic carpiter arxl keymat-editor
(1@12%0008A). @I@esystem is cczt@@osedof three modules:
reader, editor and writer. T@ reader module is used
to register sentemoes and terse which can be easily
a&Ied to az@I changed. Â¶fteeditor module is used for the
iriternediate file of tie r@x@rts. With the aid of the
keynet-editor,tIe ptiySiCianinserts the r@essaxy
sentemoms and terne usually in the follcwirs order: pro
cedure, interpretaticn,diagrx,sis,rexvnmm@atiom axxlthe
@thysiciariscode. In this procedure, massage errors,
if any, may be printed out om the terminal typewriter.
Finally, the writer nodule is used to edit the inteIm@1iate
file. After storirs several clinical r@orts, the
cxztpiter prcdtx@es the written r@orts in as many cx@ies
as desired. In the rapidly progressing field of nuclear
n@Iicire, it is i@eryinÃ§ortantthat the @ysicianhas
the capability of updating the system by changing arK!
a&Iing teasre and sentaces. This Capability is a
characteristicadvantage of the system.
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A XENON-l22-IODINE-l22 GENERATOR. Powell Richards and
Thomas H Ku. Brookhaven National Laboratory, Upton, New
York.

A generator system has been developed to produce the
ultrashortâ€”livedpositronâ€”emitteriodineâ€”122(3.62 m, 154%
511 keV y ray ) from its parent, xenonâ€”122(20.1 h). The
parent, xenonâ€”l22,can be produced as a byâ€”productin the
production of xenonâ€”l23 from proton irradiation of sodium
iodide target. The generator consists of a xenon reser
voir chamber and an ingrowth or milking chamber. The
sequence of operation involves transferring xenon using
liquid nitrogen from the reservoir to the milking vessel,
allowing fresh iodineâ€”l22to grow in for a few minutes,
transferringthe xenon back to the storage reservoir, and
then rapidly rinsing the iodine out of the milking vessel.
The radionuclidic purity of the carrierâ€”freeiodineâ€”l22
is high, containing less than 0.1% radioxenons and other
radioiodines. The potential applications of iodineâ€”l22
include cardiac and largeâ€”vesselangiography and the study
of heart dynamics. Rapid iodination techniques are being
developed for the preparation of iodineâ€”l22â€”labelled
radiopharmaceuticals for positron emission tomography.

GENERATORPRODUCTIONOF RUBIDIUM-82FORCLINICALUSE.
H Krizek P.V Harper,Universityof Chicago,Chicago,IL.,
and P.M Grant J.W Barnes H.A O'Brien Jr.,Los.4lamos
ScientificLaboratory,LosAlamos,MewMexico.

The reported methods for elution of the 75-second posi
tron-emittingrubidlum-82fromits25-dayparentstrontium
82 have some disadvantages. The elution from Bio-Rex-7O
using 30-60 mI/mm of 2Z to 3% NaC1 precludes its continu
ousadministrationto cardiacpatientsbecauseof saltand
fluidoverloadproblems.The alternativeprocedureusing
Chelex-lOOandas eluant0.1 M MHkCl-NH@OHat pH 9.3 also
requireslargevolumesand is unusableclinicallybecause
It causesseverepainat the siteof intravenousadminis
tration.A new approachis to usean alkalineNaClsolu
tion,Chelex-100of a finermeshsize,a shortercolumnand
a lowerflowrate. Froma 2.OxO.9cm columnof 200-400
meshChelex-lOO,rubidiumwas elutedalmostquantitatively
Inâ€œ@5 ml, using0.1 M NaOHin 0.2 N NaCl. Elutionof
rubidiumwas littleaffectedundertheseconditionsas flow
rate was changed from 4 to 16 ml/min. Strontium break
throughwith750pg of addedcarrierwas belowlO@ of
column activity/5 ml at 4 ml/mln, and was more than an
orderof magnitudegreaterat 20 ml/min. Flowis main
tamed constant with a metering pump and the eluant can be
neutralizedby metering0.1M HC1 intothe line,givinga
finalproductin isotonicsaline. The newapproachreduces
the amountof saltandwateradministeredso thatconstant
infusionmay be maintainedfora reasonabletimeto pro
ducean equilibriumimage. Quantitativepositronemission
tomographic imaging under these conditions permits measure
ments of regional perfusion since the perfusion
F/V=x0CT/ECa. XD IS thephysicaldecayconstant,E is the
extractionratioandCT andCa are tissueandarterialcon
centrations of activity.

MANUFACTUREOF THE KRYPTON-81n GAS GENERATOR FOR LUNG
VENTILATION STUDIES. J.F Lamb G.A Baker A Khentigan
H.A Moors W.C Neesan and H.S Winchell. Medi-Physics,
Inc. , Emeryville, California.

Kryptonâ€”81mgas generators have been commercially pro
duced for clinical trials for assessing regional lung yen
tilation since September 1976. The generator consists of

cyclotronâ€”produced rubidiumâ€”81 absorbed on a cation exchange
column from which the Krâ€”81mmay be eluted by passage of
humidified oxygen. Kryptonâ€”82,bombarded with protons,
produces rubidiumâ€”81with a maximum reaction cross section
of 500 ab at 22 ReV proton energy. The ranges of protons
in krypton gas are estimated to be 1.8 g/cm2 at 22 MeV and
0.4 g/cm2 at the 14 MeV reaction threshold, so that thick
target yields of approximately 15 mCi4tAh can be realized
from a 70% isotopically enriched Krâ€”82target. The Rbâ€”81
activity is removed from the target with distilled water,
the radioactive bromine impurities removed by an A12O3 col
usiaand the generators prepared by equilibrating the
carrierâ€”freeRbâ€”81solution with cation exchanger for 2-3
minutes. The exchange is essentially quantitative. Pure
carrierâ€”freekryptonâ€”81mmay be eluted with an efficiency
greater than 90% by passage of humidified oxygen at a pres
sure less than 5 psi and a flow rate greater than 200 cm3/
minute. The optimum flow rate for a lung ventilation study
is determined by the nature of the administrationsystem
(i.e., face mask, mouthpiece, etc.) and by the respiration
rate and volume of the patient. Our recommended protocol
has resulted in greater than 200,000 counts in four minutes
per view for a study performed on a healthy volunteer with
a 700 @sCigenerator, using a Nuclear Chicago Pho GassesIII
camera with a 250 keV collimator. Results from lung venti
lation studies of more than 100 patients indicate that the
kryptonâ€”81mgas generator may be a useful diagnostic aid.

Ta-l78 - A NEW SHORT-LIVED RADIONUCLIDE FOR LOW ENERGY
GAMMACAMERAS: PRODUCTION AND SEPARATION . B . Leonard
Holman Alun G Jones Gale I Harris and Rudi Neirinckx.
Department of Radiology, Harvard Medical School and Peter
Bent Brigham Hospital, Boston, MA, and Department of
Radiology and Cyclotron Laboratory, Michigan State Univer
sity, East Lansing, MI

Low energy imaging systems such as the multiwire propor
tional counters and Fresnel zone plate tomographic cameras
are inefficient for photon energies greater than 100 key.
Taâ€”l78(half life, 9.4 mm) , the daughter of W-l78 (half
life, 21.5 d), has promising physical characteristics for
use with such low energy camera systems. It decays mainly
by electron capture (99%) with 1% 6+ positron emission, 59%
to the ground state and 35% to the 93.2 key state of stable
Hf-l78, with the remaining 6% to excited levels between 1.2
and 1.6 MeV. The ganuna ray spectrum is dominated by char
acteristic hafnium x-rays (55-65 key). W-l78 was produced
with the MSU 50 MeV, variable energy, sector focussed
cyclotron using a target consisting of a stack of five
0.005 inch thick Ta sheets. The runs were performed at a
proton energy of 40 MeV for a total exposure of 2.9 uA-hr.
Gamma ray spectra were obtained with a Ge(Li) detector.
Optimum production of W-l78 occurred at Ep=34-35 MeV at an
effective activity of 80 @Ci/uAâ€”hr/MeVof target thickness
for the 93.2 key gases ray. Wâ€”l78is isolated from the
irradiated foils and loaded onto an ion exchange column.
Elution of this column with dilute HC1 shows Ta-178 yields
of approximately 50% of the theoretical maximum in volumes
of 3-4 ml, with an elution time of 2 minutes. W-l78 break
through is calculated as a maximum of O.OO5%/ml of eluant.
This separation may therefore form the basis of a generator
system for this short-lived radionuclide.

PANCREASSPECIFICITYOF IODOAND BROMOALIPHATICAMINO
ACIDANALOGS.HankKung SyedGlianIand MonteBlau.
State University of New York at Buffalo, Buffalo, N.Y.

Substitutionof a halogen atom (bromineor iodine) for
a methyl group in natural compounds often does not impair
biologicalactivity,e.g.,lododeoxyuridlnefor thymidine
andvariousbromoand iodosteroids.We havesynthesized
and studied the biologicaldistributionof iodo and bromo
aliphaticaminoacidanalogsforpossibleuseas pancreas
localizing agents.

Rather than using the short-livedgamma-emitting iso
topes of bromine suitable for scanning, we prepared the
C-l4 labeled compounds. The val Inc analog@ -bromo-IX -
aminobutyricacidwas synthesizedfromC-14labeled
L-threonineand its distributionwas studied in rats.
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Contraryto expectations,thiscompoundshowedno pan
creas uptake or anyother amino acid behavior. Similar
failureof aliphaticbromo-compoundsto resembletheir
methyl analogs has been reported forfatty acid uptake
Inheart(St6ckllnet. al.),althoughlodo-fattyacids
are taken up (Robinson). The failure of these bromo for
methyl substitutedcompounds to be metabolized Is rather
surprisinginviewof thegoodmatchin size,electro
negativity and llpophilicity.

lodoanalogsof teucine(r-iedo-@-ami,@pentanoic
acid)andvaline(8-iodo-@-am1nobutyrlcacid)havebeen
preparedwith -125labels.Thesecompoundsprovedto be
quite unstable and were rapidly deiodinated in vivo.

It isclearthathalogenanalogsof aliphaticamino
acids are not useful as pancreas localizingagents.

POLYCYCLIC AROMATICMERCURIALS AS MYOCARDIALINFARCT IMAG
ING AGENTS. Robert N Hanson Michael A Davis and B
Leonard Holman, Joint Program in Nuclear Medicine, Harvard
Medical School, Boston, MA.

External imaging agents offer the most rational approach
to assessing the efficacy of cardioactivedrugs. Using the
heat lesioned rat heart model we screened a series of Hg
2O3â€”hydroxymercurifluoresceims and â€”phthaleinsand Hgâ€”203â€”
hydroxymercurifluorescein and â€”phenolphthaleincomplexons.
The hydroxymercuriâ€” group appears necessary for uptake (%
ID/g MI) and for specificity (MI/normal), as 1â€”131â€”roseben
gal, (0.7, 7.8), Hâ€”3â€”fluorescein(0.2, 2.4) and Hâ€”3â€”phenol
phthalein (0.2, 3.2) had low values for both these ratios.
The Rgâ€”2O3â€”mercuricnitrate had an uptake comparable to the
Hgâ€”2O3â€”hydroxymercurifluoresceinsand â€”phthaleins(7.1 vs.
3.4 and 15.8) but the tissue selectivity was lower indica
ting that the polycyclic organic nucleus may impart tissue
specificity. In the fluorescein series the introduction of
halogen substituents at the 2'7' or 4'5' positions reduced
the selectivity of the agent (24.7 and 25.4, respectively)
compared to the nonâ€”halogenated compound (5 1 . 5) . The re
placement of the carboxylic acid in hydroxymercuriphenol
phthalein with a sulfonic acid moiety and removal of the
1O'â€”oxygenof hydroxymercurifluorescein reduced infarct
specificity from 34.1 to 23.9 and from 51.5 to 34.1 respec
tively indicating the introduction of substituents may re
duce infarct selectivity . Hgâ€”2O3â€”hydroxymercurifluorescein
and â€”phenolphthaleincomplexons revealed no significant dif
ference at one hour after administration. Tcâ€”99mâ€”fluores
cein complexon showed decreased uptake and specificity (0.5,
6.4) as expected due to the absence of Hg. Testing of the
analogous Tcâ€”complexoncontaining Hg is in progress.

ThE SYNThES IS OF TELLURIUMâ€”l23m LABELED STEROIDS . *@
Knapp Jr and A P Callahan, Radioisotope Dept., Oak
Ridge National Laboratory, Oak Ridge, Tenn.

This investigation explored methods for the preparation
of Teâ€”l23mlabeled steroids which may be potential endro
crime imaging agents. Telluriumâ€”l23m (120 d) has ideal
imaging properties, 84% abundance of 159 key photons. Fab
rication of the 24â€”norâ€”23â€”(alkyltellura) steroid sidechain
was chosen as a novel route for the introduction of the
Teâ€”l23mnuclide because of the availability of lithocholic
and allolithocholic acids which are readily converted to
the corresponding norbromides via a Hunsdieckerâ€”@ype degra
dation. The steroidal norbromides were coupled with sodium
alkyl telisrola which ware formed by reduction of dialkyl
diteilurides. The dialkyl ditellurides were prepared by
reaction of alkyl todides with sodium ditelluride generated
in situ by the reaction of sodium and tellurium in liquid
a@uia. Examples of steroids prepared in this manner
include: 24â€”norâ€”23â€”(isopropyltellura)â€”and 23â€”(isopentyl
tellura) â€”5@â€”cholanâ€”3cv-oland 24-norâ€”23â€”(isopropyl tellura) â€”
and 23â€”(iaopentyl tellura)â€”5nâ€”cholanâ€”3@â€”ol. The chemical
and physical properties of these unique compounds were con
sistent with the proposed structures. The Teâ€”l23mlabeled
24â€”norâ€”23â€”(alkyltellura) steroids were prepared from
retctor produced Teâ€”l23m. A general threeâ€”stepmethod has
been developed for the preparation of Teâ€”l23mlabeled 24â€”
norâ€”23â€”alkyl tellura) steroids in reasonable yield from

elemental Teâ€”123m. The synthesis and subsequant purifies
tion can be easily completed in a single day.

*Ha5ear@ sponsored by U. S. Energy Research and Develop
leant Administration under contract with Union Carbide
Corporation.

TISSUE DISTRIBUTIONOF 5-THIOâ€”D-GLUCOSEIN HAMSTERS BEARING
PANCREATIC TUMOR MODELS. Arnold M Markoe Victor R
RischNedD HeindelJacquelineEmrichWendyLippincott
and LutherW Brady. HahnemannMedicalCollegeand Hospi
tal,Philadelphia,Pa.

5-thio-D-glucose(5-TOG)hasbeenshownby othersto
exert profound biochemical and biological effects on rapid
ly metabolizing tissues including the pancreas. Because
ofourinterestindelineatingpancreaticneoplasms,we
undertooktostudythetissuedistributionofS-35-labeled
5-TDGIn hamsterpancreatictumormodelsafterl.v.injec
tion prior to using 5-TDGas a model compoundfor the syn
thesisofmoreclinicallyusefulinagingagents.The
tissuedistributionwasdeterminedatvarioustimesafter
injectionusingliquidscintillationtechniques.In normal
hamsters, Initial uptake of 5-TOG into kidney and liver was
high. The normal pancreatic uptake was never greater than
0.6% of the injected activity per gram tissue. However, in
all of our tumor models, 5-TDGuptake into tumor was in cx
cess of that normal pancreatic tissue, up to 2 hr. after
injectionin thecaseof thefunctionalinsulinoma,up to
6 hr. for the Pan No. 1 acinar tumor and for over 24 hr. in
the pancreaticducttumor. Forthislattermodel,an aver
agetumorto pancreasratioof 4.87wasmaintainedfrom15
mm to 24 hr.afterinjection.

DUCTTUMOR/ORGANRATIOS
TIME Liver Kidney Blood Muscle Pancreas
2 hr 3.47 0.96 5.47 5.31 5.01
6 hr. 2.24 1.16 5.62 4.12 3.63
24 hr. 2.32 2.31 23.24 1.31 5.94
Thesestudieshaveprovidedimpetusfor using5-TDGas a
modelcompoundforthe synthesisof potentiallyusefulag
@ntsfor the clinicaldetectionof pancreatictumors.
(A.M.M.Is a S.N.M.StudentResearchFellow.)

A NEW CLASS OF PANCREATIC IMAGING AGENTS: AROMATIC AMINO
ACID DERIVATIVES OF SELENOPHENE. Michael A Davis
Torbjorn Frejd Roger W Giese and Salo Gronovitz. Harvard
Medical School and Northeastern University, Boston, MA and
University of Lund, Lund, Sweden.

Carcinoma of the pancreas is responsible for the death
of 7000 persons annually in this country. Although surgical
resection techniques for this organ have been perfected,
their success relies heavily on early diagnosis. Unfortun
ately, early diagnosis is rarely achieved because the cur
rent radiopharinaceutical used for pancreatic imaging, Se-75â€”
Lâ€”selenomethionine (SeN), has several shortcomings, promi
nent among which is a low pancreas to liver concentration
ratio (P/L). Recent work has focused on the synthesis and
biologic evaluation of several selenium containing alipha
tic amino acids which normally do not contain a sulfur atom.
All agents of this type tested thus far have proved inferi
or to SeN. A survey of the Hâ€”3and Câ€”14amino acid liter
ature led us to hypothesize that aromatic amino acids would
achieve a higher P/L ratio. We report here the successful
testing of our hypothesis with the sulfur containing aroma
tic amino acid, thienylalanine, labeled with Câ€”14and the
synthesis and evaluation of 2 selenium derivatives of phen
ylalanine obtained by the substitution of the phenyl or
thienyl ring with the analogous 5 membered selenophene
moiety. In our first series of experiments we compared SeN
with commercially available Câ€”14â€”thienylalaninein the rat
1 hour after injection. The P/L ratios were 3.0 and 6.0
respectively confirming our belief concerning the aromatic
amino acids. Recent experimentswith the 2â€”and 3â€”isomers
of selenylalanine gave P/L ratios of 2.0 for SeN and 4.2
for the selenylalanines. These results have encouraged us
to initiate biodistribution and toxicity studies in pri
mates prior to a contemplated clinical trial.
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RADIONUCLIDEVENOGRAPHY(RNV) IN ThE PRACTICE OF NUCLEAR
MEDICINE. Wil B Ne@p. University of Washington, Seattle.

This report summarizes experience with Tcâ€”99mâ€”MA.Alower
extremity (L.E.) and pelvic venography in 250 pts. I) 117
pts. with suspected acute pulmonary embolus (P.E.)without
clinical evidence of deep venous occlusive disease (DVD),
II) 46 pta. with evidence of DVD and no suspicion of P.E.,
III) 35 pts. with clinical evidence suggesting both P.E.
and DVD, and IV) 52 pta. with swollen leg(s) with equivocal
signs of DVDor with suspected IVC disease.

RNV was done with bilateral injections of 25 ml. of
salineâ€”MM and imaging from IVC to popliteals. Lung imag
ing was done in each case. 306 studies were analyzed (250
original, 57 repeat) in conjunctionwith all data from an
cillary diagnostic tests and patients' medical records.

88 original RNVs (99 legs) showed occlusive DVD. The
SFV was involved most (89%) but pelvic veins were occluded
in 52%.

In Group I, a final Dx. of P.E. was made in 30 pts. and
37% showed unsuspected DVD. In the other 87 pts. DVD was
uncovered in 8%. In Group II, 38 pta. (83%) had a final
Dx. of DVD, with 95% abnormal RNV. Unexpected P.E. were
seen in 12 (29%). In Group III 20 pta. had acute or chron
ic DVD, with 902 positive RNV. 12 pts. (60%) had acute
P.E, with (11/12) positive RNV. In Group IV, 16 pta. (31%)
had DVD and positive RNV with RNV being the diagnostic de
terminate in pelvic and IVC disease. 3 pta. had unexpected
P.E. Overall correlation of abnormal Doppler flow signals
with RNV areas of obstruction in extremities was 90%.

R@NVwith lung imaging demonstrated the ease and sensi
tivity for detecting DVD, particularly in the pelvis. The
relatively high detection rate of unsuspectedDVD and P.E.
in Group I and II type patients was diagnostically and
therapeutically rewarding.

ASSESSMENTOF ANTICOAGULANTThERAPYFORTHROMBOPHLEBITISBY
I-l23-FIBRINOGENSCINTIGRAPHY. Sally J DeNardo Gerald 1
DeNardoand Anne-LineJansholt lJn@versityof @1lfornia
at t@vls, SacramentoMedical Center, Sacramento, CA.
Ourearlierworkin 300patientsconfirmedtheusefulness

of I-123-fibrinogen for the diagnosis of thrombophlebitis,
especiallyin thepelvisand thighs. 31 patIentswere
studiedon morethan1 occasion(2-5times)whileon
heparin or coumadin treatment for thrombophiebitis. In 11
patients, abnormal I-123-fibrinogen venous uptake progres
sivelydisappeared(normalized)on severalstudiesandthis
correlatedwithan uneventfulrecovery.

Persistence of significant 1-123-fibrinogen incorporation
after10 daysof heparintherapyor overonemonthof
coumadin, was related to pulmonary embolus or thrombophleb
itis if therapy wasdiscontinued at that time.

This preliminary data suggest that: 1) normalizatIon of
I-l23-fibrinogenimagesshouldbeseenbeforeceasing
therapyand;2) thatcontinuationof significantincorpo
ration of fibrinogen warrants more vigorous therapeutic
approaches.

Further evaluation of I-l23-fibrinogen as a unique tool
in accessing the short and long-term success of heparin
and coumadin for thrombophlebitis therapy is justified.
(Thisresearchwas supportedby ACS grant#DT-45).

MYOCARDIAL IMAGING WITH 1-123 H@CADECENOICACID. N.D. Poe
G.D Robinson Jr. F.W Zielinski W.R Cabeen Jr. J.W
&iith and A.S Gones. University of California, Los
Angeles , California.

l'tyocardial imaging with 1-123 hexadecenoic acid (HA) was
performed in 21 patients undergoing cardiac catheteriza
tion. Of 13 patients with CAD, the 6 with proven infarction

showed perfusion defects as did 5 of 6 anginal patients
without infarction. The infarct group had corresponding
wall motion disturbances by ventriculography while the
anginal group usually did not . The remaining patient whose
only symptom was an arrhythmia had no perfusion defect.
The nonâ€”CADgroup was comprised mostly of patients with
va].vular diseases with image patterns similar to those
reported with other radiopharmaceuticals.

Using a pinhole collimator and 5 mCi doses of HA, count
rates in excess of lOOK/mm are produced. Satisfactory
perfusion images can be acquired in 3 mm with a 1* pro
jection study completed in less than 20 nm post injection.
Speed is important as HA has a myocardial T 1/2 of 25 mm.
However, by obtaining a selective single 10 mm view (sepa
rately or as part of a complete study) sufficiently high
total counts can be collected for determination of regional
clearance rates. Presumably, clearance from hypoxic or
injured myocardium will be slower than normal.

Myocardial imaging with HA provides qualitative perfu
sion information similar to that obtainable with potassium
analogs but with the advantage of higher count rates which
permit quantitative neasurements plus low patient radiation
dose. Preliminary evidence suggests that perfusion deficits
in asymptomatic angina patients can be identified without
induction of stress. The degradation of HA is rapid enough
to determine clearance rates and may prove useful for eval
uating myocardial metabolism on a regional basis.

LOCALIZATION OF A SPECIFIC 1.131 ANTIBODY TO MYOGLOBIN IN
MYOCARDIAL TISSUE AND FACTORS WHICH INFLUENCE MYOGLOBIN
RELEASE FROM CARDIAC CELLS. R.W Parkey L.M Bula P Kulkarni M.J
Stone and J.T Willerson. Univ. of Texas Health Sden@Centerat Dallas,Dallas.TX.

Previouslywe haveshownthat acutemyocardialinfarctionis associatedwith the
developmentof markedincreasesin serummyoglobin.presumablym a consequenceof
myoglobin liberation from damaged cells with severe membrane permeablity
alterations. The presentstudy wasperformed to determinewhether cardiacmyoglobin
releaseis a consequen@of myoca,dialnecrosisor whethermilderformsof myocardial
injury produce sever enot4@ membrane permeability alterations to result in
significant myoglobinemia. Twenty.nine awake unsedateddogswith balloon occiuder
devices positioned around their proximal left anterior descendingcoronary artery
(LAD) and RV peang electrodeswere studied. Animals were assignedto groups of
either fixed LAD ocdusion for 24 hours, temporary LAD occlusion for 15 mm
followed by repertusion for 24 hrs, sham LAD occlusion or rapid ventricular pacing
(250 beats/mm)without LAD occlusion for 90 mm. Serafor myoglobin determination
were obtained prior to and at faded intervalsfollowing eachintervention; the samples
were analyzed for myoglobin utilizing a radioimmunoassay @eshave previously
described. An additional 7 awakedogswith permanent LAD occlusion were injected
intravenously24 hrsafterLADocclusionwithan1-131labeledantibodyforcanine
cardiac myoglobmn(reared in rabbits). The results macate that (1) rapid ventricular
pacing for 1 1/2 hrs and brief temporary coronary occlusion followed by reflow do
not significantly inaease serum myoglobin valuesand (2) fixed LAD ocdusion results
in markedinomasesin serummyoglobinwithin 2 hrsandpeakincreasesby 6 hrsafter
occlusion; peak serum myoglobin values correlate with the histological extent of
infarct size (r-0.83). The antibody a@instcardiacmyoglobinwes selectively
concentrated in the areaof ross infarction 48.72 hrsafter LAD ligation. The greatest
antibody cx,ncentrationwas in the subendocardlalportion of the infarcted area (6:1
infarct to normal tissue ratio). It wasalsopossibleto identify the infarct region in the
closedchest dog with the labeledmyoglobin antibody asa@ spotâ€•on myocardial
sdntigrams using a Pho GammaScintillation cameraand computer procassing.Thus.
the data suggestthat significant releaseof myoglobin from myocardial cellsand uptake
of a specific antibody againstcardiac myoglobin occur only after severeand probably
irreversible myocardial call membrane permeability alterations and callular necrosis.
The data also indicatethat a labeledantibody againstcardiacmyoglobinmay be
utilized as another meansof obtaining â€œhotspotâ€•myocardialscintigramsin
experimentalanimalswith myocardial necrosis.

THE PROGNOSTIC IMPLICATIONS CF ACUTE MYOCARDIAL INFA@T
SCINTIGRAPHY . B Leonard Holman , RObert J Chisholm , and
Eugene Braunwald . Harvard Medical School and Peter Bent
Brigham Hospital, Boston, MA

The predictive value of myocardial scintigraphy with
Tc-99m pyrophosphate was studied in 100 patients admitted
to the coronary care unit with suspected acute myocardial
infarction. None of the 21 patients with normal scinti
grams had acute myocardial infarctionby other criteria.
Fifty-five percent of patients with diffuse uptake (pattern
B) , 73% of patients with focal uptAke (pattern C) and all
patients with intense focal uptake (pattern D) and massive
uptake (pattern E) had acute infarction. The complication
rate in the hospital and after discharge (mean followup:
6.1 months) for patients with pattern E was 88% compared to
42% for D, 30% for @,36% for B and 10% for patients with
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normal scintigrams (A). For patients with acute infarction
with patterns C, D and E, the complicationrate rose with
increasing size of the myocardial uptake on the anterior
view. Thus, patients with uptake of less than 16 square cm
had no complications, while patients with uptake of 16-40
square cia had a complication rate of 68% and a mortality
rate of 12%. Patients with uptake of more than 40 square
ciahad a mortality rate of 67%. In addition to its diag
nostic potential, acute infarct scintigraphy provides
prognostic information which is potentially useful for
patient triage and for therapeutic decisions early in the
evolution of the infarct.

PREOPERATIVE , POSTOPERATIVE , AND LATE FOLLOW-UP Tc-99m
PYROPHOSPHATE MYOCARDIAL SCINTIGRAPHY AND CORONARYARTERY
BYPASS SURGERY. Kenneth P Lyons Harold G Olson John H
Kuperus Wilbert S Aronow and Edward A Stemner. Vet
erans Administration Hospital, Long Beach, Calif.

