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In the 7 without CAD or LVD, ERV was abnormal in 1, Sp'-86%
but was equivocal in 3 due to inadequate exercise, and
CPRV was abnormal in 1 , Sp'86%, p'NS.

Thus , the S and Sp for ERV and CPRV are similar â€¢How
ever, CPRV has an advantage in patients who cannot achieve
adequate exercise levels.

8:30am - 9:45am

WHICH STRESS TEST SHOULD BE PERFORMED DURING
TECHNETIUM-99m GATED CARDIAC BLOOD POOL SCINTI
GBAPHY (99TCm @3@5)TO DETECT CORONARY ARTERY
DISEASE (CAD) ? D A . Brennand-Roper B . J WainwrizIit@

@_@_JW . Hllson M . N . Matsey@ E . Sowton.
Guy's Hospital, London, U. K.

95 normoter@sive patients (44 normals, 51 CAD) with normal
or minima1@rImpaired left ventricular function were studied
using 99Tc GBPS at rest and during different stress tests
(dynamic supine exercise (DSE); isometric haxl grip (IHG) and
cold stimulation (CS) to evaluate their specificity and
sensitivity. Abnormal criteria were taken as a fall in left
ventricular ejection fraction (LVEF) of > 8% or impaired regional
wall movement (RWM).

1. Most normal patients had a significant increase in mean
LVEF and preserved RWM with each intervention but false
positive results were seen in 4% of patients with IHG, 5%
patients with CS and 20% patients with DSE.

2 . CAD patients had a significant fall in mean LVEF with
CS but not with DSE or IHG.

3. 44/51 (86%) of individual CAD patients were detected by
CS whereas only 16/25 (64%) patients and 13/22 (59%) patients
were detected by IHG and DSE respectively.

It is comluded that CS in resting patients is more sensitive
than IHG or DSE and is also more specific than DSE in the
detection of CAD patients.

AN ACQJRA1@t@@ni:@o@OR@flIEJEIECrI.CN OF C@@ARY HEARF
DISEASE (Q@D)IEING Ei@JtLIBRIU4 RADICtW..I1@ V@RIcUL0G-
R@FdY (ERV) AND ThE REGI@L EJECrIW FRACrIc@1@ (REFI)
AT RFS]@ANDlURINGH@AND@IPSTRESS(}@) . J. Barcx@H.
Miller S Braixi R TardmIEn and S L1nia@@t@vLv
l'@dicaf C@iter, Israel.

Colot@-coded REFIs (bi@i resolutic*@ ftx@cti@al innges)
derived fran Ei@,G-gated EF.Vs, using a sinpie data process
ing syst@, @reobtained in 72 patiaits tzidergolng corcn
ary arigiography (CA) at rest, thiring H(@, and after nitro
glycerine (N@G)aÃ nfnistraticrt. The aim @sto develop a
tmtlxxi for QiD detection suitable for screailng pwposes
andto conparetheresultswiththeCA results.

In 48/48patiESitswithGAD,theREFIsl@d a reÃ x.tion
at Hi@ reversed by Nl@. 22/24 patiatts with txrna]. C@
slx,wed trichanged REFI at WS, i.e sensitivity lO07@, speci
ficity 92@f..23/48 (487.) QiD patlmits had a rxmini resting
study. Stress-induced regional. @llimticn (1@f) reduc
tic*:i by the usual. :metlx,d of via'ing v@tricui.ar border
m3v@IES@tgave a s@sitivity of 8O7@(38/48) and specificity
of 967.(23/24). Usinga stress-InducedglobalE.F.rethx@
ti@x@, a s@isitivity of 6O@. (29/48) and specificity of
717.(17/24)was obtained.

Thus: 1) REFIisnnres@sitiw thanviÃ¸,jlngborder
no@@nt for the detection of l@I4changes. 2) }@ is ade
quate for inducing @freduction In the pres&ice of OlD.
It does txt induce angina ner produce tmvai@tt artifacts.
3) l'@ia@using }X@,global EF reductiat is an lxiaccixate
tmtbod for OlD detecticr@. 4) The n@tbod is bigbly sa@si
tive and specific for OlD axl n@y prove valuable in tl@
scre@iing of asynptai@tic high-risk grotÃ§s.

NORMAL RESPONSESOF LEFT AND RIGHT VENTRICULAREJECTION
FRACTIONSDURING AEROBIC AND ANAEROBICPHASES OF UPRIGHT
AND SUPINE EXERCISE.J Maddahi N Pantaleo H Brown M
Freeman S Koerner A l4axman and D Berman Cedars@STnai
MedicalCenter,LosAngeles,CA.

The developmentof anaerobic (An) metabolismduring ex
ericse (Ex) may alter global ventricularresponse to Ex.

WELCOMEANDCALLTOORDER.HowardJ.Dworkin,M.D.,
Chairman, Local Arrangements Committee

WELCOMETO THE RENAISSANCECITY.The Honorable
ColemanA.Young,Mayorof Detroit

REMARKS.LeonardRosenthall,M.D.,Chairman,ScientificPro
gram Committee

REMARKS.LeonardM.Freeman,M.D.,President,SocietyofNu
clear Medicine

AWARDS.MerleK.Loken,M.D.,Chairman,AwardsCommittee
Paul C. Aebersold Award to Michael J. Welch, Ph.D.

Berson-YalowAwardto RobertG.Hamilton,Ph.D.,RabiaHus
sam, Ph.D., Eric L. Ottensen, M.D., N. Franklin Atkinson, Jr.,
M.D.

SpecialAwardto CaptainWilliamH. Brinerfor hiseffortsand
skill in representing the Society of Nuclear Medicine

Distinguished Service Award to James L. Quinn, Ill, M.D.for his
contributionsto the establishment and practice of nuclear med
icine (Awarded posthumously)

THE SECONDANNUALCHARLESDE HEVESYNUCLEAR
MEDICINEPIONEERAWARDPRESENTATIONhonoringMerrill
A. Bender, M.D., and Monte BIau, Ph.D. C. Craig Harris, M.S.,
lecturer

10:00-11:30
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Session Chairman: Daniel Berman
Session Co-Chairman: Harvey J. Berger

@LDPRESSOR RADIONUCLIEE VENTRICULOGRAPHY. R.G Xurtz
M.C Besozzi T.J Brady R.C Kline J.M Clare .7.H
Thrall B Pitt, University of Michigan Medical Center,
Ann Arbor, MI.

Cold pressor radionuclide ventriculography (CPRV) has
recently been proposed as an alternative to exercise radio
nuclide ventriculography (ERV) for detecting patients with
left ventricular dysfunction (LVD) and/or coronary artery
disease (CAD) . An abnormal response to CPRV has previous
ly been defined as an >.03 decrease in left ventricular
ejection fraction (EF) and an abnormal ERV response as a
1.05 increase in EF from rest. To determine the relative
sensitivity CS) and specificity CSp) of CPRV and ERV, 59
patients with LVD and/or CAD and 7 with no CAD or LVD @re
studied. ERV detected 53 of 59 patients, 5=90% and CPRV 57
of 59, 5â€”97%, p'@NS. In 33 of 59 the rest HF was normal
CEF@.5O) with new abnormalities detected by ERV in 27 of 33
S=82% and CPRV in 31 of 33, S=94%, p=NS. In 23 of the 59
the exercise response was adequate in that a pressureâ€”rate

product (PRP) of 250 was achieved. In this group ERV de

tected 22 of 23, Sâ€”96%,and CPRV 21 of 23, Sâ€”92%,p=NS. In
36 who failed to achieve adequate exercise levels, mean
PRP179, ERV detected 31, 5=86% and CPRV 36, 5=100%, p=NS.
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This may be of clinical importancein patientswith low An
threshold (Th) due to deconditioning,valvular,and/or is
chemic heart disease. To evaluate this effect, 13 normals
(as proven by cardiac catheterization)were exercised in
upright and supine positionspast An Th to maximum (Max)Ex.
Assessmentswere made at rest and during each stage of gra
ded bicycle exercise. Left (L) and right (R) ventricular
ejection fractions (VEF)were measured by multiple gated
equilibriumscintigraphywith Tc-99m-RBC's.Additionally,
tidal volume,minute ventilation(VE), oxygen consumption
(V02),and carbon dioxide production(VCO2)were calcula
ted. The An Th was determinedby noting the workload at
which the ventilatoryequivalentfor oxygen (VE/VO2)sys
tematicallyrose, without an increasein the ventiTatory
equilivalentfor carbon dioxide (VE/VCO2).

Ae# phase An phase Ae phase An phase
Control An ThMax Ex Control An Th Max Ex

LVEF 61+7 70+5+ 76+4* 63+8 72@5+ 76+4*
RVEF 49@6 6O@6+ 65+7* 46+7 56@6+ 62@7*
HRO 80+11 114@l5+ 154+16* 73+13 115+18+ 142+18*

â€” UPRI@HT@ â€” SUPINE â€”
Ae#=aerobic;FIRÂ°=heartrate; +p.c.Olvs. control;*p<.Ol vs.
AnTh.

Thus, LVEF and RVEF increaseduring anaerobicas well as
aerobic Ex; however, the rate of increaseappears to be
less during An phase.

EXEI@ISE RADIc@ELIDE VENI'RIC'UI.OGBAPHY IN PATIENTS WI@ffl
PRIOR MYC@A1@IALINFAICPION. E G E@Puey R E Sonrienaker
E Garcia arxl J.A Burdine. Baylor O@1lege of !.@dicine
and St. Lukeâ€˜s Episcopal Hospital, Ibuston, TX.

In patients (pti) with prior myccardial infarction coro
nary ischenia is difficult to diagrxse tij treadmill exer
ciâ€¢se testirx@ (2@Tr) due to existir@ EJ2G abxznalities. @e
huixlred forty-three pts with chest pain ar@ with EXG aixi
historical evidence of prior infarction wIx @re admitted
for coronary ar@iography @re studied at rest arx@ during
supine bicycle exercise with gated radionuclide ventricu
lography. Significant coronary stezxsis (@5O%)was present
angiographically outside of the infarct distribition in 94
pta (group I) but rct in the otI@r 49 (group II) . All pta
had resting wall notion (@â€˜JM)abixrmalities. The average
resting ejection fraction (EF) in the t@ groups was 46.7
Â±13.8%vs 48.4Â±12.8%(p>NS). Theventricularresponseto
exercise was akrormal in 81% of group I pta arxi 69% of
group II pta as manifestedby a <5% increasein IF (average
AEF=â€”2.6Â±7.8%vs 0.1Â±8.4%, p>.05) . Existing l'74abixrmali
ties @rsened in 29% of group I pta ar@ 39% of grcop II
pta. !b@@ver, ac@11itiona1 %â€˜14abnormalities developed in
26%of group I pta, Ixit rx pts in group II. The sensiti
vity and specificity of @IMZin prediCting additional coro
nary disease outside of the infarctdistribution @repoor
(26% ax@344%, respectively) . 1@SU1tS s@re similar for pta

with anterior arxl inferior infarcts. It is concl@xled that
neither â€˜IMT,resting EF, the E@ change with exercise, ror
changes in WMof scarred tr@'ocarditzn is of value in differ
entiating these t@ groups of pta. H@ver, the develop
IT@nt of a new @â€˜I4abroimality cotside the infarct distribu
tion is a highly specific albeit insensitive criterion of
additionalcoronary sterosis.

EXEICISE PADIONtX@LIDEVIN@ICULOGRAPHY IN PATIENTS WITh
GIEST PAIN AND NO PRIOR INFARCPIcE@I. E.G.DePi@y C . Sung
R.E Sonnemaker ,R.J Ha11 J.A Burdine . Baylor College
of @dicir@ and St . Luke â€˜s Episcopal Hospital , Housto, TX.

Previous stixlies to dmternirie the accuracy of e@rcise
radionuclidm ventriculography (I@V) in diagnosing coronary
artery disease (CND) have been limited by @rell patient(pt)
populations and inclusion of pta with prior infarcts .
hurrired seventeen pta with chest pain and no prior infarct

@ studied at rest and during supine bicycle exercise
with II@V. A failure to increase ejection fraction Irj 5%
(<5+EF) and the dmvelopn@nt of wall notion abrormalities
(At'71)@ evaluated as criteria of coronary disease. Of
these pta , 172 also underwent treadmill testing (@IMr). All
pta under@nt coronary angiography , whith dmrronstrated CAD
(50% stenosis) in 141; in the rm@aindmr, diagnoses includ
ed mitral valve prolapse, pericarditis, non-occlusivecoro
nary disease, left ventricular hypertrophy, and non-cardiac
cthest pain. The follc@@ing diagnostic paraneters were ob
tained:

Sensitivity Specificity Accuracy
<51@EF 74% 59% 67%
Al'@4 65% 88% 73%
<5+EF or @4 84% 54% 74%
Â¶I!,,r 5O@ 49% 50%
Sincu many pta vere exercise-limited by synptonu or madica
tions the accuracies vere cxnpared in pta suL@rcoped accor
ding to maxinun heart rate-blood pressure products achieved
during II@v. W1@@reas the accuracy of Â¶t@Pdmcreased to 30%
in 36 pta with rate-pressure products less than 1. 5xlO â€˜, it
was unchari@d for R@V(76%) . Thus I@V is superior to Â¶IMZ
as a screeningtest for CAD and maintains its accuracyin
exercise-limited pta . I@ver, <3 +EF and Ai@Z'.imay occur in
pta with cthest pain duc to causes other than CAD.

@!1ATIS TUfl NOR@\L@ Ffl!@LEFT )V@!)RIC@!T VENTflICIJTV@
FJECTION FRACTION AT DIPFEP.1@T LEVELS OV ExrRcIs@? PT@nI'@Gs
op sc INTIGflAPI!ICVENTflICULO@\r!!YPâ€•RI':(C!@ADEDERGO?1ETT@Y
IN 34 NOP.1ALS. J ?taddahi D herman N Pantaleo M
Preeman ,J.Prauij@T@ Forre ster@
Cedars-@Thai@ los Angeles CA.

Frequently patients (pts) with suspected cardiac or pul
monary disease do not achieve maximurt (max) }cart rate (UR)
(luring exercise (Cx). Therefore, to interpret results of
left (L) and right (!l)ventricular ejection fractions (VEF)
during subsaxinal flx, a normal LVEF and TWEF range shnuld
be established for different level s of Cx. Ic have thus
studied 34 normals (23 males and 11 females), with mean age
of 47 (range 29-75) during graded stages of upri@ht bicycle
ix. This group of nornals included 15 wit@: normal coronarâ€•
arteries and 19 with(lÂ°s likelihood of coronary artery dis
ease based on sequential I3aye sian ana lysi s of age , sex,
symptom classification and results of multiple other nonin

vasive stress tests. L'TF ant !@VEF @vre determined by mul
tiple gated equilibrium scintigra@â€•y wit1@ Tc-99m-RgC's dur
ing each of 4-8 levels of Ex. The mean Â±SI)for ET's at
different levels of Ill arc as follows:
HR Control 80â€”R9 90-99 100-109 110-119 120-129
LVEr 7@@7@ 67@6 68@@ 71@@
EVEF 48Â±5 5l@0@ 51@6 5at 61t6

Jig l.@flâ€”l39 140â€”149 150â€”159 160-169 170-179
LVF.F @@!4 78@@ 7Ã±@4 81t7 80t4
RVr@F 58@9 60@8 61Â±7 66t10 6@5

Therefore, a normal range for LVEP and IlVEF has @enes
tablished for different levels of achieved ICR during tip
right Ex. These data may help interpret EF values observed
in pts with suspected 1isease who do not achieve max Ex
1eve1.

A STUDY OF VENTRICULAR FUNCTION IN VENTRICULAR
SEPTAL DEFECTS AT REST AND AFTER EXERCISE
G Jablonsky MD D Feiglin MD D Hilton MD
-P McLauc'hfln @ID FACC B Barâ€”Shlomo MD M.@
Druck M6 J Morch MD; Toronto General Hospital
Toronto, Ontario.

Little data is available on the effect of long
term volume overload on right and left ventricu
lar function at rest and during exercise. tie
compared the right and left ventricular functior'
of 23 patients (pts) with her.@Jynariiicallyproven
ventricular septal defects (VSD's) mean age 26.9
yrs with a range of 20-40 yrs) with 11 normal sub
jects (mean age 28 yrs with a range of 24-34 yrs)
Of the 23 pts with VSD's, 11 had left to right
shunt ratios of less than 2:1, 4 had Eisenme@gers
reaction and 8 had had surgical repair (mean
interval from surgery was 16.8 yrs with a range
of 9-20 yrs). All pts had supine gated nuclear
angiograms at rest and during graded exercise to
fatigue. Mean ejection fractions are as follows:

!i L@@@]_ Eisenmenger's Post-Op
Rest Ex Rest Ex Rest Ex Rest Ex

L V@7 7@@** â€”@j @* 3@4@**3@4* @j @*

RV 42 62** 44 45* 39 35* 38 40*
*not significant change restâ€”Pexercise
**p @.00l rest-Pexercise
***resting LVEF abnormal in Eisenmenger's vs.
normal (p@.0l)
We conclude: 1) resting ventricular function is
normal in all groups except the Eisenmenger's
2) the response of both ventricles to exercise

Volume 21,Number 6 P5
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tricular ejection fraction and infarct size within 4
days of admission. Infarct size was estimated as the
area of largest Tc9@ pyrophosphate uptake (PYP), or
area of largest Tl201 perfusion defect (Tl201), and also
as the percentage of left ventricular area affected by a
perfusion defect (Tl201Z). Patients were followed for up
to 31 months and their clinical course related to the
acute scintigraphic findings. Eight patients had benign
evolution and are asymptomatic (Group A). The remaining
8 patients (Group B) either died subsequently (7) or de
veloped heart failure (1). Ejection fraction in Group A
(53%Â±l4.9)was not different from that of Group B (482Â±
6.8%).However,infarctsizeparametersweresignifiâ€”
cantly higher in Group B: PYP was 15Â±13.4cm2 in Group A
compared to 34Â±24cia2in Group B (p<.05); T1201 was 16Â±
6.6 cm2 in Group A compared to 32Â±11.1in Group B (p<
.001);and T120'% was 242Â±11in Group A and 452Â±4.5in
Group B (p<.002). Patients whose myocardial Infarction
is complicated by rhythm and conduction disturbances may
follow a benign or malignant course. The eventual devel
opment of either seems to be related to infarct size and
could be predicted from scintigraphic indicators.

PROGNOSTIC SIGNIFICANCE OF RESTING ANTERIOR TIIALLIUMâ€”201
DEFECTS IN PATIENTS WITH INFERIOR MYOCARDIAL INFARCTION
R.S.Gibson, G.J.Taylor, D.D.Watson, G.A.Beller; University
of Virginia, Charlottesville, VA.

Patients (pts) with inferior myocardial Infarction (IKE)
and associated left anterior descending (LAD) coronary
artery disease (CAD) may be at increased risk for subse
quent cardiac events (CE). To determine If Tlâ€”201scinti
graphy after IMI can predict subsequent CE, 25 pta with
enzymatic and ECG criteria for transinural IKE underwent
serial imaging with computer quantitation at rest 7â€”35
days (mean 11.9) after hospital admission. All 25 pta had
persistent inferior (INF) defects, whereas 13 (52%) also
had anterior (ANT) defects consistent with LAD disease.
Ten showed anterior wall rest redistribution and 3 had
persistent ANT defects. Pts were divided into Group I
(Câ€”I)(INF and ANT defects) and Group II (0â€”Il)(INF
defects alone) and the number of CE recorded over an
average 7.2 month followâ€”up(range 3â€”9months). CE in
cluded sudden death (SD), reinfarction, angina and heart
failure (CHF). Ten of 13 pts (77%) in Gâ€”Ihad 17 CE corn
pared with 4/12 pta (33%) in Gâ€”IIwho had only 6 CE
(p<O.O2). Nine pts in Câ€”Ivs 3 in Câ€”Ildeveloped angina
(p(O.O3). Although not statistically significant there
was also an increased prevalence of SO (8% vsOZ) and CHF
(461 vs 25%) in Câ€”I.

In conclusion, rest Tlâ€”201scintigrsphy with computer
quantitation is I) highly sensitive for detection of
transmural IMI even in the late hospital phase and 2) by
detecting ANT wall hypoperfusion at rest, can identify
those pts with IMI at high risk for subsequent cardiac
events presumably due to LAD disease.