To evaluate Tcâ€”99n Pyrophosphate myocardial scintigraphy
in coronary artery bypass surgery, 71 patients had a scm
tigrani before surgery (average 2.7 days), 58 had a repeat
study postoperatively (average 7.7 days), and 27 had a
third, followâ€”upscintigran (average@ nonths).

Preoperatively, 18 of 37 (@9%) patients with Functional
Class IV angina and 12 of 33 (36%) with Class III angina
had positive scintigrams. From the 58 postoperative scm
tigrams, seventeen of 22 (77%) abnormal preoperative scm
tigrains improved with surgery. At followâ€”up,13 of 15 pa
tients with Class I angina had negative scintigrazns, how
ever, 9 of the 12 with Class II and III angina also had
negative studies.

Eight patients had ECG criteria of perioperative myo
cardial infarction. In 6, the infarct was seen on post
operative scintigraphy.

There were 8 surgical deaths among the 71 patients
(11%). Six of these had positive preoperative scintigrsuns.
The surgical mortality of the 30 patients with positive
preoperative scintigrams was 20%. Four of 17 patients with
Class IV angina and a positive scintigram died (21i%)con
paredto no deaths among the 20 Class IV angina patients
with negative preoperative scintigrazns.

In conclusion: (1) a positive preoperative scintigram
especially in patients with Class IV angina carries an in
creased risk of surgery; (2) scintigrains tend to become
negative after surgery and renain so irrespective of the
clinical state; and (3) scintigraphy is useful in demon
strating perioperative infarcts.

PREDICTIVE VALUE OF MYOCARDIAL PERFUSION IMAGING
FOR AORTOCORONARY BYPASS SURGERY. Michael J
Chamberlain William J Kostuk. University
Hospital, London, Ontario.

Evaluation of patients (pts) for aortocoronary
bypass (ACB) surgery is dependent on the findings
at cardiac catheterization. Left ventricular (LV)
angiography cannot distinguish between reversible
and irreversible myocardial dysfunction. In 82
pta macroaggregates of human serum albumin label
led with iodine-131 were injected before opera
tion into the right coronary artery and technet
ium-99m labelled microspheres were injected into
the left coronary artery. Two weeks after opera
tion similar technetiumâ€”99m and iodine-l3l injec
tions were made into the native vessels and graf tâ€”
ed vessels respectively. Myocardial distribution
of the 20 ii particles was visualized with a recti
linear scanner. Sixtyâ€”seven pta had normal myo
cardial perfusion scans (MPS) preoperatively even
though wall motion was abnormal in 34. There was
substantial improvement in the LV function of
these 34 pts; the mean ejection fraction increas
ed from 56 to 65% (p < .01). Fifteen pts had ab
normal MPS; improvement in LV function in this
group occurred only if the bypass graft was made
to an area with normal regional perfusion pre
operatively. Thus, an adequate capillary bed is
present if the MPS is normal, regardless of the
degree of critical stenosis or abnormal wall mo

tion. The pt with a completely occluded coronary
artery and a normal MPS should be a good candidate
for ACB and will show improved LV contraction.

TUESDAY,4:00p.m.-5:30p.m.
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LINDHEIMER ROOM

IN VITRO AND RADIOASSAYI

Chairman: Howard J. Dworkin
Co-Chairman: Eileen Nickoloff

tHE USt OF isvIun-LLi. FOa @TUDItS OF CYTOTOXICITY MEDIATED
BY LYMPHOCYTESOR BY ANTIBODIES ANDCOMPLEMENT, Janez
Ferluga Anthony C.Allison and Mathew L.Thakur, Division
of Cell Pathology, Clinical Research Centre, Harrow and
MRC Cyclotron Unit , Hainnersmith Hospital , London , England.

The mechanism by which turnout' cells in man and animal
are killed by lymphocytes or antibodies and complement has
long been a subject of investigations. Trittated thysnidine
1-125 Deoxyuridine (IIJDR)and Crâ€”5lchroinate have been used
to label tumour cells and radioactivity released from the
cells has been used as a measure of cell death. However,
the spontaneous release of Crâ€”5lis excessively high and
the thymidine and IUDR which are incorporated into DNA are
inconvenient to use. Mouse lymphoma cells (P815/CRC) in
Hank' s solution were incubated with In-ill oxine. Greater
than 95% of the radioactivity was associated with the
cells. Cells were also labeled with IUDR and Crâ€”5l.
Fourtyeight hours after incubation of the labeled cells in
culture medium â€˜@O%of the Cr-Si and approximately 20% of

BERSON-YALOW AWARD PAPER

RADIOMETRIC ESTIMATION OF THE REPLICATION
TIME OF BACTERIA IN CULTURE : ulN OBJECTIVE
AND PRECISE APPROACH TO QUANTITATIVE
MICROBIOLOGY â€¢Edward U . Buddemeyer Glynn
M Wells Robert Hutchinson an@@era1d S
Johnston. 1@ivision of Nuclear Medicine,
University of Maryland Hospital, Baltimore
Md.

In a recently-developed, two cotapart
ment liquid scintillation vial, the evolu
tion of 14CO2 resulting from bacterial
imotaholism of labeled glucose was measured
sensitively, cumulatively and autosnatical
ly in a liquid scintillation counter. In
each of seven species tested, a period of
log-linear expansion of cumulative count
ing rate with time was observed, The cx
ponential increase in cumulative counting
rate was related to cell replication time
by the integral of a first-order differeri
tial equation. Within a given species the
radiometrically measured replication time
was found to be remarkably constant , unaf
fected by a four-fold variation in the ac
tivity of added labeled glucose, insensi
tive to the presence of carrier glucose
and independent of the number of bacteria
in the initial inoculuni over a range of
five orders of magnitude. Precise meas
uremants of growth inhibition were obtain
ed by noting the prolongation of cell rep
lication in the presence of antibiotics.
These experiments demonstrate that the rep
lication rate of an organism in culture is
a highly-reproduceable characteristic that
is susceptible to precise radiometric meas
urement in fundamental units of time under
a variety of experimental conditions.
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the In-lll and IUDR radioactivity was found in the super
natant. The IUDR radioactivity is known to be released
only from dead cells â€¢ This confirms that there is no
spontaneous release of the In-lll which is known to be
bound to cytoplasmic components in cells. On the other
hand, when the tumour cells are lysed using sensitized
lymphocytes or rabbit antibodies and guinea-pig complement,
the release of In-lll is similar to that of Crâ€”5l.

These results together with the high labeling efficiency
and ease of detectability make the In-lll oxine an
attractive agent for cytotoxic studies on tumour cells.

AUTOMATED RIA USING RECYCLABLE ANTIBODY. LaVell R
Johnson K LaMont Hadfield and Bill B Barnett. Auto
Assay, Division of Becton, Dickinson and Company, Salt
Lake City, Utah.

To automate and conserve valuable antibody , techniques
were investigatedwhich made it possible to recycle anti
body for analytical purposes. Constant volume aliquots,
0.3 ml of antigen solution (eg. cortisol, estriol) contain
ing either H-3 or 1-125 tracer, are pumped at controlled
rates through an antibody chamber . The antibody chamber
is a mmcro-col@ containing specific antibody covalently
bound to solid beads. The free antigen passes on to either
a liquid or a crystal scintillationdetector. The bound
antigen is eluted quantitatively with appropriate buffers.
Individual antibody chambers have been used for over 1000
cycles without change in antibody characteristics. The
mean for an overall 8-fold proportional dilution study
(40 cycles) for extracts of plasma estriol sample was 21.0
ng/ml and the CV was 7.1% for eight levels. Intra-assay
reproducibility of a 12.3 ng/ml plasma estriol sample
ranged from a CV of 4.8 to 9.6% (n=l2l) over five days. The
interâ€”assayCV for the means on the five days was 5.8%.
The concentration range for the estriol assay is 0.25 - 16
ng/ml. The %B ranged from 60% with estriol-H-3 tracer to
6% at 16 ng/ml. The antisera for estriol cross reacts 43%
with estriol-3-sulfate, 14% with estriol-3-glucuronide and
less than 1% with estrone, estradiol, and other estriol
derivatives. For cortisol, a simple direct plasma dilu
tion (50â€”200fold) in pH 3.5 sample buffer is all that is
needed for a plasma assay. The concentration range is
0.25â€”16ng/ml. ll-Deoxycortisol is the significant cross
reacting (5%) steroid. In conclusion, we have developed
an automated 3-minute assay for steroids using a continu
ously recyclable antibody.

AUTOMATED RADIOIMMUNOASSAY: EVALUATION OF A SYSTEM FOR
THYROXINE AND TRIIODOTHYRONINE DETERMINATIONS. Stanley J
Goldsmith Helena Lipszyc Jeffrey Schultz Felice Korn &
George Schussler. Mt. Sinai Medical Center, New York, N.Y.

An automated RIA system (Centria, Union Carbide) for
Thyroxine (T4) and Triiodothyronine (T3) was evaluated.
The system consists of lyophilized reagents, an automatic
pipetting station, a timed centrifugal mixerâ€”incubator

separator and a 3 probe counterâ€”microprocessor. Separation
is achieved by Sephadex column filtration during centrif uâ€”
gation. Bound fraction is counted; microprocessorgenera
tea standard curve values and saaple (S) concentration.
Pipetting coefficientof variation (COV) was l.68Zvs.l.39%
(experiencedtechâ€”manualpipette).

T4 Intrarun COV T3
Lo Mid Hi Lo Mid Hi

Centria 6.90 5.91 2.53 â€” 6.79 5.97
Inhouse â€” 2.57 5.57 â€” 2.66 4.30

Interrun
Centria 7.44 7.48 11.40 37.23 21.20 17.07
Inhouse 3.67 â€” 3.79 13.29 â€” 7.05
Mean and standard deviation in a normal population:

T4 (Nâ€”32) T3 (Nâ€”29)
Centria 81.50 + 32.74 1.80@ 0.84 mg/mi
Inhouse 84.50@ 29.26 1.83@ 0.60 ng/ml
Over a wide range, correl. coeff. of 224 clinical S for T4
vs.Inhouseâ€”O.93;of 123 T3 S0.7O. 308 T4 or 277 T3 patient
S in duplicate could be assayed and results calculated in
an 8 hour day.

T4 Auto RIA is a highly reliable, easy to perform meth@
comparing favorably with the precision and reproducibility
of an inhouse manual method. T3 Auto RIA had a greater
degree of variability but the accuracy of the method would
permit its use in a clinical setting.

PERFORMANCE CHARACTERISTICS OF CONCEPT 4 AUTOMATIC RADIO
ASSAY. Orwin L Carter. Micronedic Systems, Horsham, Pa.

TM
Concept 4 Automatic Radioassay totally automates T4

(RIA), T3 (RIA), T3 Uptake, Digoxin, and Cortisol radio
assays from the pipetting of the patient sample through
the calculation of patient values. The AutopakR test de
livery systems for these five assays use treated tube
technology with a single reagent addition of 125i labelled
antigen in buffer. Tubes are incubated, aspirated, and
washed twice without operator intervention. Quantitation
is dome automatically in a dual detecting ga@a counter
with on line data reduction performed on a Hewlett Packard
98l5A.

A s@ary of performance characteristics is shown below:

(MA) (MA) Up@ke Digoxin Cortisol
Intraassay
CV(Z) 2.6
Interassay
CV(%) 5.7
Average
Recovery(%) 98.2
Sensitivity 0.25
(95% B/B,,) ug/dl
Crossreac
tivity(%)
Substance

5.5 2.7 7.4 7.4

5.5 3.4 6.5 9.2

118.7â€”â€”â€”102.1109.40.25â€”â€”â€”0.080.1ng/mlâ€”â€”â€”ng/nlug/dl

0.02 0.001 â€”â€”â€” 0.05 0.146
T3 T4 â€”â€”â€”Digitoxin llâ€”deoxy

cort isol
Normal 4.5â€”12.00.0â€”2.0 35â€”45 1.0â€”2.0 3.0â€”18.0
Range ug/dl ng/ml % ng/ml ug/dl(AM)
Precision Values are shown for pools at the midpoint of the
normal range.

WEDNESDAY,8:30a.m.-1O:OOam.

NEUROLOGY 1

Chairman: C. Douglas Maynard
Co-Chairman: John F. Lindeman

CHICAGO ROOM

ACCURACY OF CURRENT NEURODIAGNOSTIC TESTS IN THE DETECTION
OF CEREBROVASCULAR DISEASE. G T Krishnamurthy,@ K N N
Murthy K Paramesh,@ S D Dand and W H Blahd. VA Wads

worth Hospital Center, and UCLA School of Medicine, Los
Angeles, Calif.

The diagnostic accuracy of the qualitative and quantita
tive radionuclide brain perfusion, static brain images, CAT
scan, and angiogram was studied in 39 patients with CVA.
In 33 patients, interval between the onset of lesion and
diagnostic test was less than 10 days; in the other 6
patients, the interval was 10-30 days. The perfusion study
was made in the anterior view with 15-20 mCi of Tc-99m-DTPA
and the images were recorded at 2-sec intervals. Data were
computer recorded at 0.5 sec/frame for 36 sec. For analy
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sis, 6 regions of interest (3 pairs) were chosen, Right/
left ratio (in percent) for each pair of curves was ob
tamed during transit time. CAT scans were obtained in 14
patients before and after the infusion of contrast agent.
True positivity for the static brain image study, the CAT
scan, the qualitative brain perfusion study, and the angio
gram were 33, 50, 54, and 697., respectively. The addition
of quantitative data increased the true positive rate of
radionuclide perfusion studies to 627.. The overall accu
racy of the radionuclide studies (including static images)
was 727.as against 507.by CAT scan. The radionuclide true
positive rate for 14 patients who also had CAT scans was
8O7@versus 507.by CAT scan alone. In 6 patients whose CAT
scans were negative, the radionuclide study was positive;
the reverse was true in one patient. It is concluded that
for cerebrovascular lesions, the radionuclide triple test
should be the screening test, and the CAT scan or angiogram
should be used in selected cases where additional detailed
information is required for therapy.

RADIONUCLIDE AND COMPUTERI ZED TOMOGRAPHY SCANS IN
EVALUATION OF HEAD INJURED PATIENTS. Abass Alavi
Barbara P Uzzell David E Kuhl and Robert A
Zimmerman. Hospital of the University of Pennsyl
vania, Philadelphia, Pa.

Transmission computerized tomography (CT) was
used to study 234 patients with head trauma, and
80 of these were evaluated with radionuclide (RN)
scans. The CT scans were obtained by using an
EMI head unit. In 21 patients with final diagno
ses of chronic subdural (SD) hematoma, 18 were
positive with both tests. T\@iopatients had posi
tive CT and negati'Pe RN studies. In 1 patient the
CT was negative for SD, while RN study appeared
positive. Of 13 patients with intracerebral
hematoma (ICH) shown immediately on CT scans, 11
had a positive RN scan. In these patients, RN
scans were positive 6 days or more after insult
in all but one case which was demonstrated in 3
days. In 9 patients with evidence of cerebral
contusion on the CT scan, the RN studies were po
sitive in 8. CT scans accurately diagnosed epi
dural hematoma in all 13 patients. None of the
21 patients with acute SD hematoma were studied
with RN scans. All were accurately diagnosed by
CT scans. In 25 patients post-operative for SD
hematoma, the CT scans were of great value in de
tection of residual hematoma or reaccumulation of
blood. In conclusion, although RN studies were
quite sensitive in detection of chronic SD, ICH
of several days duration and cerebral contusion,
the CT scans were most sensitive and specific
means of diagnosis of intracranial hematomas im
mediately after head injury and post-operatively.

PARAMETRIC IMAGING OF THE BRAIN WITh POSITRON CT SCANNING.
J.O EichlinA C.S Higgins,M.J Welch M.M Terâ€”Pogossian.
Department of RAdiology, Washington University School of
Medicine, St. Louis, Missouri.

The capability of positron CT scanning to accurately
yield the regional in viva concentrations of a radionuclide
within an organ on a quantitative basis provides the impe
tuB for exploration of new areas in nuclear medicine. This
capability, unique to reconstruction techniques, permits
positron CT scanning to be employed for the regional de
terminationof a wide array of physiologicalquantities,
i.e., parametric imaging, in which the display represents
the regional distribution of the computed quantity. Pro
posals for the brain include regional determination of blood
volume, blood flow, tissue hematocrit, lipid content,
tissue pH, partition coefficients, and tissue metabolism.
We have tested the viability of this concept by (1) demon
strating that the output of the imaging system is linear
with the concentration of radionuclide contained in the
region of interest, (2) by calibrating the system's rca
ponse to provide a means of determining the regional radio
activity concentration in vivo and (3) by employing rela

tively atraumatic methods to determine several quantities.
We have measured cerebral blood volume and cerebral hemato
crit by employing carbomâ€”llâ€”carboxyl@emoglobinand carbonâ€”li
methyl albumin as vascular labels in rhesus monkeys and in
normal human volunteers â€¢ The data predict a normocarbic
(PaCO237uanHg) mean CBV of 3.8 al/lOOg for 8 rhesus monkeys
with a normocarbic tissue hematocrit prediction of 0.87,
and a mean rCBV of 3.9Â±0.4for 10 human volunteers. In
addition, computed tissue:blood partition coefficients for
Câ€”liâ€”methanoland octanol are 0.95 and 1.3 respectively,for
the rhesus monkey brain. All the data are in agreementwith
correspondingvalues obtained with conventionalmethods.

DETERMINATION OF LOCAL CEREBRAL GLUCOSE UTILIZATION BY
MEANS OF RADIONUCLIDE COMP@71YEDTOMOGRAPHYAND (F-l8)-2-
FLUORO-2-DEOXY-D-GLUCOSE. D.Kuhl,M.Reivich,A.Wolf
J.Greenberg,M.Phelps,T.Ido,V.Casella,J.Fowler,B.Gallagher
E.Hofflnan,A.Alavi and L.Sokoloff. University of California,
Los Angeles,Los Angeles,Calif. University of Pennsylvania,
Philadelphia ,Pa. Brookhaven National Laboratory ,Upton ,N.Y.

The purpose of this study was to adapt to man the estab
lished(Câ€”llt)â€”deoxyglucose[(Câ€”114)â€”DG)autoradiographictech
nique for measuring local cerebral glucose consumption in
animals. In the(Câ€”l)4)â€”DGmethod,the intravenously injected
tracer is taken up in the brain at a rate proportional to
that of glucose;utilization is calculated after autoradio
graphic measurement of the localized metabolic products.

Both(Câ€”lI@)â€”FDGand (Fâ€”l8)â€”FDGwere synthesized for
various parts of the project,the latter requiring a new
synthetic route via direct fluorination. Inâ€”vitro studies
and studies in animals confirmed the validity of(Fâ€”l8)â€”FDG
as a tracer and as a substitute in the(Câ€”lI@)â€”DGmodel.

In man,Mark IV tomography was performed 30 minutes after
intravenous injection of 5nci of(Fâ€”l8)â€”FDGand the distri
bution of Fâ€”l8 activity was determined fron crossâ€”sectional
images. With knovled@e of the arterial timeâ€”course of
specific activity of(Fâ€”l8)â€”FDG and previously determined
constants related to FDG kinetics,the local netabolic
rate for glucose was determined for each part of the brain.

Representative values expressed in mg/bOg/mm agree
with values reported in the literature. These are:visual
cortex 7.36,sensoryâ€”motorcortex 6.5l,frontal cortex 6.19,
parietal cortex 5.8l@,thalamus 6.Tl,and subcortical white
matter 2.1i8.

This new ability to measure local brain metabolism
should be an important aid to understanding cerebral
runction in health and disease.

REGI@@AL @@HEBRALBIAXD F'LG@STt.DY Wfl@IAl71'cFIAXR@PE
SYS1@4-70 N@D ITS APPLI@ATI@@ TO PREâ€”?ND PCST@'ER@1@IVE
EVAIJJ@IQ@ cr ARLERIG/RNcx.EMAL@O@I@N PATIENTS. Yastx
Ka@nura T&ahisa Kurincto Kuni@y@.ici Saneda Hiroshi
Mats@jnura1 Jkira Kasahara and Magiothi Matsuda. Kansai
Medical @ktiversity, c@aka, Jap@.

This sttzly was Ferfcrnned to evaluate the effect of
mirc@ry on regional certhral blocxi fl@ (rc@F) @dto
c@tennime the relationship of rcBF to tI@ meurological
signs in patients with arteriov@@ usalfoannations (AV!'O.
The rcBF was i@easured in 5 patients with AVMby injecting
5 nd@ of Xe-133 with ralioccritrast into tI@ internal
carotid artery and in@ing with a cocpiterizednulti
crystal scintillation gamna cmmera (Attofltrroecc@e
Syst@n-7O) before and after surgical inter@tion. The
activity reonrc@d fran@ 294 mini@teCtOrS was ma@ipul
ated using a hnight owr area calculation and Immediately
displayed as a functional color image cii a television
scrmen. M appoxi.mate 20-24 percent decrease of the
preoperative rcBF was thaerved in a@darcxrsd tle ATMand
correlated with inprovme@t in the neurologic c@ficits.
In &diticn to the localized decrease in rfBF thn surgery
appaxu@tly altered the general distributionof rcBF. Â¶L1@
maxinnzn increase in r@F was 49 percent. Pbll@.zing
surgery in one patient with an occipital AVMthe pre
operative hasa@ynous quadrancpsia disagÃ§eared cxznpletely
with iitpro@ment (decrease) in tbe rfBF.

;@ concltz@ethat dt@to its abnormal large flcw the
AW cat@es an â€œinteraomrebral steal @Mnasmenonâ€•that
r@idly diminishes rcBF in its ccntigtu@ areas.
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COMPUTER-ASSISTEDCINEMATICDISPLAYSIN NUCLEARMEDICINE.
HenryN WagnerJr.,MattheusG LotterLloydG Knowles
T.K Natarajan and Kenneth H Doug@ass The Johns Hopkins
MedicalInstitutionsBaltimoreMd.

Oneof themostsignificantimprovementsin cardiovascu
larnuclearmedicineisimagingthebeatingoftheright
and leftventriclesby motion-picturedisplayof the intra
ventriculardistributionoftechnetium-9@nalbuminduring
16 or more phases of the cardiac cycle. Stimulated by our
resultsinviewingventricularfunctionasa motionpicture,
we havebegunto makeother â€˜fastmotionâ€•picturesof a
wholevarietyof bodyfunctions,includingthecerebral
circulation,pulmonaryperfusionandventilation,biliary
excretion,andrenalandtesticularbloodflow.We have
compresseddataobtainedoverperiodsof minutes,hoursand
daysinto16framespersecond.Theseâ€œcompressedtime
imagesâ€•are shown over and over in monochrome and color
displaysandhavebeenfoundtoimproveourperceptionof
regional dysfunction. Comparison of the new techniques
withpriormethods,i.e.,inspectionof a seriesof mdi
vidualimagesandfunctionalimages,hasresultedin
improvement in observer performance in terms of both fal se
positives,falsenegativesand degreeof certaintyof diag
nosis.A specificexampleistheimprovementinthallium
201 images of the myocardium when synchronized motion pic
turedisplayis used. Thecinematic-displayimprovesper
ceptionpartlyby doingawaywiththe blurringeffecton
theusualtypeofstaticimagesofmovingstructures,such
as theheart,andinrevealingsmallchangesinregional
functionin studiesof thecerebralcirculation,liverand
biliarysystems,bones,and kidneysand testes.

A QUANTITATIVE RESOLUTION PHANTOM. Barry S Brunaden
Robert N.Beck Elbert L Lands andBhailal Patel.
University of Chicago Hospitals and the Franklin McLean
Memorial Research Institute, Chicago, Ill.

A quantitativeparallel line phantom, capable of measur
ing Anger camera resolution to. <barns, has been developed.
It consists of two identical parallel line grids which
generate, by a Moir@ effect, the pattern frequency to be
imaged, The spacing of this line pattern may be varied
from <4mm to >400mm, and the setting accuracy improves
at small spacings.

Previous resolution phantoms may be placed in two cate
gories. The fourâ€”quadrantbar and similar types have only
a few pattern spacings and test only a portion of the im
age area at one time. Uniform phantoms (Ples, etc.) which
test the entire image area must be designed for an indivi
dual camera in a particular mode of operation to effec
tively indicate change of resolution.

Using the Moir@ phantom in studies of intrinsic re
solution, 4 settings within a 2mm range show resolution
of the pattern: over the entire, most, a small part, or
none of the image area. Once the resolution limit has
been determined for a camera, images at 3 settings around
this limit allow even minor fluctuations to be observed.

Since 11/1/76, weekly intrinsic resolution measure
ments have been performed on two Phoâ€”GammaIV's, a mobile
Phoâ€”Gamma IV, and a Searle LFOV to compare resolution and
uniformity with frequency of service.

The Moir@â€”typephantom provides accuracy in measure
ment, compatibility with cameras of differing resolution,
simplicity, and modest measurement time. It is also suit
able for indicating spatial distortion and measuring reso
lution of most collimators.

TECHNIQUES FOR MEASURING REGIONAL AND TOTAL-BODY BONE
MINERALMASS. Ronald R Price Kenneth H Larsen Juan J
Touya and A Bertrand Brill. Nuclear Medicine Division
Vanderbilt University Hospital, Nashville, TN.

A rectilinear scanning system utilizing a nodified
wholeâ€”body scanner has been developed to make quantitative
scans of regional and wholeâ€”body bone mineral content (BMC).
The system employs the two photon attenuation technique
utilizing a Gdâ€”l53 transmission source. Computer generated
images of the derived B?4@ (g/cn2) are now being analyzed

WEDNESDAY. 8:30 a.m.-10:0O a.m.

INSTRUMENTATION 3
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JANE ADDAMS ROOM

Chairman: Robert N. Beck
Co-Chairman: Michael E. Phelps

MOTION CORRECTED REPATIC SCINTIGRAPHY: IMPROVED
DIAGNOSTIC RESULTS. D.A Turner E.W Fordham
A.A Ali P.D Rubin R Muehrcke A.N Sukerkar
G.J Novetsky and D.P Dalia. Rush Medical
College, Chicago, Ill. B.E Og@@penheim and
N.J Yasillo, University 01 Chicago, Chicago, Ill.
P.B Hoffer, University of California, San
Francisco, Cal.

Oppenheim has described a digital method of
correcting hepatic scintigrams for respiratory
motion. Hoffer et al. have reported preliminary
experience with an analogue version. This cceunu
nication reports an objective test of the latter.
A motion correction device was built for an Ohio
Nuclear Series 100 camera. Corrected and uncor
rected images were simultaneously recorded on P0-
laroid film during routine hepatic scintigraphy
of 1100 patients, selected without known bias.
Autopsy, liver biopsy or inspection at laparotomy
shortly before or after scintigraphy was consi
dered to have established the â€œtrueâ€•state of the
livers of 49 patients with hepatic tumors and 53
normals. Five observers of varying experience in
nuclear medicine independently evaluated the scm
tigrains for the presence of mass lesions, using a
five category rating scale, without knowledge of
the true states. Results were expressed as re
ceiver operating characteristic curves. For all
observers, performance was better with motion co
rrection or when interpreting corrected and unco
rrected studies together than when interpreting
uncorrected studies alone. Motion correction is
an inexpensive, efficatious method of improving
the diagnostic quality of hepatic scintigrams.

A SURVEY OF THE MEASUREDDEAD TINE OF SCINTILLATION CAN
ERAS. Ralph Adams* Gerald J Hine** and C Duane Zim
merman*. *Loma Linda University, LouseLinda, Calif., and
**Boulder, Cob.

This investigation was undertaken to evaluate the dead
time performance of current models of scintillation cam
eras. Measurements were made under simulated clinical
conditions using a protocol developed by the authors. We
show that in the presence of a scatteringmedium the newer
scintillationcameras behave very close to the paralyzable
model. We define â€œparalyzingdead time (â€˜T)under simu
bated clinical conditionsâ€•in terms of a paralyzable sys
tan and specified parameters of scatter, analyzer window
(20%), and counting rate (20,000/sec per source). The
protocol employs two Tcâ€”99msources in a plastic phantom
which provides 5 cm forward scatter and 10 cm hack scatter.
The spectral emission from it closely approximates that
from Tcâ€”99min the myocardium in the 30Â°LAO view. The
sources do not require accurate calibration,and the re
sult is easily computed with a pocket calculator. The
method is reproducible to a small fraction of 1 psec and
sufficientlysensitive to detect a change of less than 1
volt in the high voltage supply.

The survey demonstrates significantdifferences in dead
time performance from one manufacturer to another. These
differences are somewhat masked by widely differing per
formance between individual instrumentsof a given model.
We also show a marked improvement in current models over
the previous generation of cameras (typically 6psec vs.
15 psec). The numerical values we obtain are greater by
a factor of 2 or 3 than those advertised by most manufac
turers, who employ various other methods to specify dead
time.
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and evaluated for their utility in detecting and monitoring
bone demineralizing diseases . These techniques are being
used with a modified Ohio Nuclear Scanner to collect and
compare the BM@ images to quantitative scans of Tcâ€”99m
labelled bone agents to produce bone uptake to BMC ratios
in suspected lesions.

Scans of the lumbar spine take approximately 10 minutes
and deliver a radiation dose of less than 10 inrad. Lower
resolution wholeâ€”bodyBMC scans take 20 minutes and also
deliver a dose of about 10 mrad. Measurements on a group
of normal volunteers and a group of patients with suspected
and confirmed osteoporosis have been encouraging and
suggest that the vertebral BMC scans will be a sensitive
indicator of bone disease.

The experience we have gained from the use of parameter
images derived from the ratio of emission bone scan images
to BMC images suggests that these images nay prove to be
an important adjunct to the routine emission bone scan.
(Supported in part by ERDA # EYâ€”T6-S-O5-21@Ol).

COMPARATIVE PERFORMANCE STUDY OF LARGE FIELD SCINTILLATION
GAI+IACAMERAS:AN UPDATE.ChunB Lim PaulB Hoffer
DavidRolloand DavidL Lilien,Universityof California,
SanFrancisco,Ca.

There has been significant progress in the basic imag
ing performance of large field gama cameras since we re
portedour comparativeevaluationlastyear. Two recently
introducedcameras(picker4/15and Ohio-Nuclear410)were
studiedand comparedwithpreviousresultson SearleLFOV
and Ohio-Nuclear 110. Specific parameters studied for
l4OkeVganinaimagingwere:1) intrinsicresolutionand sen
sitivity,2) systemcollimatorsensitivityand resolution,
3) count rate capability and influence of count rate on
resolution,4) energyresolution,5) fielduniformityand
linear distortion. One production model of each instrument
was tested. Eachinstrumentwas interfacedwithidentical
PDP-ll computer units for resolution measurementsto insure
uniformityof comparison.The conciseresultsof thecom
parisonfor 1) intrinsicresolution(l4OkeVFWHM),2) max.
countrate(20%window),3) countrateat 10%dataloss,
and 4) energyresolution(FWHM)wereas follows:

SearleLFOV ON-lb ON-410 Picker4/15
l)6.7nsn 6.5nsn 5.5m 4.7nsn
2) 145K/sec 92K/sec 92K/sec 112K/sec
3) 70K/sec 68K/sec 68K/sec 68K/sec
4) 15% 15% 15% 12%

Field uniformity and linear distortion performances of
SearleandON cameraswereslightlybetterthanthatof the
Picker4/15. Subjectiveevaluationof Rollophantomimages
reveals little apparent resolution difference whencompar
ingsimilarcollimatorsand scattermaterialthicknesses.

INITIAL EXPERIENCE WITH A HIGH QUALITY VIDEO DISPLAY FOR
NUCLEARMEDICINEIMAGING.DavidM Shames RobertE L
Farmerand WilliamO'Connell.Universityof California,
San Francisco, Ca.

In orderto assessthevalueto nuclearmedicineimag
ingof a highqualitydigitalimagevideodisplay,we
interfacedthe DeAnzaSystemsdisplayto ourGama 11 (DEC)
computer.The basichardwarecharacterisiticsof this
displayincludea 256x256x12bit imagebuffer,program
mable intensity transformation table and color or black and
whiteimagepresentation.Softwarehas beenwrittento
allowimagesto be placedon the screenin a numberof
different formats. While the most visually appealing for
mat is that of a single l28x128 image or several of these
up to four,we alsohavethe capabilityof displayinga
single256x256imageor up to sixteen64x64imagessimul
taneously.Linearor non-linearcontrastenhancementis
performedat the keyboardthroughthe intensitytransfor
mation table. Each element of the display memoryis 12
bitsdeep,allowinga capabilityof 1024grayshadesplus
twographicsoverlays.Softwarehasalsobeenwrittento
place characters anywhereon the face of the display and to
editthesecharactersby simplekeyboardoperations.

The imagesobtainedfromthisdisplayat l28xl28areof
analoguequality@andquitesuitablefor clinicalinter
pretationat64x64.We havefoundthedisplayparticularly

useful for placing multiple images from the sameor differ
ent studies on the display at the sametime with each
imageindividuallycontrastenhancedandannotatedwithany
desirablecharacters.Displayimagescan be dumpedto the
Microdot(Searle)forclinicalandarchivalpurposesand
photographedwithpoloroldforthe patient'sand referring
physicianâ€˜S records.

COLLIMATOR EVALUATION FOR MYOCARDIAL I@GING WITH
Tl-20l. H Nishiyaina 1@1 Romhilt CC Williams RJ
Adolph VJ@Sodd M Ga5e@I @rrLewis and EL Saenger,
Nuclear Medicine Laboratory , BRM , FDP4, and
Cincinnati General Hospital, Cincinnati, Ohio.

Myocardial imaging with T1-20l is most often
obtained using the high-resolution parallel-hole
collimator (HRC) , which frequently misses the
small nonâ€”transmural infarction. Based on this
observation, evaluation of collimator resolution
was made by both in-vitro and in-vivo studies.
The collimators evaluated by line spread function
(LSF) were HRC, low energy converging collimator
(CONy) and pinhole collimator (PHC) . A cylindri
cal heart phantom with three different sizes of
myocardial infarctions was evaluated in both en
docardial and epicardial location. The best rca
olution was obtained with PHC, followed by HRC
and CONy, with both LSF and phantom studies. All
collimators showed better delineation of the epi
cardial lesion than the endocardial of the same
size. Further, 10 dogs with an induced acute myo
cardial infarction (AMI) were imaged, and later,
results of image evaluation were correlated with
postmortem findings. The most accurate detection
of AMI in dogs was obtained by PHC as LSF indica
ted. The sensitivity of the collimators is in re
verse order of the resolution. A reasonable com
promise in the clinical setting is to use NRC in
standard projections, and then obtain one or two
selected views b@ PHC. This procedure increased
overall diagnostic accuracy from 70% using HRC
alone to over 90% using PHC in experimental
study.

WEDNESDAY, 8:30 a.m.-1O:OOam.

ONCOLOGY 2

LINDHEIMER ROOM

Chairman: Andrew T. Taylor, Jr.
Co-Chairman: Stanley M. Levenson

COMPARISON OF GALLIUM SCAN AND CHEST X-RAY EVALUATION FOR
MEDIASTINALSPREADOF CARCINOMAOF THE LUNG. NaomiP
AlazrakiPaulJ FriedmanAndrewTaylorJr JosephW
Ri@msdeTTRT@hardM Peters1andGennaroTisi. VA Hospi
talandUMversTtyCalifornia,SanDiego,CA.

A comparativestudyof theacurracyof galliumscans
and chest x-rays In predicting mediastinal involvement by
tumorin patientswithlungcarcinomawas performed.The
studyprotocolincludedonlypreoperativepatientswith
suspectedlungcarcinoma,subsequentlydiagnosedby either
mediastinoscopy, thoracotomy, or autopsy (two patients)
and excluded patients with knownmetastatic disease or oat
cell carcinoma.

Gallium scans were performed using 5 millicuries of 67-
galliumInjectedintravenously.Imagingwasdoneat72
hours following injection on a rectilinear scanner with
anterior, posterior, and oblique camera views of the chest,
when indicated. The gallium scans were always compared
with chest x-rays taken within a few days of the scan.
Oblique views and chest tomogran@of the mediastinum were
obtainedwhenwarrantedby eitherradiologicalor clinical
opinion.Mediastinalexploration(bymediastinoscopyor
anterior thoracothn@y) was used as the definitive criterion
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for presence or absence of mediastinal tumor.
The resultson 25 patientsindicatedthatthegallium

scanwas slightlymoresensitivein thedetectionof media
stinaltumorthanthechestx-ray,whilebothwereequally
specific.Therewereno falsenegativeresultsfor galli
um and t@e false negativ@for chest x-ray. The results
supportthepossibilityof consideringomittingthemedia
stinoscopypriorto thoracotomywhenthegalliumscanshows
no involvementof themediastinumwithtumor.

STEROID INDUCEDSUPPRESSION OF GALLIUMUPTAKEIN TUMORSOF
THE CENTRALNERVOUSSYSTEM. Alan D. Waxm@@John P . Beldon
!illiam R.Richli , Doj.naE.Tsnasescu , and Jan K . Sientsen.
LA@7US@@Medical Center, Cedarsâ€”Sinai Medical Center,
Los Angeles, Calif.

Isolated case reports have indicated that steroids may
reduce technetium uptake in tumors of the central nervous
system. We have evaluated Tc-99m glucoheptonate (PoOH) as
veil as Gallium uptake in vivo and have found the affect of
steroids on technetium â€˜uptake to be minimal , while the
affect on Gallium is profound.

Delayed TcGH and Gallium brain scans were done on 61
patients with proven central nervous system tumors.
Technetium scans were done 2 â€”1@hours following a 15 mCi
injection. Gallium scans were done 2 â€”7 days following a
5 mCi injection. The patients were broken down into a
steroid group and a nonsteroid group. The steroid groun
were those patients who were on steroids at greater than
replacement levels . POOH end Gallium brain scans were corn
pared using lesion to calvarial ratios. The results are
shown on the following table:

Tc Poe Tc@ Tc= Tc< Tc Meg Tc Nag
GaN@g Ga Ga Ga Ga Pos GaJ@

Steroids 12@ 10 1 3
Nonsteroids 1 2 10 h 2

In addition, 1'patients had Gallium brain scans prior to
steroid therapy, and again after being on steroids for one
week. The Gallium brain scan, in all cases showed either a
disappearanceof Gallium uptake or a reduction of Gallium
uDtake in tumor. The TcGH brain scan was either not
affected, or affected only slightly.

We conclude that steroids have a profound affect on
Gallium uptake in tumors of the CNS, while affecting TcGH
uptake minimally.

COMPARISON OF THE BIOLOGIC DISTRIBUTION OF THREE COMMERCIAL
LY AVAILABLE Ga-67 CITRATE PREPARATIONS IN NORMAL AND DIS
EASED RATS. Michael A Davis Rebekah A Taube and Alice D
Carmel, Children's Hospital Medical Center and Joint Program
in Nuclear Medicine, Harvard Medical School, Boston, MA.

Galliumâ€”67citrate enjoys widespread popularity as a ra
diodiagnostic imaging agent for sites of inflammation,in
fection and malignancy. Most of the radiopharmaceutical used
in this country is obtained from three commercial suppliers.
Recent reports suggest that a difference may exist in the
biologic distribution and diagnostic efficacy of the three
products. Two studies, each using a different source of
Gaâ€”67,came to opposite conclusions concerning the accuracy
of the agent for stroke diagnosis. Another project employ
ing two conanercial suppliers of Gaâ€”67to investigate malig
nant diseases concluded that the variations in product for
mulatiom were responsible for observed discrepancies in bio
logic distribution.Analysis of the three products indicated
that one manufacturer had apreservative present and another
eight times the citrate concentration of the other two. Ex
periments were designed and carried out to ascertain whether
these differences in formulationhad any effect upon thebio
logic distribution in normal and pathologic states. Normal
rats, rats bearing a transplantedsubcutaneousglioblastoma
and rats with a turpentine induced abscess served as models
for this evaluation. The animals were killed at 1 and 48 hrs
after intravenous injection of the test agent. Data for corn
plete organ distribution and total body retention at both 1
and 48 hrs showed no statisticallysignificantdifferences
among the three products in either normal or diseased ani
mals. We conclude that the differences in formulation of the
three cousnercialpreparationshave no significanteffect on
the biologic distributionof Ga-67 in the rodent models used
in this investigation.

CLINICAL TUMOR SCANNING WITH TLâ€”20lCHLORIDE. Norihisa
Tonani Takatoshi Michigishi Hisashi Bunko Masaini
Sugihara@ Tanio Aburano and Kinichi Hisada. Kanazawa
University School of Medicine, Kanazawa, Japan.

A case of lung cancer was incidentally found, in which
the primary lesion of cancer was clearly visualized on the
Tlâ€”20lscintigrains taken for myocardial evaluation.
Following the experience, tumor scanning with Tlâ€”20l
chloride was performed to investigate its diagnostic
value. Fiftyâ€”onepatients with untreated malignant lesion
and 29 with benign disorder, mostly thyroid disease, were
studied with Tiâ€”201which were given intravenously as
thallium chloride in a dose of l.5â€”2.OmCi. To compare the
detection rate of malignant lesion, Gaâ€”67scanning was
also performed in 18 patients. Of the 51 malignant
lesions, 36 (71%) were visualized as positive with Tlâ€”20l,
whereas 13 of i8 lesions (72%) were positively delineated
with Gaâ€”67. High positive results with T1â€”20lin
malignant lesions were obtained in thyroid cancer: lL@of
15 (93%), lung cancer: 10 of lii(72%) and primary hepatoma
: 3 of 14 (75%)@ Poor positive result was in metastatic
liver cancer: none of 8 (0%). Of the 19 benign cold
thyroid nodules 6 were positively visualized with Tlâ€”2Ol.
However, Tlâ€”2Oldid not accumulate in the other 13 benign
nodules, 11 out of which were confirmed to have cystic
degeneration. All of five with chronic thyroiditis and
all of three with hot nodule showed positive accumulation
of Tlâ€”20l. The data suggests that if the thyroid nodule
is found to have negative accumulation of Tlâ€”2Ol,
malignancy can be ruled out except a small microscopical
lesion. Tlâ€”201 scanning also appears to be useful to
differentiate primary hepatoma from metastatic liver
cancer.

RADIOPHARNACOKINETICS OF ANTITUMOR AGENTS: FLUORINE-18
5-FLUOROURACIL. Walter Wolf Jashovarn Shani David Young
and Elizabeth Vine. Radiopharmacy Program, University of
Southern California, Los Angeles, CA.

Previous work on the distribution of 5â€”Fluorouracil
(5â€”FU)labeled with Câ€”l4and Fâ€”18suggested little, if any,
specificity in the localization of this radiopharmaceutical
in a number of marine tumors [JNM 16:582 (1975)] . We wish
to report here our results on the differential distribution
of Fâ€”l85â€”FUin sensitive vs. nonâ€”responsiveLâ€”l2lOlympho
cytic leukemia in mice, as a potential model for prediction
of chemotherapeutic response to 5â€”FU.

The mice were injected with Fâ€”l85â€”FU,sacrificed at 2
and 12 hrs., dissected, and the activities measured in over
15 organs and tissues. The tumor/blood ratios between the
5â€”FUresponsive vs. the nonâ€”responsivelimes are:

2 hours 12 hours

Studies currently in progress are evaluating whether
these differential kinetics of distribution also occur in
patients, what are the optimal times for measurement, and
whether indeed the use of Fâ€”l85â€”FUcan differentiate
responsive from nonâ€”responsivetumors in man, as well as
whether it is feasible to monitor and optimize dose
regimens using this radioactive chemotherapeutic agent.
(This work was supported by NCI grant P01 CAâ€”l9438)

COBALT-BLFXN@CtNA2 : A BFfl'ER RADIOLABELED11J!'VR LOCALIZING
AGE!@ff. Jack N Hall James M Woolfenden Joseph D then
and Dennis D Patton. University of Arizona Health
&Iences Center , Tucson , Az.

Several investigators have iz@Iicated that cobalt-Si
Bbecsnycin is more readily taken up by malignant tissue than
any of the other radiolabeled bleomycins. In addition,
Eckelman, et al have isolated bleanycin components by
high performance liquid chromatography (HPLC) into four
majorfractions(Al,Az, I}1A2,B2) and studiedtheirbio
logical distribution using cobalt-57 as a label. Their
results suggested that the inaj or components , Az and B2 are
the most useful fractions for tumor localization. Comae
quently, the purpose of this study was to evaluate the
artificial bleoinycins produced by fermentation rather than

1.90 Â±0.12 20.69 Â±1.87
0.96 Â±0.27 4.04 Â±0.66

Responsive
Non-responsive
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HPLC to eliminate the potential for undesirable chemical
reactions (e.g. transformation of the Az by the solvent
system used).

The tti@,r model used in this study was an AKD-2 mouse
bearing a ridgway osteogenic sarcoma which is sensitive to
blecmycin. Biological dJ.stribution sttxiies were performed
at 1, 4, 24, and48 hrs. for the camnercially available and
three artificial blecmyclns (Az, As, B2) . At 24 1@urs the
following tu@xr to nuscle and tiz@r to blood ratios were
obtained.

Co-Si Agent IL@ it!
Blecanycin (mixture) 23 36
Blecinycin Az 57 99
Blecinycin As 27 37
Blecsaycin B2 47 28

The high ttm@r-to-nontwr ratios of radiolabeled bleo
niycin Az suggests that a search for a shorter half-life
radiomiclide as a label for this antineoplastic agent
should be continued.

(P-l6(Heâ€”3,p)Fâ€”l8],crown ether (l8â€”Crownâ€”6)aed 21â€”hy
droxypregnâ€”4â€”eneâ€”3 , 20â€”dione methanesulfonate. The meximum
radiochemical yield based on total activity present after
workup was 182.

The distribution of 2lâ€”fluoroprogesteroneâ€”Pâ€”l8 was
studied in rats given intravenous injections and sacrificed
in groups of three at 5, 10, 15 and 30 minutes after admin
istration. The adrenal glaeds contained a higher concern
tration of radioactivity than amy other organ at all times
studied. The highest tissue concentration found was 0.0752
dose/g in the adrenal glaeds, 5 sin. after administration.
The adrenal/blood concentration ratios were 42,21, 17 and 7
at 5, 10, 15 and 30 minutes after administrationrespect
ively.

In sunmiary,21â€”fluoroprogesteronehas been prepared in
an overall radiochemicalyield of 18% from KFâ€”l8.Initial
distribution studies in rats indicate that the compound nay
be useful as an adrenal imaging agent.

A NEW GERMANIUM-68/GALLIUM-68 GENERATOR. Gary J
Ehrhardt and Michael J Welch. Department of RAdiology,
Washington University School of Medicine, St. Louis,
Missouri.

CHICAGO ROOM

RADIOPHARMACEUTICAL 3:
FLUORINE, GALLIUM, AND INDIUM

Chairman: Raymond L. Hayes
Co-Chairman: Harry Saul Winchell

BIODISTRIBUTION IN NORMAL AND TUMOR BEARING ANIMALS OF F-l8
-2-DEOXY-2-FUJORO-D-GLUCOSE(F-18-DG):A NEW AGENT FOR
MEASURING MYOCARDIAL GLUCOSE TRANSPORT AND METABOLISM. P.
Son A.N Ansari H Atkins V Casella J Fowler B
Gallagher T Ido C Wan A Wolf and D Kuhi. Brookhaven
National Laboratory, Upton, N.Y. and UCLA, Los Angeles, CA.

Transport of sugar in metabolically active organs such
as brain and heart is Imown to be high. Enhanced sugar
transport and metabolism by transformed cells has also been
documented. This study was undertaken to determine the bio
distribution of F-l8-DC, a y-emitting glucose analog with a
view toward using this agent to probe local glucose metab
olism in these organs as well as in tumors. In normal mice
heart uptake reached a maximum value of 327./gmby Â¾hr
which remained constant up to 2 hrs. Liver, lungs, kidneys,
small intestine and blood showed very rapid clearance. At
2 hrs, heart/lung and heart/liver ratio was 12 and 32
respectively.In dogs 2.8-4.17.dose accumulated im the
heart at 1 hr. The highest activity in the heart was in
the left ventricle and interventricularseptum.

The brain uptake reached a maximum of 6Vgm by 15 mm in
mice and decreased slowiy over 2 hrs. In dogs, the brain
activity (2.147./organ)showed non-uniform distribution,
highest activity being in the cerebral cortex, followed by
cerebellum and medulla. The gray matter showed 2-3 times
higher activity than the white matter. The blood clearance
showed a fast TÂ¾of 3-4 mm at which time >807. cleared. At
2 hrs@ 507, activity was found in urine, the predominant
chemical form of which although unidentified, was not
fluoride. Preliminary studies in tumorous animals (spontam
eous breast tumors in rats, eye melanoms in hamsters)
showed tumor/normal tissue ratios of > 3 (CA breast/normal
breast) at 1 hr and 4.6 (melanoma/normal eye) at 2 hrs.

2l-FLUOROPROGESTERONE-F-l8 AS AN ADRENAL IMAGING AGENT.
Larry A Spitznagle and Carol A Marino. Department of
Nuclear Medicine, University of Connecticut Health Center,
Farmington ,Conn.

This laboratory has been interested in developing tech
niques for labeling potential radiopharmaceuticalswith
fluorineâ€”l8.A method has been developed to prepare
21â€”fluoroprogesteronelabeled with Fâ€”l8.The method util
izes Fâ€”l8obtained from a cyclotron with a water target

A germaniumâ€”gallium generator producing EDTAâ€”free Ga@-68
rapidly and conveniently would permit the synthesis of a
broad spectrum of Caâ€”radiopharmaceuticals difficult or
impossible to produce from the strong EDTAâ€”Gaâ€”68complex
provided by current generators and would therefore greatly
facilitate the wide application of positron tomography.
A solvent extraction generator system producing the weak
galliumâ€”68,8â€”hydroxyquinolinecomplex free of EDTA has
been investigatedby attempting the extraction at various
pH values and with various solvents in standard separatory
funnels. The conditions for optimum yield and minimum
Geâ€”68breakthrough were found to be extraction from pH 4.8
Geâ€”68solution (.OlM Ge) with an equal volume of chloro
form, followed by a backwash with a similar, nonâ€”radio
active aqueous phase in a second separatory funnel, and
finally evaporation of the chloroform to dryness. This
system gave Gaâ€”68 yields of 70â€”80% and Ceâ€”68 breakthrough
values of <0.003% in the final product. In addition, the
galliumâ€”68oxine is readily convertible to other radio
pharmaceuticals, contains only a small quantity of oxine
(<SO ug) and is conveniently delivered dry. The extrac
tion system is simple and amenable to automation. The
275dayhalfâ€”lifeof Geâ€”68and thelow germaniumlossrate
of <0.01% per milking should provide a generator with a
long useful lifetime.

COVALENT ATTACHMENT OF CHELATING GROUPS TO HUMANSERUM
ALBUMIN. Gary E Krejcarek and Karea L Tucker, Medical
Products Div., 3M Co., 3M Center, St. Paul, MN.

In 1974, Sundberg and coâ€”workerssynthesized the bi
functional chelating agent, lâ€”(pâ€”benzediazoniurn)EDTA.
When coupled to proteins, this reagent created specific
metal binding sites on macromolecules. In this communica
tion, an alternate procedure is described which attaches
DTPA to proteins using reagents coamon in peptide syn
thesis. The technique is considerablyeasier to carry out
and does not require the synthesis of any intermediates.

The mixed carboxycarbonicanhydride of DTPA was pre
pared from pentatriethylammonium DTPA and isobutychloro
formate. This anhydride was added to an HSA solution
which was cooled in an ice bath and buffered at pH 7.5.
After 20 hours at 4Â°C, the reaction mixture was dialyzed
and the protein fraction corresponding to DTPA covalently
coupled to HSA was isolated by gel chromatography. DTPA
USA, in glycineâ€”HC1buffer pH 3.4, was labeled with Inâ€”ll3m
resulting in a labeling yield of greater than 98%.

Distribution studies in mice with Inâ€”ll3mlabeled
DTPAâ€”HSAshowed a blood clearance rate similar to 1â€”125}@A.
The amount of isotope in the liver was nearly identical for
the two proteins indicating that the HSA was not denatured
during the modification and labeling procedure.

This technique allows coupling of DTPA to a variety of
proteins of physiological interest. The DTPA modified
proteins could be labeled with other metal isotopes such
as Gaâ€”68and Inâ€”ill.
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However,itsbindingtoPMNcouldberemovedbytrypsinbut
notby neuraminidase.Theseresultsare consistentwith
thehypothesisthatplasmamembraneservesas a diffusion
barrierandGa-67onlybindsto the surfaceof the PMN
plasmamembrane.Whenthismembranepermeabilitybarrier
wasdisrupted,as inheat-killedPMN,Ga-67uptake
increasedmarkedly.Ga-67alsowas takenup by a variety
of microorganisms.S. aureushadthe highestaffinity,
followedby Sal.typhimurium,E. coli,Enterococcus,and
L. leichmannii.S. epidermidisand C. albicanshad low
affinitiesforGa-67. Experimentalabscesseswereinduced
withE. colior turpentinein rabbits.Twenty-fourhours
afterintravenousinjection,only20%of Ga-67in abscesses
was in fractionscontainingintactPMN,celldebrisor
bacteria; the remainder was in a soluble, non-cellular
fraction(2,500g supernatant).Thissolublefractionmay
represent cellular componentsof the necrotic pus cells.
It is concludedthatGa-67localizationin the inflaninatory
lesionsis dueto itsuptakeby PMNas wellas theoffend
ingmicroorganisms.

WEDNESDAY, 10:45 a.m.-12:15 p.m.

HEMATOLOGY 1

GALLIUMâ€”68LABELING OF PROTEINS. S.J Wagner L.C
Knight C Krejcarek* and M.J Welch. Department of
Radiology, Washington University School of Medicine, St.
Louis, Mo.; *3M Co., St. Paul, Minn.

Due to the large stability constant of galliumâ€”trans
ferrin in order to form a protein labeled with the posi
tronâ€”emittingradionuclide galliumâ€”68it is necessary to
first couple a strong chelate to the protein. In this
study we used the reaction developed by Krejcarek in
which DTPA is coupled to proteins by the formation of an
snide. Using human serum albumin as a model the efficien
cy of the chelation of USA with the mixed acid anhydride
of the quaternary triethyl ammonium salt of DTPA and the
butyl formate was studied by isotope dilution in order to
determine the efficiency of the labeling reaction.
Carrier Ga(III) was added and the variation in Gaâ€”binding
studied with an acid anhydride/protein molar ratio of 70.
The labeling yield was @5%, the final alburninâ€”DTPAcon
taming a3 moles of DTPA per mole of albumin. After pun
fication of the DTPA labeled HSA we have shown that it is
possible to prepare galliuinâ€”68labeled albumin in high
yield by chelation with the DTPA labeled protein. Chela
tion will occur when the gallium is in the form of either
the chloride or the 8â€”hydroxyquinolinecomplex. In vitro
stability studies have been carried out using the long
lived galliumâ€”67and indiumâ€”illto determine the exchange
of the metal ion from the DTPA protein to tnansfernin.
Using physiological concentrations of transfenrin exchange
of only a few percent per day has been observed. The use
of this type of reagent extends the number of available
positronâ€”emittingradiopharmaceuticals.

THE RELATIVEBINDINGAFFINITYOF GALLIUM-67FORLACTOFERRIN
AND TRANSFERRIN.PaulB Hoffer JohnP Hubertyand Hassan
Khayam-Bashi University of California San Francisco Ca.

Wehavepreviously demonstratedthat gallium-67 in human
colostrumis boundto the lactoferrin-albuminproteinfrac
tion. Lactoferrinis alsopresentin othertissueswhich
concentrategallium-67.The purposeof thesestudieswas
to comparetheaffinityof gallium-67forlactoferrinver
sus transferrin.