RELATION OF RIGHT VENTRICULAR (RV) EJECTION FRACTION TO
PULMONARYARTERY PRESSURE AND RIGHT ATRIAL PRESSURE IN
AORTIC AND/OR MITRAL VALVE DISEASE
@_._c_._WinzelbergC.A BoucherR.D OkadaK.A McKuslck
G.M Pohost H.W Strauss, Massachusetts General Hospital,

Rightâ€”sidedhemodynamic abnormalities resulting from
leftâ€”sidedvalvular disease were compared to right ventric
ular (RV) systolic function in 43 patients with severe
sortic and/or mitral disease. RV ejection fraction (EF)
was derived from endâ€”diastolicand endâ€”systoliccounts
within the RV region of Interest on gated first pass radio
nuclide angiography. Among 15 normal patients, the RVEF
was 60+7% (mean Â±1SD). RVEF was 2SD below normal in 14
(33%) of patients; peak pulmonary artery systolic pressure
(PAP) was >50 mmHg in 29 (67%) of patients; and mean right
atrial pressure (RAP) was elevated (>5 mmHg) in 26 (60%)
of patients. RVEF was more frequently reduced with PAP
>50 tnmHg than <SO, 45% vs. 7% (p<.O5). A reduced RVEF
occurred as often with normal as with elevated RAP, 41%
vs. 31% (p NS). In conclusion: 1â€”AlthoughRVEF reduction
can be related to PAP, most patients with PAP >50 mmHg
maintain a normal RVEF. 2â€”RVEFdoes not correlate closely
with RAP. 3â€”Directinferences about RVEF from PAP and RAP
in patients with severe aortic and/or mitral disease
should be made with caution.

is abnormal in all groups, 3) postâ€”operative left
and right ventricular function is abnormal at
long-term follow-up.

UPRICJIT OR SUPINE - WIiIC!I POSITION IS BETTER FOR EXERCI9@
SCINTICRAPUIC VF.NTRICULOGRAPIIY? H Freemen 0 Berman @L
Pladdahi IL Staniloff Li Elkayam N Pantaleo A Wpxm@,
J Forrester and H,J.C Swan. Cedars-Sinai @d.Ctr,,L.A.CA

Both upright (UPR) and supine (SUP) bicycle exercise (Ex)
have been used with multiple gated equilibrium scintigraphy
(tIGES) for assessment of pts with coronary artery disease
(CAD). To compare these modes of Cx t@ performed @fGESin
the 45Â° LAO view at rest and maximum (max) symptom limited
UPR and SLiPCx in 33 pts: 22 pts with angingraphicCAP (>50%
stenosis) and 15 with normal coronary arteringrans (NCA).
Segmental @1lmotion was assessed in 5 segments with a 5
point scoring system (3â€”normal, -lâ€”dyskinesis). A total
wall motion score (W?IS) was assigned by sinimiing tIe segmen
tal scores. CAD was predicted if left ventricular (LV)
ejection fraction (EF) did not rise by >10% or wall motion
atuormality (IVH)@)developed (luring max Ex. Single (S) or
multiple (â€˜1)vessel disease (VD) was predicted from the lo
cation of WHA. There was no significant (ns) difference be
t@ecn ,JPPand SUP Cx in max luart rate (UP) and systolic
blood pressure (SBP) in NCA pts, but both max JIR and SLIP in
the CAD pts t@re loper in SlIP than in UPR Cx (p.OS). There
was no difference bett@en EJPR and SUP positions for the
means of LVEF, right ventricular (PV) CF or WILSin eitler
the NCA or CAD pts at rest or during max Ex. The direction
al changes of LVEF, RVEF and h'IS in IJPP and SUP F.x tare con
cordant in 34/37, 36/37, and 34/37 pts respectively. Tbe
predictions of NCA, SVD, or @lVDby UPR and SUP P.xtare con
cordant in 35/37 pts. LV volume increased both UPR and SLiP
from rest to max Cx in CAl) ptS, but only during LJPR Cx in
NCA pta. The increase in LV volume in CAP pts during SUP Cx
may counterbalance lower SLIP max IIR-SRP product. These (hits
suggest that LJPR and SUP Cx are equally effective for assess
ment of pts with suspected CAD by @tCES.

CORRELATION BETWEEN RADIONUCLIDE LEPr VENTRICULAR EJECTION
FRACTION LURING ACUTE MYOCABDIAL INFARCTION AND CARDIAC
DEATH OR CHF. @@ons@ILC @01aog. VeteransAdzninis
tration Medical Center, Long Beach, CA.

Radionuelide left ventricular ejection frartions (LVEF)
were measured acutely (2.6 Â±1.7 days) following documented
acute myocardial infarction (ANT) in 151 patients. The
results were correlated with cardiac death (CD) and sub
sequent congestive heart failure (CHF). In 121 of the 11,0
hospital survivors (89%), the LVEF was repeated at hospital
discharge (ND) iL.i Â±3.7 days post PHI. The average LVEF
was L7 Â±15@ acutely and @6%Â±15@ at HO. At followâ€”up,
6.1Â±3.6monthsafterANT,20 of the151patientshada
cardiac death (1@.2@), H during hospitalization and 9
after discharge. Twentyâ€”nineof the 151 patients developed
CHF (19.2%). Only r@neof 65 patients (l.5@) with a normal
acute LVEF (5O@) suffered a CD compared to 19 of 86 (22.l@)
with an LVEF @i9'@(P<0.001). All of the patients who died
during hospitalization hailan abnormal LVEF (P<O.Ol). None
of the pntients with a normal LVEF vent on to CHF versus 29
(3@.7%) with an abnormal LVEF (P<o.ooi). Of the l2L
patients studier] at ND, 8 later had a CD (6.5%) and 26
(levelcped CIIF(2l@). None of the patients with a normal
LVEF at HD went on to CD or CHF versus 8 deaths (11%) and
26 CT-IF(36%), P<O.02 and 2<0.001 respectively. Therefore:
(i) During AWl, a normal LVF@F is unassoclated with inâ€”hasp
ital or late CD or with subsequent CHF. (2) A reduced
LVEF during AWl correlates with a significantly increased
risk for acute and remote CI)and with CHF at followâ€”up.
(3) The NDLVEFhas equal pro@ostic value for risk of
subsequent CD and CJIF.

SCINTIGRAPHIC PARAMETERS OF INFARCT SIZE AND LONG TERM
CLINICAL COURSE IN COMPLICATED MYOCARDIAL INFARCTION
WITHOUT HEART FAILURE. J.Perez-Gonzalez R Dunn E
Botvinick KanuChatterlLee W Parmley T Ports,
University of California, San Francisco, CA.

Sixteen patients with acute infarction complicated
by rhythm and conduction disturbances, but no heart
failure underwent scintigraphic evaluation of left yen
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BEAT TO BEAT ASSESSMENT OF LEFT VENTRICULAR PERFORMANCE IN
ATRIAL FIBRILLATION DETERMINED WITH THE COMPUTERIZED
NUCLEAR PROBE. J Schneider H Berger A Gottschalk
and B Zaret. Yale University, Nev Haven, Ct.

The irregular heart rhythm in atrial fibrillation (AR)
results in nonâ€”uniformbeat to beat ventricular perform
ance. The effects of irregular Al on global left ventri
cular (LV) performance was assessed on a beat to beat basis
in 8 patients (pta) using the computerized nuclear probe.
This instrument has been interfaced to a multichannel re
corder and provides a continuous simultaneous recording of
relative LV volumes, background activity level, and ECG
after Tcâ€”99mblood pool labeling. LV ejection fraction (EF)
determined with the probe in pts with normal sinus rhythm
has been shown to be accurate and to correlate closely with
camera studies (n71, râ€”O.92),with a beat to beat van
ability of Â±5.82 (EF units). In each AR pt, relative LV
endâ€”diastolic(ED) and stroke volumes (SV) and LVEF were
determined in each of 50 consecutive beats. The mean LVEF
(Â±2SD), determined from these 50 beats, in individual pts
ranged from 17Â±12%to 51Â±19%. In individual pts, 8 to 26%
of beats resulted in an LVEF that exceeded the mean LVEF
plus the previously noted variability. In these beats,
the LVEF averaged 11% higher than the individual Pt means.
LVEF correlated with preceding cycle length (CL) and SV.
A Starling effect (positive correlation of SV to ED) was
evident in the 6 pts with mean LVEF >45% (râ€”O.54to 0.81),
but not in the 2 pta with LVEF <30% (râ€”O.O4and 0.31).

Thus, in AR, LVEF correlates with SV and CL, and a Star
ling effect is demonstrated for pts with near normal mean
LVEF. At rest, LVEF underestimates the LV reserve for
augmented performance. These data may impact upon the
diagnostic utility of equilibnit@ ECGâ€”gatedtechniques for
assessment of LV function in AR.

BEAT TO BEAT ASSESSMENT OF LEFT VENTRICULAR PERFORMANCE
USING A PORTABLE COMPUTERIZED NUCLEAR PROBE: VALIDATION,
ANALYSIS OF VARIABILITY , AND INITIAL STUDY OF ECTOPY.
H Bergen R Davies W Batsford P Hoffer A Gottschalk
and B Zaret. Yale University, New Haven, Ct.

A computerized nuclear probe, interfaced to a multi
channel chart recorder, was utilized for continuous simul
taneous recording of a high temporal resolution relative
left ventricular (LV) volume curve, background activity
level, and ECG. After Tcâ€”99mblood pool labeling, beat to
beat relative endâ€”diastolicvolume and stroke volume, and LV
ejection fraction (EF) were calculated in 10 consecutive
sinus beats in 71 patients (pts). Mean LVEF by probe come
lated well with LVEF obtained by firstâ€”passradionuclide
angiocardiography using a multicrystal camera (râ€”O.92).
Themewas no differenceinLVEFbetweenprobeandcamera
studies (mean+SEM:53+3% vs 56+3%, pNS). Close agreement was
demonstrated between initial and repeat analyses of the
same data (n=58, râ€”O.97)and between initial and repeat
probe studies (n48, rO.94). The overall variability of
beat to beat LVEF averaged Â±5.8% (EF units) and was not dif
ferent in normal (ni) and abnl LVEF. As a demonstration of
the technique's sensitivity to detect hemodynamic changes in
single beats, the effects of induced ventricular (V) and
atrial (A) premature beats (PB) were compared in 10 pts with
nl LVEF. In 52 pairs of PB's in the same pta at identical
coupling intervals, VPB's decreased LVEF significantly more
than APB's compared to sinus beats (â€”30+3%vs â€”13Â±3%,
p<O.Ol). Postâ€”extrasystolicpotentiation was similar whether
the PB was from the V or A (+8+3% vs +5+3%, pNS).

Thus, LV performance can be determined accurately on a
beat to beat basis with low variability. This radionuclide
technique allows assessment of the hemodynamic consequences
of spontaneous or induced cardiac arrhythmias.

LOW END-SYSTOLIC VOLUME AT REST - AN EXPLANATION FOR FAIL

URE OF INCREASE IN EJECTION FRACTION DURING EXERCISE IN
NORMAL PATIENTS. M.D Osbakken D Merrill C.A Boucher
R.D Okada H.W Strauss G.M Pohost, Massachusetts
General Hospital, Boston, MA

Twenty four patients were studied with supine rest (R)
and exercise (cx) ventriculography. All patients had normal
hemodynamics, left ventricular and coronary angiograms.
Scan ejection fraction (EF) was derived by counts and scan
endâ€”diastolicindex (EDV/Body surface areaâ€”EJIVI)was deter
mined by area length analysis. Stroke volume index (SVI) was

EDVIXEF and end-systolic volume in4ex (ESVI) was EDVI-SVI.
16 patients with >5% increase (+) in EF with cx (Group A)
were compared to 8 patients with <5% +EF with cx (Group B)
(mean Â±SEM; * p<O.O5).

Group A @5%+EF Group B <5%+EF p@
EDVI Rest (cc/rn2)@ 34.8+4.8 â€”
EDVI Ex (cc/rn2) 47.4+4.1 37.1Â±1.6 â€”
ESVI Rest (cc/n2) 17Â±1.9 10+1.6 *
ESVI Ex (cc/rn2) 13Â±2 11Â±1.1 â€”
%AESVI (rest to cx)@ 25+5% + 9+7% *
SVI Rest (cc/in2) 26+2.4 25Â±3.7 â€”
SVI Ex (cc/rn2)@ 26+3 â€”
%A SVI (rest to cx) + 38Â±9% + 7Â±4% *
EF Rest 61+1.9 71+2.5 *
EF Ex 74Â±2.4 71+2.2 â€”
Age, sex, heart rate and systolic pressure at rest and cx
did not differ in Group A vs Group B. The only significant
difference at rest between the 2 groups is that Group Bhad
a lovpr ESVI which did not decrease during cx. Because EDVI
did not + and ESVI did not +, EF did not 1. This implies
that there are a group of normal patients whose left yen
tnicles are contracting maximally at rest. Thus, contractile
function measured by EF can not be further augmented during
cx.

CARDIACBLOODPOOLACTIVITY AFTER IN VIVO
. AND IN VITRO RED BLOOD CELL .(RBC)LABELING

M.M.Graham and w.a Nelp, Univ. or wasningcon, aeattle, W
This study was done to compare the kinetics of Tcâ€”99in

precordial radioactivity following both in vivo and in
vitro labeling of RBCs, since both methods are commonly
used for studies of left ventricular function.

In 10 patients RBCs were labeled in vivo by injecting 12
mgm of pymophosphate and 3.4 mg SnC1 IV followed in 30 mm
by 20 mCi of Tcâ€”99m. In 10 other patients RBCs were la
beled in vitro after treatment with Sn (Brookhaven kit).
Using a gamma camera and computer, time activity curves
were recorded from the cardiac blood pool(CBP) and adja
cent background (bkg) for 15 mm after injecting Tcâ€”99m.
With in vitro labeling, CBP activity fell 15% during 15

min(range 10â€”21%),but the CBP/bkg ratio remained constant
(avg 3.5). In contrast, with in vivo labeling CBP activity
fell 6% during the first 5 mm, then slowly increased.
Again CBP/bkg remained constant but at a lower value of
2.4 This suggests that with in vivo labeling the intra
vascular Tc-99m binds to RBC hemoglobin over several mm.
This allows Tcâ€”99mto diffuse into the extracellular fluid
(ECF) and then back into the plasma as Tcâ€”99inis bound tc
RBCs. This is supported by the observed rate of transfer
of Tcâ€”99mfrom plasma to hemoglobin in intact RBCs in our
lab where kâ€”O.46/min(Tâ€”l/21.5 mm). Applying these hypo
theses to a computer simulation of in vivu labeling using
RBC, plasma and ECF compartments, whole blood activity
curves similar to those observed in patients were produced.
The steady fall of CBP activity with in vitro labeling is
probably a combination of mixing, splenic uptake and elu
tion of RBC label with renal excretion. The consistently
higher CBP/bkg ratio with the invitrolabel is easily per
ceptible on the final cardiac images.

ThE INFLUENCE OF REGIONAL WALL MOTION ABNORMALITIES ON THE
DETERMINATIONOF THE EJECTION FRACTION USING FIRST PASS
RADIONUCLIDE ANGIOCARDIOGRAPHY. M.L. Gone and J.H.
McKillop, Stanford University School of Medicine, Stanford,
CA.

The determination of left ventricular ejection fraction
on the basis of count mates is based on the assumption that
the tracer is well mixed within the ventricular cavity. In
this paper we intend to investigate whether good mixing can
be assumed to be present during the sampling interval in
firstpassnuclearangiocardiography(FPNA)in patients
with low ejection fractions and regional wall motion
abnormalities . -

ECG gated blood pool studies (EGNA) at rest are used as
a control. Except for the production of a 16 frame repre
sentative cycle, EGNA and FPNA are processed exactly in the
same fashion, with automatic thresholding and region of
interest selection. For FPNA the sampling interval is
taken asymmetrically around the peak of LV activity.

Two groups of patients are considered. The first control
group without coronary artery disease is composed of middle
aged volunteers and patients treated with adniantycin. The
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second group is composed of middleâ€”agedmales following an
infarction and who have localized wall motion abnormalities.
Ejection fraction values are generally identical in the
first group (average difference 1.6 Â±10.1) but not in the
second group where smaller values are found in the lower
mange of EGNA (average difference â€”6.9Â±9.3). Addition
ally 13/25 EGNA results from the second group fall below
predicted value while none fall above, if the regression
equation from the first group is used.

We conclude that mixing may be delayed in patients with
localized wall motion abnormalities and low ejection frac
tions.

MEASUREMENT OF SYSTOLIC MYOCARDIAL T@CKENING
USING PLANAR IMAGING TECHNIQUES. J.H. Caidwell, D.L.
Williams, G.D. Harp, K.L. Gould, G.W. Hamilton, VA Medical
Center, Seattle, Wa.

Depressed systolic thickening of the myocardium (SMTh) is one
of the earliest indicators of iscbeinia. The purpose of this study
was to determine if SMTh can be measured using radlonucide
(RN) techniques. Three Z5 Kg dogs were chronically instrumented
with a coronary flow probe and occluder, an ECHO crystal on the
LV, and a left atrial (LA) catheter. On a study day, the
myocardium was labeled by Injection of Tc-99m MAA particles
Into the LA during dipyridamole induced maximal coronary blood
flow (CBF). The dog was positioned in the equivalent of the LAO
projection in front of a gamma camera with a high resolution
coUlmator. Multiple gated acquisition images (each 200 K) were
acquired during normal and reduced CBF along with simultaneous
ECHO and CBF data. The raw images were processed through a
low pass, low frequency linear filter and an interpolative
background subtraction program. The computer then identified
the endocardial and epicardial surfaces of the area of myocardium
distal to the coronary occluder and calculated SMTh from each 40
macc image during the cardiac cycle. +

F3 the 30 studIes in the 3 dogs, SMTh by RN@was 25.4-Z.7%
(mean-SEM) at baseline and decrease@i to 16.9-3.3% (p=.OO9)
during stenoals (a dec@reese in CEF o@ 53-4.1%). Respective values
for ECHO were 46.0-1.6% and 38.9-32% (p.OO3). Although the
parcentage change of SMTh between baseline and stenosis was
sllghtl@ but not signiflc@antlygreater for RN than for ECHO
(-3Z.9-16.l% vs. -15.9-5.8%; p=.l8), the direction change
correlated well (r=.50; SEE 7.43; y=l.38X -10.80; p=.OOB).

We conclude that it is possible to measure myocardial
thickening by RN methods. The clinical usefulness of the
technique must be defined.
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compound was cooled at moon temperature the final pH was
raised to 7.00. Biodistnibution in mats, as compared
with 97â€”Ruâ€”PIPIDAshowed higher retention in the liver
and slower excretion by the kidneys from 60 mm on. Blood
clearance in dogs showed similar rates for 99mâ€”Tcâ€”BIDAand
97â€”Ruâ€”BIDA(TÂ½1.5 mm for both). The scans in the dogs
shoved early visualization of the gall bladder (10 mm)
and its excretion through the intestinal tract. All
these facts suggest that this madiopharmaceutical can be
used for performing delayed studies of the biliary tract
(e.g., 1â€”3days) in cases where reqummed(e.g., biliary
atresia,neonatalhepatitis).

IMPROVEMENT OF RADIONUCLIDE LEFT TO RIGHT SHUf@(OUANTlTA
TION USING DECONVOLUTION ANALYSIS.
H.R.Ham,A.Dobbeleir,P.Viart,A.Plepszand A,Lenaers.
St.PeterHospitat,FreeUnlvers[tyof Brussets,Belgium.

The purpose of this work was to evaluate whether deconvotu
tion analysis improvedshunt quantifationin clinical prac
tice. Quantitative radionuclide angiocardiography(ORAC) was
performed on 87 patients admitted for cardiac catheteriza
tion. The absence of a shunt was ascertained In 35 patients
by selective cinean@iography,intracardiac phonocardiography
and/or contrastechography.Shuntquantitationwas performed
by ORAC without deconvolution (D),ORAC with D and oxymetry
(OXY),Shunt quantitationwas possible by ORAC with D in 83
patients and by ORAC without D in only 60 patients. Shunt
quantitation was D was possible in all cases (21) with pro
longedbolus and without 0 in only 11 cases. Shunt quantita
tion failed even after D in 4 cases with fragmented bolus,
In patientswithout shunt the varianceof the OXY@termina
tions was greater than those of ORAC. The quantitative re
suits of OXY and ORAC were correlated.ThecorrelatIonswere
equally poor (r=.31and .50).Thegreatestdicrepancybet
ween OXY and ORAC values occurred in children under two
years of age (decreaseof the shunt due to crying?)and In
atrial septal defect (poor reLiabilityof OXY results),When
these cases were discardedthe correlationbetweenOXY and
ORAC without D remained poor (r=.58), while the correlation
between OXY and ORAC with D improved (r=.84) which is high
ly satisfactorytaking into account the errors bounded to
each technique.
In conclusion,deconvolutionanalysisdoes improvedthe
Lâ€”Rshunt detectionand quantitationand its clinicaluse
is recommended.

ROUTINE DECONVOLUTIONANALYSIS OF PULMONARYTRANSIT CURVES
IN PATIENTS WITH SUSPECTED LEFT-RIGHT CARDIAC SHUNTS . P.O.
Alderson K.H Douglass .7.11Roland J.M Links P.M
Foard G.P Leitl and H.N Wagner Jr. The Johns Hopkins
Medical Institutions, Baltimore, MD.