Gallium-67citratewas incubatedwithpartiallypurified
humantransferrinand humanlactoferrinat varioushydrogen
Ionconcentrations.The freegallium-67was separatedfrom
the protein bound fraction by extraction with cation ex
changeresin. Controlstudieswerealsoperformedin the
absenceof protein.

In a secondstudy,gallium-67citratewas incubatedwith
apotransferrin,the unboundfractionwas extractedby cat
ionexchangeresinand the transferrinboundgallium-67was
incubatedwithapolactoferrinfor2 hoursat 37Â°C at pH
6.0. Thetransferrin and lactoferrin fractions were then
separatedby ininunoelectrophoresisand therelativeactivi
ty in eachfractiondeterminedby countingtheactivityIn
the precipitinbands.

Gallium-67hasgreateraffinityforlactoferrinthanfor
transferrin.Thisdifferentialaffinityis especially
markedat lowerpH values.Transferrinboundgalllum-67mi
gratesto lactoferrinwhenthe latterproteinis added.
Duringa two hourincubationwithapproximatelyequalmi
tialproteinconcentrations,about85%of the radionuclide
transferredfromthetransferrinto the lactoferrin.

These findings suggest that gallium-67 localizationin
tissuesand secretionscontaininglactoferrincanbe ex
plainedby the preferentialaffinityof gallium-67for
lactoferrinversustransferrin.

MECHANISMOF GALLIUMLOCALIZATIONIN INFLAMMATORYLESIONS.
Min-FuTsan WilliamY Chen UrsulaScheffelShameen
Menon andHenryN Wagner Jr. The JohnsHopkinsMedical
Institutions, Baltimore, IkI.

The mechanism of ionic gallium-67 (Ga-67) localization
in inflaninatorylesionswas studied.Humangranulocytes
(PMN) had higher Ga-67 uptake than lymphocytes, while red
blood cells had no affinity for Ga-67. Ga-67 uptake by PMN
showedtemperature dependence, was independent of Ga-67
concentration,and was not inhibitedbymetabolicinhibitors.
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INDIUM-lll LABELED CELLULAR BLOOD COMPONENTS: MECHANISM OF
LABELING WITH SPECIAL REFERENCE TO STUDIES WITH HUMAN
NEUTROPHILS. Mathew L Thakux'@ Anthony W Segal Louis
Louis Michael J Welch and Timothy J Peters,, MRC Cyclotron
Unit, Hammersmith Hospital, Clinical Research Centre,
Harrow, England and Washington University School of
Medicine, St. Louis USA.

Neutrophils were isolated from blood and labeled with
In-lll oxine. The labeled cells were incubated up to 2
hours in plasma and in O.l5M NaCl. No release of radio
activity from the cells occured during this period. How
ever, oxine assayed spectrophotometrically was rapidly
released in suspending medium. The labeled cells were
homoginized with a tight fitting pestle in a O.2M sucrose
containing 0.1mM sodium citrate pH 6.8. The hornoginate

free of nuclei and undisrupted cells was subjected to sub
cellular fractionation by sucrose density gradient centri
fugation. When the neutrophils were incubated for 10 or 60
minutes with In-lll oxine, 80% or L@0%respectively of the
radioactivity remained in the cytosol. Only approximately
3% of the activity in the cytosol was extractable in
chloroform, 18% was dialysable and about 5% was precipit
able with trichloroacetic aid. The cytosol solution was
analysed at 4 degree C on 3cm x 100 cm Sephadex G-200
column using citrate buffer pH 8.6 as an eluent. The
results indicated that the radioactivity was associated
with cytoplasmic components of apparent mol.wt, 5@O,OOO,
80 ,000 , 3 ,600. The work therefore suggests that the In-ill
oxine complex crosses the cell membrane and dissociates.
The oxine may leave the cells where as the In-ill firmly
binds to cytoplasmic components.

INDIUM-ill LABELEDAUTOL000USLEUKOCYTESIN MAN. Mathew
L Thakur J.Peter Lavender Rosemary N.Arnot Davin J
Silvester and Anthony W.Se@gal@ NRC Cyclotron Unit, Royal
Postgraduate Medical School, Hammersmith Hospital, London
England.

Autologous leukocytes isolated by three different tech
niques have been labeled with Inâ€”illoxine aridadniinist
ered to 15 patients suspected of inflammatory disease.
Focal accumulation of radioactivity wa@ detectable in 12
patients and sabsequent confirmation of sepsis was obtained.
From 3 such patients samples of abscesses were recovered
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which showed markedly higher radioactivity than that in
the same weight of blood. In the other 3 patients a
normal distribution of radioactivity was observed, and
subsequent prolonged clinical examination failed to sust
am any evidence of sepsis.

The stability of the label has been demonstrated and
the in vivo kinetics and distribution of the labeled cells
studied. The distribution is influenced by the type and
viability of the cells in the preparation. Generally, the
distribution of leukocytes administered intravenously and
measured as Inâ€”illradioactivity showed initial accumulat
ion in the lungs. Approximately half of this radio
activity cleared in 15 minutes and the remainder slowly in
four hrs post injection. Twentyfive to 5@ of the radio
activity subsequently distributed in the spleen, liver and
bone marrow. The relative count rate in the spleen was
higher than in the liver. The radioactivity in the liver
and spleen did not show appreciable change with time up to
i+8hourspostinjection.TheInâ€”illradioactivity
administered as labeled leukocytes free from erythrocytes
cleared from the circulating blood with a half time of
7.5 hours.

NUCLEAR SCANNING WITH INDIUMâ€”lllLABELLED CIRCULATING
LYMPHOCYTES IN ANIMALS. Philip Frost Heiner Frost and
Julian Smith. Wayne State University School of Medicine
and Harper Hospital, Detroit, Mich.

It is the purpose of this study to determine if Indium
111 labelled lymphocytes recirculate normally and whether
they distribute normally to lymphatic tissues. The goal
is to evaluate the scanning potential of such labelled
circulating cells, The initial part of these investiga
tions determined that lymphocytes can indeed be labelled
with Indiumâ€”illand that labelling follows first order
kinetics. The incubation of mouse lymphocytes with as
little as 10 pCi of Indiumâ€”lllresults in 2.5 million cpm
per 10 million cells. Cells labelled with Indiumâ€”ill
distribute in a manner identical to chromium labelled cells
into the lymphoid organs of the mouse and rat. In addi
tion, these cells recirculate normally in the rat as cvi
denced by the thoracic duct cannulation studies we have
performed. Extremely high doses of Indium (in excess of
100 @iCiper 100 million cells) is toxic to the cells.
Early experiments have demonstrated that utilizing a
rectilinear nuclear scanner, we can delineate the spleen,
the liver, the cervical and probably the mesenteric and
periaortic lymph nodes. We are presently modifying our
procedures and technique in an effort to demonstrate
smaller lymph node groups. We foresee the potential use
of this methodology as a means of studying lymphocyte
recirculation in man as well as attempting to delineate
lymphatic tissue by nuclear scanning. This has potential
uses in a variety of patients, including those with neo
plasia or connective tissue diseases. (This work is
supported in part by NIH Grant No. CA16426O3 and the
Harper Hospital Medical Staff Trust Fund.)

INVIVO DISTRIBUTION OF INDIUM-hi LABELED LYMPHOCYTES.
COMPARISON WITH Cr-5l AND Tc-99m LABELS IN ANIMALS AND

MIGRATION IN MAN. Mathew L.Thakur Gordon H.Rannie
Williams L Ford , John M ,Goldman , Kate Murray , Rosemary
Arnot , Diana Park and Peter Lavender@ NRC Cyclotron Unit,
Royal Postgraduate Medical School, HauunersmithHospital,
and Manchester University Medical School, England.

Rat Lymphocytes were obtained from thoracic duct by
cannulation, purified, washed with O.l5M NaCl and re
suspended in culture medium or in 0.l5M NaC1. The cells in
culture medium were incubated for 1 hr with Cr-5l chromate,
and Tc-99 pertechnetate and for 10 minutes in normal
saline with In-ill oxine. Approximately 5% of the Cr-5l
and Tc-99m and 85% In-ill radioactivity was associated with
the cells. At 2'4bra after i.v. injection of labeled cells
to syngeneic rats 30.8% of In-ill activity was found in
lymph nodes compared to 26% of Cr-5l and 3.6% of Tc-99rn.
Crâ€”5l and In-ill radioactivity in the spleen decreased to
31% at 2'4hrs from 56% at 2 hrs post injection. During
18 bra after injection 30% In-ill, 26% Cr-5l and 0.6%
Tc-99m radioactivity recirculated from blood into lymph

collected from thoracic duct. The In-ill and Cr-5l radio
activity was much lower in all nonlymphoid tissues amount
ing to only 10% in the liver. Only 0.3% of the In-ill
circulating in blood was found in plasma. These results
signify the viability and the phsiological redistribution
of the In-ill labeled lymphocytes. In a small group of
patients with Hodgkins disease autologous lymphocytes
separated from blood and labeled with In-ill were
administered intravenously. Whole body scans showed radio
activity in the spleen, liver and bone marrow together with
the recirculated radioactivity in lymph nodes.

EVALUATION OF TEE IN VIVO PROCESS FOR PREPARING TC-99m RED
BLOOD CELLS. John F Harwig and Add G Mattar. Washing
ton University School of Medicine, St. Louis, MO.

Preliminary reports of in vivo labeling of red blood
cells (RBC) with Tcâ€”99mappear promising but have left
several mechanistic questions unanswered. To further
elucidate the in vivo labeling process we have studied
quantity of Sn(II), time interval between administration of
Sn(II) and pertechnetate, labeling efficiency, clearance
rate from blood, optimum early and delayed scan times, and
chemical form of nonâ€”RBCbound activity. Quantities of Sn
(II) from 0.5 ug/kg to 50 jig/kg body weight were generated
electrolytically and injected intravenously into 1â€”3kg
rabbits 5â€”30mm preceeding injection of lâ€”5mCipertech
netate. Serial blood samples were drawn 5 mm â€”24 hr
after pertechnetate administration to determine I whole
blood activity bound to RBC (labeling efficiency) and I
injected dose (ID) remaining RBC bound (clearance). Plasma
samples were analyzed by gel chromatography to determine
nature of nonâ€”RBCbound activity. When >2 iigSn(II)/kg is
injected 20 mm prior to pertechnetate, the labeling
efficiency reaches 95% 15 mm later, by which time 90% ID
is RBC bound. Nonâ€”RBCbound activity is largely in a
reduced chelated form. The labeling efficiency remains
>95% for at least 24 hr, which corresponds to the half
clearance time. Below 2 ug Sn(II)/kg labeling efficiency
ranges from 30% â€”802 at 15 mm with only 25% â€”70% ID
being RBC bound, the remainder largely in the form of free
pertechnetate. The labeling efficiency slowly climbs to
>95%as the pertechnetate clears.

These results indicate that in vivo RBC labeling is a
function of wellâ€”definedconditions which can readily be
manipulated to provide excellent properties for routine
use.

WEDNESDAY, 2:00 p.m.-3:30 p.m.

GASTROINTESTINALI

Chairman: Robert C. Stadalnik
Co-Chairman: Robert S. Hattner

CHICAGO ROOM

THE RELATIVEIMPORTANCEOF BLOODFLOWAND LIVERPHAGOCYTIC
FUNCTION IN THE DISTRIBUTIONOF TECHNETIUM-99MSULFUR
COILOID.JohnW.B BradfieldandHenryN Wagner Jr.
The JohnsHopkinsMedicalInstitutions,Baltimore,Md.

Imagingof the liverand spleenby Tc-99msulfurcolloid
(T-SC)dependsbothon bloodflowandon theabilityof
phagocyticcellstotakeupthecolloid.Thisstudywas
doneinmiceto findoutwhetherabnormalorgandistribu
tion of T-SC could be caused by severe depression of
Kupffercellfunction.Kupffercellblockadewas produced
usingi.v.dextransulfate.Blockadewasmeasuredby quan
titatingthedistributionof i.v.Cr-5llabeledsheepred
blood cells (Cr-SRBC). In control mice 90% of the test
Cr-SRBCwere recovered from liver and less than 5%from
spleen. In blockadedmiceliveruptakewas reducedto 10%
whereassplenicuptakewas increasedto 40% of the injected
doseandtheactivityinthebonemarrowwasincreased37-
fold. IncontrastthedistributionofT-SCinblockaded
mice was only slightly disturbed by the most severe block
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ade. WhenT-SCwas injectedi.v.in a doseequivalentto
1000timesthatusedin humans,therewas no evidenceof
KupffercellsaturationwhentestedwithCr-SRBCor T-SC.

Threeconclusionsare drawn: 1) We findno evidence
thatabnormalitiesin thedistributionof T-SCto liver
and spleenare causedby depressedfunctionof hepatic
phagocytes.2) T-SCis nota suitableagentformeasuring
Kupffer cell function. 3) Kupffer cell blockade cannot be
usedto increasethe localizationof thisscanningagentin
otherorganssuchas spleenor bonemarrow.

BIOLOGICALDtSTRtBUTIONOF VARIOUSSIZECOLLOIDALPARTICLES
INDISEASEDSTATES. JohnJ Coupal FrankH DeLand and
Eulshin E Kim. Veterans AdministrationHospital and
UniversityMedicalCenter,Lexington,Ky.

The purposeof thIsstudywas: (1)to measurethevaria
tion In colloidal particle size in preparationsof stannous
chloride (sd) and sulfur colloid (SC)(labeled with Tcâ€”99m)
(2)to evaluatetheeffectof particlesizeon biological
distributioninnormalsand diseasedstates. Particlesize
was measured in 29 preparationsof Sâ€”Cand six of SC1 by
polycarbonatemembranefiltersof vartousporesizes. Mean
particlesizeof theS-Cwas O.1e2@,1gm*0.1; of theSC190%
was greater than O.8pm. In sixty patients the biological
distributionwas judgedfromradionuclldeImagesby: (1)
relativeconcentrationIn liverand spleen,(2)concentra
tioninboneand lung,and (3)levelof bodybackground
activity.NormalImageswereobservedinninepatientsal
thoughtheS-Cpreparationsvariedinparticlesize
(O.2â€”O.8pm)and thestannouschloridepreparationswereall
greater than O.8,um. In those patients (19) with bone mar
rowactivity,if spleenactivity/unitvolumeexceededthat
of the liver, liver disease was always present, but if they
were equal, liver disease was not present. In nine pa
tients with prominent bone marrow activity there was no In
creasedsplenicactivity.Lungactivitywas foundin 13
patients,sixwith liverdisease.Of ninepatientswith
lung activity greater than bone marrow activity, only three
had liverdisease. Of 12 patIentsreceivingSCI,five
showedlungactivity;onlyone had liverdisease.We con
dude that within the particle size range of RES Imaging
commercial preparations that no size relationshipscould be
establishedrelativeto lung,bonemarrow,and splenicac
tivity,exceptfor increasedlungactivitywithSd.

TUE ROLE OF GA-67 CITRATE IMAGING AND DIAGNOSTIC
ULTRASOUND IN PATIENTS WITH SUSPECTED ABDOMINAL
ABSCESSES.Bharath lCumar.Philip O.Alderson,G.Geis@
Mallinckrodt Institute of Radiology,St.Louis,Mo.

A prospective comparison of Gaâ€”67Citrate
imaging and abdominal sonography was performed
in 50 patients with suspected abdominal abscess
es.Each patient had both a dual probe rectilinear
Gaâ€”67scan (48 and 72 hour views)and an Ultra
sound study (Bistable Nâ€”22,Grey Scale N28)within
a 48 hour period.Both studies were negative in 19
patients and subsequent followâ€”updemonstrated no
evidence of a focal inflammatory process.l5 pa
tients were proven to have an intraâ€”abdominal
abscess.Gaâ€”67 images were positive in l3(872)of
these patients while the sonograms identified the
abscess in li(73%).Im one patient,false positive
results were obtained by both procedures.The re
maining 15 patients had positive Gaâ€”67images and
negative sonography.These Gaâ€”67studies demon
strated abnormalities other than abscesses.6 pa
tients had renal disease,(3 pyelonephritis,l vas
culitis,l renal vein thrombosis,1ATN)and 9 pa
tients had other types of inflammatory disease
(3 subacute bacterial endocarditis,2 lower extre
mity cellulitis,3 injection abscesses,l Crohn's
disease).In 12 of these patients these sites of
inflammation proved to be the source of fever.
There are no statistically significant differ
ences in the sensitivity or specificity of Gaâ€”67
imaging and sonography for detecting abdominal
abscesses.An advantage of Gaâ€”67imaging is its
ability to detect nonâ€”abscess sites of inflamma
tion within and outside the abdomen.

THE USE OF ULTRASOUNDTO ENHANCETHE DIAGNOSTICUTILITY OF
THE EQUIVOCALLIVER SCINTIGRAPH. Daniel Câ€¢Sullivan , Ken
neth J V Te@lor and Alexander Gottschaik. Yale Univer
city,New Haven,Connecticut.

Using state-of-theâ€”art 37 tube cameras , we have under
taken a prospective study on 75 patients with equivocal
hepatic scintigrapheadding grey-scale echography to see
if diagnostic accuracy could be improved using the combined
modalIties . The ultrasound study was usually performed
immediately, and in all cases no later than 2 days after
the hepatic scintigraph. The nuclear studies were catego
rized on the basis of the initial. reading as: 1). â€œequiv
ocal , probably normalâ€• , 2) . â€œequivocal , equivocalâ€• , or
3). â€œequivocal, probably abnormalâ€•. The echographic find
ings were summarized as : 1) . â€œnormalâ€•, 2) . â€œequivocalâ€•,
or 3) . â€œabnormalâ€•with respect to the specific question
raised by the nuclear image. In the T5 patients studied,
814equivocal radionuclide findings were identified as fol-.
lows : ncnâ€”homogeneity (35 ) ; enlarged ports hepatis (19);
edge defect (19) ; left lobe abnormality ( 5) ; enlarged renal
fossa (p4);or enlarged hepatic vein confluence (2). Satis
factory proof is available in 1@5instances.

Based upon these 1@5proven findings , the following con
ciusions can be drawn: 1). When the liver scintigraph is
equivocal in any â€œIFand the ultrasound is normal - the
liver is normal with high reliability (25/28 or 89% in this
series]. 2). When the liver scintigraph is â€œequivocal â€”
probably abnormalâ€• end the ultrasound in abnormal - the
liver is abnormal, (12/12 â€”100% in this series]. 3). All
othercombinationshavelimitedreliability.Fiveof six
patients in this study fell into category 1). or 2).
above , and the increased accuracy of the equivocal liver
scintigraph with ultrasound is statistically significant
(pi.Ol) compared to the radionuclide study alone.

THE SOURCE OF FECAL GALLIUM-67 IN RATS. Andrew
Taylor Steve Mullen Neil Chafetz Wallace
Hooser. Veterans Administration Hospital, San
@fego, CA.

Bowelpreparationpriorto gallium-67scanningoften
consist of cathartics, a liquid diet, enemasor somecorn
binationof theabove. A liquiddietapparentlypresup
posesGa-67excretionbytheliverintothebile;presum
ably,the liquiddietwouldminimizetheemptyingof the
gallbladder.Thisinvestigationwasundertakentodeter
mine the contribution madeby the liver to Ga-67 excretion
via the gut.

The bileductwas ligatedandseveredin 30-Sprague
Dawleyratsandshamoperationswereperformedinanaddi
tional30rats.All60ratsreceiveda tailveininjec
tion of 20-30 microcuries of Ga-67 citrate and were housed
in metaboliccageswherethreesuccessive24 hourcollec
tionsof urineand feceswereobtained.Ten ratsrespec
tively from the control and experimental animals were sac
rificed at 24, 48, and 72 hours for tissue distribution
studies.

At all time periods, the tissue distribution of Ga-67 ir@
theexperimentalanimalswas similarto thatin thecon
trols. The 72 hour fecal excretion of Ga-67 in the con
trolanimalswas 13.3%comparedto 11.3%in ratswiththe
severedbileducts.Clearly,thecontributionbytheliver
to fecal excretion of gallium was minimal. Basedon these
studies, it would probably be unnecessary to deprive a pa
tientofsolidfoodsincethelivercontributiontogutcx
cretion was minimal and a liquid diet would be unlikely to
facilitategalliumtransitthroughthebowel.

WEDNESDAY, 2:00 p.m.-3:30 p.m.

BONE/JOINT 2
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GALLIUM SCANNING IN PAGET â€˜S DISEASE OF BON.@: A SUPERIOR
PARAMETERIN FOLL@JINGTHE RESPONSETO CALCITONINTHERAPY.
A D !iaxme@@@@J K Siemsenâ€• and F Singer. LAC/USC
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Medical Center, Los An, Calif.

Conventional bone scans have been used along with blo
chemical parameters and xâ€”rays in the evaluation of
patients with Paget's disease of bone. Wehave cosmared
the above parameters with Gallium scans of the skeletal
system before end after calcitonin therapy in patients with
known Paget's disease.

Eleven patients with Paget's disease had serial bone
scans with Tcâ€”9Qmdiphosphonate (TcDP) before end after
calcitonin therapy, while 8 patients had Gallium skeletal
surveys. All patients had serial serum alkaline phos
phatase and p1; hour urinary hydroxyproline determination.

The pretreatment Gallium scans all showed skeletal
abnormalities similar to the TcDP bone scans. The TcDP
bone scan was a poor indicator of calcitonin induced
improvement in moderate to severe disease when compared
with the serun alkaline phosphatase and urinary hydroxv
proline determinations . Galliun scans done within a week
of the bone scans, however, showed dramatic iumrovement in
all cases , and appeared to paralle1 the changes demon
strated biochemically.

We conclude that calcitonin has a profound affect on
Gallium uptake by pagetic bone. The results suggest that
Gallium scanning is a much more sensitive parameter in
following patient resncnse to calcitonin than the
conventional bone seen.

FRACTUREHEALING:EVALUATIONUTILIZINGRADIONUCLIDEBONE
IMAGING.LewisGumennan StewartFogel MarkGoodman
Edward Hanley George Kappakas Geoffrey Levine Akio
Kikuike. University of Pittsburgh, Pgh., Pa.

Radionuclidebone imaging was performed in a rabbit
modelto observethe course of fracture healing andestab
lish criteria for distinguishingdelayed and non-union
from normal healing.

@ Tc-99m Methylene Diphosphonate gama camera (pinhole
collimator) images were collected and subjected to computer
dataanalysis.Sequentialimagingcontinueduntilhealing
or non-unionwas establishedclinicallyand radiographi
cally. Fourgroupswereestablished:1) Control- imobi
lization;2) NormalFracture- osteotorny;3) Delayed
Union- osteotomyplusperiostealstripping;4) Non-Union
- osteotomy,periosteal stripping and polymethylmethacry
late interposed between fracture fragments.

Histographic representation of absolute count rates
alongtherabbittibiaoneweekafterosteotomyhad the
configurationof twopeakswitha centralvalleyat the
fractureline. At twoweeksa broadsingleor biphasic
peak was present. No healing was demonstrable by radio
graph. At threeweeksthepeakhad narrowedandcalluswas
detectable.By fourweeksthepeakwas narrower,callus
was detectableand thefractureswereclinicallystable.
In theDelayedUniongroupthesequencewas similarbut
delayedup to threemonths. The Non-Uniongroupdemon
stratedno recognizablepatternof healing.

Sequentialbonescanningwithquantitativedataanaly
sis has potential for indicating the course of healing in
fractures.Absenceof a peakat eachfractureendmay be
an earlypredictorof non-union.

VALUE OF TECHNETIUM-99ni PYROPHOSPHATEBONE IMAGING IN
EQUINEORThOPEDICS.GottliebUeltschi.KlinikfUr Nkitz
tiere und Pferde, Berne Switzerland.

Thisstudywas undertakento evaluatetheusefulnessof
bone imaging techniques in early navicular disease, tar
sal degeneration and spinal disorders. The equine ske
leton can be d&nonstrated using a scintillation c&nera,
2-4 hours after i.v. acfrTdnistrationof 100 mCi Tc-99m-PP.
All diseased navicular bones (102) showed increased up
take of the bone label, whereas the sound ones (98)
shcaved little or no uptake. 9 horses with increased up

take and no laneness showed lesions of navicular disease
at autopsy. 26 horses showing increased uptake and no la
meness are being exa@iined regularly to determine, if the
scintigraphic findings are an early sign of navicular
detonation. Of 344 tarsal joints exanined 149 showed

increased tracer uptake and radiological changes, 188

normal uptake and no other changes, 74 an increase in up
take but no radiological alterations and 19 normal uptake

with marked radiological changes. The 14 horses with in
creased tracer uptake but no other alterations are under
observation to see, if the scintigraphic findings are an
early sign of osteoarthrosis. In 20 horses the vertebral
coluiin was studied. In 3 horses with back pain increased
accurrulation of the tracer was observed on one side of the
ileosacral junction. In 5 other horses with back problems
abnormal uptake in the thoracolirtar spine could be de
rronstrated. Bone imaging is an extremly helpful method
for the evaluation of radiological changes and there is
some evidence that this technique could be used for the
early detection of navicular disease and joint affections.

WEDNESDAY, 2:00 p.m.-3:3O p.m. JANE ADDAMS ROOM

IN VITRO AND RADIOASSAY2

Chairman: Danielle J. Battaglia
Co-Chairman: Kent Painter

AUTOMATICPAPER-STRIPRADIOASSAY.I. DETERMINATIONOF
THYROXINEBY A ONE-STEPPROCEDURE.MarshallE Deutsch
and Louis W Mead. Thyroid Diagnostics, lnc.,Bedford, MA.

Our objectivewas to demonstrateif it is possibleto
carry out radioassay by allowing a developing solution to
traversea stripofpaperonwhicha samplehasbeende
posited,thusbringingthesampleintosuccessivecontact
with a series of reagents previously impregnated on the
paper. Advantagesare greaterstabilityof reagents(they
are kept dry until the momentof reaction), simplicity of
operation (the complex whose radioactivity is to be mea
sured is brought to a spot where the measurementcan be
madewithout manipulation of the paper; i.e., decantation
and centrifugingareobviated),obviationof timing(the
reactionautomaticallystopswhenthe striphas beencoo
pletely traversed) and removal of various interferences
becauseof differingRf's.

By useof a developingsolutioncontainingthimerosal
and salicylateto inhibitunwantedbinding,we havebeen
ableto constructsucha paperfor radioassayof thyroxine.
The paperis 19 cm longby 6 mm wide,witha bendat 10 cm,
and it is supportedon a plasticstrip. Antibodyis immo
bilizedby adsorptionon polystyrenelatexat the bendand,
2 cm below this a solution of 1-125 labelled thyroxine is
driedon thepaper. Twenty@ilof serumis appliedbelow
thisand the testis startedby dippingthestripin devel
opingsolution.Indicatorat theend of the stripshows
whenthe testis completed.

Afteran hour,the stripsare invertedandcountedin a
shield which permits counting of the end 1.6 cm only. The
testhasa sensitivityof about0.5pg% anda coefficient
of variationof about3%.

Conclusion:feasabilityof themethodhasbeenshown.

THYROXIN RADIOASSAYS UTILIZING ALBUMIN MAGNETIC MICROPAR
TICLES. Dionyssis S Ithakissios and David 0 Kublatowicz.
Medical Products Division, 3M Co. , 3M Ctr. , St. Paul, MN.,
55101.

Advantages of utilizing magnetic microparticles in
radioassays have been described [Clin. Chem. 22, 1165
(1976)]. We extended this approach by preparing a variety
of magnetic microparticles which were useful both in non
immune (NIR) and immune (RIA) T4 assays. The micropar
tides were composed of a water insoluble protein matrix
containing barium ferrite. The protein matrix was made in
soluble through chemical crosslinking with glutareldehyde.
Two different compositions of particles were made according
to their utilization in radioassays: a) the protein matrix
consisted of BSA containing T4 antibody or TBG b) the
matrix was made of albumin only or included a second sub
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stance such as charcoal, silicates or anion exchange resin.
The first type of particle used was In solid phase RIA and
NIR. The second type vas used in assays requiring separa
tion of free from bound T4. The utilization of these part
ides in radioassays was found to provide fast and precise
results (less than 60 mm to perform: CV less than 4%)
with minimum manipulations.

This method had potential application to other assays
as was demonstrated by using albumin magnetic micropar
tides in T3 Uptake and vitamin Bâ€”12radioassays.

SOLID PHASE RADIOASSAY FOR â€œTHYROTROPINâ€”DISPLACINGIMMIJNO
GLOBULINS.â€•Michael Okerlund Judy Duh and Francis S
Greenspan. University of California Medical Center, San
Francisco , California.

Human thyroid plasma membranes were attached to poly
vinyl cups and displacement of human thyrotropin(TSH)â€”
1251 by serum gamma globulin extracts studied by a new
solid phase method. A suary of the data:

Number Range Mean+lS .D.

â€”â€” â€” 100+5

40 35â€”91 68+9
30 41â€”105 71Â±7
1,8 55â€”10176+8
45 65â€”124103+11

Positive testâ€”<@OZbinding level of normal globulin pool.
90% of patients with untreated Graves' disease had
positive tests, with levels not correlated with goiter
size, thyroid antibodies or severity. Euthyroid ophthal
mopathy patients had positive tests, as did 90% of cases
on antithyroid therapy for Graves' disease and most up to
1 year after treatment with radioiodide or surgery. 20%
of patients with Hashimoto's thyroiditis were positive and
several with nodules or cysts.â€•Thyrotropinâ€”displacing
immunoglobulinsâ€•are a relatively specific test for
Graves' disease and our finding of similar TSH binding to
both normal and hyperthyroid membranes suggests a
primary importance of this immunologic factor in thyroid
activation. The higher proportion of unexplained positive
tests in patients with thyroid diseases such as adenomas
and cysts than in normal people nay indicate either an
immunologic factor in some of these disorders or that
such immunoglobulins are a genetic marker requiring other
unknown factors for actual thyroid activation.

INTERNALSAMPLEATTENUATOR.A NEWMEThODFOR COUNTING
OF BOUND AND FREE ACTIVITY IN RADIOINMUNOASSAY WITHOUT
PHYSICAL SEPARATION OF PHASES. Jan I Thorell, Dept of
Nuclear Medicine, University of Lund at MalmÃ¶ General
Hospital, MalmU, Sweden.

Radioimmunoassay and related procedures are based on
measurement of the distribution of the radioactivity bet
ween antibody bound and free fractions. To permit counting
of either (or both) of them, one fraction is usually turned
into a nonâ€”solubleform, e.g. by precipitation or adsorp
tion. Then, the two phases are physically separated,
usually by removal of the soluble phase. This step is one
of the single major sources of error in the assay, in some
assays quite tineâ€”consumingand not suitable for automation.

The dominating radionuclide in radioimmunoassays is l2S@
Its low energy gammaâ€”radiation (27â€”35keV) is effectively
attenuated by elements with moderately high Zâ€”numbers.If
such an attenuator in powder form is added to the incuba
tion tube, and is mixed with the solid phase the radiation
is attenuated and the sample would only emit radiation from
the soluble phase, despite the presence of both phases
within the tube.

Theoretical considerations and practical testing showed
that Cadmium and Tungsten were effective attenuators. The
system was tested in a double antibody insulin assay, a hPL
ethanol precipitation assay and a solid phaseâ€”antibodyin
sulin assay. Tungsten powder was added .to the tubes before
and/or after centrifugation of the samples after which the

samples were counted without further separation of phases.
The results showed standard curves with identical sensiti
vity and improved precision in comparison with assays in
volving a conventional separation step with counting of
individual phases.

DOUBLE-ANTIBODY RADIOIMMUNOASSAY FOR HUMANPRE-ALBUMIN.
H3ieh Fu Cheng Sue Keller and Richard E Petersoii@,
1@iuclearMedicine, University of Iowa Hospitals and Clinics,
Iowa City, Iowa.

Preâ€”albumin (TBPA) , one of the serum proteins which bind
thyroid hormones, should be included in studies of protein
binding problems affecting thyroid function. Since two
thirds of the flux in free thyroxine is due to release and
binding of the hormone by TBPA, measurement of acute and
chronic changes in scm TBPA can be of value in selected
thyroid function studies. For this reason, we sought to
develop a fast and sensitive TBPA assay.

The doubleâ€”antibodyradioinimunoassay (RIA) for TBPA is
based on a competitive reaction between Iâ€”l25â€”TBPAand
TBPA (standards or serum) for the binding site of an inmu
nobinding reagent (IBR). The precipitable IBR is pre
pared from the interaction between rabbit antiserum
against TBPA and goat antiâ€”rabbitganma globulin. A RIA
kit for human TBPA has been developed, consisting of pun
fied human TBPA, Iâ€”l25â€”TBPA,and the IBR. Iâ€”l25â€”TBPAis
allowed to react with IBR at 4Â°C for 24 hours. The preci
pitate is conveniently separated by membrane filtration,
washed, and measured for radioactivity, which represents
the antibodyâ€”boundform of the TBPA. An acceptable stan
dard logâ€”logcurve relating antibodyâ€”boundIâ€”l25â€”TBPAto
added standards of TBPA can be readily obtained. Unknown
TBPA values in samples being assayed can be read off the
standard curve.

Our normal serum preâ€”albumin range approximates 350 pgm
per ml (35 ngm/dl)(5.O pmole/L) in agreement with earlier
results using electrophoretic techniques. This double
antibody, preâ€”precipitateRIA procedure is readily appli
cable to CSF, milk, etc. Assay results from patients with
a variety of thyroid disorders will be presented.

RADIOMETRICMICROBIOLOGICALASSAYOF FOLATEAND NIACIN.
JudithA KertcherMarianneF Chen PatriciaA McIntyre
andHenryN Wagner Jr. TheJohnsHopkinsMedical
Institutions,Baltimore,Md.

There is a need for sensitive, specific and reliable
assays for folates and niacin. A radiometricmethod, orig
inallydevelopedforassayingvitaminB12 in serum,has
been extended to measure levels of these vitamins present
in biologicalfluids. Lactobacilluscaseiwas usedfor
theassayof folicacid. In the presenceof C-l4-gluconic
acid,the productionof C-l4C02 by thisbacteriisnwas pro
portionalto theamountof 5 methyltetrahydrofolicacid
present.Preliminarystudiesof ten normalseraassayedby
thismethodshoweda meanof 6.48+ 1.86ng/m1, witha
rangeof 4.5 to 10.8ng/ml. The normalrangefor serum
folateis 5 to 21 ng/ml.

NiacinwasassayedusingLactobacillusplantarumwith
U-C-14malicacid. C-l4-CO2productionwas foundto be
proportionalto theamountof niacinpresent. In early
studies,it was notnecessaryto separateprecipitated
serumproteinsor debrisfromwholebloodhemolysate,
resultingin theeliminationof severalstepsnecessaryfor
theconventionalmicrobiologicalassay. Furthersimplifi
cationis possibleif lyophilizedbacteriaare substituted
in theassay. Useof lyophilizedbacteriaobviatesthe
needforroutinesubcultureoftheorganisms.Values
obtained from comparison of standard and lyophilized cul
turesshowedexcellentagreementforthe 20 seratestedto
date.

Thesesemi-automatedradiometricmicrobiologicalassays
may be applicablenotonlyto measuringvitaminB12,
folatesand niacinlevelsin biologicalfluids,butalso
to determiningtheirlevelsin foodstuffs.

%Pos.

80.0
75.0
88.9
17.8

Group

Normal pool
Graves, never treated
Graves, treated
Graves on thionanide
Other thyroid disease
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THURSDAY, 10:45 a.m.-12:l5 p.m. JANE ADDAMS ROOM

RADIOPHARMACEUTICAL 4:
TECHNETIUM RADIOPHARMACEUTICALS

Chairman: Gerald D. Robinson
Co-Chairman: David A. Allen

THE INFLUENCEOF STRUCTURALCHANGESON BIODISTRIBUTIONOF
Tc-99mLABELEDN-SUBSTITUTEDIDADERIVATIVES.@
SubramanianJohnG McAfee RobertW HendersonMarilyn
Rosenstreichand LindaKrokenberger.UpstateMedical

@nter,Syracuse, NewYork.

A variety of N-substituted IDA derivatives were synthe
sizedand labeledwithTc-99musingstannouschloride.Sub
stitutiongroupsforthe iminohydrogenincluded:I.aceta
mide;2,hydroxyethyl;p-hydroxyacetophenone& methyl.II.
Substitutedacetanilides:2,6 Dimethyl;2,6Diethyl;2,6Di
isopropyl ;2,4,6 Trimethyl ;p-ethyl ;p-isopropyl ;p-butyl;
p-ethoxy;p-butox.y& o-butoxy.III.Acetobenzylamine.

Imaging and biodistribution studies were performed with
thesecompds.in rabbits.GroupI compds.wereexcreted
predominantlythroughkidneyswithminimallocalizationin
the liver. The converse was true for Group II compds. and
the Group III compd.was excreted equally by both organs.
As the lipophilicityof thesubstituentgroupincreased,

the biliaryexcretionalsoincreasedand theurinarycx
cretiondecreased.GroupII compds.whichhada fast
transit time in the liver also showeda high urinary excre
tion. As the substituentgroupwas changedin the2,6
positions from methyl to isopropyl , the 15 minute urinary
excretiondecreased(5.2%to 1.6%)theconcentrationin
the liverincreased(9.8%to 44.5%),and theexcretionto
thebiledecreased(69.7%to 35.4%). Similardifferences
in distributionwereseenforsubstituentsat the para
position. The p-butyl derivative had the least urinary
excretion(<1%at 1 hr),thehighestretentionin the
liver(10%at 1 hr) and a relativelyslowrateof biliary
excretion.Thus,the relativeconcentrationsand ratesof
clearanceby the liverand kidneycanbe markedlyaltered
by selecting different substituents for coupling IDA.

RELATIONSHIPBENEEN MOLECULARSTRUCTUREAND BILIARY
EXCRETIONOF TECHNETIUM-99mHIDA AND HIDA ANALOGS.Donald
Burns LuigiMarzilli DavidSowa DavidBaumand HenryN
WagnerJr. Divisionof Nuclear@Medicfneand Departmentof
Chemistry,JohnsHopkinsUniversity,Baltimore,Md.

In orderto gaininformationon therelationshipbetween
molecularstructureof technetiumradiopharmaceuticalsand
theirbiodistributions,a detailedinvestigationof Tc-99m-
HIDAwas undertaken.A new synthesisof HIDAwas developed
whichinvolvesreactionof 2,6-xylidenewithnitrilotriace
ticacidin the presenceof aceticanhydrideto givea 70%
yieldof HIDAin 4 hours. Severalanalogsof HIDAwere
preparedby thisreactionincluding:

HO2Câ€”@__NH@CH2N(CH2CO2H)2= CHIDA

MixedliquidexperimentswithHIDAand CHIDAdemonstrated
thatthesecompoundsformbis-complexeswithtechnetium,
i.e., t@ molecules of ligand are bound per technetium.
Identicalcomplexes(asevidencedby electrophoresis,
chromatographyand biodistributlon)wereobtainedwhen
sodiumborohydrideor stannouschloridewereusedas reduc
ingagents,indicatingthattin is not incorporatedInto
thecomplexes.Thechargeson thecomplexesweredeter
minedusingionexchangeand electrophoresis.The biodis
tributionsof fiveof thecomplexes,includingonemixed
ligandcomplex Tc(HIDA)(CHIDA),inmicerevealeda linear

relationship(r=O.994)betweenbiliaryexcretionand
LnIMW/ZIwhere:

MW = the molecular weight of the technetium complex
Z = the net charge on the technetium complex

TECHNETIUM-99m: 3-HYDROXY 4-FORMYL PYRIDINE:GLUTAMIC ACID
COMPLEX. A NEW RAPID CHOLESCINTIGRAPHIC AGENT. Akira Kohno
Tatsuo Maeda Hiroyuki Shiokawa Yoshiharu Karube and
Yoshikazu Matsushima. Kuruine University, Kyushu Cancer
Center and Kyushu University, Fukuoka, Japan.

A new radiopharmaceutical, Tc-99m:3-hydroxy 4-formyl
pyridine(HFP) :glutamic acid(G) complex(Tc-99m-HFPG) under
went more rapid biliary excretion in animals and gave
more clear scintigrams than Tc-99m-pyridoxylidene
glutamate. In normal rabbit. the gall bladder was clearly
visualized scintigraphically 10 mm after iv injection.
The radioactivity in the intestine kept increasing and
1 hr after injection most of the injected radioactivity
was present at the intestinalregion. The renal excretion
was a minor path. Thyroid was not visualyzed scinti
graphically. When the bile was collected from the common
bile duct by cannulation, about 85% of the radioactivity
injected was present in the bile and no radioactivity in
the duodenum and the intestine within 1 hr.
The compex was prepared by heating an aqueous solution
(pH 6.5-7.5) of HFP, G, and pertechnetate-99m for 10-15
mm at 90_bOo. The simple method may be applicable for
a kit preparation. The toxicity test is going in these
laboratories. No serious objection for clinical use has
been found so far.

PREFERENTIAL LOCALIZATION OF LIPOSOMES [Tc-99m DTPA] IN
THE LIVER. George H Hinkle Gordon S Born Wayne V
Kessler and Stanley M Shaw. Purdue University, School
of Pharmacy and Pharmacal Sciences, West Lafayette, IN.

Liposome formulations composed of different lipids
were studied in order to achieve an efficient entrapment
procedure for the production of liposomes [Tc-99tn DTPA].
The entrapment efficiency was studied using gel filtration
column chromatography. An evaluation of the particle size
range of the prepared liposomes was conducted using
electron microscopy. Entrapment techniques and separation
procedures led to a liposome [Tc-99m DTPA] preparation
with particles in the colloidal size range. Dramatic
differences in the organ distribution of the liposome
(Tc-99m DTPA] preparation in mice were produced when
different particle size ranges of liposomes were injected.
Liposomes [Tc-99m DTPA] eluted in the first fraction after
the void volume led to a maximum uptake by the liver of
greater than 907.of the injected dose ten minutes after
intravenous injection. The colloidal size range liposomes
of the first fraction provided a greater degree of
localizationin the liver than the liposomesof the pooled
fractions. For pooled fractions,blood levels remained
elevated indicating the presence of very small diameter
liposoines [Tc-99m DTPA].

With appropriate techniques,a liposome [Tc-99m DTPA)
preparation was obtained which cleared rapidly from the
blood, produced low background tissue levels, and a high
degree of liver localization. Tc-99us DTPA liver
clearance values indicated that the liposoine [Tc-99m DTPA]
preparation may be useful as an agent for determination of
liver function.

ARE TWO PHOSPHATE GROUPS NECESSARY FOR BONE LOCALIZATION
OF Tc-99mCOMPLEXES?HankKun@ RobertAckerhaltand
Monte Blau. State University of New York at Buffalo.
Buffalo, New York.

All of the Tc-9@n bone scanning agents in current use
are complexes containing at least two phosphate groups.
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It is not clear whether this is a requirementfor beau
zationor justa reflectionof thefactthatthe first
Tc-99m bone scanning agents were polyphosphates.

We haveprepareda new bonescann$ngagent,phosphono
acetic acid (PM) containing only a single phosphate group.
Thiscompoundwas chosenbecauseit representsthesim
plest monophosphate which would be expected to complex Tc.
PM isa newantiviralagentwhichspecificallyinhibits
virus-inducedDNApobymeraseby interactingwith itat the
pyrophosphatebindingsite.

Labeling was carried out in the usual manner with Sn(fl)
reducedTc-99mpertechnetate.Yieldswerehighand paper
chromatographyshowed less than 1% free Tc-99m pertechne
tate. Organ distribution studies were done in rabbits
and rats. At twohoursthefemuruptakewas 1.2%in rab
bits and 0.93% in rats. This corresponds to a total bone
uptake of about 3OZ and 23% respectively.The corresponding
dataforTc-9@npyrophosphateare0.80%and 0.98%infemur
and 2O@ and 25% in totalbone.

We concludethereforethatmonophosphatesdo localize
in bone. This new class of Tc complexes may have some
advantages over di- and polyphosphatesfor myocardial
infarct localization.

DISSOCIATION CONSTANTS OF Tc-99m CHELATES WITH SERUM
PROTEIN. Mrinal K Dewatijee and Paul M Brueggemann.
Mayo Clinic and Mayo Foundation, Rochester, MN.

After showing the relationship of protein binding and
the localization of Tc-99m chelates into infarcted
myocardium, we realized the importance of the nature of
interaction between serum protein and Tc-99m chelates in
biodistribution and imaging with Tc-labeled compounds and
determined the dissociation constants of Tc-chelates and
human serum albumin by the modified Huninel-Dreyer
technique and equilibrium dialysis.

The Sephadex G-50 column was equilibratedwith dilute
solutions of different Tc-99m chelates, e.g. Tc-diphos
phonates (HEDP and MDP), Tc-glucoheptonate,Tc-DMSA and
Tc-DTPA. Variable amount of human serum albumin
(25, 50, 125 and 250 mg) was added to the column and
washed with the same solution of Tc-chelate. The extent
of extraction, i.e. the amount of radioactivity in the
crest is a measure of the strength of interaction between
human serum albumin. From the known amount of human
serum albumin added and the amount of Tc-chelates in the
crest, the dissociation constants have been determined.
The dissociation constants of Tc-MDP, Tc-P2O7,
Tc-DMSA, Tc-glucoheptonateand Tc-DTPA are 2,2 x 1O17
2.7 x 1016, 8.4 x 1016, 1.1 x 1O16, and 1,4 x 1017
respectively. These results are in conformity with the
blood clearance of Tc-MDP, Tc-HEDP and Tc-P207. These
results will be useful in the kinetics of distribution
and compartmental analysis of Tc-labeled compounds in
biological system.

POLAROGRAPHY OF TC(IV) AND RE(IV) COMPLEXES. George H
Carey Alum G Jones Alan Davison Harvey S Trop Bruno
V DePai@philisand Michael A Davis, Department of Radiol
ogy, Harvard Medical School, Boston, MA and Dept. of Chea
istry, Massachusetts Institute of Technology, Cambridge,MA.

The chemical form of technetium in radiopharnaceuticals
is the subject of some debate. Because reduction from the
heptavalent state appears to be the first step in the for
nation of many of the compounds in use in nuclear medicine,
a clearer understandingof the accessibilityof oxidation
states +3, +4, +5 and +6 in aqueous solution as a function
of ligand donor sets is required. This understanding is
hampered by the lack of a large body of systematic chemis
try for both this element and its congener rhenium, and by
the ease of hydrolysis in aqueous solution of simple tech
netiun complexes in the mmst stable of the reduced states,
(+4), to technetium dioxide dihydrate. Polarographic stud
ies of well characterized technetium (+4) complexes and
their rhenium analogs have been carried out in acetonitrile.
These studies have provided information on the inherent
ease of oxidation and reduction of these species as a func
tion of ligand donor sets in the absence of complications
due to hydrolysis. Using a rotating platinum electrode,
halide and pseudoâ€”halide(+4) complexes as the tetraalkyl

assnonium salts undergo reversible one electron oxidations
to the +5 state. These oxidations,with the exception of
SCN@, are very difficult for both Tc and Re. The rhenium
complexes are easier to oxidize than those of technetium,
e.g. His(Re, X â€”Cl) â€”1.18 volts vs. SCE, but EÂ½(Tc, X
C1) â€”1.94 volts vs. SCE. In addition, one electron re
duction reactions to the +3 states have been studied using
a dropping mercury electrode. It is concluded that the one
electron oxidation and reduction of hexacoordinate Tc(IV)
complexes containing halide ligands is extremely difficult.

THURSDAY, 10:45-12:15 p.m.

PULMONARY 2

625

PROCEEDINGS OF 24th ANNUAL MEETING

LINDHEIMER ROOM

Chairman: Roger H. Seeker-Walker
Co-Chairman: Norman D. Poe

PULMONARY VENTILATION, PERFUSION AND RADIOAEROSOL DEPOSI
TION IN DOGS FOLLOWING H@4IThORAX IRRADIATION WITH CO-6O
OR FAST NEUTRONS. P.C Alderson E.W Bradley M.E
Bradley K.G Mendenhall and B.A Siegel. Armed Forces
Radiobiology Research Institute, Naval Medical Research
Institute, Bethesda, MD and George Washington University,
Washington, DC.

To assess the effects of therapeutic doses of radiation
on regional pulmonary function, 31 dogs had serial chest
radiographsand quantitativeXeâ€”l33ventilation, Tcâ€”99m
perfusion and Tcâ€”99mphytate aerosol studies following
henithorax irradiation with Coâ€”60 photons or fast neutrons.
Each dog also had serial spirometry and compliance measure
ments. All doses of radiation were delivered in a 24â€”treat
ment course, 4 doses per week for 6 weeks. Integral photon
doses of 3000, 4500, or 6750 reds were delivered; neutron
doses were 1000, 1500, or 2250 rads. All studies were re
peated 3, 6, 9 and 12 months after irradiation and compared
to baseline studies obtained prior to irradiation. Dogs in
the highâ€”dosephoton and neutron groups and the mediumâ€”dose
neutron group showed spirometric evidence of decreased lung
volume and had decreased compliance. These dogs showed
marked reductions of perfusion and aerosol deposition in
the irradiated lung. The singleâ€”breathXeâ€”l33distribution
and radioaerosol deposition pattern agreed more closely
with the perfusion pattern than did Xeâ€”l33equilibrium or
clearance studies. Although several dogs had focal areas of
mild Xeâ€”133retention, overall clearance rates of Xeâ€”l33
were increased. The results provide informatIon about al
terations of regional lung function in (primarily) reatric
tive pulmonary disease, and demonstrate that neutrons are
4â€”5times as damaging to normal lung as photons.

Kr-8ljn V@T.E Xe-133 FOR V@rILJ@TI@@ThWfl@ IN SWPEC'JE@
PUIbfllM@Y E!4BOLI@4. Paul M Weber ani L.V @s @dios,
Kaiser@Pe@nte ?@d1ca1 Canter, @danI; I@bert Sd@r ani
1:@vid@ Universityof California, San Frammisom, @.

Fbr suspectal !*]]lIenaxy erbo].imm (PE) we used T@â€”99m
micxosf*)eres to evaluate perfusiom , sal ocmÃ§ared Kr-8kn
with Xe-133 f@ veatilaticri (V) inmging. First in a sirqle
position (usuafly posterior tting, Xe V equilibritzn
(generally rebreathing 1-4 mm) anl waalxxit iiemges were
taken. Â¶L1@ind.czospheres @einjected with patient stÃ§ire,
and Krâ€”Slute].uted by O@fran @-8lg@@eratorwee delivered
as needed by mask. cbrre@crxIin pairs of Q ani Kr V
images were thkem in all p@eit1cns imoleding cbliqmes by
spectrax@ter switthin. Final diajmmsis wes based on
clinical outa:iie. Of 30 patiemta, V aix! Q @emo@1 in 2
witIx@ut ltuj disease. Of 9 with PE, 2 h@I mmotI@ pul
ucnary disease (@@D), aid both Kr aix! Xe V were zxmnal. Of
tl@ other 7 (PE & D, Kr V IIVltiplevi@.s differentiated
regionalV/Qmiaintdies(PE)frana1j&@nt antcI@dlesions
(c@'D)in 3 where Xe sh@ed eatcted V/@only (3 PEmissed).
In 3 otI@rs with PE & C@D, Kr th@ied V defects In 2 rct
seen with Xe, while in 1 Xe sIx@t@edsore V defects than Kr.
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,n@otl@r19(zx@PE)bedcI'Dc@heartfailureaxxlKrwee
sore saisitive in 2 (Xe false positive PE in 1) ani Xe in 4
for slx,wlsxj some V lesions. Kr-8]xn (190 keV,@ = 13 eec)
with better resolution, low rediaticn c@se, ease of use arxl
capacity for quick multiple paired V/@ vines results in
greater sensitivity than Xe for diagrmai.s of FE especially

@nassociated with@ longer Xe @iil1bration u@y
inÃ§rove its sensitivity k*zt is tire constining. Xe may sI@
ama].l areas of CI@Dbetter because weslxxzt lesions are
positive. With Kr, defects are always plx*openic arxlmay
be obsonred by rmxinal aCtiVity.

PULMONARYVENTILATION AND PERFUSION MEASUREMENTS USING
Kr-81n; BASIC METHODOLOGY. Peter J Kenny Denny D Wat@qp
John C Clark Ronald D Finn and Albert J Gilson. Mount
Sinai Medical Center, Miami Beach, FL.

Krâ€”8lmfrom a Rbâ€”8l--+Krâ€”8ln generator has been used to
naaaure changes in regional ventilation (V/V) , regional
perfusion (Q/V) and regional ventilation perfusion ratio
(V/Q) in 20 dogs in the control state and following lobar
occlusion and/or drug intervention. Data from this work
were analyzed to provide a basis for the use of Krâ€”8ln
for similar measurements in pulmonary function studies in
humans. Serial quantitative images were obtained during
the equilibrium and washout phases for both ventilation
and perfusion studies using a scintillation cameraâ€”comput
er system. A method was developed for measuring Q/V and
V/Q by constant intravenous infusion of Krâ€”8lmin a dcx
trose solution. In this case, the equilibrium concentra
tionof Kr-81n in any region depends on the values of Q/V
and V/V in that region. â€˜ti/vwas measured from ventilation
washout studies. From this, separate quantitative deter
minations of @/vand v/Q, as well as v/v, for the whole
lung and selected regions were made. Because of the short
halfâ€”life and short equilibration times for Krâ€”81n distri
bution in the lungs, it was possible to make repeated
determinations of these quantities at intervals of a few
minutes to assess the effects of intervention. For
example , within minutes of lobar occlusion , perfusion re
duction averaging 50% was shown to have occurred in the
hypoxic region, as expected, presumably due to reflex
vasoconstriction. The techniques developed provide a
basis for the use of Krâ€”8ln in conthined ventilation and
perfusion studies for the measurement of V/V. Q/V and V/Q
in humans.

A CLINICAL COMPARISON OF Xe-l27 AND Xe-l33 FOR VENTILATION
STUDIES. Harold L Atkins Herbert Susskind Johannes F
Klopper Azizullah N Ansari Powell Richards and Ralph G
Fairchild. Brookhaven National Laboratory, Upton, N.Y.

Xenon-127 is currently available from Brookhaven
National Laboratory for pulmonary diagnostics. A clinical
comparison of Xe-l27 and Xe-l33 was therefore carried out
to evaluate whether the theoretical advantages secondary to
the physical decay characteristics of Xe-l27 could be
realized in a clinical situation.

Nineteen male patients with a variety of pulmonary
problems were studied. A large field-of-view gamma camera
was used with medium resolution 280-key and medium
sensitivity l4O-keV collimators for the Xe-l27 and Xe-l33
studies, respectively.

The theoretical advantages of Xe-l27 over Xe-l33 were
shown to exist in practice. The principal advantages of
Xe-127arehighercountratespermillicurieand improved
resolution. The ratio of Xe-127/Xe-133 in counts recorded
over the chest wall per millicurie of radioactivityin the
lungs averaged 1.22 at equilibrium and 1.39 for the initial
inspired breath. Use of the highest sensitivity colli
mators would result in a further gain, thereby increasing
this ratio to 2.20 and 2.50. Markedly improved resolution
of Xe-l27 was demonstrated by measurement of a line phantom,
but this was not apparent on subjective appraisal of scinti
photos, except in the washout phase. Other advantages of
Xe-l27 are an excellent shelf life and a lower patient

radiation dose. Furthermore, a prior perfusion study using
a Tc-99m radiopharmaceuticaldoes not affect the quality of
the Xe-l27 ventilation study. The use of Xe-127 therefore
permits the selection of only those patients with suspected
pulmonary embolism requiring ventilation studies and
eliminates unnecessary radiation exposure.

PATTERNSOF VENTILATION IN PATIENTS WITH CARDIOMEGALYOR
HEARTFAILURE. R.H.Secker-Walker T.Toban and J.E.Ho.
St. Louis University School of Medicine, St. Louis, Mo.