We have shown in animal studies that deconvolution analy
sis (DCVA) allows accurate leftâ€”right (Lâ€”R)shunt quanti
tation by radionuclides, even when the injected bolus is
prolonged. To investigate the clinical utility of_DCVA,
studies were performed in 17 children (ages 1â€”14,x = 6)
and 3 adults with suspected L-R shunts, and in 54 consecu
tivecontrols(ages3-82,x=54)referredforLV function
studies. The patients with suspected shunts had independent
determinations of shunt size by oximetry . Tc-99m was
injected at a slow, steady rate in peripheral veins, and
monitored by a I@)Iover the superior vena cava. Shunt size
was determined by applying the gamma variate method to
deconvoluted and uncorrected pulmonary transit curves, and
the results were compared. Only 5 of the 70 pta (7%) had
injections which could not be deconvoluted. Shunt calcu
lations were falsely positive (x QP:QS=l.34:l) in 18 con
trols prior to DCVA, but only 3 were abnormal after DO/A.
Shunts were present by oximetry in 18 of the 20 patients.
The correlation between oximetry and the gamma variate was
poor (r â€”0.52) prior to DO/A, but improved significantly
(r = 0.95, p <.001) after DO/A. There were 2 false nega
tives in children with small shunts, but no false posi
tives after DCVA. The results demonstrate that routine
DCVA minimizes falseâ€”positives,provides accurate shunt
quantitation and virtually eliminates the need to repeat
studies because of an inadequate bolus injection.
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97â€”RUâ€”PARAâ€”BUTYLâ€”IDA(97â€”RU-BIDA)AS AN AGENT FOR DELA'IED
STUDIES OF THE BILIARY TRACT. E Schachner C Gil
P Son N Cicale D.F Sacker H.L Atkins P.Richards
S Treves and G Subramanian. Brookhaven National
Laboratory, Upton, N.Y.

Early diagnosis of biliary atresia in the neonatal
continues to be a query for the diagnostician. The
physical properties of 131â€”Iand 99mâ€”Tc(131â€”Ienergy 340
keV, TÂ½8.04 days, relatively high radiation dose, and
99m-Tc, TÂ½6.4 hours) prevents their use in delayed
imaging. 97â€”Ruon the other hand has excellent physical
properties (Energy 216 keV, @â€œ86%,TÂ½2.9 days) making it
the isotope of choice. 99@nâ€”Teâ€”BIDAappears to have the
highest hepatic uptake and the lowest mate of urinary
excretion among the known hepatobiliary agents. Because
of this fact, we labeled this agent with 97â€”Ru.BIDA
was dissolved in normal saline (15 mg/mi) and the pH
adjusted to 7.00. To this solution 97â€”RuCl3was added
and the pH adjusted to 4.00. Then, this solution was
heated for 30 mm in a boiling water bath. After the
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COMPARISON BETWEEN ECHOCARDIOGRAPHIC AND NUCLEAR MEDICINE
MEASUREMENTSOF LEFT VENTRICULAR EJECTION FRACTION IN CHIL
DREN AFIER REPAIR OF VENTRICULAR SEPTAL DEFECT. A.R Sid
digui R.A Hurwitz D.A Girod R.L Caldwell D.P Moran.
Indiana University School of Medicine, Indianapolis, IN.

Ejection fraction of left ventricle can be measured non
invasively using Mâ€”modeechocamdiography and nuclear mcdi
cine techniques. Currently the most reliable method of
measuring left ventricular ejection fraction is thought to
be contrast ventriculogmaphy performed during cardiac cath
etemization. Although the assessment of ejection fraction
utilizing the Mâ€”modeechocardiogmaphy has been quite mcli
able, its accuracy is questionable after openâ€”heartsum
gery. Radionuclide assessment of left ventricular ejection
fraction has been found to be very accurate in adults.

Left ventricular ejection fraction was obtained by all
3 methods in 17 children who had undergone repair of yen
triculam septal defect and often associated abnormalities.
Radionuclide ejection fraction was obtained by multiple
gated acquisition at equilibrium using Tcâ€”99mlabeled auto
logous red blood cells. The correlation between contrast
and madionuclide studies was very good (râ€”.74), but poor
between echocamdiography and contrast studies (m= .35).
All 4 patients with cardiomegaly and clinical evidence of
poor left ventricular function were correctly identified
by radionuclide study.

If the ejection fraction determined at cardiac catheter
ization in postâ€”openheart surgery patient is taken to be
the standard, it appears that radionuclide study is a very
reliable substitute technique in evaluation of these pa
tients, especially if compromised ventricular function is
suspected.

RADIONUCLIDE â€œMILKâ€•SCAN FOR DETECTION OF PULt4@NARY
ASPIRATION IN INFANTS AND OIILDREN. R. Hcwzman-Giles and
M. Trochei. Royal Alexandra Hospital for children,

Sydney, Australia.

Recurrent bronchopulmonary infection, asthma, and apnoea
may be associated with pulmonary aspiration (PA). This
may occur as a result of incoordinate swall@sing, gastro
esophageal reflux (GEP) or tracheoesophageal fistula. The
radionuclide method (RN) is a non-invasive physiological
test which can detect PA directly even while the patient
is asleepandassessesantirefluxtreatment.Afterfasting,
19 infants and children aged 1 month to 7.5 years (mean 11
months) were fed 500pCi of Tc99rn sulphur colloid in milk.
A dynamic swallow was collected for 1 frame/5 seconds

until the pharynx was cleared. This was followed by unlab
elled milk until sated and 1 minute frames for 60 minutes
were collected on computer. Delayed images at 2 hours
and 24 hours were performed. A second bottle of labelled
milk was given for the last feed of the evening. Images
were usually performed anteriorly in a supine position.
However if the patient was having thickened feeds and/or
upright feeding posture then the study was performed at
450 upright recline using the appropriate labelled formula.

Barium studies (Ba) were performed in 17 patients. Nine
infants (47%) had positive RN scans for PA; 1 during
swallowing; 6 at 2 hours and 2 the following morning. GE?
and PA was confirmed in 2 infants on Ba. Two infants who
were on antireflux medications and posturing had negative
scans. GER was confirmed in 15 patients by Ba and/or
R@. I@ is a valuable clinical non-invasive investigation
to confirm PA in infants and children with recurrent
pulmonary problems and to assess the results of therapy.

EVALUATION OF SPINAL FUSIONS BY BONE SCINTIGRAPHY: A PRE
LIMINARY REPORT. H.T Hamcke. St. Christopher's Hospital
for Children, Philadelphia PA. M Larkin and M Clancy.
Shriners Hospital for Crippled Children, Philadelphia PA.

Children who undergo spinal fusion for scoliosis may
continue to show progression of their curve and/or experi
ence pain following surgery. In certain cases this occurs
as a result of defects in the fusion (pseudarthrosis).
Bone scintigraphy would be helpful in the management of
these patients if it could accurately identify the pre
sence and location of pseudarthroses.

We have examined 30 children (age 12â€”17 yrs) experi
encing pain and/or progression of scoliosis following

spinal fusion. Scintigraphic examinations of the spine
were performed using Tcâ€”99mMOP. Thus far 15/30 have
been meâ€”exploredand the operative findings correlated
with the scmntigraphic study.

We wish to report the following observations:
1) Bone graft material in general showed less tracer up
take than the spine.
2) Increased bone activity was commonly observed at the
points where Hammington rod hooks were anchored.
3) 16 sites of pseudathros4.s were associated with local
ized increases in uptake, 9 sites of pseudamthrosis were
associated with normal uptake, and 5 sites of increased
uptakewerenotassociatedwithpseudarthrosis.
4) 7/15 children had more than one pseudarthrosis. The
uptake varied from site to site.

This preliminary report suggests that bone imaging
may be of limited clinical value in the localization of
pseudamthroses.

HONE SCINTIGRAPHY IN UNCOMPLICATED AND TREATED lIPPED
CAPITAL FEMORALEPIPHYSIS (SCFE). M.J Gelfand and J.L Strife.
E.L. Saenger Radioisotope Laboratory and DivIsion of PedIatric
Radiology, University of Cincinnati and Children's Hospital,
Cincinnati, OH.

Treatment of SCFE may be associated with avascular
necrosis of the femoral heed. In other cases, minimal SCFE may be
difficult to confirm roentgenographically. Eight bone scintigraphic
studies were performed in seven children with SCFE. Anterior and
posterior routine pelvic images and anterior pinhole images were
obtained 2 to 3 hours after intravenous injection of @Tc
diphosphonate.

Four children had more activity in the capital femoral
metaphyseal growth center (CFMGC) of the affected side than on the
contralateral side. Each had normal perfusion of both femoral
heads. Two children known to ha'e had manipulative reduction of
the fernoral head for SCFE had absent perfusion of the ipsilateral
femoral head. In two children, after internal fixation of the fernoral
head three or more months prior to scintigraphy, activity In the
ipsilateral CFMCC was similar to fernoral head and neck activity,
This indicated loss of the usual focal concentration of activity in the
CFMCC that is normally present prior to epiphyseal closure.

Bone imaging is useful in the evaluation of femoral head
perfusion in SCFE patients, Increased activity may be seen in the
ipsilateral CFMGC as would be seen in a fracture; aiding. In some
cases, in the confirmation of this lesion. The status of the CFMGC
after internal fixation also may be evaluted.

SIMULTANEOUSSEPARATEGLOMERULARFILTRATIONRATE DETER
MINATION -VALIDATIONOF A METHOD. J.C Leonard E.L
Malone W.K Chu E.W Allen. Oklahoma Children's
Memorial Hosplta'fOklahomaCfty, Oklahoma

Severalmethods for determiningGFR utilize Tc-99m Sn
DTPA,but only the methodof Piepsz et al calculates the
clearance of each kidney independently and to the best of
our knowledgethis algorithmhas not been validatedby
others. Since each kidney contributesto the total GFR,
comparingthe sum of the individualGFR5 should be equal
to the GFR as determinedby other establishedmethods.
This approach is necessarysince selectiveureteral
catheterizations are infrequently performed in our
patient population.

Our purpose is to validate Piepsz'salgorithmand to
further automatethe techniqueon a clinical nuclear
medicine unit with renal backgroundand depth deter
minationsas well as curve analysis and calculations
being operator independent.

GFRas determined by creatinine clearance (ci) - 3
pts, Glofil cl - 3 pts, and serial plasma ci over a 3.5
hour period - 4 pts - was comparedwith the computer
calculatedGFR. Using a backgroundROI lateral to the
kidney gave a correlationcoefficientof 0.95, p<.OO1,
in thetenpatientsstudied.Usingbackgroundsinferior
to the kidney gave a wider variation in results, presum
ably by not considering the contribution of splenic and
hepatic activityto the renal curves.

The algorithm of Piepsz et al has been validated and
can be used with minimal operator intervention. Wider
clinical use is indicated.
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THE EFFECT OF INTESTINAL HORMONESON THE Tc-99m PERTECH
NETATE (TcO4) IMAGING OF ECTOPIC GASTRIC MUCOSA IN EXPERI
MENTAL MECKEL'S DIVERTICULUM. G.N Sfakianakis G.F Ander
son D.R King and E.T Boles.
CHildren'sHospital,Columbus,Ohio.

Meckel's diverticula were created in 11 adult mongrel
dogs by implanting full thickness vascularized patches of
gastricwall onto Rouxâ€”enâ€”Yloops of distal ileum. All
animals had sequential camera imaging studies (every 10
mm for 60 mm) with computer acquisition (1 mm frames
for 60 mm) following intravenous injection of 2mCi of
Tc04. The scans were repeated following (1) subcutaneous
injection of pentagastrin (6mg/kg)lS mm prior to injec
tion of TcO4, (2) preâ€”treatmentwith pentagastrin plus
subsequent intravenous injection of glucagon (0.05 mg/kg)
10 mm after the injection of Tc04, (3) glucagon alone.
The surface area of gastric mucosa in the Meckel's was
measured at necropsy.

By visual and computer analysis the following were obser
ved: 1) Lesions as small as 0.95cm2 visualized. 2) Penta
gastrin alone acceleratedaccumulationof radioisotopein
the stomach and ectopically in the Meckel's, but resulted
in early visualization of duodenum. 3) Pentagastrin alone
enhanced a â€œwashoutâ€•phenomenon in the stomach and the
Meckel's; i.e. rapid elution of activity. 4) Glucagon alone
resulted in no early difference but prevented the early
visualizationof duodenumand enhanced the gastric activity
later by preventing the â€œwashoutâ€•phenomenon. 5) The corn
bination of pentagastrin and glucagon enhanced radionuclide
accumulation in the lesion, prevented the visualization of
early activity in the duodenum, and eliminated the â€œwash
outâ€•phenomenon.

The above findings indicate a potential role for gluca
gon in the diagnosis of ectopic gastric mucosa in humans.

Tc-9@n-DIE1}ffL-IL@II'WINGINOIILDHOCDFEPATCBILIPRYDISEASE.R.Chi,
W.C.KlingensrnthIII &idJ.R Lilly. U. of Col@@bHealthScfi@@
CenterS@ @O.

Thirty-threeinf@ts aid chilc@'enr@gingin a@efree 2 nnnthsto
15wars @restudiedwith Tc-99n-diett@'l-I@oneto five tines. Sev@
teenpatientshadbiliary atresia, five hadchol&ochalcyst, five h@i
paLit@yof the intrdepatic ductsr Alagille's syn&-am,threehai neo
natal hepatitis, t@ehai alpha-l-aititrypsin deficiency,andonehal
congenitalhepaticfibrosis. Fiveof the patimitswith biliary atresia

@restudiedpreoperatively.Fourof these @restudiedbefre 3 months
of agea)ddenonstratednsx@ratelygoodhepatoc@teclearaicein conjunc
tionwithnoevideiceofbileflo'i;theok@stpatient(5@months)had
@xXw.hepatocyteclearancewithouteviciniceof bileflcw.Inthe 12 pa
tier@tsstudiedpostoperatively,2 patientswithoutsuccessfulsirgery
shOrEdt@creaSir@hepatocyteclea-a@cein serial studies. Of 10 patients
with successfuloperations,hepatocytecleara@cec@creaseiin 5, stthi
lizel in 2, andinprov& in 3. The3 patientswith neonatalhepatitis
shcaEdvarithleamizitsof @creaseinhepatocyteclearaicewithcorre
sporwiirrjincreasesin trault time; intestinal activity @â€˜esalwaysdamn
stratal. All 5 patientswith cholalochalcystv@reevaluatedpostopera
tively all@ goodhepatocyteclear&ice&idnonmltr&sit. In the
5 patientswith paicity of intr@iepaticbile ducts,themoststriking
finding sesincreasedhepatcbiliarytraisit tine in theperipheryof
the right lthe axi entire left lobein 2 patients;central right lobe
tra'lsit b@Snormml.Of the 2 patientswith alpha-l-aititrypsin deficien
cy, 1 had mist4enly had a Kasai procedure; the other shc@d nonial
clearaiceaid mildly prolongedtraisit. The1 patientwith congenital
hepaticfibrosis sho@dpodclea'aice, severalareasof focal intra
hepaticductsdilatation, andmarkedlyprolongaltra@sit. @sitentatively
cxtlude that Tc-99iett@il-It@ is useful in differentiating obstructive
fromnonobstructivecholestasisaid in damnstatingpathopi@'slologywhith
IW be helpful in evaluating inf&@ts aid chil&en with cholestatic
disease.

CHILDABUSE- ITS COMPLETEEVALUATIONBYONERADIO
PHARMACEUTICAL. D.L Gilday J.M Ash and M.D Green.
TheHospitalforSickChildren,Toronto,Ont.

Althoughwe haveemployedboneImagingfor7 years,as
a screening procedure for the osseous evaluation of child
abuse, it is only during the last year that we have
performed cerebral blood flow images, kidney Imagesand
bone imageswith the same radiopharmaceuticalto provide
a 3 phase study.

The cerebral blood flow study has detected 1 SDHand
continuesto be a usefulscreeningprocedure.Afterit

is completed the kidneys are serially imagedfor 10
minutes.Onepartiallyobstructedkidneyhasbeen
observed.

Two hours after injectiona whole body bone scan is
performedusing a high resolutioncollimator. It has
proved to be the most reliable tool for evaluating occult
osseous trauma. We have observed one false negative
studyin comparisonto x-rayandhavesuccessfully
detected8 lesionsin childrenthatwerenotseenby
x-rayor suspectedclinically.

Our hospital criterion for the diagnosis of child
abuseby radlologicmeansis thatthechildhasto have
at least one unexplained fracture in the correct clinical
setting.Thebonescanhasconverted8 childrenintothe
definite category from the suspicious one.

The 3 phase study is a simple and economical meansof
evaluatingthevulnerableorgansin thechildsuspected
of havingbeenabused. It hastheaddedmeritof
reducingthepotentialradiationto thechildby
substitutingthebonescanfora completeradiological
surveyexceptfortheskull,wheresomefracturesmay be
missed.

10:00-11:30

CLINICAL

LUNG

Session Chairman: Bruce A. Line
SessionCo-Chairman:FerrucioFazio

plo THE JOURNAL OF NUCLEAR MEDICINE

Room 2043

EXPERIMENTALEVALUATIONOFPULMONARYPERFUSIONIMAGINGAND
ARTERIOGRAPHYIN DIAGNOSISOF PULMONARYEMBOLISM.
N.P AlazrakiD Fe@gin J BooksteinK Seo D Motto@
and J HeÃ¡hy Veterans Adainistration Medica Center,
San Diego and Universityof California,San Diego, CA.

Accuracy of perfusion lung imaging was comparedwith sub
selective magnification pulmonary arterlography for identi
fying various sized experimental pulmonaryemboli in dogs;
we alsocorrelatedthescansandangiogramsduringresolu
tionof emboli. Followingbaselinenormalperfusionlung
scansin 10 dogs,a catheterwasplacedintoa 3-5nandia
meter pulmonaryartery and arteriographywith 3X magnifica
tion was performed. Autologous clots were injected unilat
erally in 7 dogs and Ivalon non-resorbable fragments in 3
dogs. Arteriographywas repeated5 minutes after clot de
position,followedwithin30minutesby a perfusionlung
scan. Both studies were repeated at 24 hours and at inter
vals up to 22 days post embolization, or until studies were
normal.

Multiple occlusions involving arteries 1-2 risein diame
ter were seen on magnification arteriograms and scans. As
emboli lysed, rates of normalizationof scan and angiogram
varied, with excellent correlation betweenthem. In Ivalon
injected dogs, some discrepancies were noted. Early scan
defectsappearedlargerthananticipatedfromthesizeof
the occluded artery by angiogram. This disproportion sug
gested vascular spasm. As spasmcleared, although there
was littlechangein theangiogram,strikingregressionof
perfusiondefectswere seen on scan.

Thisstudyconfirmsthehighsensitivityof lungscans
to detect pulmonaryemboli and suggests that vasospasmcon
tributesto perfusiondefectsimagedby scan.

SCINTIGRAPHIC DETECTION OF PULMONARYEMBOLI IN PATIENTS
WITH OBSTRUCTIVE PULMONARY DISEASE. P.O. Alderson, D.R.
Biello, K.G. Sachariah, and B.A. Siegel, The Johns
Hopkins Medical Institutions, Baltimore, MD. , and Mallin
ckrodt Institute of Radiology, St. Louis, MO.

Obstructive pulmonary disease is frequently present in
patients (pta) with suspected PE. The ability of Xe-l33
ventilation:Tc-99m perfusion (V-P) imaging to diagnose PE
in this setting was investigated by reviewing the studies
of 83 pts with suspected PE. All V-P images showed zones
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of abnormal washin or Xe-l33 retention and multiple perfu
sion defects. Each pt had a posterior 3-5 mm Xe-l33 wash
in and prolonged Xe-l33 washout imaging (60 sec images for
7-10 mm) prior to perfusion. The perfusion scans included
4-6 views, 400-600K each, performed after injection of
Tc-99rn labeled particles. Each Pt had a chest radiograph
the same day and a pulmonary angiogram within 72 hrs . Scans
were read without knowledgeof the angiographicresults.
Xe-l33 retention was graded as mild (0â€”3mm) , moderate (4-
6 mm) or severe (7 mm or greater) in each of six lung
zones (upper, mid-, lower each lung). Angiographic cvi
dence of PE was present in 23 of the 83 pts (28%) . A low
probability interpretation was made in 55 of the 60 pta
(92%) without PE, and two were called nondiagnostic be
cause of diffuse,moderateâ€”severeXeâ€”l33retention. There
were 3 false positive interpretations. A high probability
reading was made in 19 of the 23 pts (83%) with PE. These
19 pta had 40 abnormal Xeâ€”l33zones (@ 3 per pt) , and 52%
of zones showed mild retention. The 4 false negative
studies each showed 3-4 abnormal Xe-l33 zones, and 80%
showed moderate or severe retention. Scintigraphic detec
tion of PE is reliable when coexistent Xe-l33 abnormali
ties are limited in their extent and severity.

COMPARISONOF KR-Rim AND XE-l3 3 VENTILATION IMAGING. T.R.
Miller H H Davis J I Lee D R Biello A G Mattam
and B A Siegel. MallinckmodtInstituteof Radiology,
St. Louis, MO.

Km-fIlmhas been omoposed as an alternative to Xeâ€”l33
for ventilation imaging(V). We prospectively studied 64
patients(pts) with both agents and Tcâ€”99mMAA(Tc) perfusion
imaging(Q) to compare their effectiveness in diagnosing
pulmonary embolisrn(PE). In each Pt a Xe study was perform
ed first consisting of oosterior washâ€”in,equilibrium, and
washout images. Then, the Ic was injectedand alternating
Tcâ€”Kmimages were obtained in 6 views . The Xeâ€”Tcimages
and chest madiogmaph(CXR) were read independently of the
Krâ€”Tc-CXRstudy by 3 observers. Four pts had pulmonary an
giogmaphy(PA). The Vâ€”flstudies were interpreted as normal
(N), or low(L), intemmediate(I), or high(H) probability for
PE.