Patterns of regional ventilation in patients with heart
failure have received little attention, although such pa
tients are often referred for ventilationâ€”perfusion stu
dies.

We have studied patients suffering from ischemlc heart
disease (11), hypertensive heart disease (16), and other
cardionyopathies (16), who had no history of chronic ob
structive pulmonary disease. Each had a ventilation study
using serial images of the washin and washout of l33Xe, and
a perfusion scan using (Tcâ€”99m)HAM.

Twenty one patients with evidence of peripheral edema
had significantly larger hearts (P<O.Ol) than those without
edema, but their age and mean arterial blood pressures were
not significantly different. A defect related to the heart
was seen at the left base at the end of the washin in 23
patients, but there was no significant relationship between
the size of, or filling of the left lung compared to the
right with respect to heart size, or the presence or ab
sence of peripheral edema.

Eighteen patients had clear lung fields by 4 nin.(mean
2.5 + 0.93 mm) while the remainder had delayed clearance
(mean 6.0 + 2.5). The presence of rales at the bases was
significantly associated with delayed clearance(chiâ€”squared
â€” 6.75, P<O.0l). There was no difference in the clearance

time between the left and right lungs in any group.
These findings indicate a wide range of clearance pat

terms in patients with cardiomegaly or heart failure. The
highly significant association or rales with delayed clear
ance is consistant with the suggestion that edema of the
terminal bronchioles is one of the mechanisms underlying
impaired gas exchange in these conditions.

REGIONAL02-C02 PARTIAL PRESSURES ANDPULMONARYVENOUS
CONTENTS FROM VENTILATIONâ€”PERFUSION SCANS. B.R Line J.D
Fulmer B.D McLees R.G Crystal A.E Jones and J.J
Baile@y@ National Institutes of Health, Bethesda, Md.

Ventilationâ€”perfusion ratio (V/Q) images are of impor
tance in providing a quantitative measure of the matching
of blood and gas pools, but contain insufficient informa
tion to determine the adequacy of gas exchange. To eval
uate the effect of V/Q imbalance on 02â€”CO2transfer, we
have combined scintigraphic V/Q studies with a model of
alveolar gas exchange adapted from Kelman (Has. Phys.
4:260, 1968). The model algorithm, implemented in Fortran
II on a minicomputer (HP 54O7A), uses a two stage itera
tive approach to compute V/Q ratio relationships to
02â€”CO2bloodcontentsand alveolarpartialpressuresutil
izing patient hgb, hct, pH, temperature, mixed venous
contents and inspired gas compositions. Model data is
combined with scintigraphic V/Q determinations in over
1500 small regions of lung to generate images of regional
02â€”C02partial pressures, 02â€”CO2blood contents, res
piratory quotient and volumes of 02 uptakeâ€”C02release.

To validate this approach, seven patients with biopsy
proven pulnxniaryfibrosis underwent upright cardiac cathe
terization and upright posterior ventilation (Xeâ€”l27)and
perfusion (Tcâ€”99mMAA)studies. The blood oxygen content
(Ca02) values (range 17.7â€”25vol%) predicted from perfu
sion and 02 content images differed from the actual Ca02
values by 4.15+4.42% (mean Â±scm). We conclude that: (1)
a physiologic model of pulmonary gas exchange can be ap
plied to scintigraphic data to estimate regional alveolar
pressures and capillary contents and (2) the functional
images produced may be useful to detect regions mmst
significant in derangement of pulmonary gas exchange.
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ACUTE TOXICITY AND SAFETY FACTORS OF LUNG IMAGING AGENTS AS
A FUNCTION OF PARTICLE SIZE. Michael A Davis Georgia M
Frieswick and Arnold Mandelstam, Joint Program in Nuclear
Medicine, Harvard Medical School, Boston, MA.

Estimates of the safety factor for macroaggregated human
serum albumin (MAA) and human albumin microspheres (HAN)
used in pulemnary perfusion scintigraphyvary widely. This
investigationwas designed to elucidate the safety factor
as a function of the particle size. The particles were in
jected into the tail vein of nonâ€”anesthetizedalbino CD rats
and mice. The LDâ€”5O(24 hrs) was determined for 5 discrete
ly sized nicrospheres composed of 3 different materials.
For each particle type and size survival curves were plotted
to show the relationship between the percentage of animals
surviving and the number of particles injected per gram body
weight. The materials of which the particles were composed
had little or no effect on the acute biologic response as
evidenced by identical LDâ€”5Ovalues for albumin and latex
spheres of the same size. Results indicated that the acute
LDâ€”5O(24 bra) in rats varied from 710 to 154,000 particles/
gram body weight and in nice from 695 to 96,500 particles!
gram body weight for 90 to 13.5 in particles respectively.
The slope of the killing curve showed the minimum lethal
dose (MLD) to be 25 to 30% lower than the LDâ€”5Ovalue. When
extrapolated to the clinical situation these data yield
safety factors (MLD) of 1,000 to 10,000 for injected doses
of 100,000 to 1,000,000 nicrospheres (28Â±12pm). The safe
ty factor drops dramatically to 25 with equivalent doses of
90 um particles. It has been previously proposed that the
ideal particle size for pulmonary perfusion scintigraphy is
13.5Â±1.5pm. Particlesof thisdimensionhavea safetyfac
tar 5 times greater than that obtained with the currently
used 28Â±12 @inmicrospheres.

THURSDAY, 2:00 p.m.-3:30 p.m.

for platelets than Cr-5l. In-lll-labeled platelets should
providea valuabletoolfor the studyof plateletkinetics
in humanhealthanddisease.

COMPARISON OF IN-lil LABELED PLATELETS AND IODINATED
FIBRINOGEN FOR THE DETECTION OF DEEP VEIN THROMBOSIS.
L.C Knight J.L Primeau B.A Siegel N.J Welch.

Department of Radiology, Washington University School of
Medicine, St. Louis, Missouri.

Iodinated fibrinogen is widely used for detection of
deep vein thrombosisby the fibrimogen uptake test. If Iâ€”
131 or 1â€”123is used as a label, scintigraphic visualiza
tion of thrombi may be accomplished. Unfortunately,fibrin
ogen is not efficiently taken up by older thrombi in which
fibrin deposition has slowed, and a high thrombusâ€”toâ€”blood
ratio of radioactivity is necessary for imaging, especially
in areas of large blood pool. We have previously reported
the use of Inâ€”llllabeled platelets for the visualization
of thrombi and shown that thronbi as old as 96 hours can be
visualized. In this study the uptake of Inâ€”llllabeled
platelets in thrombi is compared to that of iodinated fibrin
ogen. Freshly isolated platelets were labeled by mixing
them with 8â€”hydroxyquinolinelipid soluble complex of Imâ€”lll.
The platelets were then administered to dogs in whom venous
thrombi had been induced by alteration of the intima by an
electric current. Dogs with thrombi of various ages (1â€”24
hr) were studied and 1â€”125â€”fibrinogen(IC1 method, <0.5 I
atoms per melecule fibrinogen) was injected at the same time
as the platelets. Twentyâ€”fourhours after injection, the
thrombi were remmved and the associated radioactivity com
pared with that of equal weight of blood (thrombus:blood
ratio). Thrombus:blood ratios as high as 32:1 were obtained
for indium labeled platelets; i.e. as much as 2x as high as
for iodinated fibrinogen. For thrombi of all ages, good
scintigraphic images were obtained from 1â€”24hours after in
jection of the agent (best images at 12â€”15hours postâ€”in
jection) even when the thrombi were not visible by contrast
venography.

CHICAGO ROOM

DIAGNOSISOF EXPERIMENTALPULMONARYEMBOLIWITH INDIUM-ill
LABELEDPLATELETS.G MclbmoyleH.H Davis N.J Welch
J.L Primeau L.A Sherman and B.A Siegel. Edward
Mallinckrodt Instituteof Radiology, St. Louis, Mo.

A simple, noninvasivemethod for the direct visualiza
tion of pulmonary emboli would be of considerable value
for the diagnosis of this common disorder, especially in
patients who have underlying parenchymal lung disease or
are too ill to undergo pulmonary angiography. For this
purpose, we have investigatedthe accumulationof In-ill
platelets in acute pulmonary emboli. Radiolabeledvenous
thrombi were produced In 6 dogs by the injectionof human
thrombin and Tc-99m sulfur colboid into occluded segments
of bothjugularveins. One hourlater,the thrombiwere
releasedand imagesdemonstratingthepositionof theTc
99m labeled pulmonary emboli were obtained. Autobogous
platelets labeledwith In-llioxine were injectedand
sequential imageswere obtained for one hour. The dogs
were then sacrificed,and the emboli and tissue samples
were removed and assayed for activity. Sixteen pulmonary
emboli containing Tc-99m sulfur colboid were seen by
imagingand 14of theseweredetectedwith In-illplate
lets; 5 emboli were visualized immediately and uptake in
the remaining 9 appeared on later images. In all animals,
at least one embolus was detected by imaging. Mean embo
bus weight was 538 mg, mean in-ill uptake was l.O9t dose/
g embolus,andmeanembolus/bboodratiowas 16.1. In2
animals,imagesshowedadditionalfociof increasedIn-ill
uptake,distalto an emboluscontainingTc-99m;thisup
take may reflect thrombus propagation. Our results demon
strate that acutepulmonary emboli in dogs can be readily
detected by imagingwith In-ill labeled platelets.

TECHNETIUM-99m-OXINEAND INDIUM-lil-OXINE LABELLED
AUTOLOGOUSPLATELETS: DEMONSTRATIONOF FRESHEXPERIMENTAl.
VENOUS THROMBI IN THE RABBIT AND DOG. Brian W Wistow
ZacharyD GrossmanGopalSubramanianJohnG McAfee,
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STUDYOF THE KINETICSAND IN VIVODISTRIBUTIONOF IN-lu
LABELEDPLATELETS:A COMPARISONWITHCR-5lLABELED
PLATELETSIN RABBITS. UrsulaA Scheffeland PatriciaA
McIntyre.The JohnsHopkinsMedicalInstitutions,
Baltimore, Md.

In 1976Thakuret al. describedIn-lll-oxineas a
suitableagentfor labelingplatelets.The presentstudy
was undertakento evaluateIn-llllabeledplateletswith
respectto theirphysiologicalbehavior.A method,recently
recommendedfor itsmaximumyieldof viableplateletsand
leastdamagingeffecton thecellsduringlabelingwith
Cr-5l,was modifiedand optimizedforusewithIn-lll-oxine.
Althoughplateletswerelabeledin the presenceof plasma
a reasonably good efficiency of 27%-67% was achieved.

The recoveryandmeansurvivaltimeof In-llland Cr-5l-
labeled platelets were comparedinrabbits (8 animals each).
The percentofcirculatingplateletsat 20 minutesafter
infusionwas significantlyhigher(p<O.OOl)for In-lll
labeled platelets (82.9Â±7.1) thanforCr-51-labeled plate
lets(56.2Â±8.7)(meanÂ±1s.d.). Fortheestimationof the
mean survival time three different mathematical models were
used. No significantdifference(p<O.5)was notedin the
survivalof In-illand Cr-5i-iabeiedplatelets.
The fate of In-lll labeled platelets was followed by

gammacameraimagingat varioustimesafterinjectionfor
a periodof 6 days. Withinthefirsthourtherewas an
increasein splenicradioactivity.At latertimes,as
cardiacactivitydecreased,liveractivityincreased.

Our resultsindicatethatIn-illis,in additionto its
moreadvantageousphysicalcharacteristics,a betterlabel
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Robert W Henderson Marsha L Roskopf. Upstate'Medical
Center,Syracuse,N. Y.

UtilizingIn-lllâ€”oxineplatelets(ThrombosisRes.9, 345,
1976),Thakurhas visualizedexperimentalcaninedeepvein
thrombi produced by electrical damageto vessel walls.
With both Tc-99mâ€”oxineplatelets and In-ili-oxineplatelets
wehaveimageddogand rabbit venousthronti producedby
magneticallycontrolledIntravascularironparticles.

Thrombi were created by i.v. injection of iron particles
1.2@ in diameter suspended in Renografin-76,with an
externalmagnetpositionedproximalto the injectionsite.
After 30 minutes, the magnetwas removedand radiographs
demonstrated that the iron particles remained stationary.
Grossexaminationof dissected veins revealed the clumped
particlesenmeshedin clot.

Platelet suspensions were prepared by a â€œbutton-lessâ€•
centrifugatlonmethodand labelled.Thrombiformed
followinglabelledplateletinjectionwereeasily
visualized as were thrombi created 1 to 3 hours prior to
platelet injection. However, older thrombi - formed
18-24hoursbeforeplateletinjection- werenot usually
detected.ControlswithTc-99mpertechnetateas wellas
Tc-99mâ€”oxine incubated with whole blood and with platelet
poor-plasma were negative.

In conclusion, Tc-99m-oxine platelets and In-ill-oxine
platelets are useful agents for fresh venous thrombus
localization.However,in thisexperimentalmodel,their
valuefordemonstratingolderthrombiis limited.

VISUALIZATI@ @â€˜FRESH @@ERIALDN'@ BY
TEcH@grIt14-99m-oxINE @NDINDITI4-Ul-OXINE I@L@D
AtTl@I.oGcxEPI@E1'S. Zathazy D &osmian Brian W
WistcM Q:pal Sttramenian Jchn G WAfee and IlEert
F @nsr, Upstate Modionl Center, SyraCuse, Now York.

Fb]J.owing t't:Afee and Thakur' s introdix*.icri of oxirm for
omU labeling (.RI@,l7,48O,l976), Thakur utilized Inâ€”lll
o@cLmelabeled platelets to Visualize canime ver@us thrathi
and mechanically daamged arterial intina (Thrarbosis Bee.,
9, 345,1976) . Mo have deiaistrated deposition of both

@:-99m ani In-rn platelets on minimally injured
endarteria.]. surfaces, witbout thrombosis.

Bethit ear arteries were punctured distally, an angio
gra@Ã¼cwire guide inserted, and an electric current
passed between tI@ wire arxl a distant soft tissme
electrode. Platelets suspended in sails were ii@tated
with either !ft-99m stanrmus oxine or In-lil-oxine for 20
minutes at zoom ten@erature.@ Labeling efficieixy for In
m-o,d.me varied fran 85 to 99%; for @-99m,fran U to
34%. Platelets were tl@ injected imtra@usly into the
cx@itralateral ear at various intervals follcs'zing arterial
damage.

Both In-lll-o,cLns platelets and Th-99m-oxine platelets
successfullyiira@d arterial injury 1, 3, and 6 bours old.
Injury 24 Ix*irsold, Ix@iever,wes only faintly damcn
strated. Tissue sections of mxosssfully imaged arteries
shc*@ slight enthtlElial ede@a and disruption of the
intinal os].l layer; Ix@iever, integrity of tl@ internal
elastic lanella and ltmd.nal patexxy were naintainad.

@refcre, Tt:-99m and In-lll-o,d.ne labeled platelets
acc@zru].ate selectively in sufficient numbers to permit
gammacamera imaging, cm minimally damaged endarterial
surfaoss, even in tte absence of thrombosis.

THE USE OF In-lll OXINE LABELEDPLATELETS FOR LOCALIZATION
OF VASCULAR THROMBI IN HUMANS. David A Goodwin Jerrold
T Bushberg Paul Doherty Martin J Lj@ton Frances K
Conley Carol I Diamanti and *Claude F Heares, Veterans
AdministrationHospital and Stanford University, School of
Medicine, Palo Alto, CA, *J@parteentof Chemistry,
University of California at Davis.

In seven patients with suspected vascular thrombi,
platelets obtained from 7Oml of citrated blood by serial
centrifugationwere labeled with Inâ€”llloxine using the
method of Thakur et al . The procedure took approximately
4 hours and the labeling yield averaged 66.8% Â±13.2 for
5 patients.The overallyield(includingchelationof
oxine and extraction in chloroform)was 26.2% Â±8.0%. An

average of 300 uc was injected and whole body scans and
spot views obtained 2, 24 and 48 hours after injection.
Blood disappearancewas followed up to one week. The
average biological half life was 3.52 Â±.20 days in 2 pa
tients. The labeled platelets were concentratedin the
liver and spleen on both early and 24 and 48 hour scan.
In one patients concentration of labeled platelet on the
scan was noted in the femoral arteries correspondingto
the areas which had been previously entered with a cathe
ter for angiography. Patients with advanced arterio
sclerosis shown by angiography had no uptake of platelets
in the correspondingarteries on the scan. One patient
with cellulitis of one leg had no platelet uptake in the
affected limb. This relatively simple labeling technique
provides viable radiolabeledplatelets suitable for
imaging intravascularthrombi in humans.

*Idilll Labeled Platelets:Preparation, Function Studieâ€•
and In Vivo Evaluation. M.L.Thakur, M.J.Welch, J.Hein
rich Joist and R.E. Coleman, J.Nucl.Med.l7:56l,June 1976.

INDIUM AND IRON AS KINETIC TRACERSFOR EARLYERYTUROPOI
ESIS. Barbara J McNeil Marjorie K Jeffcoat and Michael
A Davis. Harvard Medical School, Harvard Dental School
and the Joint Program in Nuclear Medicine, Boston, Mass.

External visualization and delineation of functional
bone marrow is important for diagnostic, prognostic and
therapeuticpurposes. Radionuclidesof iron are the most
logical choice for assessment of erythropoietic activity
but the usable isotopes have long half lives, poor decay
characteristics or limited availability. Indiunâ€”lll
chloride has thereforebeen used for marrow imaging al
though the site of its cellular localization is unclear.
In this investigation we attempted to solve the problem of
cellular localizationby employing an animal model which
selectivelydamages hematopoieticcells. Feâ€”55,an Auger
electronâ€”emittingradionuclide, delivers a lethal intra
cellular radiation dose to erythropoietic cells with
minimal damage to surrounding reticuloendothelial cells.

In the rat we have shown that the absolute marrow up
takes of indium and iron were different whereas the abso
lute uptakes of indium and sulfur colloid were the same.
However, in animals whose erythroid activity was partially
ablated with Feâ€”55,the relative uptakes of iron and
indium were the same and corresponded to the extent of re
maiming erythroid activity. In addition, during an in
vitro separation of marrow cellular elements with iron
carbonyl, both iron and indium remained in the erythroid
rich supernatantwhereas sulfur colloid was in the
precipitate.

These results indicate that in the rat, indiumâ€”lll
chloride is an effective in vivo marker of bone marrow
erythropoieticactivity.

CLINICAL IMAGING OF MARROW. Rashid A Fawwaz Lester
ilollander and James McRae. Donner laboratory, University
of CaljZo@nja, Berkele@r, California.

We have used 3 isotopes for marrow imaging: 52â€”?eSOj@,
lLlâ€”InC13 and 99nTcâ€”Sâ€”colloid.

When evaluation of splenic erythropoesis was necessary,
52â€”Fewas used since illâ€”In and 99mTcâ€”S.-cofloid localize
normally in the spleen. Examples of marrow imaging in this
category include: (1) the staging of patients with poly
cythenia vera, (2) the presurgical evaluation of the poten
tia.1. value of splenectcany in patients with myeloid metapla
sia and increased splenic sequestration of red cells, (3)
the differentiation of patients with end stage polycythemia
with nyelofibrosis from those with aplastic anemia. Splenic
erythropoesis occurs in the former but not the latter, and
(24) the differentiation of benign eosinophilias from eosino
philic leukemias. In the former 52â€”Femarrow distribution
is normal â€¢In leukemias , extramedullary hematopoesis is
observed early.

When hematopoetic reserve was being evaluated, 52â€”Feor
illâ€”Inwas utilized. Radioco.Uoids were not used because
phagocytic activity does not always reflect erythropoetic
activity. Examples of the value of marrow imaging in this
category include: 1. Predicting the value of androgen ther
apy in patients with aplastic anemia where the henatologic
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ditary increase in TUG. Serum T3 and FT3I were decreased
in patients with an hereditary absence of TUG while serum
T3 was low or normal and FF3I normal in patients with par
tial ThG deficiency. These studies suggest that the serum
T3 concentration and FT3I are useful in diagnosing all
forms of hyperthyroidism but are falsely low in many pa
tients with systemic illness due to a defect in the pen
pheral conversion of T4 to T3. Abnormalities in TBG can
also be detected by measuring the serum T3 and FT3I.

response correlates with the degree of residual narrow
present. In cases of inyelofibrosis a similar predictive
value can be ascribed to 52â€”Febut not to illâ€”Inimaging,
since the latter, in these instances, does not accurately
reflect erythropoesis. 2. The assessment of marrow toxic
ity in patients receiving chemoâ€”or radiotherapy.

When evaluation of localized marrow replacement was
sought, 99mTcâ€”Sâ€”colloidwas used due to the superior images
obtained.

JANE ADDAMSROOM

ENDOCRINE/METABOLISM2

Chairman: Stanley J. Goldsmith
Co-Chairman: Steven M. Larson

THYP.OIDFUNCTIONIN CHRONICALLYDIALYZEDUREMICPATIENTS.
Fiartin L rlusynowitz Prentice Thompson Stephen R
Plymate@andDouglasDaniels. l{illiaii BeaumontArmyMedical
Center,El Paso,Texas.

Thyroidfunctionin uremicpatientsundergoingchronic
hemodialysishasbeenextensivelystudied,but disparate
results havebeenreported in someof the parametersin
vestigated.(4ehaveevaluatedtensuchpatientswho had
no overtclinicalevidenceof thyroiddysfunction.Serum
concentrationsof Thyrotropin(TSH),ProteinBoundIodine
(PBI),and TriiodothyronineUptake(T3U)werenormaland
24-hour 1-131uptakewasalso normal. Thyroxineas iodine
(T4I),FreeThyroxineIndex(FTI),Triiodothyronine(T3),
FreeTriiodothyronineIndex(FT3I),ReverseTriiodothyro.
nineIndex(FRT3I)weresignificantlyreduced,and Serum
InorganicIodide(SII)andNonhormonallodoprotein(SIP)
wereelevated.ThyroxineBindingGlobulinCapacitywas
normal. The ratiosT41/T3and FTI/FT3Iwerenormal, but
T4IIRT3and FTI/FRT3Iwerereduced.TSH administration
causedsignificantincreasesin T4I,T3,T3U,FTI,FT3I,
and RT3 as compared to baseline , but the increases were
less than normal in regard to T4I, T3, T3U, FTI, and
FT3I. The TSH stimulatedrisesin RT3and FRT3Iwere
normal. These results strongly suggest that in chroni
caily dialyzed uremic patients (1) a hypophyseal defect
with regard to TSH secretion is present (2) a primary
intrathyroidal defect is also present, but whether this
is due to the elevated 511 or not is indeterminate, (3)
the peripheral binding of circulating thyroid hormones
is essentiallynormal,and (4)thereappearsto be a
shift in the peripheral conversion of thyroxine from
T3 to RT3.

USE AND MISUSE OF THE SERUM T3 CONCENTRATION AND FREE T3
INDEX. C.M Abreau A.G Vagenakis@ L Fournier and L.E
Bravernan. U. Mass. Medical School, Worcester, Ma.

The measurement of serum tniiodothyronine by RIA has led
to advantages and problems in interpreting results ob
tamed in patients with suspected thyroid disease. An in
direct serum free T3 concentrationcan be calculated as the
product of the serum T3 (Seralute) and the resin T3 uptake
ratio (Tnilute), i.e., the free T3 index (FT3I). The se
rum concentrations of T3 and T4 (Tetralute) and the free
T3 and T4 indexes were measured in 74 normal subjects, 48
hyperthyroid patients, 12 patients with T3 hyperthyroidism
in whom serum T4 concentration is normal, 41 hypothyroid
patients, 20 patients with nonâ€”thyroidalsystemic illness,
20 pregnant women, and 14 patients with an hereditary in
crease or decrease in serum TBG. Serum T3 and FT3I were
strikingly elevated in all patients with T4 hyperthyroid
ism and elevated, but less so, in patients with T3 hyper
thyroidism. During pregnancy, the serum T3 concentration
was elevated due to the increase in TBG but the FT3I was
normal. The serum T1 and FT.@Iwere low in patients with
overt hypothyroidism. In the 20 patients with systemic
illness, the serum T3 and FT3I were decreased in 14 and
the serum T4 and FT4I were increased in six. Serum T3
was increased and FT3I normal in patients with an here

THURSDAY, 2:00 p.m.-3:3O p.m.
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ENDOCENOUS SERUM TSH LEVELS AND METASTATIC SURVEY SCANS IN
THYROIDCANCERPATIENTS USING TRIIODOTHYRONINEWITHDRAWAL.
Neil D Martin. David Grant USAP Hospital and Kettering
Medical Center, Kettering Ohio.

In order to use 1â€”131for imaging and treating thyroid
cancer patients, high serum thyroid stimulating hormone
(TSH) levels must be present. We wished to determine if
high endogenous serum TSR levels could consistently be
generated from a hypothyroid state produced by using the
triiodothyronine withdrawal principle described by Stein
and Nicoloff, and where possible, observe if any differ
ences existed between images obtained by this method and
those obtained by using bovine TSH inj ections . 6 weeks be
fore scanning, those patients with differentiated thyroid
cancer were switched from thyroxine to 25 mcg. of triiodo
thyronine (cytomel)t.i.d. 4 weeks later the cytomel was
discontinuedand 10â€”14days later, one mCi of 1â€”131was
given after blood was obtained for the determination of
serum T4, TSR, and T3R by radioassay methods. The patients
were scanned 2â€”3days later. A total of 55 studies were
performed on 37 patients from 1973 through 1976 and only
one did not demonstrate an elevated TSH level. 10 of the
37 patientshad scanspositiveformetastatictissue. 9 of
the 37 patients had metastatic survey scans performed using
both bovine TSH and emdogenous TSR stimulation. 2 had
positivei.mages and 6 had negative images. No differences
were noted between the two sets of scans. The serum T4
levels were below normal in all 55 studies. The T3R results
were normal in 11 of 30 studies reflecting the lack of scm
sitivity of this te@t. It is concluded that triiodo
thyronine withdrawal does induce high endogenous TSH levels
and that under normal circumstances bovine TSH injections
are not required for metastatic scans.

HUMAN REACTION TO 3OVINE TSH. C T Krishnamur thy and
W H Blahd. VA Wadsworth Hospital Center, and UCLA School

of Medicine, Los Angeles, Calif.

Thyrotropin (TSH) stimulation test is cousnonly employed
to enhance the uptake of 1-131 by the tumor or thyroid rem
nant during therapy for thyroid cancer. Often an allergic
reaction to bovine TSH is noted. However its true mci
dence and its relation to dose have not been reported.
Twenty-five years ago a study was initiated to follow the
therapeutic course of thyroid cancer patients. Diagnostic
followup scans were obtained with 5 mCi of 1-131 yearly for
5 years, and once every two years thereafter. During each
followup scan, 10 units of bovine TSH was given daily for
3 days. Local erythema or swelling larger than 4 cm in
diameter, generalized urticaria, or anaphylactic shock
(rare) were considered allergic reactions.

A total of 42 patients were treated in this fashion.
The cumulative TSH dose varied from 50-500 units, with a
mean of 192 units. Eighteen of 42 patients (437.) showed
reactions to TSH. The cumulative mean dose of TSH in these
18 patients was 116 units. The reaction rate rose steadily
up to a dose of 150 units and reached a plateau thereafter.

Twenty-four patients (57%) showed no reaction to TSH and
have continued to receive it. The cumulative dose range in
these patients is 30 to 490 units, with a mean of 200 units.
It is concluded that human reaction to bovine TSH is quite
frequent (437.).An allergic reaction is generally found
before reaching a cumulative dose of 150 units of TSH.
Beyond this amount, a reaction is not dose related.

AN EVALUATIONOFSEVERALDIAGNOSTICPROCEDURESAS PROGNOSTIC
GUIDESFORTHIONAMIDE-TREATEDHYPERTHYROIDISM.S Na@ataki
H Ikeda F MatsuzakiT Yamaji@T Tsushima,HUchimura,
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E Duda. University of Chicago Hospitals, Chicago, Ill.