@ N L I H N L I L
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There were significant differences in 4 of the 64 ots (lIâ€”L.
3Lâ€”H).The Iâ€”Ldifference was due to diffuse Xe retention
but precise Km matches in all areas of ()abnormality. Nine
pts were H by Xe while those plus 3 more were H with Kr. In
one (with+ PA), the discrepancywas due to might middle
and lower lobe overlap with Xe. In the other 2 (without
PA), mild Xe retention was evident (Vâ€”flmatch), but Kr was
normal (Vâ€”Omismatch), suggesting that either: l)Xe is â€œtoo
sensitiveâ€•,or 2)Kr is â€œnotsensitive enough.â€•In conclu
sion, while Xe and Km give essentially the same results in
most pta, we found importantdifferencesin 3 of 12 pts
with possible PE. A controlled prospective trial with PA
is warranted before Kr is accented for routine use.

EFFICACY OF KR-81M AND XE-l27 IN EVALUATIONG NON-EMBOLIC
PULMONARY DISEASE. H Susskind H.L.Atkins A.G.Goldman
J.C.Acevedo and P Richards. Brookhaven National Labors
tory, Upton, N.Y. 11973.

A clinical comparison was carried out to evaluate the
use of Kmâ€”8lmand Xeâ€”127for determining lung ventilation
defects in a group of 80 patients with a variety of non
embolic pulmonary diseases. Unlike Xeâ€”l33,Xeâ€”127is simi
lar to Krâ€”8lmin spatial resolution and tissue penetration,
but differs markedly in halfâ€”life. The 13â€”sechalfâ€”lifeof
Krâ€”81mresults in images that reflect the distribution of
regional lung ventilation,while precludingits equilibra
tion in the lungs. The 36.4â€”dhalfâ€”lifeof Xeâ€”127,on the
other hand, permits its equilibration, followed by its
subsequent washout. 500,000â€”countKrâ€”8lmventilation
images were obtained in each of four different positions â€”
posterior, anterior, and might and left posterior oblique â€”
and were interdigitated with Tcâ€”99mMAA perfusion images.
Both were compared with Xeâ€”127images in the posterior
positionobtained from the inspirationof the initial tracer
bolus, after equilibration, and after 2 and 5 mm of wash
out. In addition, the distribution of the two gases was

compared on the basis of pointâ€”byâ€”pointcomputer analysis
and display. The Xe data were clearly superior to those of
Kr in 20 of the studies; in 10 of these, the Xeâ€”l27was
essentialto the diagnosis,since the Km images were
normal. Krâ€”81rnwas superior to Xeâ€”127in 15 studies; in 1
of these it was essentialto the diagnosis,since the Xe
image was normal. However, Km and Xe were equally useful
in evaluating the remaining 45 studies (56%). Kmâ€”81mwas
thereforeessentialto the diagnosis in only 1 study (1.2%)
and superior to Xeâ€”127in only 15 studies (19%).

VALIDATIONOF QUANTITATIVENUCLEARIMAGINGFORAEROSOL
STUDIESOF THELUNG. H Itoh G.C SmaldoneD.L Swift
P.O AldersonandH.N Wagner Jr. KyotoUniversity
Hospital,Kyoto, Japan, and Johns Hopkins Medical Institu
tions,Baltimore,MD.

Thepurposeof thestudywasto evaluatetheroleof the
gananacamerain determining pulmonarydepositions of aero
sols comparedwith other means: filtering and photometry.

Monodispersesebacate aerosols labeled with technetium
99mhumanserumalbumin (MMD1 micron) were produced by a
condensationtechniqueanddeliveredto an anesthesizeddog
througha respiratorypump. A tyndallometerwas placed
before the trachealtube to monitor inspiratoryand expira
toryaerosolconcentrations.Thesesignalsweremultiplied
by aerosol flow, and the product was integrated with time
to givetheaerosolnumbersgoinginandoutof thedog.
The radioaerosols deposited in the lung were stable with
minimumclearance; thus the amountcould be determined with
the gausnacameraafter injecting radioactive microspheres
at the end of the multiple exposure studies. Pulmonary
depositionsby thefiltermethodwereobtainedbymeasuring
theradioactivityin thefilterswhichwereplacedin the
inspiratoryandexpiratorylines.

Pulmonarydepositionfractionsdeterminedby the differ
enttechniquesagreedwell,provingthatscintillation
imagingwas usefulforquantifyingtheaerosoldepositions
In thelung. Furthermore,thecombineduseof photometry
andnucleartechniqueswouldbe usefulespeciallyin the
case of the aerosols which are absorbed rapidly from the
lung. Thetyndallometerwouldprovidean accuratemeasure
of the total aerosolsdepositedwithin the lung, while the
gammacamerawould portray the distribution and regional
clearanceratesof theaerosols.

CLINICAL VENTILATION IMAGING WITH RaDIOACTIVE INDIUM-113m.
F Fazio@ P Wollmer@ J.P Lavender and M.M Barr. Hammer
smith Hospital, London, U.K.

Depositionof small aerosolswithin the lungs takes
place by: (a) sedimentation to lung periphery according to
regional ventilation, and (b) impaction in large airways
(central deposition). The latter can be substantial in
patients with airflow obstruction, thus reducing usefulness
of radioactive aerosols for ventilation imaging. As cen
tral depositionis mainly due to impactionof relatively
large particles,a method has been proposed for removing
the largerdroplets from a polydispersedaerosol prepara
tion (Hayes, M. , Taplin, C.V. , Chopra, S.K., et al, Radio
logy, 131: 256, 1979). We have implemented a modification
of this method in clinical routine and compared it with
regionalventilationas assessedwith continuousinhalation
of Km-8lm. Normal subjects,patientswith pulmonaryembol
ism and patients with variable degrees of airflow obstruc
tion underwent the aerosol procedure immediately after a
routine Kr-81m ventilation/Tc-99m perfusion lung scan. A
solution of In-113rnalbumin was first nebulized, using a
disposible device, in a large reservoir settling bag. Then
the patient inhaled the aerosol from the bag during 5' of
tidal breathing. This was followed by lung imaging on the
gamma camera (equippedwith a high energy collimator). The
use of In-ll3m allows to perform a ventilationscan in
multiple views (anterior, posterior, obliques) following
the routineTc-99m perfusion scan. Qualitative (image
inspection) and quantitative (penetration index) comparison
with Kr-81m scans indicates that this readily available
aerosol technique provides ventilation images of good
statisticalquality and with relativelylittle central
deposition,even in patientswith severe airflow obstruc
tion.
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CORRELATIONBETWEENQUANTITATIVE RADIONUCLIDE LUNG STUDIES
AND SPIROMETRYBEFORE AND AFTER A SURGICAL REMOVALOF LUNG
CARCINOMA. R Gupta U Y Ryo J Szidon S H Pimaky.
Michael Reese Hospital and Universityof Chicago,Chicago,
Illinois.

As a part of preâ€”opemativeevaluations, a quantitative
ventilationand perfusionstudy was performedin 21 patie
nts with lung camcimoma(Ca). By dividing each lung into
3 equal regions of interest using a computer, quantitative
values of ventilationand perfusion in the region of Ca
were calculated in order to predict the reduction of lung
function after surgical removal of the region. Pulmonary
function study included spimometry and lung volumes and
the values obtained after surgery were compared to the val
ues predicted on the madionuclide studies.

The perfusion value in the lung with Ca was lower than
that of ventilationvalue in 12 and equal or similar in 8
of 21 patients.In only one patient the perfusionvalue in
the lung with Ca was significantlyhigher than that of yen
tilationvalue. Surgerywas refused or regardedas too mis
ky in 8 patients and postâ€”operativespimometmy data were
available for correlation with radionuclide studies in 9
patients ; pneumonectoiny 2, lobectomy 4, and segmental mes
ection in 3 cases. Decrease in vital capacity and FEVj
after the surgery averaged 18.4% and 13.5%while predicted
reduction on ventilation and perfusion studies averaged
13.4% and 12.5% respectively. The most wide discrepancy
between the predicted values and postâ€”operativespimornetry
value was 20% observed in a patientwho underwentradiation
therapy after the operation.

Quantitative radionuclide lung study for the prediction
of postâ€”operativereduction in lung function is simple and
reliable procedure and ventilation values appear to be
slightlycloser to the postâ€”operativespirornetmydata.

COMPARATIVEEVALUATIONOFLUNGSCANIMAGESCORRECTEDAND
UNCORRECTEDFORRESPIRATORYMOVEMENTOF ThELUNGS. J.D.
Massie T.A Powers N Kulkarni R.D Bowen and J.J
Touya. VA1'@dicalCenter-Vanderbilt Univ., Nashville, TN.

A recent publicationsuggestedthat correctingfor res
piratorymovementcouldimprovethedetectionof perfusion
defects by lung scan. This suggestionwas based on results
obtainedin a PIEanimalmodelimagedusinga gatedacqui
sitiontechnique.We haveevaluatedthevalidityof such
correction in humans. In 10 consecutive patients referred
for lung scan, frozen inspiratory and expiratory imagesand
conventional imageswere obtained successively. These
imageswereindependentlyratedon a scaleof 1 to 4 for
subjective quality by 4 well trained physicians and results
statistically analyzed. Frozen inspiratory and expiratory
imageswereobtainedusingtheGatedRegionalSpirometry
(GRS) softwareslightlymodified. After injectionof 4
mCi of Tc-99mMM, a posterior view of the lungs was ac
quired in frame mode, 64 x 64 matrix with a temporal reso
lution of 20 frames per respiratory cycle. A ROlon the
lung bases was used to trigger the gate analysis program
which selects and adds separately frames corresponding to
the maximuminspiratory and expiratory efforts. To avoid
the knowndl fference betweenanalog and digital images,
conventional digital Imageswere generated with 1000Kand
lOOKcounts. These four imageswere copied on a single
film in randomorder. Frozen inspiratory imageswere
rankedbetterthanexpiratoryimages,p < .02. Insplra
toryimageswerealsorankedbetterthanlOOKimagesbut
thedifferencewasnotstatisticallysignificant,p >.lO.
The 1000Kimagewas the best, p <.001. Thus, the slight
improvementobtained by correcting for lung movementis
not worth the increased Imaging tine per view: 90 seconds
versus 15 minutes.

ESTIMATION OF PULMONARYI 1C -CHLORPRCMAZINEUPTAKE BY DUAL
ISOTOPE RESIDUE DETECTION WITH A SCINTILLATION CAMERA.
A Syrota F Soussaline M Crouzel and C Kellemshohn.
S.H.F.J. Conanissariat a 1'Energie Atomique.ORSAY.

In order to investigate the lung endothelial cell func
tion in man, we have developed a noninyasive method to
maasure the pulmonaryChlorprornazineuptake. Basic Amines
such as Chiorpromazine and Imiprandeebind to specific high
affinity sites located on the membrane of the pulmonary en
dothelial cell. It has been demonstrated using isolated

perfused mat lungs that the process is saturableand the
moleculesare not metabolized.The techniqueused was to
inject intravenouslya bolus containinga nonpermeatingme
ference tracer 113m In Tmansfemrin and the test molecule
â€˜ICâ€”Chlompmomazine.Patients were positioned under a

scintillationcamera equippedwith a speciallydesigned
collimator for 511 key gamma rays. Data were recorded in
two energy windows for 45 sec and at 2 and 4 mm for 20 se
conds. Both 11C Cblorpmomazine and 113m In Transfemmin
curves corresponding to the residue functions were plotted
after selectingareasâ€”ofâ€”interestin each lung. Correction
was made of the in vivo Compton diffusion of lic in the
113m In window using data recordedat 2 and 4 em. Instants
neous uptake U(t) was calculated using an integral formula:

@ (t â€”q@(t)
U(t) â€” _ ,@ where q@(t) and q@ (t) were the norma

lized residue functions. 15 patients were studied, 7 normal
and 8 with diffuse lung disease. In 6 patients Chlorproma
zinc (O.2mg.kg@1)was infusedduring 10 mm just before the
tracer injection.Uptake showed a plateau of 80% in normal
patients. Maximum uptake was variable in the other pa
tients but a plateau was never observed.After infusionof
Chiorpromazine in normal patients maximum uptake was simi
lam but U (t) decreasedin functionof time.
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IN VIVO EVALUATION OF COMPONENTS OF A TEcHNETIUM HEDP
RADIOPHARMACEW'ICAL MIXTURE SEPARATED BY HIGH PERFORMANCE
LIQUID CHROMATOGRAPHY. E Deutsch D L Ferguson
T C Pinkerton and W R Heineman. Department of
chemistry, University of Cincinnati, Cincinnati, OH.

Technetium radiopharmaceuticals are often complex mix
tures rather than pure chemical compounds, and it is likely
that the individualcomponentsof these mixtureshave
different in vivo distributions. If radiopharmaceutical
mixtures can be separatedinto their individualcomponents,
these componentscan then be evaluated in vivo. Separated
components may be capable of imaging organs that can be
only poorly imaged,or not imaged at all, by the parental
mixture. In addition, radiopharmaceutical preparative cond
itions can be modified to enhance the yield of those compo
nents with the most desirable in vivo properties,thus
increasingthe organ specificityof the entire mixture.As
a first step in this process we have separated a Tc-99m
labelled HEDP (l-hydroxyethylidene diphosphonate) radio
pharmaceutical mixture (both with and without added Tc-99
carrier) into component fractions by high performance
liquid chromatography (HPLC) . Three separated components
were evaluated in normal rats and shown to have signifi
cantly different biological distributions. Components con
taming technetium in a lower oxidation state (A) have a
such superior distribution (in terms of imaging normal
bone) than a componentcontainingtechnetiumin a higher
oxidation state (B) (e.g., femur uptake for A and B are
2.28 Â±0.23 and 1.16 Â±0.06 %dose/g; kidney uptake for A
and B are 0.22 Â±0,04 and 2.44 Â±0,15 %dose/g). It thus
appears that HPLC separationof technetiumradiopharmaceut
ical mixtures will be a valuable tool in the development of
more efficacious imaging agents.

cARBON-Il LABELLED STEROIDS AS POTENTIAL RECEPTOR BINDING
RADIOPHARMACEUTICALS.A Feenstra,W. Vaalburg,D.A. Piers.
S. ReifFers, M.G. Woidring, H. Doorenbos. University Hos
pital, Groningen, The Netherlands.

Steroids labelled with y-emitting radionuclides are pro
posed as radiophammaceuticelsfor the investigationof em
trogen dependenttissues and malignancies.Because of its

THE JOURNAL OF NUCLEAR MEDICINE



PROCEEDINGS OF THE 27th ANNUAL MEETING

injection). Compounds with low partition coefficients at
intracellularpH had long brain retentiontimes (up to
several days). All of the compounds showed low plasma pro
tein binding (% free >85%).

Using the Hendemsonâ€”Hasselbalchequation the partition
coefficientâ€”pHprofileswere calculatedfrom the pK's and
the inherentlipid solubilityof each compound. These
curves matched the experimental data closely. By changing
the substitution groups on the N atoms and the distance
between them, one can design agents with any desired pamti
tion coefficientâ€”pHprofile. Since this profile determines
the biologicalbehavior, it is possible to prepare agents
with optimal uptake and wash-out curves.

A COMPARISON OF THE BIODISTRIBUTION OF 2â€”18â€”FDGand 3â€”18-
FDG IN MICE, RATS AND DOGS. D.R Elmaleh K Kearfott M
M Goodman D Varnum,R Lad@,@R Ackerman H.W Strauss
and G.L Brownell. Massachusetts General Hospital,Boston,
MA.

To evaluate the usefulnessof 3â€”18â€”FOGas compared to
2â€”l8â€”FDG,we investigated the tissue distribution behavior
of both agents in three animal species. The mice and rats
were sacrificed at 1,5,30,60 and 120 wIn post i.v. injec
tion and the tissue distribution in 2 dose per gram was
assayed (see table). The dog distribution was obtained by
quantitative imaging with the positron camera.

2FDG Mice 3FDG Mice
5 mm 60 mm 5 mm 60 mm

Brain 5.70Â±1.07 4.56Â±1.95 3.54Â±0.71 1.64Â±0.27
Heart 20.5 Â±5.4 21.5 Â±8.30 7.32Â±0.77 10.1 Â±1.70
Liver 2.78Â±0.54 0.81Â±0.36 3.83Â±0.82 2.26Â±0.48
Blood 3.14Â±0.46 0.46Â±0.15 5.70Â± .60 2.14Â±0.76

The arterialblood clearanceand plasma analysis of
2â€”l8â€”FDGand 3â€”l8â€”FDGwere determined. 2â€”18â€”FDGwas found
to clear the blood more rapidly than 3â€”18â€”FDGin all
species. The blood curves for dogs with both agents were
found to best fit three exponential components. The tÂ½
(aim) for 2â€”l8â€”FDGand 3â€”18â€”FDGwere 1.01, 10.07, and 12.9;
and 0.52, 2.75, and 140.8, respectively. The 3â€”l8â€”FDGwas
found to behave differently in mice and rats. In dogs the
three rate constants were determined from Sokoloffs' opem
ational equation following the brain activity by 1 mm
single sweeps over a period of 2 hms. for 2â€”18â€”FDGand
3â€”l8â€”FDG.

STRUCTURAL AND MECHANISTIC STUDIES OF ADR.ENOMEDULLARY
RADIOPHARMACEUTICALS . D.M.Wieland,I@.E.Brown , M C
Tobea T.J Mangner W.H Beierwalteg andD.P Swanson.
University of Michigan Hospital, Ann Arbor, MI.

The neuronâ€”blocking drug guanethidine accumulates in and
displaces norepinephrine from admenergic nerves. Aromatic
analogs of guanethidine can be radioiodinated and evaluated
as potential imaging agents for organs with rich adrenergic
innervation. We report here: 1) a structureâ€”distribution
relationship (SDR) study of 1â€”125â€”aralkylguanidines in
dogs, 2) evidence for their sequestration in the storage
vesicles of the adrenal (A.) medulla, 3) imaging of the
dog and primate A. medullae with 1â€”131â€”and 1â€”123â€”mete
iodobenzylâ€”guanidine (mâ€”IBG).

Eight 1â€”125â€”labeledguanidmnes(I)were synthesizedby
radioiodide exchange in water at reflux. Radiochemical
yields were 90â€”98%;specific activities ranged from 0.8â€”1.1
mCi/mg. Purity was confirmed by radioâ€”HPLC.

@ 2)nMB@@2

In the SDR study, all of the guanidines showed selective
uptake in the A. medulla from 0.5â€”192hours. However
mâ€”IBG(R1,R2H,n0) showed the highest uptake and target
toâ€”nontargetconcentration ratios.

Pretreatment of dogs with reserpine, a drug known to
selectively block vesicular uptake, lowered the A. medulla
uptake fiveâ€”fold. Subcellular fractionation of the A.
medullae revealed most of the radioactivity in the large
granule fraction. Distinct images of the A. medullae of 3
dogs were obtained with Iâ€”123â€”mâ€”IBGstarting at 24 HR. Two
rhesus monkeys gave similar images at 3â€”5days with 1â€”131â€”
m-IBG.

potentialfor positron emission computedtomographywe sug
gested previously carbon-il as label. In many steroid hor
manes an ethynyl or methyl group can be introduced without
destroying the hormonal activity or even with increasing
hormonal action. In order to assess the utility of C-Il
labelled l7a-ethynylestradiol and II@-methoxy-I7u-ethynyl
estradlol (moxestrol)as radiopharmaceuticalsthe 3H-
labelled analogs were used to investigate the biodistribu
tion in mature female rats. Both steroids showed a high
specificityfor estrogen receptorcontainingtissues.The
blood clearance and uterus uptake were very rapid resul
ting in high uterus to blood ratio's within less than two
hal@ lives of carbon-Il. In order to assess the lower
limit of the specificactivity needed for localisatlonof
receptor containing tissues, loading dose effects were in
vestigated. Moxestrol with specific activities of 77 Ci!
mol and 7 Ci!mol showed 30 minutes after intravenous in
jection uterus to blood ratio's of 22.0 Â±6.9 and 19.0 Â±
7.2 respectively. After administration of ethynylestradiol
with a specific activity of 50 Ci!mmol this ratio was 9.6

@ 3.7.
From these data we conclude that both steroids are pro

mising as radiopharmaceuticals for the investigation of
estrogen receptor contain1ng tissues. We labelled both com
pounds with the positron emitting carbon-li.

C-li-LABELED BRANCHED-CHAIN AI4INES , POTENTIAL AGENTS FOR
POSITRON TOMOGRAPHICLUNG FUNCTION STUDIES . L C Washburn
T.T Sun B.L Byrd and R.L Hayes. Medical and Health
Sciences Division, Oak Ridge Associated Universities
(ORAU), Oak Ridge , TN.