Nitrogenâ€”l3 anmionia has been suggested as a means of
measuring regional brain metabolism. Its differential di
agnostic value has been tested in patients with inflansna
tory, degenerative, neoplastic, or ischemic brain lesions.
Correlative imaging studies were obtained using Tcâ€”99m
pertechnetate,Gaâ€”67citrate, and CTT. The Nâ€”l3anunonia
was produced using the @O(p,a)UNreaction on water.*
Twelve patients received @NH@, Tcâ€”99m,and CTT studies.
Seven patients also received Gaâ€”67.Nuclide studies were
performed using the Anger scanning camera (Tho/Con,Searle
Radiographics,Inc.) with appropriate collimators. Six
plane vertex view tomograms or 12â€”planeanterior or lateral
view studies were obtained. The Nâ€”l3annuonia brain images,
obtained in 4â€”20mm. per view, showed relative increased
uptake in cerebral cortex and cerebellar hemispheres. In
tense uptake observed in two patients with memingioma was
absent in a third with a cerebellarâ€”pontineangle meningi
oma. Decreased or absent uptake was found in the following
abscessâ€”2,ischemic strokeâ€”l,radiation gliosisâ€”l,post
surgical tissue lossâ€”2,glionaâ€”l,cerebral edema/cerebritis
â€”1.Lung metastasesâ€”2,distinguishedby other nuclide and
CTT studies, could not be identified on the @NH@images.
Imaging of brain perfusion and metabolism using â€˜@NHswas
useful in determining regional dysfunction and distinguish
ing postsurgical change from tumor regrowth, but did not
provide differentialdiagnostic information in primary or
metastatic neoplastic disease.

(* Fundedunder ERDAcontract # EYâ€”76â€”Câ€”02â€”OO69)

CRITICAL FVALUATION OF Tc-9Qm GLUCOHEPTONATF AS A BRAIN
SCANNING AGENT. DoinaF.Tanasescu@ Ralph S . Wol fstein
!@!@c!@AlanD.Waxman. Cedars-Sinai Medical Center,
Los Angeles , California

The purpose of this study was to determine the accuracy
end sensitivity of Tcâ€”9')mglucohentonatebrain scinti
grephy.

Brain imaging consisted of a 15 mCi Tc-99m glucohep
tonate dynamic flow study with both immediate and del@ved
(2 - h hours) static images obtained. All imaging was
done using an Anger camera (Searle HP). Patient documen
tation was by engiography, surgery, autopsy, or clinical
followup greater than one year.

79' patients were included in this study. 509 were
proven normal , while 195 were proven abnormal . Of the
abnormal group, 162 patients had abnormal static imaging,
end en additional 20 had abnormal perfusion studies. 51
patients were found to have neoplasm, 1@hCVA, and @7other
lesions. Without inclusion of nerfusion results, overall
sensitivity was 83@, and accuracy 95.5@. With inclusion of
the perfusion studies, overall sensitivity was 9@ and
accuracy 98%. Sensitivity for OVA was 62@, and for tumor
9h@. With inclusion of the perfusion studies, sensitivity
for CVA increased to 9O@.

Subdural hematoma and infection were also readily
detectable with very high sensitivity values. However,
this grow, was quite small in total number.

We conclude that Tcâ€”@49mglucoheptonateis an excellent
radiopharmaceuticalfor brain scanning, with extremely
high sensitivity and accuracy for the detection of central
nervous system abnormalities.

COMPARATIVE STUDY 07'TECFINETIUM-99iuGLUCONATE AND FOUR
OTHER TECHNETIUM COMPLEXES (PERTECHNETATE, DTPA, CITRATE
AND BLEOMYCIN) IN THE DIAGNOSIS OF NETASTATIC BRAIN
TUMORS. ?4anfred Akerman G de Tovar and Diana B Chorny.
Hopital Foch, Suresnes, France.

Technetium-99in gluconate has been proposed as a brain
tumor-scanningagent. In order to evaluate its usefulness
in the diagnosis of cerebral inetastaseswe have compared
its results with those of 1) pertechnetate, 2) Tcâ€”99mDTPA,
3) Tc-99m citrate, 4) Tc-99m bleomyciriin four series of 10
patients who had known rnetastatic brain tumors.

The number and density of abnormal uptake areas
observed on delayed brain scans performed 2-6 hr after
injection of 15-20 mCi of each agent were compared in
each series.
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Y Imai M Maeda N Kuzuya S C Chiu N Sasakfind
L F Kumagai TI@eThird Department of Internal Medicine,
Faculty of Medicine, University of Tokyo, Tokyo, Japan.

T.@-suppressibility (T3-suppr) is a useful prognostic
guide during drug therapy for hyperthyroidism. Other pro
cedureswhich do not require in vivo radioactivity were
studiedto see if theycouldbe substitutedforT3-suppres
sion. T3-suppr,serum14 changesafterT3 andTSH and
prolactin responses to TRHwere evaluated in hyperthyroid
patients during drug therapy. SerumT4, T3 and TSHwere
normal at the time of testing. T3-suppr was defined as 20
mm thyroidal 1311 uptake of <8%after T3 (75 @g/d)for 14
days. No significantcorrelationwas observedbetweenT3-
supprand peakserumTSH responsesto TRH in 52 patients;
5 of 25 supprand 14 of 27 nonsupprpatientsfailedto show
a TSH riseof >5.4mU/mlto TRH. Prolactinresponsesto
TRHwere normal or increased in all 36 patients tested re
gardlessof theirT3 suppror TSH responsesto TRH. Serum
T4 changes after T3 correlated significantly with T3 suppr
in 58 patients;T4 levelsin 36 supprpatientsbeforeand
afterT3 for2 weekswere9.9+ 0.3 @ig/dland6.1Â±0.3
@ig/dl,respectively,p <.001. In 22 nonsupprpatients,T4
changes were not significant before and after T3, 10.1 +
0.4 @ig/d1and9.3 + 0.5 ug/dl,p >.O5.

Thesedataindicate(1)T3-suppressibilityandTRH re
sponsivenessin hyperthyroidismduringdrugtherapyare re
gulated by different mechanisms,so TSHor prolactin re
sponses to TRHare not useful prognosticators. (2) Changes
in serum T4 after T3 maybe substituted for T3-suppression
testsobviatingthe useof parenteralisotopesandmay be
especially useful in children and during pregnancy.

DIFFERENTIAL DIAGNOSIS OF HYPERCALCEMIA BY NEAS
URING PARATHYROID HORMONE , CALCITONIN AND 25â€”OH
D3. Rikushi Morita Masao Fukunaga Shigeharu
Dokoh Itsuo Yarnamoto and Kanji Torizuka.
Department oÂ±â€¢Radiology and Nuclear Medicine,
Kyoto University, Kyoto, Japan.

We have measured blood levels of parathyroid
hormone (iPTH), calcitonin (iCT) and 25â€”OHâ€”D@in
24 cases with a veri@ty of causes of hypercalcemia
and estimated the usefulness of' the assays of
these calcium regulating hormones in differentia
ting hypercalcemic conditions. In primary hyper
parathyroidism, iPTH levels were markedly high.
The iCT levels, however, were within normal range
except for one case with renal failure. In 7 cases
with bone metastases from primary neoplasms iPTH
levels were characteristically low, presumably be
ing supressed by hypercalcemia, whereas iCT levels
were higher than normal. Four patients with remote
malignant tumors produced a PTH like substance
with resulting hypercalcemia. In these not only
iPTH but also iCT levels were markedly high and
25-OH-D3 levels were within normal range. From
tissue assays the primary tumors, PTH like subs
tance was identified but not CT. In a case with
hypercalcemic multiple myeloma, iPTH, iCT, ionized
Ca@@and 25â€”OHâ€”D3were distributed within normal
range. This increased serum calcium level was
thought to be due to large amounts of myeloma
protein which bound additional calcium. Two cases
with Vitamin D intoxication were easily differen
tiated by extremely elevated serum 25â€”OHâ€”D3leves
with normal iPTH and iCT.

THURSDAY,2:00p.m.-3:3Op.m.

NEUROLOGY 2

LINDHEIMER ROOM

Chairman: Kenneth A. McKusick
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LONGITUDINAL MULTIPLANE FZ4ISSION TONOGRAPHY OF THE BRAIN
USING NITROGEN-l3 AMMONIA. Malcolm Cooper Karim Rezai
Zadeh James L Lehr John F Mullen Bruce Motk Eugene



2 cases of encephalitis and one case of ventriculitis.
It would appear that the radionuclide scan is more

sensitive than the CT scan for the detection of intra
cranial infection, but that both techniques used in con
junction will give the best diagnostic results.

A METHODFOREVALUATINGINTRACRANIALTUMORREMOVAL
I*@EDIATHLY FOLL@@ING CRANIO@IVMY. Alan D W@xman
Michael J . Apuzzo , end Jan K Siemsen . LAC-T@C l6dical
Center, @edars@Tnai Medical Center, Los Angeles, Calif.

The extent of tumor removal following central nervous
system surgery is difficult to evaluate using current brain
scanning techniques. This is due to the affects of the
surgery itself on surrounding brain tissue, as wel) as bone
and scalp changes . The current technique makes use of the
high Gallium affinity for central nervous system tumors as
well as a relatively long physical end biological Th.

l1 patients with known central nervous system tumors
were included in this study. A].l patients were injected
with 5 mCi of Gallium 67 citrate prior to creniotcsay.
Tumor uptake was allowed to occur end the patients were
scanned prior to surgery. Following the surgical procedure
a repeat scan was done without reinjection.

The optimum time interval from Gallium injection to
surgery was found to be 5 - C) dsy@. Intervals lees then 5
days resulted in a significant accumulation in calvarial
activity at the craMotcu@y site. Good correlation of re
sidual activity end the extent of tus@r removed was ob
tamed in 10 of the lb cases. Of the 1@cases in which the
correlationwas considered as poor, 3 were secondary to a
short interval between injection and creniotcsrjy of from
2@' - 60 hours. One case showed extensive residual by scan,
although surgically tumor removal was felt to be complete.
This case was serially scanned for six months, showing a
progressive increase in tumor size.

We conclude that the proper sequencing of Gallium
scanning pre and noetoperatively when done without reinjec
tion allows for a rapid and accurate assessment of tumor
removal following craniotomy.

BJDSIDE DiD@ERMINATI0N OF CEREBRAL BRAIN D@Th . Larry L
Heck Julius M Goodman Eugene D Van Hove. Methodist
Hospital of Indiana, Indianapolis, Indiana.

Objective confirmation of brain death is desirable even
though the clinical diagnosis by an experienced physician
is usually reliable. This is particularly necessary when
the etiology is unknown and there are legal and transplant
considerations involved. In brain death, the cerebral
circulation is essentially halted. An intravenous radio
active bolus will pass to the base of the skull but it
will not enter the intracranialcirculation. The radio-.
nuclide technique has been criticized because of the need
to transport a potentially salvageable patient attached
to many life support mechanisms to the nuclear medicine
department. A mobile gamma camera has been employed since
late in 1975 to allow the study to be performed at the
bedside.

A bolus of 2OmCi of Tcâ€”99m albumin is injected in a
subclavian or antecubital vein and followed with a 20cc
flush of normal saline. Serial 3 second images are obtain.-
ed on 70nvn film for a duration of one minute. A scalp
tourniquet is used to decrease interference from extra
cranial blood flow. Anterior and lateral 400,000 count
static post dynamic views are immediately performed to
evaluate filling of the intracranialdural sinuses.

We have successfully employed radionuclide angiography
in the determination of cerebral brain death in over 90
patients since 1969. Sixteen of the last 17 cases of
clinically suspected brain death were confirmed with radio
nuclide angiography at the bedside. The other patient
proved to have intracranial blood flow and subsequently
recovered from a metabolic encephalopathy. This method
has been more reliable than KEG.

Tc-99m gluconate was found to offer the same ability to
detect brain znetastases than Tc-99m DTPA. It gave much
more satisfactory tumor images than pertechnetate in 9 of
10 patients. The results of the scans using Tc-99xo
gluconate were generally better than those obtained with
Tc-99m citrate and Tc-99m bleomycin.

This comparative study shows that Tc-99m gluconate and
Tc-99m DTPA seam to be the best brain-scanning agents in
the diagnosis of metastatic brain tumors.

SENSITIVITY OF RADIONUCLIDE ANGIOGRAPHY. Frank H DeLand.
University of Kentucky and VA Hospital, Lexington, Ky.

The purpose of this study was to evaluate the senaitiv
ity of radionuclide cerebral angiography for the detection
of abnormal blood flow. 100 consecutive patients who had
had radionuclide dynamic studies (vertex projection) with
Nâ€”Maxand Tâ€”Maxcomputer analysis and contrast cerebral
angiography were analyzed. The clinical diagnosis of
these patients were transient ischemic attacks (72),
strokes (10), headaches (8), seizures (8), abscess (1),

pseudotunor cerebri (1). 57% of the patients had abnormal
sequential analogue cerebral blood flow studies; 64% had
abnormal computer studies; and 43% had abnormal arterio
grams. Of those patients who had abnormal analogue mu
clide studies, half had abnormal contrast angiograms, and
half of those patients with abnormal computer studies had
abnormal contrast angiograms . Of 36 normal nuclide stu
dies , 11 demonstrated abnormal angiograms . The angiogra
phic abnormalities were characterized as small artenio
sclerotic placques of the carotid vessels without change
in the cerebral blood flow or narrowing of the vertebral
arteries. In all patients with abnormal analogue or dig
ital nuclide studies, clinical evidence of abnormal flow
was present. Abnormal static radionuclide images were
found in only eight patients. This analysis indicates
that: 1) cerebral radionuclide angiography is more sensi
tive than contrast angiography for demonstrating abnormal
ities of @arotidblood flow, 2) is less sensitive for ab
normalities of vertebral flow, 3) is nearly twice as scm
sitive as contrast angiography for the detection of chang
es in cerebral blood flow in patients with TIA's, and 4)
computer analysis is 20% more sensitive than nuclide ana
logue information and is an important reinforcement of
questionable abnormal studies.

USE OF THE RADIONUCLIDE BRAIN SCAN AND COMPUTERIZED TOMO
GRAPHY FOR INTRACRANIAL INFECTIONS . Steven, Ha

Yong Yum Dushyant Patel Carlos Bekerman and U Yun Ryo.
Michael Reese Medical Center, Chicago, IL

There are many areas where computerized tomography (CT)
scanning has been shown to be superior to radionuclide
scanning. It has been our experience that this is not
true in infectious disease of the brain. This would apply
to both intracranialabscesses as well as diffuse inflam
matory processes. Of 15 patients studied by both techni
ques and with surgical or angiographic follow-up, the
radionuclide scan was positive in 12 of 15 and the CT
scan was positive in only 7 of 15 cases.

Of 5 intracranial abscesses, 3 were detected by both
techniques and the other 2 were detected only by radio
nuclide brain scan. There were no cases of intracranial
abscesses detected by CT scan not detected by radionuclide
scan. Of 10 cases of diffuse inflamatory disease, 6 were

detected only by radionuclide brain scan, while 3 were de
tected only by CT scan. There was only one case of dif
fuse inflammatory disease seen with both radionuclide
scan and CT scan. Of the 15 cases of inflammatory disease
there were only 4 detected byboth techniques, 3 of these
were abscesses. The 3 cases of diffuse inflammatory dis
ease detected by CT scan and not by nuclear medicine, were
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SERUM DNA LEVELS IN PATIENTS WITH CANCER OR BENIGN LESIONS
OF THE G.I.TRACT.S A Leon B Shapj@roE Cohn,and
@t:_@pe!@aj_.AlbertEinstein1'LedicalCenter,PhiladeTphia,PA.

Previousworkhad shownthatcancerpatientshaveele
vatedserumDNAconcentration,comparedto healthycon
trols. The purposeof thisstudywas to comparethe DNA
levels in patients with malignant lesions with those of
patients with benign or inflanenatory disease. The DNA con
centrationin serumwas measuredby radioimmunoassay,
capableof detecting as low as 25 ng/ml.

Normallevels of DNA,measuredin 62 healthy individuals
had a range of 0-100 ng/ml, with a meanof l3@3 (SE). The
DNA levelsin 35 patientswithcolonor rectumcarcinoma
had a rangeof 0-700ng/ml,witha meanof l24@26. This
valueis significantlydifferentfromthatof the normal
controls(p<0.OOl)or patientswithbenigndisease(see
below)(p<O.OO5).The rangefoundin 12 patientswith
pancreascarcinomawas30-2500ng/ml, with a meanof
494@l88(pnormals< 0.02,or p benign= 0.02). In a group
of 15 patients with various G.I. cancers (esophagus,
stomach,duodenum,liver,gallbladder,Hodgkin'sstomach
ulcer) the range was 0-410 ng/ml, with a mean of l24@3l
(pnormals< 0.001,or p benign= 0.005). In comparison,
12 patients with benign disease (gastritis, pancreatitis,
colitis, duodenalulcer) had a rangeof 0-85 ng/ml and a
meanof 27@9 (p<O.Ol,not significantrelativeto controls).

We conclude that in most patients with malignant dis
ease, the serum DNAlevels are higher than those with
benigndiseaseor controls.Themoststrikingresultswere
obtainedin pancreascarcinoma:10 out of 12 cases(83%)
had veryhighlevels(200-2500ng/ml). In comparison,
patients with pancreatitis had undetectable levels of DNA.
Theseresultsmay havesignificantdiagnosticvalue.

BETAâ€”2MICROGLOBULIN FOR DIAGNOSIS OF RENAL INSUFFICIENCY
IN UROLOCICAL PATIENTS. Juan J Touya Victor Braren
Paul Versage John Goddard and A Bertrand Brill. Nuclear
Medicine Division, Vanderbilt University Hospital,
Nashville, Tenn.

Assay of Betaâ€”2microglobulin by radioimmunoassay
(Bâ€”2RIA) was evaluated as a diagnostic procedure for
renal function impairment in 250 patients with varying
disease of the urinary tract. Patients were classified
as normal or abnormal based on BUN, serum creatinine,
creatinine clearance, glomerular filtration rate measured
with a radioactive chelate (GFR) and final clinical diag
nosis. The normal value of Bâ€”2RIA determined in 75
different blood samples from 5 normal volunteers was 0.5â€”
1.85 ug/nl (Â±2SD). The decision matrix and the receiver
operating characteristic (ROC) curve methods were used to
evaluate the results. A cutâ€”offvalue of 3.0 ug/ml was
selected experimentally for both methods to separate
patients with impaired renal function from those with
normal function in this vepresentative sample of the pop
ulation of a urological clinic. At this cutâ€”offvalue,
Bâ€”2RIA had a sensitivityof 0.986,a specificityof 0.973
and an accuracy of 0.988. GFR at a cutâ€”offvalue of 80 m
ml/nin/l.73m2 had a sensitivity 1.000, specificity
0.973 and accuracy of 0.988. The cost/effectiveness of
the procedure was analyzed using a decisionâ€”flowdiagram,
and we concluded that Bâ€”2RIA provides the same diagnostic
accuracy as the GRE, but decreases the decision cost by
3 fold. BUN and serum creatinine were less sensitive and
less specific than the Bâ€”2RIA.

CLINICALAPPLICATIONSOF A RADJOIMMUNOASSAYFORBLEOMYCIN.
MichaelK Elson MartinM Oken StanleyT Crooke and
RexB Shafer. NuclearMedicineSvc.,V.A.Hospital,

Minneapolis,MN and BristolLaboratories,Syracuse,NY.

Bleomycinlevelsweremeasuredin serumandurineof
patientsreceivingbleomycinby intramuscularinjection.
Serum levels peaked in 1 to 1Â½hours. The half-life of
circulating bleomycin in serum varied 2 to 4Â½hours with
a meanhalf-lifeof 3Â½hours. Urinaryexcretionwas quite
variable.Forty-eightto 90%of thedosecouldbe found
in theurinewithin24 hoursof injection.Themean24
hoururinaryexcretionwas 67%.

The bleomycinlevelsin serumand urineweremeasured
by radioimmunoassay.The assay,utilizinga Co-57labeled
bleomycin as the tracer, was described previously by this
laboratory.By makingappropriatedilutionsof theanti
serumand labeledbleomycin,the sensitivityof theassay
was improved to detect as little as 1 picogram per ml.
This increased sensitivity permits the measurement of
bleomycinfor longertimesafterinjectionand thedeter
minationof smallquantitiesof bleomycinthatmay be
foundin tissue.

The radioisinunoassayfor bleomycin,usinga Co-57
labeledbleomycintracer,is nowavailablefor clinical
investigationsof bleomycintoxicity.

MEASUREMENTOF SERUMPHENYTOIN(DPH)BY RIA. BryanP
Shepherd Geoffrey F W Smith Tor@iRowe an4Keith
@j@@j*The Radiochemical Centre, Amershamand Greenbanks
Hospital*,Plymouth,U. K.

Foroptimumcontrolof phenytointherapyit is important
to monitor serum levels: the method of choice has been
Gas-LiquidChromatographywhichhas limitedthroughput.A
radioininunoassayforPhenytoinhas beendevelopedwhichdi
rectlymeasuresa 2O@ilsampleand usesa gammalabel(1251)
withpreprecipitatedantibody.The imunogenemployedto
raisetheantiserumis DPH-3-valerate-BSAwhilstthe label
is an iodinatedderivativeof the tyrosineesterof DPH
3-aceticacid. Thereareonlythreepipettingstepsin the
assaywhichmakesuseof a centrifugebasedseparation.
The assayrangeis 0-75ug/mlwithoptimumprecisionover
the therapeutic range (lO-2O@ig/ml). A hospital laboratory
trialusingeightseparatereagentbatchesgavea between
assay coefficient of variation of 2.9%. The correlation
equationagainsttheGLCmethodwas Phenytoinby RIA=
0.67+ 0.888(Phenytoinby GLC),r = 0.991.
No interferenceby otherantiepilepticdrugsis observed.
Crossreactivitywiththemajormetabolite5-(p-hydroxy
phenyl )-5-phenylhydantoin is <10%.
The assay permits reliable and precise estimation of serum
phenytoinlevels. It can be convenientlyfittedintoany
RIA laboratory routine with rapid sample turnover and
minimalhands-ontime. 60 samplesin duplicatecan be
measuredin twohoursincludingonehourhandsâ€”ontime.

A SENSITIVE RADIOENZYME-IMMUNOASSAY FOR THE MEASUREMENTOF
DOPAMINE. Babj at A Faraj ,Vernom N Camp, and Farouk All.
Department of Radiology (Division of Nuclear Medicine),
Emory University School of Medicine, Atlanta, Ga.

Abnormalities in the biosynthesis and metabolism of
catecholamines (epimephrine, morepinephrine and dopamine
(D)I are associated with many pathological conditions such
as hypertension , Parkinsonisn and meurocrest tumors (Axel
rod and Weinshilboum. New Engl. J. Med. 287: 237, 1972).
We have recently been engaged in a program designed to usa
sure D based on (a) the conversion of D to its respective
3â€”0â€”methyldopamine (MD) metabolite by the enzyme catechol
Oâ€”methyltransferase (COMT) and (b) the simultaneous deter
mination of the formed MD by radioimmunoaasay (RIA) (Faraj

@ J. Nucl. Med.17: 549, 1976; Clin. Res. 25: 35A,
1977). A hepatic (rat) COMT was partially purified by dif
ferential centrifugation and ainmonium sulfate fraction ac
cording to a modified procedure of Cuello et al. (J. Neuro
them. 21: 1337, 1973) . Reaction mixtures are prepared by
incubation of lMâ€”tris buffer (pH 9), O.lM MgCl2, 0.5mM 5â€”
adenosylâ€”lâ€”niethionine,enzyme (0.4 mg/ml) and D solutions
containing 1â€”10 ng in 0.01 N HC1 at 37'C for 15 mm. The
reaction is stopped by the addition of borate buffer (O.5M).
The MD formed is extracted with ethylacetate and evaluated
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by RIA in the presence of MDâ€”antiserum(1:1000 dilution)
and ND-311 (8000 cpm; sp. act. 9 Ci/mmole) at 4Â°Covernight.
The results indicated am 80â€”90%conversion of D to MD and
thattheassayislinearupto7mg. As lowas lngofD
can be detected by this procedure. The diagnostic applic
ability of this radioenzymeâ€”immunoassay is being tested by
determining urinary and plasma levels of D in patients with
different diseases. (Supported in part by a grant from
NIH # GM-l-RO1â€”GM22472).

CLINICALEXPERIENCESWITHSERUMFERRITINDETERMINATIONSIN
PATIENTSWITHANEMIA. JorgeA Franco KlitiaVanags
BernadineKovaleskiMoÃ±ilaSchre@@erJosephHomesley.
Department of Nuclear Medicine, 0 Connor Hospital , San
Jose,California.

Severalyearsago in anticipationof theavailabilityof
serum Fern tin determinati ons, we stored frozen sera from
patientsreferredfor laboratoryevaluationof anemia. Cur
rently, we have determined Ferritin levels in the sera of
104 patients on whomwe have a 2 year follow up. The pur
poseof thestudywas to retrospectivelyevaluatethe is
pact of serum Ferritin determinations In the classification
of our patients'anemia. The testis a solidphasedouble
antibodyradioassay.At thecompletionof the test,the
residual radioactivity represents the bound antigen. Values
lower than 12 ng/ml were considered diagnostic of iron
deficiency.Levelsbetween12-25ng,possibleirondefici
ency;valuesover25 ng excludeirondeficiency.The final
classificationof theanemiaswas as follows: Ironde
ficiency 47, possible iron deficiency 4, secondary anemia
31,miscellaneousanemiasincludinghemoglobinopathies22.
Abnormal Ferritin values, diagnostic of iron deficiency
werefoundin 45 of 47 patientswithirondeficiency,bor
derline low levels in 2 patients with proven iron defici
ency and in 3 with possible iron deficiency. Muchhigher
values were noted in the secondary and miscellaneous anemia
groups. In our experience, serum Ferritin determinations
aremostvaluablefortheexclusionof irondeficiencyin
thedifferentialdiagnosisof anemiaand the identification
of casesof secondaryanemia.

THURSDAY, 4:00 p.m.-5:30 p.m.

A COMPARISONOFTHEDOSIMETRYOFTHEPOSITRONEMITTERTO
ThE 1IORE CONVENTIONAL GAMMA-EMITTING RADIOPHABMACEUTICAL.
Paul A Feller Vincent 3 Sodd and HiroshiNishiyama.
Nuclear Medicine Laboratory, BRH, FDA, Cincinnati, Ohio,

Closer relationshipsbetween the accelerator scientists
and the clinical physicians, and the installationof some
small accelerators in nuclear medicine laboratories, have
placed much emphasis on the use of the ultraâ€”shorthalf
lived positron emitters, Câ€”ll,Nâ€”13,and 0-15. While the
short physical halfâ€”livesof these radionuclidesfavor
lower radiation dose to the patient, the positron emitted
contributes heavily to the dose.

This paper compares the radiation doses from radio
pharmaceuticals labeled with Câ€”ll,Nâ€”l3,or 0â€”15to those
from some monâ€”positronâ€”emittingradioactive agents. Some
of the comparisons made are: Myocardial agent Nâ€”l3â€”
anunonium chloride to Tlâ€”2Ol;pancreas agents Câ€”llâ€”carboxyl
labeled DLâ€”valineand â€”DLâ€”tryptopham,and Nâ€”l3â€”valineto
Seâ€”75â€”Lâ€”selenomethiomine;tumor agents Câ€”llâ€”ACPCand Nâ€”l3â€”
ammonia and â€”Lâ€”glutsmineto Gaâ€”67.

Conclusions drawn are that the doses from injected con
pounds of Câ€”ll,Nâ€”l3,and 0â€”15are not negligible, but on a
perâ€”millicuriebasis are comparable to doses received from
Tcâ€”99mcompounds. However, reductions in total body
patient doses of 10 to 1000 times per millicurie are
achieved when compared to Gaâ€”67,Tlâ€”20l,and Seâ€”75. When
replacing Seâ€”75,the reduction of patient dose is a large
factor to consider. However, when replacing Gaâ€”67or
Tcâ€”99mcompounds, the reduction in dose becomes of
secondary importance to factors such as comparable organ
or tumorspecificity,relativeimagequality,easeof
handling and personnel exposure.