Câ€”liâ€”Labeledstraightâ€”chainprimary aliphatic amines
have been reported by Fowlem et al (J. Pharmacol. Exp.
Them. 198:133â€”145,1976) as potential agents for dynamic
measurement of lung function. These amines were rapidly
sequestered by the lung, with a maximum uptake at approx
imately 1 mm after injection. However, the subsequent
metabolic loss of madiolabel from the lung and other
tissues was also rapid, thus making quantitative assess
ment of lung function by positron tomography impractical.

Using the Câ€”14â€”labeled compounds, we have studied the
effect of chain branching on the lung uptake and clearance
of primary aliphatic amines in the rat. Câ€”l4â€”Labeled
octylamine (OA), 2â€”methyloctylamine(MOA), and 2,2â€”
dimethyloctylamine (DMOA) were synthesized from 1â€”chloro
heptane, 2â€”chlorooctane, and 2â€”chloroâ€”2â€”methyloctane,
respectively, by nucleophilic displacement with Câ€”14â€”
labeledKCN followedby reductionwith lithium aluminum
hydride. )f@Agave about twice the lung specificity at
early times as OA, and in additionMOA was metabolized
only about oneâ€”halfas fast. DMOA had less lung uptake
than the other two agents but showed virtually no meta
bolic loss of label. We conclude that Câ€”ilâ€”labeled
branchedâ€”chainamimes may be better than the straight
chain analogs for positron tomogmaphiclung function
studies. (ORAU operates under contract number DEâ€”ACO5â€”
760R00033 with the U. S. Department of Energy, Office of
Health and Environmental Research.)

pH SHIFT AGENTS FOR BRAIN IMAGING: STRUCTURE - BIODISTRIBU
TION RELATIONSHIPS FOR Se-75 TERTIARY DIANINES. H.F Kung
and M Blau. State University of New York at Buffalo,
Buffalo, N.Y.

We have recently described a new type of radiophammaceu
tical, pH shift agents, which have high uptake and reten
tion in brain (J.N.M. Feb. 1980). These are tertiary di
amines which are neutral and lipid soluble at blood pH
(7.4) and can freely cross the bloodâ€”brainbarrier. Inside
brain cells where the pH is low (7.0) they pick up
become positively charged, and cannot diffuse out because
they are no longer lipid soluble.

A series of Seâ€”75labeled tertiary diamines of the form
R2N(CH2)@Se(CHl)@NR2 were synthesized. The brain uptake
and washâ€”outcurve was studied in rats as a function of the
inherent lipid solubility and the change in lipid solubili
ty with pH of each compound. Partition coefficientâ€”pHpro
files (nâ€”octanol:buffer,at pH 6.0â€”8.0),pK's and lipid
solubility of the neutral (basic) form were measured.

Compounds with high partition coefficients at blood pH
had high initial brain uptake (@3.O% at 2 mm after i.v.
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STRUCTUREâ€”DISTRIBUTIONSTUDY OF I-l25-eâ€”IODOFATTYACIDS.
C.A Otto D.M Wieland L.E Brown@ and W.H Beiervaltes.
University of Michigan Hospital, Ann Arbor, MI.

The Iâ€”l23â€”e-iodofattyacids have two major drawbacks:
1) short myocardial T 1/2, 2) blood background. Both
problems may be related to rapid Bâ€”oxidationof the fatty
acids by the myocardium and other tissues. We report the
synthesis and evaluation of various Iâ€”l25â€”eâ€”iodofattyacids
incorporating variations in chain length (I) and triple
bond inclusion (II).

I â€”125â€”IQi2(CH2)nCOOH(n 6,9,14,20)
II â€”l25â€”1cH2(cH2)3â€”CnCâ€”(CH2)7COOH

Compounds I were synthesized by a Li2CuC14 catalyzed
coupling of olefinic Gmignards with eâ€”bromofatty acids fol
lowed by HBr addition and radioiodide displacement. Corn
pound II was prepared by condensation of uâ€”bmomooctanoic
acid with the dilithio derivative of hexynâ€”6â€”olfollowed by
esterification, tosylation, iodide displacement and de
estemification.

Compounds I were evaluated in mats with sacrifice 5, 10,
20 and 40 mm after i.v. injection. At all time intervals
reported, I (n20) had significantly higher myocardial
values than other I. Myocamdial uptakes for I (n2O) and
Tlâ€”2Olare similar. However high blood values for I (n=2O)
reduced heart/blood concentration ratios. The myocardial
T 1/2 for I (n2O) was twice that of other I.

Compound II, a potential suicide inhibitor of enoylâ€”CoA
isornerase, showed similar extraction and myocardial T 1/2
as I (nâ€”l4).Blood values are slightly higher than com
parable saturated fatty acids (0.19% kg dose/g vs 0.12%).
Other potential allenic systems are under investigation as
irreversible inhibitors of myocardial enzymes.

PARTIAL CHARACTERIZATIONOF THE Tc-99m CYCLANCOMPLEX. W.
A Volkert J Simon D E Troutnem and R A Holmes, Dc
partment of Radiology and Chemistry, University of Missouri
and Veterans Administration Hospital, Columbia, MO.

Macrocyclic amines rapidly complex Tc99m and exhibit cx
cellent â€œinvivoâ€•and â€œinvitroâ€•stability. Following in
jection these complexes are rapidly cleared from the blood
and are mainly excreted thru the kidneys. Since the ob
jective of our research is to derivatize these ligands
with hope of altering their biodistribution it is essential
to understand the structuroâ€”chemicalfeatures of these com
plexes. To date major emphasis has been directed to the
investigation of the macrocyclic amine, cyclam (1, 4, 8,
11, tetracyclotetradecane), which was used to determine
their chelating characteristics. Tc99m complexes of cyclam
(Cyc) produced by 5@+2 dithionite or Zr electrodes cx
hibited identical elution patterns from chromatographic
columns, Rf values on TLC and migration distances during
electrophoresis. This indicates that these reducing agents
are not part of Ã§hefinal Tcâ€”complex. Radiometric titra
tions of 3 x lO H Tcâ€”99pertechnetate in 0.1 M Cyc at pH
11 using standardized 5@+2 solutions in an N2 atmosphere
showed that a 2 electron transfer is required to form Tc
Cyc indicating a +5 Tc oxidation state. A 1+ charge of the
complex was estimated by comparing the migration distance
of Tcâ€”99â€”Cycand Tcâ€”99mâ€”Cycwith Cyc complexes of known
structure and charge made with Co+j and Ni+2. One likely
form of Tc4S coinplexed in basic aqueous media is a TcO2+
core that can form six coordinate Tcâ€”complexes. If in
fact the TcOj'@core is formed, we can conclude from our re
sults that Tc forms a hexacoordinate complex with cyclam
(eg. [TcO2(Cyc))@).

SYNTHESISANDTESTINGOF LABELEDGLYCOCONJUGATESAS CELL
SPECIFICRECEPTOR@DIOPHARMACEUTICALS.D.R Vera K.A
Krohn S.M Steffen. University of California, Davis, CA.

Tc-99m-labeled neoglycoconjugates represent an i sportant
newclass of radiopharmaceuticals. that bind to cell surface
receptors. Our initial experience has involved synthesis
of neogalactoalbumin(NGA)and labelingitwithtechnetium,
resulting in a tracer which binds specifically to receptors
on the hepatocyte membrane (HBP). This involves stepwise
synthesis of acetobromo-a-D-galacthse and its cyanomethyl
derivative followed by the imidate, 2-imino-2-methoxyethyl
l-thiogalactoside(IME-thiogalactose).The IMEreacts
readilyin mildlyalkalinebufferwithfreeaminogroupsof
albumin and the resulting amidine bond is stable in dilute

acid conditions used for Tc labeling. Weuse electrolysis
to consistentlyachieve95%labelingforTc-99m-NGA.The
resulting radiopharmaceutical purified by gel permeation
chromatographyis as stable as labeled native albumin. We
have attached from 5 to 45 galactosyl residues. The HBP
receptor binding affinity of NGAdependson the nunter of
sugarsattached to eachalbuminmoleculeandmaybe varied
by as muchas 104. A major concern for this compoundwas
the possibility of aggregation which would convert It to a
colloidalreticuloendothelialagent. Themolecularweight
distribution of Tc-99m-NGAwas determined by BloGel P-300
chromatography. In all preparations the optical density
and activity profiles matchedand there was no activity or
absorbancein thevoidvolumeor at thetopof thecolunm.
Tc-NGAhas features useful for cell-specific receptor
basedimagingof theliver. Itcanbe synthesizedtopro
ducethedesiredreceptoraffinityandlabelingis rapid,
efficient, and produces a ligand of high purity.
Supported by the American CancerSociety (Grant # RD-6l).

Tc-99m(Sn)PYRIDOXYLIDENEPHENYLALANINE AND ITS LIPOPHILIC
DERIVATIVES: AN APPROACHTO STRUCTURE/BIO-DISTRIBUTION RE
LATIONSHIP OF TECHNETIUM COMPLEXES. M Kato-Azuma and
M Hazue. NIHON MEDI-PHYSICS CO. , LTD. Takarazuka, JAPAN.

The objective of this investigation was to evaluate the
structure/bio-distribution relationship of Tc-99m (Sn)pyrid
oxylidenephenylalanine derivatives, and to find a hepato
biliary imaging agent with rapid blood clearance, quick he
patobiliary transport and low urinary excretion. Phenylala
nine derivatives with hydrophobic substituents on their
aromatic ring were used as the amino acid constituents in
the stannous preparations of Tc-99m pyridoxylideneaminates;
they were 0-F, rn-F,p-F, p-Cl, o-methyl, p-methyl, rn,m'-di
methyl and p-isopropyl-phenylalanine (all in DL form) . The
lipophilicity of the Tc-complexes was evaluated by the
measurement of their n-octanol/buffer partition coefficient
and their in vivo distribution was studied in rats.

The amount of urinary excretion correlated well with the
global lipophilicity of the complex; the increase in lipo
philicity diminished urinary excretion. The rate of blood
clearance and hepatobiliary transport, on the other hand,
reflected the structure of the complexes; the ortho-substi
tuents were quite effective in accelerating blood clearance
and hepatobiliary transport, and the opposite results were
obtained with the para-substituents.

These results could be understood by considering the
structure of the complexes. The para-substituents effec
tively increase the lipophilicity and hence reduce the
urinary excretion; the ortho-substituents interfere with
the rotation of the benzene ring and hence increase the ri
gidity of the complex's structure. The increase in rigidity
of the structure would be effective in accelerating the
blood clearance and the hepatobiliary transport of Tc-99m-
(Sn)pyridoxylidenephenylalanine derivatives.

COMPLEXES OF TECHNETIUM WITH HYDROXYCAR.BOXYLICACIDS:
d-GLUCONIC, d-GLUCOHEPTONIC, d-TARTARIC, AND CITRIC. C.D.
Russell and A.G Cash, University of Alabama and VA Medical
Centers, Birmingham, AL.

Technetium complexes of several hydmoxycamboxylic acids
are used for medical imaging. To determine the oxidation
state of technetium in these agents, we studied the meduc
tion of Tcâ€”99â€”pemtechnetate in 0.1 H solutions of four
hydroxycamboxylic acids, using polarogmaphy, coulometry,
and ampemometric titration with Sn(II). In gluconate,
below pH 6, Tc(III) and Tc(V) complexes were identified
with certrinty, Tc(IV) questionably; at pH 6 to 10, Tc(IV)
and Tc(V) were formed; above pH 10, Tc(III), Tc(IV), and
Tc(V). In glucoheptonate, below pH 6, Tc(III) and Tc(V)
were formed, and questionably Tc(IV); at pH 6 to 10, Tc(V);
above pH 10, Tc(III), Tc(V), and probably Tc(IV). In
tamtmate, below pH 6, Tc(III), Tc(IV), and Tc(V) were
formed; above pH 6, Tc(IV) and Tc(V). In citrate, below
pH 10, Tc(III), Tc(IV), and Tc(V) were formed, above pH 10,
Tc(IV) and Tc(V). For all four ligands the initial product
of reduction by Sn(II) at pH 3 to 9 was Tc(V). In freshly
prepared tinâ€”labelledimaging agents of this class, the
oxidation state is probably Tc(V). Lower stable oxidation
states exist, attainable by using stronger reducing agents
than tin; these may have altered imaging properties.
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A STUDYOF STRUCTURAL REQUIREMENTNFOR POTENTIAL
BONE LOCALIZING RADIOPHARMACEUTICALS. T S T Wang
R A Fawwaz E G MoJdehi and L J Johnson. College of
Physicians & Surgeons, New York, NY.

Tc-99m labeled diphosphonates are commonly used bone Imag
ing agents. This study was aimed at determining the effect of
substitutions on phsophoryl groups and on the bridge carbon atom
of MDP on bone localization.

Diisopropylmethylenediphosphonate, C H2(C3H7OPO2Na)a (A);
monobromomethylened.tphosphonate, BrCH(PO3Na)2 (B); monohy
droxymethylenediphosphonate, HOCH(PO3Na)2 (C); carbonyldi
phosphonate, CO(PO3Na2) (D); and dihydroxymethylenediphosphon
ate, (HO)2C(PO3Na)2(E) were synthesized. The purity of each
compound was identified by tic and elemental analyses. The cton@
ical structure was confirmed by ir and nmr. Labeling of diphos
phonates with Tc-99m pertechnetate was carried out with SN(II) as
reducing agent. Labeling efficiencies were determined by ITLC.

Tissue distribution studies were done In rats at two hours after
iv administration of tracer. Increasing bone localization was
shown to occur in the order A<D(E<MDP(B<C. These results
suggest that (1) compound A, the diphosphoryl ester of MDP, like
MDP chelates with Tc-99m but exhibits lower bone localization
than MDP. Thus the four hydroxy groups of the diphosphonate aim
equally essential for bone localization. (2) The mono substituted
compounds (B) and (C) demonstrate higher bone concentration and
faster blood clearance than MDP but the disubstituted compounds
(D) and (E) are inferior to MDP with respect to theseparameters.
Thus the sterochemical structural conformation of diphosphonates
is not as critical as the resonance hybrid contributing structures
in bone localization.

AN EVALUATIONOF FIVENEW DIPHOSPHONATESFORSKELETAL
IMAGING.G SubramanianJ G McAfee T F@]@
E Hofmannand C Zapf. Upstate Medical Center, Syracuse,
NewYork 13210.

3-amino 1-hydroxypropyl idene 1, 1-diphosphonate (I),
N,N dimethylaminoN-diphosphonate(II), N-methylamino
methylene diphosphonate (III), 1, N-methylamino1,1-
ethylidenediphosphonate(IV),andl,l-ethylidene
diphosphonate(V)weresynthesized,analyzedandmadeinto
freezedriedkitswithstannouschloride.Allcompounds
were labeled with Tc-99m.

In New Zealand rabbits, bone lesion was induced by
drilling two side-by-side 1/8â€•dla. burrholes In the
tibia(J.BoneJointSurg.59A/213-217/l977).The
subsequentformationof osteoldwithintheburrholes
served as a good reproducible model of bone regeneration,
less variable than fractures. Oneto two weeks later,
biodistribution studies of the above compoundsand
Tc-99m-MDPwereperformed2 and3 hrsafterI.V.
injection.Sr-85was alsoinjectedsimultaneouslyas a
biologicalstandard.Sampleswereassayedfromallmajor
organs, normal bones and the tibial section containing the
burrholes along with a precisely matchedequivalent from
the opposite lint.

Thebloodlevelsat 3 hrswererelativelyhighfor
compounds IV and I, similar for II, V and MDPand lowest
forIII. Alldiphosphonateslocalizedwellin the
skeleton,but IV showedthelowestconcentrationwhereasI
& III had higher concentrations in the bone comparable to
orslightlybetterthanMOP. Theabnormal/normaltibial
ratios were the hi@iest for I & II and lowest for IV.
OnlycompoundsI & IIIshowedcharacteristicscomparable
to thoseof NDP andthereforemaywarrantclinical
evaluation.

HEADTOME;A NEW HYBRID ENISSIONTO?'!OGRAPHAND ITS APPLICA
lION FOR BRAIN STUDY. K Uemura I Kanno S Miura
Y Miura V Kawata S Takahashi K Hirose and K Koga.
ResearchInstitute for (â€˜rainand Blood Vessels, Akita and
ShimadzuSeisakushoLtd.,JAPAN.

A high speed hybrid tomograph(Headtome)measuring sin
gle photon and positron emitters for brain study was deve
loped and preliminaryclinical resultswere reported.

The detector is made of 64 Nal Xtals of 16 x 28 x 70 m
arrayedon a ringof 42 cm diameter.Twocollimatorsys
tems with axial shift mechanism for changing single photon
and positrondetectionmode are set inside of the detector
ring. Collimatorsystem for single photon samplingcon
sists of 64 sets of moving vanes which are set on each NaI
Xtalandswingsynchronouslyto andfroto seerapidly
whole field of view(2l cm â€¢).Preliminarystudy of single
photon images showed the resolutionof 10 m FWHM, and sen
sitivityfor a 20 ma thick slice was 20 and 15 Kcps/pCi/ml
for a 20 cm diametercylindricalwater phantom containing
Tc-99mandXe-l33,respectively.

Clinicalemission tomographicimagingof Tc-99m pertech
netate brain scan and 3-dimensionalregionalcerebral cir
culationstudy were carried out by HEADTOME. Tc-99m brain
section imagesdemonstrated better lesion contrast than
that in standardbrain scintigram. 3-dimensionalimaging
of regionalcerebralcirculationwas studied by continuous
intracarotidinfusionof Kr-8lm developedby F. Fazio.
Distributionof decreased regionalcerebral blood flow were
imaged clearly in the patients with cerebral infarction.
The fast samplingtime of HEADTOMEwas also applicableto
new method developedby I. Kanno and N.A. Lassen for non
invasive3-dimensionalcerebralcirculationstudy with Xe
133 inhalation.

A ROTARY POSITRONEMISSIONTOMOGRAPH:â€œPOSITOLOGICAâ€•.
E.TanakaN.NoharaT.TomitaniN.YamamotoH.MurayamaV
Suda M.Endo T.Iinuma Y.Tateno F.Shishfdo1@K.IshTmatsu
K.Ueda K.Thiami.NationalInstituteof RadiologicalSci
ences, Chiba; Hitachi Medical Corp., Kashiwa; and Central
ResearchLaboratory,Hitachi Ltd., Kokubunji;Japan.

A new positron ECT device for brain study has been
constructed.Thedetectorconsistsof 64 l2x20x26em BGO
crystalsmountedon a circulargantry,controlledto rotate
continuouslyat 60 rpm. Thecrystalsarearrangedin a 44
cm diametercircle, as determinedby computer iterationto
provide reasonable density uniformity for linear sampling
with a 2 m bin-width. The number of coincidence pairs
perbinis 11.9in average,witha minimumof 11,ina
fieldof viewof 23 cm in diameter. Withthishigh
detectorredundancy,thereconstructedimageis expectedto
be fairly insensitiveto instabilitiesor misadjustmentof
detectorgain.

In the coincidencelogic system, 64 detector signals are
divided into 8 groups, and the group coincidencesare
recorded. Coincidencesignalsareoroanizedintoa 12-bit
address plus other flags, includinga chance coincidence
flag. All the signalsfrom the rotatinggantry are trans
mitted througha parallel 16-bit rotary ohoto-couplerto a
computer interface. The coincidencedat@ ?re finally
arrangedinto128parallelprojections.A rotational
positronsourceassembly,containingseveralsmallGe-68
sources,ismountedin thedeviceforattenuationcor
rectionanddetectorcalibration.

The device has a maximum field of view of 24 cm in
diameterwith a variable slice thicknessof 1-2 cm. The
spatialresolutionis less than 9 ma FWHN in the central
regionandthesensitivityisabout17 kcps/iiCi/mlfora
20 cm diameterwater phantom for a 2 cm slice.

COMPARISONOF QUANTITATIVETRANSAXIALAND CORONAL POSITRON
Room 3040 TOMOGRAPHYOFTHEBRAIN. M.E. Phelps, J. Mazziotta, J.

Miller D.E Kuhl. UCLA School of t'lÃ¨dicineLos Angeles,
CA.

10:00-11:30

INSTRUMENTATION

EMISSION TOMOGRAPHY I

SessionChairman:L.StephenGraham
SessionCo-Chairman:EdwardHoffman

The compromizesbetween in-planeresolution,axial reso
lution, statistical noise, radiation dose and imaging time
in computedtomography(CT) have resulted in ratios of
plane thickness to in-plane resolution of 1 to 2 in emis
sion CT and 4 to 10 in x-ray CT. The poorer resolutionin
slicethicknessis acceptedso thatsufficientdetection
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efficiencyis providedto meetthehighstatisticalre
quirementsof CT. However,optimumorientationof resolu
tiondependsupontheorientations,shapesandsizesof the
structuresunderstudy. We havedevelopeda way to direct
ly recordandreconstructcoronaltoinographicsectionswith
ourwholebodypositrontomograph.Thesubjectlayson his
stomachwith his chin resting in a foam rubber head holder
such that the toinographic image plane is orthogonal to the
orbital meatus and to the conventional transaxial image
plane(i.e.orientationof coronalplanes).Studieswere
carriedoutwith(F-18)fluorodeoxyglucose(FDG)in normal
volunteersinwhichtomographicimagesweretakenat 1 cm
Intervalsin boththetransaxialandcoronaldirections
throughout the entire intracranial compartment. The
coronalimagestakenIn thismannerareof muchhigher
qualitythanif theyhadbeenformedby reorganizing
transaxial imagesusing the methodof Glenn et al . The
coronalimagesshowthebestdelineationof structuresthat
havetheirsmallestdimensionprimarilyin thevertical
directionwhile the transaxialapproach is best for those
structureswherethisis thecasein transversedirection.
The best approach therefore dependson the primary struc
turesof interest.

Physical performances of an emission computed tomography
system using a rotating conventional games camera.
F. Soussaline, A.E. Toddâ€”Pokropek,S. Zurowski, E. Huffer,
C. Raynaud, C. Kellemshobn.Serv.Hosp.F.Joliot_DÃ©pt d@ Bio
logieâ€”CEAâ€”ORSAY(France) .XINFORMATEK SA ORSAY (France).

A flexible inexpensive system for single photon emis
sion tomography seems highly desirable in a clinical
environment. A standard GE 400 T maxicamera rotating on a
ring stand, coupled to an INFORMATEK Simis 3 computer
system has been studied and characterized by the measure
ment of some physical critical parameters. A total of
64 or 128 projections as 64 x 64 or 128 x 64 matrices
are collected at regular positions. The reconstruction
of any of the possible 64 adjacent transverse sections,
which may be then sorted into coronal, sagittal and
oblique sections, are obtained by filtsted backprojection.
Great care was taken to ensure the uniformity of the
field of view, the position of the center and the choice
of the energy window. Increasing angular sampling from 64
to 128 projections, as opposed to increasing spatial sam
pling, does not improve resolution. A considerable ampli
fication of nonâ€”uniformityin toemgraphic planes has been
observed, very dependent on the energy window selected.
The spatial resolution of the system given by the FWHM of
the line spread function was 15.5 m in a 20 cm lucite
phantom, and relatively imdependant over radial distance.
The slice thickness was 19 mm (FWHM of the longitudinal
response using a point source). The sensitivity was 5
cpa/pCi for both a small (5 cc) and extented (1500 cc)
uniform sources, enabling images of reasonable quality
(of 0,5 H events/slice), to be obtained in 10 ma. Cormec
tion for Compton events by use of @.iltip1eenergy windows,
the choice of the filter and different methods of attenua
tion correction are beine studied.

PRELIMINARY CLINICAL RESULTS OBTAINED IN EMIS
SION COMPUTED TOMOGRAPHY WITH A ROTATING CONVEN
TIONAL GAMMAâ€”CAMERA.C.Raynaud,A.E Todd-Pokropek
F Soussaline S Zurovski S Ricard and C.
Kellershohn.Service Hospitaliem FrÃ©dÃ©ric Joliot,
DÃ©pamtement de Biologic, CEA, Orsay, France.

A gamma tomography system(GT) comprising a
GE 400 T gamma camera linked to am Informatek Si
mis 3 computer was used and results obtained in
40 patients are presented. In 25 brain tumors con
firmed by Xâ€”ray computerized tomography(CT) or by
surgery, the GT scans were clearly positive in 88%
If only the 10 posterior fossa tumors are consi
dered; CT scans were positive in all, while scm
tiscans were clearly positive in 3 and doubtfully
positive in 5. In 10 patients highly suspected of
liver tumor, the CT scans were positive while
scintiscans were positive in 7 and doubtfully po
sitive in 3. The 5lung CT scans confirmed conven
tional scintiscans but did not add any informat
ion.

These initials results indicate that
I) Excellent GT images can be obtained where the
contrast tumor/tissue is about 2 times that in
conventional scintiscans.
2) The reliability of the CT scans for detection
of hot spots, as in brain tumor, seems excellent.
It is unlikely however that such results, with ma
me exceptions, will be more accurate than those
obtained with CT.
3) The usefulness of the method would seem much
more evident in an organ such as the liver but a
a long term followâ€”upis needed to confirm this impression.

RESULTS USING A NEW DYNAMIC C0)@UTER-ASSISTED TOMOGRAPH
TO STUDY BRAIN ISCHEMIA AND FUNCTION IN TRANSVERSE CROSS
SECTION. E.M Stoke@y E Sveinsdottim N.A Lessen and
R.W Pamkey. Univ. Texas Health Science Center at Dallas,
Texas.

A singleâ€”photonemission tomograph has been designed
and built for regional studies of brain blood flow using
either xenonâ€”133or xenonâ€”l27. The tomograph uses 4
arrays of 16 multislice detectors in each array to collect
data from 3 simultaneous slices in 5 seconds using the
intracarotid injection method. Three collimators were de
signed for the system: a high resolution dynamic collins
tom for the intracarotid injection modality with a 1.3â€”
1.7 cm X 2.0 cm resolution (170,000 cpa/pCi/cc, 3 slices,
Tcâ€”99m,20 cm dia Phelps phantom), a high sensitivity
collimator for inhalation delivery of xenonâ€”133with 1.8â€”
2.4 cm X 2.5 cm resolution (357,000 cps/iiCi/cc, 3 slices,
Tcâ€”99m,20 cm die phantom), and a high resolution collima
tom for static studies with 0.7â€”1.0cm X 1.25 cm resolu
tiom, (35,000 cps/@Ci/cc, Tcâ€”99m). Only the high mesolu
tion dynamic collimator has been constructed thus far,
and it has been used to perform studies on patients using
both methods of xenon delivery. The injection method
clearly reproduces the studies of Lassen et.al. demon
strating areas of increased blood perfusion in the brain
in cross section following hand exercise. The inhalation
modality has been used to demonstrate reduced perfusion
in a patient who had a cystic tumor. The results using
the inhalation modality for xenonâ€”133delivery suggests
that brain ischemia can be studied in cross section using
this tornographic imaging system.

QUANTITATIVEMYOCARDIALFLOW-EXTRACTIONDATAUSINGGATED
ECT.T.F BudingerS.E DerenzoR.H HuesmanL.G
Sherman B.R @yerand V Yano. DonnerLaboratory, Uni
versityof California,Berkeley,CA.

Theuseof emissioncomputedtomographytomeasurephysi
ologicalprocessesin vivodependson theabilitytomeas
ure tracer concentrations within well-defined volumesof
tissueand thevalidityof theassumptionsof themodel.
In ungated studies of the time dependencesof Rb-82 concen
trationin ventricularbloodA(t)departsradicallyfrom
the expected blood clearance curve and reaches a steady
level after 4 mm. The most likely explanation was motion
of niyocardialtissueintotheregionof interestwhichwas
ourestimateof theventricularcavity.Studiesusingbe
lus injection of Rb-82and the Donner280-crystal tomograph
gated over various portionsof the cardiac cycle gave image
datafor10m thicktransversesectionstakenfor15 sec
to 30 sec intervals for 7 mm after bolus (10 sec) injec
tionof 20 to 150mCiof Rb-82. Gatingintervalswere:
from the R-wave for 70 msec; from the T-wave for 70 msec
(endsystole);andfortheintervalfrom150msecbefore
theR-waveto theR-wave(enddiastole).Fortheenddias
tole intervalA(t) decreasedas expectedand was less than
3% of thepeakvalueat 4 mm. Usingtheungateddata,an
errorin thetimeintegralof 11%wasfoundfor3 mm and
of 59%for6 mm afterinjection.Thiserrorinvalidates
calculationof flowx extra@tlon(FE)fromtheconservation
of massmodel: FE = Q(T)//'A(t)dtwhichassumesnegligible
washout and blood compartmentconcentration. Using gated
studies FE varies with time in accordancewith an expected
clearanceof tÂ½ 30mm forRb.

Errors in the myocardial concentration due to movement
ofadjacenttissuesintotheregionofinterestalsoargue
fortherkeedto gate.
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ThF@VING1@ESPECIFICrI? AN@ACQJRACYOF Tc-99m-Itlk
QULESCfl@@IQ@APRYWThiIEA!W VI@S. H.S WeisamannL.A
a@rman J.D BadiaanxlL.M Freeimn. @tefioreIbspital
and)@ca1 C@tter Brxmc NY.

11@n@jor dia@x,stic criterion In evaluating Tc-99cn-Itk6@
studies performed @racute clxlecystitis(AC) is tuivisual
izatic*i of the ga11b].a@(GB) . critical to the evaluation
is tI@ @aticnof tl@study. If the296patiemtsstudied
for AC @@reonly follc@@dfor 1 hx@, the accsxacy @â€˜xuld
have beem 93%aid specificity 87. 77.. 1@ 1o@@rspecifici
ty etc. is ckieto the fact that n@sy cases of chronic
clxlecystitis(CC) n@y be associated with GB tuivisualiza
tion In the first Iu.@. Wwever, the great n@jority of
these CC cases ck@exhibit@ visualization on delayed ic
ages (1-4 hrs) . By obtaining sw.h delayed views â€”_identi
Lied 19 patients@ had delayed@ Visualization, includ
ing 2 with sloi.; hepatic uptake and cccn@ns@ately delayed
biliary visualization secondary to hepatocellular disease
and 17 with prompt hepatic uptake and visualization of the
c@andÃ³x@denunwithin the first lxxm.Of these17, 14
had CC andr@tAC,whiletherenaming3 badAC. @ly1
patient with peraistemt@ norivisualization tÃ§ to 4 l@ixs
bad CC.Therefore,thedelayedvi@s redzxedthefalse-pos
itive rate fran 9.97@to 0.6% and lnprowd the acc@macy for
diagnosingAC to 97.67kand specificityto 99@. The delayed
vise is also important in improving the accuracy in other
clinical situations. For example in post-cI@1ecystectaqy
and bypass patients, evui if the study appears entirely
moroal within the first I@sx, @*rontinely obtained delayed
views because â€”have learned that a cystic d*xt reiriant or
bile leak n@yonly be identified on the delayed vi@s. Al
so in cases of clxlestaais visualization of obstrixted
intrahepatic biliary radicles or the @nbile ckict may
only be observed on the delayed vi@s.

ThE HEPATIC PARENCHYNAL IMAGE IN HEPATOBILIARY SCINTIGRAPHY.
M L Brown J E Freitas H W Wahner, Mayo Clinic and
Mayo Foundation, Rochester, MN, William Beaumont Hospital,
Royal Oak, MI.

Hepatobiliary scintigraphy with the Tcâ€”99miminodiacetic
acid derivatives (IDA) has been shown to be useful in the
workup of biliary diseases, especially for the diagnosis of
acute cholecystitis. However, theme has been little empha
515 placed on the evaluation of the hepatic pamenchymal

images (HPI) that occur early in the imaging sequence.
This study was undertaken to determine whether the NFl con
tamed information similar to Tcâ€”99msulfur colloid images
of the liver. A comparison was made in 50 patients between
the IDA study and the SC examination obtained within seven
days of each other. In 46 cases the number and position of
lesions seen on the two studies were similar. This group
included 17 cases of multifocal disease (15 metastatic dis
ease and 2 polycystic disease), 22 unifocal lesions (5 in
trahepatic gallbladders, 10 metastatic foci, 3 cysts, 2
hemangiomas, 1 normal biliary stmuctures,and 1 pseudotumor)
and 7 marginal defects (5 prominent gallbladder fossae and
2 metastatic foci). Of the four discordant images, one HPI
was of poor technical quality and did not identify a mets
static focus, one appeared normal in a patient with cirmho
sis with multiple filling defects on SC, and one did not
identify the defect on SC that turned out to be prominent
biliary structures. One cyst was seen on HPI and missed on
SC. In addition to being very similar in lesion detection
(47/50) the IDA scan also allowed more specificity in the
later images in 13 cases. IDA will not be a replacement
for SC scintigraphy because of the difficulty of doing
multiple projections; however, critical evaluation of the
HPI in IDA scintigraphy can provide important information
on liver pathology.

RECENTDEVELOPMENTSIN SINGLEPHOTONEMISSIONCOMPUTED
TOMOGRAPHYWITHA SMALLGE@'1ANIIJ1CAMERA.DAOrtendahl
L Kaufman WRowan R Herfkens and D Price, 1JCSF-RIl.
So.SanFrancisco,CA

Using the UCSF high purity germaniumgamma-camerawe
have evaluated the use of germaniumin singleâ€”photon
ECT (1). The reconstructionalgorithmfor the current
evaluationis simplya backprojectionof filteredpro
jectionsusinga rampfilterwithno rollâ€”off.The
imaging characteristics of the HPGecameraallow the
use of a weightedbackprojection algorithm to mitigate
thelossof spatialresolutionat depth. Improvements
have recently beenmadein the depth correction algorithm;
theireffecton the3-Dimagesiscomparedto previous
results(1),Usinglinesourcesa spatialresolution
of 2-4ennat 10cmdepth has been measured. Results of
phantomstudieswillbe shown. HeadandkidneyImages
of ratsinjectedwithTc-99mMDParepresented.The
potentialformultipleradionuclideImagingisdemon
strated with rats imagedsimultaneously with Tlâ€”2O1
and Tc-99mpyrophosphate for both normal and infarcted
hearts. Measurementof the distribution of the down
scatteredTc-99mallowsthesubtractionof itscontri
bution from the Tlâ€”201image, thus reducing the back
ground considerably. Germaniumoffers the potential
for resolutionIn ECTsignificantlybetterthanthe9
to 16m FWHMavailable commercially and comparablewith
thealternativetomographicmodalities.
1. Ortendahl DA, et al: High Resolution Single-Photon

EmissIon ComputedTomographywith a Small GermanIum
Camera.IEEETrans.Mud. Sci.NSâ€”27(InPress).

QUANTITATIVECAPABILITIESOF A SINGLE PHOTON EMISSION
TOMOGRAPHI@SCANNER.C.-M Kirsch R.E.Zinsnerman B.L
Holman and R.J E@gjish. Har@arUMedicalSchool, Boston,
MA.

The quantitativecapabilitiesof the Cleon 711 whole
body scanner have been evaluatedfor Tc-99m, T1-2O1 and
Ga-67. This instrumentobtains transaxialemission tomo
gramsby meansof a ringof 10 scanningcollimatedNaI
detectors.Allmeasurementsweremadeusingcylindrical
plasticvials2.5by 5 cm,placedina 20 by 35 cm cylinder
filled with water. Using a figure of merit the pulse
heightanalyzersettinghasbeenoptimizedfora maximum
signalto noiseratio. Linespreadfunctionandslice
thickness were determined for Tc-99m, Tl-2O1 and Ga-67by
perpendicularand inclinedpipettesin thecylinder.
Regionalsensitivitywasmeasuredby varyingtheposition
ofthevialswithinthelargephantom.

Withthepresentlyinstalledsoftwarethespatialreso
lution is 26 sinin air for all isotopesstudied,26 sinfor
Tc-99m and 28 m for 11-201 in water. The slice thickness
is 38nanforTl-2O1and33mm forTc-99minwater. The
regionalsensitivitywas foundto be stronglydependenton
the spatialdistributionof the source and its physical
locationwithintheattentuatingmedium.ThisIs dueto
the simple geometric attenuation correction presently
available.Whenrelativechangesweremeasuredwithinthe
phantom,theerrorbetweenthetrueandmeasuredchangein
activity was4%.

Thissuggeststhatrelativequantitativeassessmentof
radionuclidedistributionscanbe achievedunderthe
conditionthatthesourceconfigurationis keptconstant.
Our results indicatethat the attenuationcorrection
algorithmrequires improvementIf absolutequantification
is to be performed.

2:00-3:30 Room 2040 ASYMPTOMATICCYSTICDUCTOBSTRUCTIONIN CHRONICCHOLECYST
ITIS. J E FreitasandD N Fink-Bennett.William
Beaumont Hospital,Royal Oak, MI.

Sincegallbladder(GB)non-visualizationduringhepato
biliaryimaging(HBI) appearsdiagnosticof acutechole
cystitis (AC) in the setting of acute abdominal pain, 20
patientswith chroniccholecystitis(CC) underwentHBI
whenthey were pain-free to determine the prevalence of
asymptomaticcystic duct obstruction, a potential cause of
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false-positiveHBIstudies.AllpatientshadCC diagnosed
by clinicalfindings, oral cholecystography(OCG),and/or
ultrasonography(US). All patientsreceived5 mCi of
Tc-9@n Iprofenin (PIPIDA) intravenouslyand serial 300K
viewswereobtainedfor onehour. Eighteenpatientshad
OCG with GB non-visualizationpresent in 9, visualization
ofcalculiin7, andnormalvisualizationin2. Nineteen
patientshadUS withcalculiidentifiedin all. Twoof 20
patients demonstrated GBnon-visualization yet coninonbile
duct visualizationduring HBI. Non-visualization by OCG
and multiple calculi by US were present in both. One of
these 2 patients subsequently developed acute abdominal
paintwoweekspost-HBIwithAC superimposedon CC found
at operation. Five of the remaining19 patients have had
CC confirmedby elective cholecystectomy.

In this series, 10% (2/20)of CC patients (asymptomatic
duringHBI) demonstratedGB non-visualizationduringHBI
compatible with chronic cystic duct obstruction. Since
the prevalenceof CC in patientswho presentwithacute
abdominalpain is approximately35%, such chronic obstruc
tion could Induce a 3-4% false positive rate for HBI de
tection of acute cholecystitis.

EFFICACYOF HEPATOBILIARYIMAGINGINACUTEABDOMINALPAIN.
J E Freitas D M Fink-Bennett J H Thrall and W W
Resinger.WilliamBeaumontHospitaT,RoyalOak141and
Universityof MichiganMedicalCenter,AnnArborMI.

To assess the diagnostic efficacy of hepatobiliary
imaging (HBI) in the rapid evaluationof acute abdominal
pain, 26 patientsunderwentHBI followingthe intravenous
injection of 5 mCi of Tc-9@n Iprofenin (PIPIDA). All
patientshad acuteabdominalpain of 72 hoursor less.
Prior to HBI, the referring physician completed Part I of
the questionnaire indicatinghis differentialdiagnosis
and his certaintyof each diagnosis (expressedas a per
centage). ImediatelyfollowingHBI, thesamephysician
completedPartII of the questionnaireindicatingagain
his differentialdiagnosisand certaintybased uponthe
HBI results. The HBI impact upon the physician'sdiagnos
tic certainty was expressed as a log iikelihood ratio
(LLR). A LLR of 0.0 representsno change in the physi
cian'sdiagnosticcertainty,whilegreaterratiosrepresent
progressivelyincreasingefficacy. In these26 patients,
acute cholecystitis(AC) was the most likely diagnosis
prior to HBI in 23; but post-HBI, AC was most likely in
only 12. ThemeanLLRfor thisserieswas 1.41t 0.34
with 23 of 26 patientsdemonstratinga LLR greater than
0.0. In 16 of 24 patients,a LLR greater than 1.0 was ob
tamed reflectingthe considerableimpactof HBIon the
physician'sdiagnosticcertainty. In 8 of 26 patients,
HBI changed the physician'stherapeuticdecision.

Manyimagingstudieshaveutility,buttheirtruevalue
relatesdirectlyto theirImpacton thephysician'sdiag
nosticcertainty(i.e.efficacy).HBIisefficaciousin
acute abdominal pain for it (1) considerably enhancesthe
physician'sdiagnosticcertainty,and (2) changesthe
therapeuticdecision in many cases.

MULTICENTERTRIALOF Tc99mDISOFENIN(Ldiisopropylphenyl
corbamoylmethyl] iminodiocetic acid): A NEW HEPATOBILIARY
AGENT FORI?Vt6@GINGJAUNDICEDAND NON-JAUNDICED
PATIENTS.A.Green N.Rosenberg M Sheehan. New England
Nuclear Corp., North Billerica, MA.

As it hasbeenshownthat Tc99m@dimethyI-IDA losesutility asa
hepatobiliary imagingagentwith serumbilirubin levelsgreaterthan
5mg/dI, a newâ€”IDAcongenerwasevaluatedin a multicentertrial.
23 normal volunteers at 5 institutions showed no adverse reactions or
change in clinical laboratory studies after the administration of 0.75
-5.0 mCi Tc99mDisofenin ( 10 mg Disofenin). BlOOdlevels at 30
minutes postâ€”injectionranged from 2.9-13,8% and urinary excretion
in the first 2 hours postâ€”injectionranged from 3-18% of the injected
dose. Images showed clear delineation of intrahepatic biliary ducts,
gallbladderandextrahepaticductswithin 5â€”20minutesafter injec
tion and intestinal activity within 25-60 minutes. Renal visualiza
tion either did not occur or was extremely faint. Using these criteria
of normality, 97 patients were studied prospectively at 6 different
institutions, There were no adverse reactions and all procedures
were technically satisfactory. 20 of 21 patients with a final diagrio

sisof normalbiliary systemhada normalscan;a single patient with
proteus sepsis but normal biliary tract showed delayed (120 minutes)
intestinal transit, All 21 patientswith cholelithiasisandpartial or
total obstructionshoweddelayedor no gallbladdervisualization, de
layedor absentintestinal visualization or dilated ducts, All 4 pa
tients with acute cholecystitis without cholelithiasis showed no gall
bladdervisualization, Of 98 Tc99mDisofeninscansonly 33 showed
some renal visualization, all without interference with image inter
pretation. All but 1 of the 17nonâ€”obstructedpatientswith elevated
serum bilirubin levelsSmg/dl showed clearvisualization of gut.