USE OF A PHARMACOKINETIC MODEL TO DETERMINE RE
GIONAL CUMULATIVE CONCENTRATIONS OF Tc-99m HIDA IN
HUMANS. M Loberg.@S Sikoraki E Harvey J Ryan and M
Cooper. University of Maryland Hospital, Balttmore, Md.

Dosimetry calculations based on btodlstrtbutton datafrom low
er animal species often [n&Iequately approximate the true doatme
tryinhumans and seldom applytothedtseased state. Tc-99m HIDA
tilustrates this premise. To obtain tts true dosimetry In humans,
apharmacokinettomodelof Tc-99m HiDAwasdeveloped Endogs

ustngdatafrom tissue distribution studies, computerimage analy
ate, and blood, urine, and bile sampling. The model consisted of

4 compartments: a central compartment including plasma and
extravascular spaces In dynamic equilibrium with the liver corn
partment and excretory pathways through the biliary and renal
systems. From knowledge of the normalized blood time-activity
curve and cumulative urinary excretion the model accurately pre
dicted the normalized time activity curves for each compartment
in both normal and hyperbilirubinemic dogs. The model-depend
ent normalized liver curve agreed within 17% of the true curve as
determined by serial sacrifice. Rate constants describing the
model were determined for 14 normal and 5 jaundiced patients.

Comparisons revealed no significant change in renal clearance
rate while cumulative urinary excretion increased from an average
of15.7 to55.9% inthepresenceofjaundice.The rateofbiliary
excretion decreased 5 fold but the cumulative concentration of

Tc-99m-HIDA En the liver also increased from 0.30 to O.9O@@Ct

hrs/g-mCi; in humans eventhough a greater percentage of Tc-99m-

HIDA is cleared throughthe kidneys indiseased states, the actual
liver dose is greater. Model dependent calculations significantly
modified conventional dosLmetric estimates.

BIOKINETICS OF 201Tl IN MICE AFTER ORAL AND INTRAVENOUS
ADMINISTRATIONOF TlCl. B.M.W Tsui I.V Gloria and
K.A Lathrop.Universityof Chicago,Chicago,IL.

Comparisonbetweenthebiokineticsof 201T1administered
P.O.and i.v.wouldprovideinformationforpossibleoral
usage,compartmentalmodeling,and a guideto thecollec
tionof humandataforradiationabsorbeddosecalculation.
Biologicdistributionof 201Tlwas determinedin mice
betweenO.5mand 7d afteri.v.or p.o.administration.The
data were approximatedby a sum of exponentials usinq the

JANE ADDAMS ROOM

RADIOPHARMACEUTICAL5:
BIOKINETICS AND DOSIMETRY

Chairman: Monte BIau
Co-Chairman: Manuel Tubis

RADIATION DOSE TO THYROID TISSUE IN I- 1 31 THERAPY OF
THYROID ADENOMA. Colum A Gorman and James S Robertson.
Mayo Clinic/Foundation, Rochester, MN.

The radiation dose to suppressed thyroid tissue
incident to 1-131 treatment of solitary toxic adenomas
was calculated in detail to provide a basis for
evaluating the carcinogenic potential of this therapeutic
modality. The MIRD method of dose calculation was used
in a two-step procedure. First the activity needed to
achieve a central dose of 30000 rad was calculated as
a function of nodule diameter. Then the surrounding
doses out to a distance of 6 cm from the nodule center
were calculated and related to the suppressed thyroid
tissue. The results indicate that absorbed doses of
15 to 2300 rads are incurred. Although these doses are
in the range in which x-rays have produced thyroid cancer
there have been few reported cases of thyroid cancer
after iodime-13l treatment of hot nodules. Possible
reasons include the patients age when irradiated, the
lesser carcinogenic potential of iodine-l3l as compared
with x-rays, the relative metabolic inactivityof the
suppressed tissue, and inadequate follow-up of treated
patients.

633

PROCEEDINGS OF 24th ANNUAL MEETING

Volume 18, Number 6



least-squares method. After i.v. injection the half-times
in thebloodare < im forâ€œ@98%,l2mfor 1.4%,and 2d for
0.2%. Uptakein all tissuesisâ€˜@90%of maximumwithinim.
Myocardialconcentrationis maximal(â€˜@â€˜3O%/g)at â€˜@.â€˜iOm;
ratiosforheart/blood,-/lung,and -/liverat â€˜@â€˜lh@and
are 60, 2, and 6 respectively. Concentration in the kidney
(â€˜@7O%/g)exceedsallothertissuesas doesthe ratioto
blood(350). Afteroraladministrationbloodconcentration
increasestoâ€œO.4%/gbetween1 and 5h,thendecreasesthe
sameas afteri.v.administration.A maximalmyocardial
concentrationof â€œlO%/gis maintainedbetween1 and 5h,and
highestheart/blood,-/lung,and -/liverratiosare25,
1.6,and 1.2at â€œl.5h.Kidneyconcentrationis equalto
the i.v.injection,but the ratioto bloodis lower(200).
At 5h aftereitheri.v.or p.o.administrationof 201T1
concentrationsare aboutequalin allothertissues,with
smallintestinewall>muscle>spleen@ lung>colonwall>
heart>liver>stomach>ovary>skin;tissue/blood ratios range
between10 and 50. Thesedatasuggestthatadequatemyo
cardialimagesmightbe producedafteroraladministration
of 201Tl,but thatthe countingintervaland dataaccumula
tion times should be increased. A preliminary compartmental
modelhas beenconstructedwhichmay indicateotherimaging
uses and other areas for investigation in the human.

HIGHLY IODINATED â€˜23I-FIBRINOGENAS AN ONCOPHILIC RADIO
PHARMACEUTICAL.Kenneth Krohn Sally DeNardo Gerald
DeNardo t@vid Vera and @vidWheeler. Radiology Depart
ment,Universityof California,Davis,CA.

1-Fibrinogen has a higher tumor concentration than either
VGa-Cit, U1In_Bleoor I-Bieoin a murinetumor,and the
maximumtumorconcentrationoccursearlierfor I-Fibthan
for VGa-Cit. The potential this finding suggests for
imaging neoplasms with â€˜23I-fibrinogenis, however, dimin
ishedby theslowbloodclearanceof I-Fib. Excessiveio
dination of fibrinogen greatly increases its rate of blood
clearance,andwe thereforelabeledhumanfibrinogenwith
largeamountsof iodineby the iodinemonochloride(IC1)
andelectrolyticmethodsand testedthe in vitroand in vivo
propertiesof theseproducts.

Our electrolyticprocedurewas similarto one described
previously;however,our IC1techniqueinvolvedadditionof
a few microliters of concentrated IC1 in 0.1 N HC1to a mil
liliter or moreof buffered fibrinogen already containing
123Iiodide Thiswas technicallyeasierthanâ€œjetâ€•iodina
tion, and it was faster and easier than electrolytic iodina
tion. It also eliminated the problem of fibrinogen precipi
tationwith IC1overiodination(J NuclMed 16:756,1975).

I-Fibrinogen(501/fib)deiodinatedin vitro(37Â°Cneutral
citratebuffer)at 2.8and4.2%/dwhenpreparedby the IC1
and electrolyticmethods, respectively. When injected into
rabbits,theproteinboundBctivity(TCAprecipitability)
after24 hourswas 95.5%for the IC1productversusonly
32% for the electrolytic. The electrolytic product cleared
fromthebloodslightlyfasterforany givenlevelof I/fib.

We preferextensiveiodinationby IC1to increase1231_
fibrinogenclearance,and haveachievedten-foldhigher
tumor:blood ratios at 4 hrs after injection with 501/fib.
(Supportedin partby AmericanCancerSocietygrant#DT-45.)

ESTROGEN DERIVATIVES. Toru Komai1 Roger Johnsonbat@gh
J Krijn Mazaitis Victor W Jiamg Raymond E Gibson
William C Eckelman and Richard C Reba. George Washington
University Medical Center, Washington, D. C.

The recent literature has shown a correlation between
the presence of the estrogen receptor proteins (ERP) in ma
lignancy and the remission of the tumor after endocrine ab
lation. Hâ€”3labeled estrogens concentrate in those human
breast tumors that contain ERP. A gammaâ€”emittingestrogen
derivative would be useful to determine the presence of ERP
in metastatic tumors by external imaging. To this end five
compounds were obtained: estradiol (E), hexestrol (HEX),
estradiol 178 succinyl tyrosine methylester (EST), estra
diol 6â€”(Oâ€”carboxymethyloxime tyrosine methyl ester and l7m
ethynyl estradiol (EE). The compounds were iodinated and
then analyzed by various chromatographic systems. The in
vitro ERP binding affinity of the five compounds before and
after iodinationwas determined by a competitivebinding
study using Hâ€”3E. E and EE displaced Hâ€”3E equally well

(50% inhibition at 2.9 x Hâ€”3E) followed by HEX (50% inhi
bition at 6.4 x) and EST (50% inhibItion at 200 x). In
contrast, iodinated E could not displace 11â€”3E. lodinated
HEX could displace 50% of Hâ€”3E at 100 fold excess but io
dinated EE displaced Hâ€”3E with an affinity equal to E and
the parent compound EE. In this respect iodinated EE is
the superior derivative. lodinated HEX showed specific
binding to ERP by sucrose gradient centrifugatiom but all
iodinated compounds showed nonspecific binding. This non
specific binding could be decreased for iodimated HEX and
EE by thyroxine and iodoethynyl cyclohexanol. In agreement
with these data iodinated HEX and EE showed high uterine
uptake in immature rats. We suggest that the target to non
target ratio in vivo can be anticipated by the extent of
specific and non specific binding in vitro.

PREPARATION AND BIOLOGICAL KINETICS OF LIPOSOMES LABELED
WITH RENAL AGENTS. Gerald D Robinson , Alice W Lee,@ and
George V Taplin. University of California, Los Angeles,
California.

Lipid vesicles and liposones have been shown to be
potentially useful carriers for directing radiopharinaceuti
cals to target organs. We have prepared liposones con
taming renal agents and have measured uptake and release
of the label by the liver and its subsequent clearance
through the kidneys of experimental animals.

Lipo8omes were prepared fron 150 ragof a 15:5:1 ratio
(by weight) of lecithin, cholesterol and stearylainine
which was coated onto the inner surface of a 50 ml serum
vial. Tc-99n-DTPA or labeled o-iodohippuric acid in 2.5 ml
aqueous solution was added to the vial and the resulting
suspension was shaken at 370C for 15 attn to achieve good
dispersion. The liposones were washed three times and
redispersed in 2.5 ml of physiologic saline. Approxi
inately a 5% labeling yield was usually achieved.

After intravenous injection in the rat, rapid uptake of
activity by the RES was observed. At 5 nm post injection
50 and 6% of the activity was found in the liver and
spleen, respectively, with 15% in the kidneys. Within 60
mm, over 70% of the activity was cleared through the kid
neys into the bladder, with only 10% remaining in the liver.
The biological kinetics were similar when either Tcâ€”99xn
IYIPAor oâ€”iodohippuricacid labeled liposones were used.
Using scintillation camera imaging after IV administration
of liposones in the dog, conplementary uptake and turnover
patterns were observed when the liver and bladder were
chosen as areas of interest. Preliminary studies in rats
given oral carbon tetrachloride suggest that reduced rates
of uptake and turnover in the liver are observed, with
resulting delay of clearance of the label.

HUMANMETABOLISM OF ALBUMIN CONJUGATES LABELED WITH
In-lll USING VARIOUS BIFUNCTIONAL CHELATES. *Djd A.

1k *
Goodwin Claude F Meares Carol I Diananti Charles
Sâ€”HLeunB *Jerrold T Bushberg and Richard L Goode,
WVeterans Administration Hospital, Sta1ord University
School of Medicine, Palo Alto, CA, and Dept. of Chemistry
University of California at Davis.

The biologicalpropertiesof variousconjugatesof
albumin (0.3 to 1.5 EDTA/molecule) were studied in nine
cancer patients. Diazotization as well as alkylation was
used to couple the bifumctiomal chelate to the protein.
Inâ€”lllions were added specifically to the chelating
groups at the time the patient was available for study.
The biological half life and whole body scans were obtain
ed following injection of 1.7 mCi (average) intravenously.
The plasma disappearance half time from day 6 through day
24 averaged 8.43 days with the azoâ€”albumin(5 subjects),
and 13.75 days (two observations in one subject) with the
alkyl albumin. Approximately twice as much of the lightly
labeled (0.3 EDTA/molecule) alkylâ€”albuminremained cir
culating with a disappearance equal to RISA (13.3 D) as
did the heavily labeled (1.5 EDTA/molecule). An average
of 5OZ of the injected activity was excreted in the urine
in one week as the simple chelate (4EDTA) or a derivative
thereof. With the alkylâ€”albuminexcellent visualization
of the vascular structures was seem up to day 3.

Alkylation provides a conjugate of albumin that has
properties most closely approaching those of RISA in
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humans, provided approximately 0.3 EDTA groups are added
per molecule of albumin. The properties of human
fibrinogen and bleomycin labeled with the alkylating
agent are currently under investigation.

TECHNETIUM o@-MPG: CHEMISTRY, STABILITY AND BIODIS
TRIBUTION. Garo P Basmadjian Michael Fitzgerald and
Kenneth R Hetzel. College of Pharmacy,The University of
Oklahoma, Oklahoma City, OK., Abbott Laboratories, North
Chicago, Ill., and Nuclear Medicine Section, Northwestern
University, Chicago, Ill.

Alpha mercaptopropionyl glycine (@-MPG). an antidote for
heavy metal intoxication was labeled with Technetium-(99 and
99m). Studies of the chemistry of this complex showed it to be
a green colored complex with a visible spectrum maxima at 400
and 650 mji when the technetium-99 was reduced either by Sn@@ions
or by the -SH group of the=t-MPG in an acid medium (oxidation
state= +4). The Tc-a@-MPGcomplex was stable in-vitro (in air
and under N2) and in-vivo. Using electrophoresis and ion-ex
change chromatography, this complex was shown to have two
negatively charged components. The quantities of each com
ponent could be varied by controlling the pH of the reaction
medium. Using Sn-i 13 on a solid support indicated that the
complex is a mixed-metal complex.

Formulation studies showed that a freeze-dried preparation
ofec-MPG and SnCI, at pH 7.5 had a shelf life of about 3
months at 4Â°Cwhile a solution of these two ingredients even
under N9 and at 4Â°C,decomposed within 24 hours.

Biodis'tribution in rats, rabbits and dogs demonstrated rapid
blood clearance with maxium biliary concentration at 45-90
mm. Gamma camera scintiphotos in rabbits and dogs reveal
ed immediate appearance of the Tc-99m complex in the liver,
with subsequent visualization of the gallbladder and small
intestine by 1 hour and 3 hours respectively.

Efforts to increase the lipid solubility of the complex by the
use of the ethyl ester of the sc-MPG are in progress.

The LD50 of the formulation in rats is 1760mg/Kg. Human
studies are in progress.

THURSDAY, 4:00 p.m.-5:30 p.m. CHICAGO ROOM

GASTROINTESTINAL2

Chairman: Samuel E. Halpern
Co-Chairman: G. T. Krishnamurthy

TECHNETIUM-99m-PYRIDO@LItENEGLUTAMATE (Tc-99in-PG) SEQTJEN
TLAL SCI1@IIPHOTOGRAPHYIN THE @TECTI0NOF INTRABEPATIC
STONES. a@in-Hwa Yeh On-Kee Ltu and Itian-Ju Huang . Vet
erans Genera.].Hospital, Taipei, Taiwan.

It was reported that plain x-ray examination of the ab
doinen was not helpful in the detection of intrahepatic
calculi. . Both oral and intravenous cholangiography failed
to yield useful information during the acute attack . Even
during remission, 70% of conventional cholan4ographic
studies shoved non-visualization of the biliary tree . This
led us to perform Tc-99m-PG sequential scintzi.phothgraphy as
a screening technique in clinical situations strongly sue
picious of intrahepati.c stones.

Forty-eight hr after Tc-99m-sulfu.r col].oid liver ecinti
photography, sequential liver ecintiphotoe were recorded
after I .V. injection of Tc-99m-PG on Polaroid films at 3-
or 5-nd.n intervals for the first 30-60 mm, and at hourly
intervals from 1-8 hr. Additional films were obtained at
12 hr and 2i@hr after injection.

Pbur patients strongly suspicious of intrahepatic stones
were studied. The cofloid scan showed intrahepatic cold

areas suggestive of intrabepatic biliary dilatation in aD.
of them. The sequential scintiphotographic findings were
as follows : (A) pooling of the conÃ§].ex in the dilated in
trahepatzic ducts.]. system; (B) partial biliary stasis with
delayed but progressive visualization of bowel activity;
(C) non-visualization of the gallbladder and/or commonbile
duct. The diagnosis of@intrahepatic calculi in a].]. pa
tiente was confirmed by percutaneous transhepatic cholan4..
ography, laparotomy and operative cholangiography.

Ongoing study continues . Initial results suggest that
the Tc-99m-PG liver sequentia]. study can serve as a useful
screening technique for detecting intrabepatic stones.

EVALUATION OF Tc-99m PYRIDOXYLIDENECLUTAMATE (PG) CHOLE
SCINTIGRAPHY AS A DIAGNOSTIC TEST FOR CHOLECYSTITIS.
Robert C Stadalmik* Jess F Kraus Nathaniel M Matolo
and Kenneth A Krohn. Sacramento Medical Center of the
University of California, Davis, School of Medicine,
Sacramento, Calif.

More than 15 million people in the United States have
gallstones, with about 300,000 operations being performed
annually for this disease, and at least 6,000 deaths
resulting from its complications. The purpose of this
investigation was to determine the diagnostic value, semsi
tivity, specificity and accuracy of Tcâ€”99mpyridoxylidene
glutamate choleacintigraphy (Tcâ€”99mPGC) in patients with
cholecystitis. In addition, we compared the diagnostic
value of this screening test to that of oral cholecysto
graphy (OC) and ultrasonography (US). This test was given
to 50 patients with acute, subacute, and/or chronic chole
cystitis with cystic duct obstruction proven histologically
and operatively, and also to 27 normal volunteers and 43
patients who subsequently were proven free of gallbladder
disease. The screening test Tcâ€”99niPCC was applied to all
120 subjects. In addition, 33 had OC, and 31 US.

The results show that the sensitivity, specificity and
accuracy of Tcâ€”99m PGC is 100%. Whereas for OC the scm
sitivity is 89%, specificity is 100%, and the accuracy is
94%. For US the sensitivity is 59%, specificity is 93%,
and the accuracy is 74%.

These data show that this new screening test is a very
accurate, safe, simple and meaningful diagnostic tool in
the evaluation of patients with cholecystitis.
(* Picker Scholar, JamesPicker Foundation)

GASTRIC EMPTYING TIME: A STANDARDIZED APPROACH VERIFIED
IN NORMALS AND APPLIED IN STUDIES OF DIABETIC CASTRO
PABESIS. Karim Rezaiâ€”Zadeh Richard Byyny and Malcolm
Cooper. University of Chica@o Hospitals, Chicago, Ill.

A standard oatmeal and milk Tcâ€”99msulfur colloid label
ed meal has produced consistent results in the measure
ment of gastric emptying time in normal subjects. When ap
plied clinically, it proved superior to saline loading and
aspiration. In a doubleâ€”blindstudy it clearly distin
guished between placebo and drug response in diabetics
with gastroparesis.

Fourteen patients and 9 normals were studied on 33 oc
casions. The test meal, 2 oz oatmeal, 8 oz milk, and
0.5 mCi Tcâ€”99msulfur colloid was given after overnight
fast, Gamma camera images, recorded sequentially on tape
for two hours, were analyzed using a region of interest
over the stomach and a data analysis system [Ohioâ€”Nuclear
Series 150]. Four diabetic patients with gastroparesis
confirmed by UGI series, cine fluoroscopy, and gastroscopy
were studied using injections of placebo and metoclopra
mide doutle blindly by both the colloid and saline methods.

Clearance curves were fitted monoexponemtially by least
square technique [r > .90] . Thirteen measurements in 9
normal volunteers gave a normal Tâ€”l/2 72 mm Â±13 aim
[1 SD]. In the 11 diabetic studies all patients were out
side the normal range [nO.05] and showed a positive re
sponse to drug therapy. Saline loading produced incon
sistent results, was abnormal in two patients, normal in
one, and paradoxical in the fourth. Gastric emptying mea
cured using a standard radiocolloid test meal is sensitive,
reproducible, does not require intubation, is easily ap
plicable, and appears clinically useful.
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RADIOISOTOPIC LOCALIZATION OF ACUTE GASTROINTESTINAL
BLEEDINGSITE DURINGEXPLORATORYLAPAROTOMY.Abass Alavi
Robert W Damn and Stanley Baum, Hospital of the University
of Pennsylvania, Phila. Penna.

Localization of a bleeding site may pose a difficult
task during exploratory laparotomy.Not infrequently
a patient may be operated on several times without
successful localization of the bleeding site. The design
of this project is based on the following considerations.
A radioactive agent which is cleared very rapidly by a
target organ, is injected intravenously. At the bleeding
site a fraction of the injected activity extravasatesand
is eliminated from the circulation. In each recirculation
another small fraction is added to the trapped activity
in the bleeding site. After several recirculations a
contrast is reached between the bleeding site and the
surrounding background activity. We have used technetium
sulfur colloid as an ideal radiopharmaceutical for this
project. In four dogs a bleeding site was created by
connecting the femoral artery to a loop of small bowel. A
stopcock was used to regulate the bleeding rate. In one
dog the bleeding site was initiated by lacerating the
mucosa by a biopsy instrument. After the bleeding was
initiated, 10 mCi of technetium sulfur colloid was
injected intravenously. A long segment of the bowel
including the bleeding site was monitored by a
portable, wellâ€”collimated,oneâ€”inchNaI detector. The
bleeding site was detected by observing a rise in the
count rate while screening the loop of the bowel. We
have been able to detect a bleeding rate as low as
.17 mI/mm. This procedure appears to be a simple and
sensitive means for solving a rather difficult clinical
problem.

ALTEBEDBODYDISTRIBUTION OF Tc-99n PERTECHNETATEIN HYP@
ALUMINEMIA. Theodore S.T Wang Rashid A Favvaz , Peter i)
Esser and Philip M Johnson. College of Physicians and
Surgeons, Columbia University, New York City.

Failure of intravenous Tc-.99n pertechnetate to leave the
vascular space was observed in a woman referred for diagno.
sis of gastrointestinal bleeding. Since other studies with
the same preparation showed normal localization, the cause
of the abnormality was sought. Because the patient's nedi
cation included an antacid containing T.2 g A1(OH)3 per day
and in view of reports that high plasma Al levels alter
body distribution of sulfur cofloid and diphosphonate, the
possibility of a similar mechanism was investigated.

The patient's red cells, plasma and a sample of pooled
plasma were mixed with Tc..99m pertechnetate and incubated
at 37Â°C for 30 aim. Each sample was subjected to instant
thin layer chronatography(ITLC) in both 85% methanol and
saline systems. Hf values with the 85% methanol system
were: patient's plasma @0.90; pooled plasma @l.OO. Both
were 1.00 with the saline system. The patient's plasma Al
level was 65iig/l (atomicâ€”flameabsorption spectrophotometry)
the level in pooled plasma 5.8@ig/l. Pooled plasma was then
mixed with known quantities of Al(OH)3 and subjected to the
above procedure. At levels of 5Oig/l and above in 85% meth
anol system the Hf values were 0.90; below that level, Hf
@l.O0. Three months later, with antacid therapy discontin

ued, the pertechnetate scan was repeated with normal re
suits : patient â€˜5 plasma Al level was l5@ig/l, a normal value;
the level in pooled plasma was again 5.8@ig/l. ITLC of
patient's and pooled plasma gave Rfs of 1.00.

It is concluded that elevated plasma Al levels may alter
body distribution of Tcâ€”99m pertechnetate, that such eleva
tion can occur rapidly during antacid therapy, and that
the ITLC can detect Al levels @50jig/l.

D@D1ECTIONOF BACTERIAL DECONJUGATION OF BILE SALTS USING
C-13_BBEATH TEST . Y . Sasaki , H . Oh-hara , S . Takahashi

T Maeda and K Soneya. St. Marianna University School of
Medicine, Kavasaki, Japan

Increased bacterial deconjugation of bile salts has
been detected by a simple breath analysis technique which
consists of serial collection of C02 following the oral
administration of glycineâ€”lâ€”Câ€”l1@â€”cholate. Purpose of the
present study is to replace Câ€”lItglycine cholate(GC) by
stable Câ€”l3â€”labellingin order to expand the appliciabili
ty of the test to a larger population such as infants,
pregnant women, young adults and healthy subjects.

Rats were preoperated to form jejunocolostony. Câ€”13â€”GC
(50 mg/kg) and/or Câ€”ll@â€”GC(O.2pCi) were given into the
duodenum through gastric fistula. Carbon dioxide in the
expired breath was collected by neutralization of alkaline
solution as reported previouly. Isotope ratio of 1i5/1414(Câ€”
13 /Câ€”l2)was measured by mass spectronetry. Radioactivity

of Câ€”lliâ€”C02was measured in a liquid scintillation
counter. Rats with jejunocolostomy gave CO2 curves with
significant peak at 1â€”3hours after CC ingestion, which
suggests Câ€”114â€”glycinewas freed from GC. In contrast CO2
curves were flat without appreciable peak in control
animals. Câ€”l3â€”C02and Câ€”ll@â€”CO2curves shoved sinillar
pattern. Carbon dioxide curves after i.v. administration
of Câ€”ll4and C-13â€”glycine(loading dose) revealed delayed
higher peak than the curves after i,v. administration of
Câ€”lI@â€”g1ycinealone(trace dose).

Our results suggest Câ€”l3â€”breathtest after oral admini
stration of Câ€”l3â€”GCcan be used for the detection of bac
terial deconjugation of bile salts which causes nalabsorp
tion. Data obtained by trace dose of Câ€”lI@â€”GCmay not be
comparable with those obtained by loading dose of C-l3-GC.

THE COMPLEMENTARYROLE OF 67 GA AND CT SCANS FOR DETECTION
OF ABDOMINALINFLAMMATION.RobertShimshakMelvyn
KorobkinPaulHoffer ThomasHill RobertSchorand
HerbertKressel.Universityof CaliforniaSan Francisco,Ca

A retrospectivestudyof all casesexaminedby both67-
Ga and CT scanfor suspectedintrabdominaiinflanination
over a six month period was performed.

15 of the 17 identifiedcaseshadadequatefollowup.
All 8 cases of surgically proven inflaninationwere detected
by 67-Gascanand 7/8by CT scan. CT missedone caseof
periceacal phiegmon. CT correctly identifiedall cases
without inflanination but two falsely positive 67 GA scans
werenoted. Onewas dueto intrahepatictumorand the
otherto colonicand pulmonaryuptake. CT demonstrateda
non-inflamatoryabnormalityas the probablecauseof symp
tossin 2/7caseswithoutinflanination.

Resultswithbothmodalitieswerenot significantlydif
ferent. However,whenthetwo studieswereusedin a comp
lementarymannertheaccuracyof diagnosisimproved.67-Ga
scanis feltto be the screeningprocedureof choicefor
abdominalinflaninationif thepatientcan toleratethede
lay required. Abdominal CT screening is impracticaldue to
the largenumberof slicesneededforan adequateexamina
tion. Thisnumberis significantlyreducedwhentheCT
scanis directedby an abnormal67-Gascan. A normalCT
scandoesnotruleout inflaninatorydiseaseespeciallyof
phlegmonousnature. However,CT scanmay notbe necessary
if a 67-Gascanis normal. The principleadvantagesof CT
are greater anatomic detail obtainable prior to surgery,
thedetectionof non-inflainnatorydiseaseand thedemon
strationof fistulousconinunicationsusingcontrastagents.

67-GascreeningwithsubsequentdirectedCT scanningis
reconinendedin mostcasesof possibleintrabdominalinflam
mation.
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