Tc-99m-DII9P@YL D@INODIA@ICACID (DISI@) : THEBEST
OVERAlLQ@JLESCINTIQ@APHICRADI@1@IXLI1EFCR11@EEVALU@TIW
OFH@WI@BThIAWfDISORrERS.H.S Weiss@n J.D Badia
T Hall L.A Si@ru@n and L.M@Freaxmn. l'tntefiore Ibs
pital and Medical Center, Bronx, NY.

Sewral lntncdiacetic acid (fl@) aalogg have been de
veloped including HI1@(dimathyl) , PIPI@ (paraisopropyl),
BIJ@ (parabutyl) and DISITh@ (diisopropyl) . Oi@ clinical
experiencewithall fo@manalogssuggeststhatDISI@ is
the beat overall agmot to address the major clinical areas
of suspected acute clxlecystitis (AC) (as accurately as
H@k) aid the differential dia@osis of c&lestasis (as
acc*mately as BII@), as well as chronic clxlecystitis (CC)
and post-operative ccai@lications . We have studied 76 pa
tiaitswithDISII@:22 forsuspectedAC, 12 forCC,24
for post-operative evaluation and 18 for thlestasis. We
havefouidtheacct@acyof DISII@forevaluatingsuspected
AC to be ccmparable to Hfl@. Also ccm@arable to HIM, it
visualizes the tx,rual bile duat (@) . Since@
cenvisualizethecBD,@ havealsoidentifiedthesare
spectrum of cholescintigr@phic patterns in CC that has
beenobservedwithHmk, dep@dingupon @thetheror nct
there is partial or complete obstr@ticn of the cystic
and/or @BD. 1t has also been as sensitive in detecting
post-operative biliary leakage and obstr@xticzi, e.g. af
ferent loop syndrcame. t'bst importantly, DISI@ has been
extxeaaiy effective in distinguishing madical from si.@g
ical jatndice in 18 patients with the bilirthin ranging
fran1.1to 24.5nvj..Therefore,at thist1s@,DISI@
represents the single best â€œtmiversal agentâ€• to study all
hepatobiliary proble@m @k@erea radicnulide imaging study
is Indicated.

CLINICAL COMPARISONOF Tc-99m-DIISOPROPYL-IDAAND Tc-99m-
DIETHYL-IDAFOR EVALUATIONOF THE HEPATOBILIARYSYSTEM.
W.C.Klin@ensmithIII A.R Fritzberg V.M Spitzer and
C.C Kuni. U. of Colorado I{ealtbSciencesCenter, Denver,CO

Animal studies indicatethat the two best hepatobiliary
imaging agents are Tc-99m-diisopropyl-IDAand Tc-99m-di
ethyl-IDA (Radiology128:793,1978).We have conducted a
clinical comparisÃ¶AThetweenthese two agents in 13 patients
with a wide range of hepatobiliaryfunction.Three patients
had transientright upper quadrant pain of undetermined
etiology; two patients each had alcoholic liver disease,
primary biliary cirrhosis,and liver transplantation;one
patient each had acute viral hepatitis,chronic active
hepatitis,andabdominaltrauma.Theaveragetimebetween
studies was 1.4 days. Anterior and right lateral images
wereroutinelyacquiredat 5,10,15,30,45,and60 minutes;
if intestinalactivitywas not present by 60 minutes; imag
ing was continued until it appeared or until 24 hours.
In 5 patients 3 hour cumulativeurine collectionswere
obtained and in 4 patients rapid serial images following
injection were obtained for quantification of relative
extractionefficiency.
Tc-99m-diisopropyl-IDA tended to be superior to Tc-99m-di
ethyl-IDAin demonstrating:1) liver parenchyma,2) hepatic
ducts,and3) lessrenalactivity(peO.O5onlyforrenal
activity).In four of five patientsTc-99m-diisopropyl-IDA
showed less renal excretion;but both agents demonstrated
increasingrenalexcretionwithincreasingbilirubin
levels.Tc-99m-diisopropyl-IDAhad a l.6x higher hepatocyte
extractionefficiencythanTc-99m-diethyl-IDA.Ourpre
liminarydatasuggeststhatthereis a tendencyfor
Tc-99m-diisopropyl-IDA to give better Imagesof the hepato
biliary system although no large differenceswere detected.
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CLINICAL COMPARISONOF Tc-99m-PARABUTYL-IDAAND Tc-DIETHYL
IDA FOR IMAGINGTHE HEPATOBILIARYSYSTEM: W.C.Klingensmith
III A.R Fritzberg C.C.Kuni and J.R Lilly. U. of
Coloradol4ealthSciencestenter, lenver,CO@

Animal and preliminarypatient data suggeststhat Tc
99m-parabutyl-IDAmight be superiorto Tc-99m-diethyl-IDA
in imaging the hepatobiliarysystem in patientswith high
blood bilirubin levels (Radiology128:793, 1978). A direct
clinicalcomparisonbetween these two agents was made in
14 patients.The total serum bilirubinrange was 1.2 to
50.6mg/dl(mean= 13.3).Theaveragetimebetweenstudies

was 2.0 days. Anterior and right lateralimages were ac
quired at 5, 10, 15, 30, 45, and 60 minutes; if intestinal
activity was not present at 60 minutes, imaging was con
tinued until it appeared or until 24 hours. Visual evalua
tion of all 14 paired studies showed Tc-99m-parabutyl-IDA
to be superior (p@O.O5) in maximum liver to background
ratio (5-60 mm) and least renal activity;Tc-99m-di
ethyl-IDA was superior (peO.O5) in liver to background
ratio at 5 minutes. There was a tendency (p0.05) for
Tc-99m-diethyl-IDAto demonstratethe intrahepaticducts
better and to show an earlier intestinalarrival time.
In the 8 patientswho showed evidenceof biliary excretion,
both agents demonstratedexcretionin 6, only Tc-99m-di
ethyl-IDA in 1 (bilirubin:17.1 mg/dl), and only
Tc-99m-parabutyl-IDAin 1 (bilirubin: 50 mg/dl). We tenta
tively concludethat, in general, Tc-99m-parabutylshould
be used as a secondary agent, even in patients with marked
ly elevated bilirubins.However, in certain situations,
in which biliary tract visualizationis unlikely and
detection of intestinalactivity is critical, e.g. biliary
atresia, Tc-99m-parabutyl-IDA might serve as the primary
agent.

TECHNETIUM-99m HIDA HEPATIC LOBAR DISTRIBUTION AND RETEN
TION RATIOS IN THE DETECTION OF IHYRAHEPATIC CALCULI.
S.H Yeh O.K Liu P.F Chiu andM.J.Huang. Veterans

General Hospital, Taipei, Taiwan

Sequential scintiphotography with Tcâ€”99mPG has been
used for detecting liver stones (J Nucl Med 18: 635, 1977).
However, it is qualitative and tedious. An alternative
method which is simple and quantitative is described below.

Data were acquired in the hepatic region for one mm at
5 and 40 nm after I.V. injection of Tcâ€”99mHIDAwith the
patient in the same position. A computer routine was used
to calculate: (A) might and left lobar distribution ratio
(R/L) with correction for the relative lobar thickness by
dividing the ratio of the count rates of the right and left
lobes at 40 mm by that at 5 mm; and (B) individual lobar
retention ratio (RRR for right, RRL for left) at 40 mm.
Nine patients strongly suspicious of intrahepatic stones
were studied. R/L, RRR and RRL were also determined in 36
normal individuals. The mean ratio Â±1 S.D. was 0.96 Â±
0.14 for R/L, 0.55 Â±0.17 for RRR, and 0.57 Â±0.18 for HAL.

In all 9 proven patients, 4 had unilobam and 5 had bib
bate liver stones. Retention ratios of all 14 affected
lobes increased greatly from 1.00 to 2.92. All 4 unilobar
cases had normal retention ratios (range 0.71â€”0.86)in the
unaffected lobes. R/L's were outside the normal range in
all 4 unilobar cases (R/L's 0.30, 0.32, 0.41, 3 left;
R/L 1.61, 1 right). Although R/L's were within normal
mange in 2 of 5 bilobate cases, individual R/L's ratios
still reflected the main aide of involvement compatible
with ERR and HAL.

Initial results indicate that R/L, RRR and HAL are use
ful parameters easily obtained for detecting intrahepatic
lithiasis. Thus this new technique may replace sequential
scintiphotography for screening this disease.

Q1Th}72ITATIVEBONE IMA1@INGOF PATI@TPS WITH CARCINONAOP THE
PROSTATE. J.G Hardy LL Wastie and A.E Kulatilalce.
Queen's Medical Centre, Nottingham, U.K.

Quantitative bone imaging has been employed to monitor
the response to estrogen and estramustine phosphate therapy
of patients with bone metastases from carcinoma of the
prostate. The technique devised avoids the need to oompa.re
the uptake into metastases with that into apparently normal
bone, since many patients had widespread metastatic
involvement . Pollowing intravenous injection of 1OmCi Tc-99m
methylene diphosphonate , imaging was undertaken using a
large field gaswna camera and the data recorded by computer.
By imagine an external standard the uptake into a selected
mite (Rol) was quantified and expressed as a â€œstandardized
countâ€•(sc) using the equation,
sc= countratefromROl x% doseinstandardx 10

count rate from standard area of ROl
Followâ€”upstudies were undertaken at 3 monthly intervals
for periods of up to 15 months. Of the 81 patients invest
igated 40 (49%) had bone metaatasea. Prior to treatment
the â€œstandardized countsâ€• from regions of interest over the
lower thoracic and lumbar vertebrae of patients without
bone @etaetases were 10.70 â€”2.88 (32 patients) and
9.77â€”2.74(34patients),respectively.Therewere
slight reductions in the average values following therapy
but these were not statistically significant (p>O.4 for all
followâ€”uptimes). Variable responses have been observed in
the uptake of the radiopharmaceutical into metastatic
bone; in some cases there have been increasing â€œstandard
ized countsâ€•whilst in others the values have decreased or
remained constant. A decrease in uptake may represent an
improvement. Quantitative bone imaging is playing an
importantrole in the managementof patientswith
carcinoma of the prostate.

BONE SCANS IN STEROID-TREATED PATIENTS WITH SYSTEMIC
LUPUS ERYTHEMATOSOUS (SLE). J.J conklin J Denseraux
P.O Alderson T.M Zizic D.S Hungerford,and H.N Wagner,

@ The Johns Hopkins Medical Institutions, Baltimore, MD.

Patients with SLE are particularly susceptible to is
chemic necrosis of bone (1MB) when they are treated with
steroids. A prospective study of bone scanning for detec
tion of INB was performed in 36 such patients (97% females,
age range 16-63) . Since the hips, knees and shoulders are
usually affected by 1MB in SLE, 300 K converging collimator
images of these joints were obtained on film and in digital
format 2-3 hrs after injection of 20 mCi of Tc-99m methy
lene diphosphonate. All patients had joint radiographs, and
12 had intraosseous pressure (lOP) determinations in the
marrow space of affected joints (n=37) for independent
assessment of INB. Scans showed abnormally increased joint
activity in 28 of the 36 patients. A total of 95 joints
showed abnormalities, 19% were in hips, 35% in knees and
46% in shoulders. Nineteen of 31 joints with elevated
lop had abnormal scans (sensitivity = 61%) , and scans were
abnormal in 3 of 6 joints with normal pressures (specifi
city = 50%). Thus, the positive predictive value of the
scans compared to lOP was 86% (19/22). Scans were signifi
cantly more sensitive than radiographs for detecting early
INB. Ten of 31 joints with abnormal lOP were detected
only by scan, but only 3 showed abnormal radiographs with
normal scans. Fifteen of the 19 joints with abnormal lOP
and abnormal scans were painful. The results confirm the
high frequency of 1MB in patients with SLE who are treated
with steroids, and demonstrate that bone scans are more
sensitive than skeletal radiographs for early detection
of INB.

Tc-99tnMDP IMAGING AS AN EARLY TEST FOR FEMORAL HEAD OSTEO
NECROSIS. D.A. Weber, C. Bauer, L.I. Hansson, L. Ceder,

Room 2043 L. Darte,L. StigssonandN. Egund. LundUniversity
Hospital, Lund, Sweden and University of Rochester School
of Medicine and Dentistry, Rochester, NY.

2:00-3:30

A prospective study of hip fracture patients was made to
evaluate the use of bone imaging as an early indicator of
femoral head osteonecrosis and other healing complications.
A series of 25 patients was imaged with Tcâ€”99mMDP within
3Â½wk of fractureandnailing;repeatstudieswere
scheduled at 4, 8, 12, 24 and 36 mo. Early perfusion
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phase and later bone deposition images of the hips were
recorded. Repeat radiographs and a review of clinical
symptoms were obtained at each scheduled visit; tetra
cycline deposition was evaluated in 13/25 patients. Eleven
additional patients with various hip problems were imaged
2 mo to 3 yr after fracture.

Major and partial Tcâ€”99mMDP filling defects suggesting
sites of osteonecrosis, as well as normal or enhanced
Tcâ€”99mMDP deposition in the femoral head characterized the
images within 3Â½wk of fracture. Marked variations in the
healing process were demonstrated; some defects revascular
ized and showed bone remodelling at 4 mo whereas others
showed no change at 1 yr or more after fracture. Radio
graphic changes in the femoral head were seen infrequently.
Imaging studies of the acute and early stages of fracture
healing (0â€”12mo) show Tcâ€”99mMDP to be a sensitive test
for changes in bone vasculature and remodelling. Correla
tion of these and subsequent changes with femoral head
pathology and fracture resolution will define the predic
tive accuracy and usefulness of this procedure.

ThE INFLUENCE OF PERMEABILITY ON UPTAKE OF BONE IMAGING
AGENTS. M.A King D.J LanteiRne and S.C Marks, the
University of Massachusetts Medical School, Worcester, MA,
J Brand, the University of Rochester Medical School,
Rochester, NY.

It has recentlybeen establishedthat the 99m-Tc labeled
phosphates and phosphonates are less permeable than the
earlier bone imaging agents; therefore, increased local
permeability may be an important factor in the localization
of 99m-Tc labeled agents in some pathological states. We
conducted two tests of this hypothesis. In the first, the
sterile inflammatory reaction one day post a single expo
sure of 1800R to the hind leg of rabbits was used as the
model for inducing changes in vascular permeability. Al
terations in the relative initial clearance of 99m-Tc MOP
and 85-Sr, as well as relative clearance of 113-Sn micro
spheres (relative blood perfusion), were determined in
sacrificed rabbits.

In the second part, the thickness of the layer of cells
covering bone surfaces (permeability of the â€œbonemembrane
barrierâ€•)was studied invitmo. Intact and lightly scraped
neonate rat calvaria were incubated at 37Â°Cin Tris buf
fered isotonic salt solution at pH 7.4 with 99m-Tc MOP and
85-Sr. As verifiedhistologically,the scrapingsimulated
an increase in permeability by removing much of the pen
osteum. That cell viability was not important in the
uptake process was determined by comparing the uptake of
cabvaria which were heat treated (70Â°Cfor 20 mm), or
repeatedly frozen in liquid nitrogen, against that of
controls.

The results of these studies confirm the higher perme
ability of 85-Sr and indicate that an increase in local
permeability can result in significant increases in local
uptake of 99m-Tc labeled bone imaging agents.

SCINTIGRAPHIC EVALUATION OF PARATHYROID-.INDUCED BONE
DISEASEIN CHRONICDIALYSISPATIENTS.R,W Myars E
Drum B.M Morse R,B Doud R.L Rasmusssn and 3,11,

@ I@rrick Plsmorial Hospital, B.rkel.y, CA.

To evaluats th. rols of th. To.-99mtotal body bone scan
(BS) in assessinghsmodialysisassociatedskeletal
dissass,serum alkalinephosphatassand parathyroid
hormone levels (PTH) were compared to the independently
and quantitativelygraded radiographicparathyroidbone
series (PBS) and the 65 at 48 comparable times in 41
patients. 55 scores of 0 to 10 represented subjectively
low to high bone/background ratios in multiple areas when
compared to matched controls with normal renal function.
Each PBS was graded 0 to 10 for none to extreme findings
of parathyroid bone disease.

as scores wers correlated with PTH(r = .64, p C .001)
as were PBS ecores (r â€”.61, p c .001). When PTH@ 25001U
(normal c 6001U) were considered indicative of significant
bone disease, the SB score was increased at least one
grade over normal in 21 of 24 studies (sensitivity â€”88%).
Conversely,18 of 24 studies with PTH c 25001U had low-.
grade 85 scores (specificity = 75%). Findings for PBS

when compared to PTH > or c 25001U were: sensitivity =
54% (13 of 24 studies) and specificity = 58% (14 of 24
studies). Alkaline phosphatase levsle were not
significantly correlated with BS, PBS or PTH.

BS determination of boneâ€”softtissue ratio is a
relatively aeneitive indicator of significant
hyperparathyroidism in chronic hemodialysis patients and
offers improved accuracy for that isolated purpose when
compared to standard radiographic modalities or other
routine laboratory data.

DEMONSTRATION OF INTRA-ARTICULAR DEPOT CORTICOSTEROID EF
FECT ON SYNOVIAL PERMEABILITY IN OSTEOARTHRITIS. M.J Ey
montt G.V Gordon H.R Schumacher J.R Hansell. Univem
sity of Pennsylvania and VA Hospital, Philadelphia, PA.

Intraâ€”articularinjections of corticostemoids have
been widely used to treat painful knee effusions in osteo
arthritis but their mode of action in this â€œnoninflamma
toryâ€• condition has not been examined. Thirteen patients
with osteoarthritis and painful effusions had one knee in
jected with normal saline, tniamcinolone hexacetonide 20
mg or prednisolone tebuate 20 mg. Fifteen mCi of Tc-99m
albumin were given intravenously prior to, 24 hours, one
week, and two weeks after the injection of the depot cor
ticosteroid or saline. One ml samples of whole blood and
synovial fluid were obtained 30 minutes after the admini
stration of madiolabeled albumin, counted and a blood to
synovial fluid count rate ratio determined. A synovial
fluid WBC and differential were also determined.

Seven of ten patients injected with corticosteroids
improved clinically concomitant with an increase in the
blood to synovial fluid count rate ratio at 2@ h,urs to
two weeks despite a rise in the synovial fluid WBC in
some. Two patients had no clinical response and no change
in this same ratio despite a synovial fluid WBC rise in
one of them. All three patients injected with saline had
no clinical improvement or change in the ratio, though one
had a modest rise in the synovial fluid WBC.

These data suggest that in addition to causing in
creases in synovial fluid WBC, presumably from postâ€”in
jection microcrystallineâ€”inducedsynovitis, corticoster
oids may have a separate effect altering the permeability
of the synovium. Also, decreases in pain and knee swel
ling correlate better with vascular permeability, as
assessed by the count ratio, than with synovial fluid WBC.

DYSPROSIUM-165 FERRIC HYDROXIDE MACROAGGREGATES - A
THERAPEUTIC AGENT FOR RADIATION SYNOVECTOMY. M.A Davis
D.J Hnatowich R.W Atcher S Shomtkroff W.D Bloomer
and C.B Sledg@. Harvard Medical School, Boston, MA. and
University of Massachusetts Medical Center, Worcester, MA.

Radiation synovectomy in which Yâ€”90and Au-198 colloid
al particles are injected into the synovial sac in patients
with rheumatoid arthritis has not achieved widespread use
because of unfavorable dosimetry due to leakage from the
joint and translocation to the lymph nodes. Dysprosiumâ€”l65
(TÂ½â€”2.32 hr. 8â€”1.3MeV maximum, soft tissue penetration
5.7mm) coprecipitated on femmic hydroxide macroaggregates
(Dyâ€”FHMA)has been used to ablate the synovium. Compared
to previously used agents, the short halfâ€”lifeand larger
particle size (O.5â€”5pm)yield less leakage and subsequent
ly decrease radiation exposume to nontarget tissue. Our
previous studies of the agent in arthritic rabbits have
shown leakage from the joint to be less than one percent,
primarily to the liver, compamed to values reported for
Yâ€”9O(6%) or Auâ€”l98(4%). Recently, tracer doses of Dy
FHMA have been administered to two patients and leakage
from the knee assessed by serial blood samples and bran
sstrahlung imaging. The results of these studies, showing
minimal leakage, encouraged a therapeutic trial in which
150mCi of Dyâ€”FHMAwasadministeredto thesepatients,de
livering a dose of 5,000 made to the synovium. Leakage
assessed in the same manner was 1-3% at 20 hours to the
liver with a radiation dose estimated at 3â€”6rads. Results
show the agent may provide significant improvement over
the pmevious agents. Assessment of therapeutic efficacy
is continuing with Tcâ€”99mpertechnetate synovial scinti
gmaphy using both conventional cameras and single photon
emission computed tomography.
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Room 3037 TOMOGRAPHICMAPPINGOF THEMETABOLICCHANGESINTHEVISUAL
CORTEX DURING VISUAL STIMULATIONOF VOLUNTEERSAND PATIENTS
WITH VISUAL DEFICITS. M.E Phelps D.E Kuhl and J.C
Mazziotta.UCLASchoolof Medicine,LosAngeles,CA.

Positron computedtomography(PCT), F-18 fluorodeoxyglu
coseandan extensionof Sokoloffet alsmodelprovidean
in vivomethodthatnowallowsthestudyof localmetabolic
Fiin@tT@nof the human brain. We have previouslymeasured
allof therateconstantsandvalidatedtheprecision(Â±4%
s.d.)forthemeasurementof thelocal(â€˜@.l.5cm')cerebral
metabolicrate for glucose (LCMRG1c)in man. In 9 volun
teers,LCMRG1cwasmeasuredin theprimary(area17)and
associative(areas18& 19)visualcortexduringeyes
closedandopento an oscillatingcheckerboardpattern.
Thisvisualevokedmetabolicresponse(VEMR)generally
showed good correlationto EEG visual evoked potential
(VEP). However, there were clearly instanceswhen the two
were not correlated,e.g., high VEP with low VEMR: equal
VEP with one-and two eye stimulation,whereas the VEMR from
thetwoeyestimulationsequaled1.5timestheoneeyeval
ue. Patients (5) with homonymoushemianopsiaand structur
ally intact visual cortex by x-ray CT, clearly showed meta
bolic deficits (20-40%below normal) in the contralateral
visualcortexconsistantwiththeirfieldcuts,exhibited
highLCMRG1cin thefunctioningvisualcortex,andgeneral
ly theimpairedvisualcortexshowedno or lowmetabolic
responsesto visualstimulation.VariableLCMRG1cpatterns
of the visual cortex were found in patients with acquired
and congenitalblindnessor with visual aura. The ratio of
LCMRG1c of left to right visual cortex was 1.03+0.04for
oneeyestimulation(normaltwoeyestimulation1.02+0.04),
confirming that manhas a 50%left-right crossing of the
visual system. This techniqueprovidesan exciting new
tool for investigation of local cerebral function in man.

RESPONSE TO AUDITORY STIMULATION AS MAPPED BY
POSITRON EMISSION TOMOGRAPHY (PET) AND F-l8-DEOXY
GLUCOSE (FDG). A. Alavi, W.Rintelmann, M.Reivich,
J.Greenberg, D. Christman, J.Fowler, A.Stein, R.R.
MacGregor, A.Wolf. Hospital of the University of
Pennsylvania, Philadelphia, PA and Brookhaven
National Laboratory, Upton, NY

We have performed auditory studies using FDC and PET.
Sixteen normal rightâ€”handedsubjects (7 controls and 9
stimulated) are included. In 4 of the controls the ears
were exposed to ambient noise while in 3 the ears were
covered by silent earphones, thus attenuating the ambient
noise. The subjects stimulated were divided into two
groups: a group of 6 subjects listened to connected dis
course in English in one ear (3 to the right and 3 to the
left) and the other ear was covered by a silent earphone.
Three other subjects listened to unfamiliar (Hungarian)
connected discwrse through one ear while the other ear was
covered (2 to the might and 1 to the left). Both groups
were asked to attend to the stimuli and were checked for
this either during or at the completion of the study. The
control group displayed symmetric activity in both tempom
al lobes with a variation not exceeding 3â€”4%.In all sub
jects stimulated with the English story theme was signifiâ€”
cant asymmetry in metabolic activity, with the might tern
pomal lobe showing more uptake. In 3 subjects stimulated
with the Hungarian story, theme was more activity in the
ipsilateral temporal lobe to the ear stimulated. Two
subjects showed greater activity in the right and 1 in the
left hemisphere. Our findings suggest that when subjects
attend to connected discourse (either meaningful or non
meaningful) , the might temporal lobe displays greater
activity than the left, irrespective of ear stimulated.

SENSITIVITYANALYSIS OF THE FLUORODEOXYGLUCOSE(FDG) METHOD
FOR THE MEASUREMENTOF LOCAL CEREBRALMETABOLICRATE OF
GLUCOSE (MR). S Huang N Phelps E Hoffman and D Kuhl.
UCLA School of Medicine,Los Angeles, Ca. 90024

FOGmethodfor measuring MRassumesthe use of average
normal values of 4 kinetic rate constants (k's) of FDG
transport gives accurate MR. Sensitivity of methodto er
rorsIn assumedvalueswas investigatedto assessaccuracy
of FDG method. When true MR is in normal range, error sen
sitivityto k'swasevaluatedanalyticallyandfoundto be
related to standarddeviation (SD) of k's. SD of ks in 13
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EMISSION COMPUTED TOMOGRAPHY OF F-l8 FLUORODEOXYGLUCOSE AND
N-l3 AMMONIA IN PARTIAL EPILEPSY. D.E Kuhl J Engel Jr.
and M.E Phelj,s. UCLA School of Medicine, Los Angeles, CA.

Seventeen patients with partial epilepsy had EEC monitor
ing concurrent with cerebral emission computed tomography
(ECT) after Fâ€”18fluorodeoxyglucose and Nâ€”l3ammonia were
given intravenously as indicators of local cerebral glucose
utilization (Lc@MRglc)and relative perfusion, respectively.
In 12 of 15 patients who had unilateral or focal electrical
abnormalities, intenictal Fâ€”18fluorodeoxyglucose scan pat
terms clearly showed localized regions of decreased (20â€”50%)
L1@MRglc, which correlated anatomically with the eventual
EEC localization. These hypometabolic zones appeared normal
on xâ€”raycomputed tomography in all but three patients and
were unchanged on scans repeated on different days. In 5 of
6 patients who underwent temporal lobectomy, the intenictal
Fâ€”l8fluorodeoxyglucose scan correctly detected the patho
logically confirmed lesion as a hypometabolic zone, and
removal of the lesion site resulted in marked clinical
improvement. In contrast, the ictal Fâ€”l8fluorodeoxyglucose
scan patterns clearly showed foci of increased (82â€”130%)
LO4Rglc which correlated temporally and anatomically with
ictal EEC spike foci and were within the zones of intenictal
hypometabolism (3 studies in 2 patients). Nâ€”13ammonia dis
tributions paralleled Fâ€”l8fluorodeoxyglucose increases and
decreases in abnormal zones, but Nâ€”13ammonia differences
were of lesser magnitude. We conclude that the intemictal
Fâ€”l8fluorodeoxyglucoseâ€”ECTscan is useful now in aiding
localization of the dysfunctional cerebral zone most likely
to be responsible for seizures in patients considered for
temporal lobectomy. With further development, ECT may help
in categorizing better the various forms of the disorder
and in elucidating the basic mechanisms of epilepsy in man.

DETERMINATION OF CEREBRAL METABOLISM IN SENILE
DEMENTIA USING F-18-DEOXYGLUCOSE AND POSITRON
EMISSION TOMOGRAPHY. A.Alavi, S.Ferris, A.Wolf, M.
Reivich, T.Farkas, R.Dann, D.Chrlstrnan, R.R.Mac
Gregor, J.Fowler. Hospital of the Univeristy of
Pennsylvania, Philadelphia, PA and Brookhaven
National Laboratory, Upton, NY

Using the technique described by Ketty and Schmidt,
other investigators have shown diminished total cerebral
metabolism in dementia. With the introduction of Fâ€”18â€”de
oxyglucose and positron emission tomography it has become
possible to map regional cerebral metabolism In the human
brain. In this report we describe our preliminary data in
8 young and 4 elderly normal controls, and 6 patients who
were diagnosed as having senile dementia by psychometric
testing. The mean ages were: young control 23 years (18â€”
28), elderly control 72 years (60â€”86)and dementia pa
tients 72 years (64â€”78).Moderate to severe atrophy and
ventricular dilatation were noted on the CT scan in all
dementia patients. The elderly controls showed mild to
moderate atrophy. The metabolic rates were significantly
lower (50% or more) in elderly controls compared with the
young subjects, consistent with atrophy on CT. The pa
tients with dementia showed values 20â€”30%below that of
elderly controls. The most striking difference was seen in
the frontal lobes. Generally there was a good correlation
between the metabolic rates and CTâ€”psychometricranking.
Although the young normal subjects showed symmetry on
their metabolic scans, both old controls and dementia pa
tients showed significant asymmetry with the right hemi
sphere more active in the majority. These data indicate
that this technique probably will be useful in the evalua
tion of patients with senile dementia. Another possible
application of this technique will be in the evaluation of
the effects of drugs and other therapeutic approaches.
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normal subjectswas found to be about 30%. Corresponding
SD of estimatedMR was found to be about 11%, if measure
ment was 40 to 120 mm after FDG Injection. For MR's dif
fer greatly from normal range, error sensitivity to k's was
Investigatedby computersimulationof FDGtransportmodel.
Wide ranges of errors In k's that correspond to more than
3-foldchangesInMR werestudied.Itwas foundthatIf
measurementwas 60 mm after FDG Injeciton,error In esti
mated MR was less than 0.2 (true MR - normal MR), with over
estimationfor high MR and underestimationfor low MR. Corn
putersimulationwasalsousedto Investigatecasesinwhich
MR changesduringtimeIntervalbetweenFDGInjectionand
measurement. EstimatedMR was found to be welghte&.averate
of MR in IntervalwithlargerweightsforMR of earlytime.
For example, If MRchanges from 14 to 7mg/mln/lO0@nat 20
mm, estimatedMR at 60 mm wouldbe 1lmg/rnin/l00@u.As
time for first MRIs lengthened, estimated MRbecomescloser
to MR of earlytime. ThisresultIs usefultn Interpreting
MR measurementsinvolvingstimulationand Interventionstu
dies. It Is concludedthatFDGmethodmustbe appliedwith
careto obtainaccurateMR measurements.

TRANSVERSESECTIONMEASUREMENTSOP OXYGENUTILIZATION IN
THE BRAIN OP MAN. N.M Al@ert@ R.H Ackerman J.A Correis
S FinklesteinP.s BuonannoU.L srowntuaneJ.iaveras.
MAssachusetts General Hospital, Boston, MA.

We are currently evaluating a method for measuring me
gional cerebral oxygen utilization mate (CMRO2) in man
using transverse section imaging during continuous inhala
tion of @Oâ€”CO2andâ€”02.The method follows the theoretical
principles describM by Subramanyam at al (J. Mud. Med.
19:48â€”53,1978). Transversesectiondata were obtained
with the MCII @oaitroncamera, yielding the tissue concem
trations of l@Oâ€”H2Oduring separate measurements with l50_
02 and 150â€”C02.Arterial sampleswere dmawnto determine
the concentrations of l5t@in whole blood, plasma and
hemoglobin. Cerebral blood flow (CBF) images were computed
as CBFâ€”A.CW/(CAâ€”p1CW),where A is the 150 decay constant,
p is the partition coefficient and CA, C@ are the arterial
and tissue 150â€”concentrations during inhalation of 150-.
C02. The local cerebral extraction fraction (E) of 02@
computed as Eâ€”CACT(C@)lâ€”CpCl, where CT is the 150
tissue concentration during inhalation of 150â€”02,aed Ci,,
C are the 150 plasma and hemoglobin cdncentrations, respec
tively. QfRO2@ determined as E.CBP.e, where@ is the
arterial 02â€”content. Studies have been carried out in 4
normal subjects and 16 patients. In normal subjects CNRO2
was usually highest in the calcarine cortex, 3â€”6m1/lOOg/
mm, and was lowest in the cantrum semiovale, l.5â€”2.Sca/
lOOg/min. In patients with stroke Of8@02 was dramatically
reduced (less than 50% of normal) in areas of focal inlamc
tion. These results though preliminary d@onstrate the
feasibility of measuring CMRO2in wellâ€”defined regions of
the brain in normal and abnormal subjects.

TRANSVERSE SECTION MEASUR@1ENTSOP CEREBRAL BLOOD FLOW IN
MAN. N.M.Alpert J.A Cormeia R.H Ackeruian S Pinkie
stein P.S Buonanno G.L Bmownelland J.M Taverae.
Massachusetts General Hospital, Boston, MA.

Weare currently evaluating a methodof measuring local
cerebral blood flow (CBF) in transverse section using the
continuous inhalation of Cl502(l). To quantitate the data
it is necessary to know the concentration of 150â€”m2o in
arteriil blood (CA) and the cerebral tissues (CT) as well
as the local H2O partition coefficient, p. Tissue concen
trations were measured in transverse sections of 2.8cm
thickness with a resolution of 1.5cm FWIB(using the MGH
Positron Camera. Arterial samples were drawn to determine
CA. A partition coefficient of 0.94 was used. A CBP image
â€˜@scomputed using the relation (1) CBPâ€”ACT/(CAP@CT),
where A is the 150 decay constant! Statistical error in
CBF increases with CBP and was typically â€˜@6Zat CBF3O and
252 at CBFâ€”lOO.

A total of 22 subjects have been studied.
in 4 normal subjects CBF (in cc/lOOg/min) varied from

30â€”45 in the centrmm semiovale, 60â€”100 in frontotenporal
cortex and 80â€”120in the occipital cortex. In 4 patients
with stroke CBP was depressed tovalues of 10â€”20in the
area of the infarct.In 3 patientswith glioblastomaCU
was â€œP15at the tumor site, and depressedthroughoutboth
hemispheres.

These data indicate that the method provides physiolog
ically reasonable quantitative CBF results in well defined
regions of normal and abnormal brain tissue.

(1) Subramanyam et al. J. Mud. Med. 19, 48â€”53(1978)

IlECIONAL CFRFRRAL BLOOI)F1Ot@M1@ASâ€•RF.'TNTSIN PATI[@MTSUIV!
TTiM4SIIii@T ISCIIUIIC AUAC!@S AN!) SFROKE: A CRITICAL CO@1PA@I-
SONOF XIINONA@d)TEC@ETI1JI1ThCJNIQâ€•P.S.A t@axrnanE

@,g@e1, U@.Iiracihman, P Tanasescu . fl,jlcrman L.J@amaiiha
K.Newcomcr@ 0 Cha@pnni@, It.J C Sw@nâ€¢and 11@ Cedars
Sinai @1edica1Center, Los Angeles, CA.

The evaluation of regional cerebral blood flow (flCJiP)
using Xe-133, until recently, was considered an invasive
technique. The purpose of this study was to evaluatea
noninvasive inhalation nodality in the assessment of region-.
al cerebral flow.

Ninety-four patients @re inc@udec@ in this study. Thi@re
@@re20 normal pts, 32 lts with transient ischemicattacks,

and 42 pts with cerebral infarction, @ll pts â€˜mderwent a
xenon study using a Ilarshawcerebral blood flow syctem. In
addition, Anger camera technetium flow and/or scans were
performed. h'henpossible the results @recorrelated with
computed tomography. A'@so1ute values for fast coi@Ã§artment
flow, mean flow, and initial slope index tare determined
for the xenon study. A measurement was considered atnormal
if it was greater than 2 standard deviations below the mean
value for the normal population. Results are summarized
in the following table:

TM (Positive Infarction (Positive
@ 31[32(!fi@@'Ttf42 (@is'@)

TcD9inFlow 7/28 (25%) 20/39 (51'.)
T@9m Scan 0/6 0 12/19 (63%)
CT 0/7 0 8/16 (50%)

Importantly, normal RCPF stii'ies @re found in 19/20
normal patients. W@ conclude that the xenon inhalation
technique for RCRF is a highly sensitive indicator of cere
bral vascular disease with sensitivities far in excess of
the technetium flow, technetium scan, or computed tome
gra@thy studies.

UPTAKE OF N-l3 BY BRAIN TUMORS FOLLOWING ADMINISTRATION
OF N-l3 L-CLUTAMATE. R E. Reiman, R S. Benua, A S
Gelbard J Allen J.J Vomero and J.S Laughlin.
Memorial Sloan-Kettering Cancer Center, New York, NY.

Nâ€”l3 sodium 1.â€”glutamate was used an an imaging agent

in 7 pediatric patients with malignant brain tumors and
in 3 normal subjects. Imaging was performed using a
quantitative digital rectilinear scanner beginning S mm
after i.v. injection. Uptake of N-l3 by the brains of the
normal subjects was minimal. Greatly increased concentra
tion of N-l3 was observed in primitiveneuroectodermaltu
mom (PNET) and medulloblaatoma. The uptake of N-l3 by
embryonal pineal carcinoma and pineoblastoma was lower but
still permitted tumor detection. Dysgerminoma and ana
plastic glioma concentrated N-l3 minimally. In general,
the tumor visualization with glutamate was comparable to
that with Tc-99m pertechnetate, except that the contrast
(tumorâ€”to-normalbrain) was much higher for one case of
PNET (7.1 versus 2.3 for pertechnetate) and slightly
higher for medulloblastoma (2.4 versus 1.8). We conclude
that Nâ€”l3glutamate, like Tc-99m pertechnetate, does not
cross the normal blood-brain barrier and that Nâ€”l3activi
ty readily localizes in certain tumors. The higher con
tract seen in medulloblastoma and PNET may be due in part
to the more rapid blood clearanceof N-l3; however, the
large discrepancy in N-l3 and Tc-99m uptake in the latter
tumor raises the possibility that altered or enhanced tu
mom metabolism as well as a blood-brain barrier defect
may affect the tumor uptake of N-l3.

SINGLE-PASS BRAIN UPTAKE AND WASHOUT OF I-123
N-ISOPROPYL-p-IODOAMPHETAMINE AND ITS BINDING
TO BRAIN CORTICAL SYNAPTOSOMES. H S Winchell,
W. D. Horat, L. Braun, W. H. Oldendorf. Medi-Physics,Inc.
Emeryvifle, CA; Brentwood VA Hospital. Los Angeles, CA.

Previous work demonstrated rapid brain uptake and
prolonged brain retention of 1-123 N-isopropyl-p-iodo
amphetamine in rats, dogs and monkey. Present work is
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addressed to evaluation of its kinetics employing serial
BUI measurements following intracarotid injection of the
agent in rats (method of Oldendorf, et al. ) and amine up
take and release in rat brain cortical synaptosomes
(method of coyle and Snyder and method of Horst, et al.).
BUI measurements were: 5 sec, 124Â±13; 1 mm, 182Â± 12;
2 mm, 257Â±27; 3 mm, 423Â±48; and 4 mm, 580Â±88. These
results correspond to a single-pass extraction efficiency
of 100%/passand a washout-tiof @183sec.Thiscompares
to washout-ti for water of 68 see, antipyrine 93 see, and
nicotine 171 sec. The agent inhibited norepmephrine up
take in synaptosomes equally as well as d-amphetamine,
but was far more potent than d-amphetamine in inhibiting
synaptosomal uptake of serotonin. The agent was compar
able to d-amphetamine in causing release of norepinephrine
and serotonin from synaptosomes, but was somewhat more
effective than d-amphetamine in causing release of dopa
mine. The results suggest that initial distribution of the
agent in the brain can be used to measure regional brain
perfusion and that it interacts with brain amine binding
sites similar to, but not identical with, that seen with
d-amphetamine, indicating a possible application in study
of brain amine metabolism.

INDIUM-l 11 PLATELET SCANNING IN CAROTID ARTERY ATBERO
SCLEROSIS. R.L. Lantieri, D. Guthaner, J. Baumert, F.
Conley, M.L. Cons, and D. A. Cood@in. Veterans Admini
stration Medical Center and Stanford University Medical
Center, Stanford, CA.

Indiumâ€”Illlabeled autologous platelets were used to
scan the neck in 24 patients, 21 suspected of having sig
nificant carotid vessel disease. There were 23 males and 1
female with average age 64 years (range 51â€”80).Most were
under evaluation for transient ischemic attacks; one had a
recurrent stroke, and 8, neck bruits, 2 aaymptomatically.

85 ml venous blood was obtained in 15 ml acid citrate
dextrose solution and platelets sepemated using differ
ential centrifugation. 2.5 mCi Inâ€”llloxine was used for
labeling. 0.5 mCi dosage was injected with labeled plate
lets resuspended in platelet poor plasma. Imaging was per
formed at 1, 2, and 20 hrs over anterior neck using medium
energy collimation and obtaining 50â€”lOOKcounts in 10 mm.
Computer acquisition in 10 studies were processed using
interpolative background subtraction and in 6, timeâ€”acti
vity curve analysis.

17 patients had carotid arteriography and 10 thrombo
endarterectomy on 12 carotid vessels. 7 plaques were
grossly ulcerated. Platelet scanning was found a useful
adjunct to carotid amteriography in detecting functional
ly significant carotid lesions. All lesions actively aggre
gating platelets (ulceration) were detected except 1 in a
patient with bilateral ulcerations. Background subtracted
computer processing was essential for increased sensitivi
ty while timeâ€”activitycurve analysis was useful in eval
uating false positives secondary to vessel volume asyrn
metry. Ulcerated lesions revealed increased uptake with
time; scan and arteriography identified 7/7 ulcerations.
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the nature of the Caâ€”Trcomplex. We have investigated the
involvement of ternary ligands in the binding of Ga at the
metal binding sites of Tm.

Caâ€”67citrate was incubated with human Tm, 2.5 mg/mi,
at 37@ C and pH 7.4 in COjâ€”fmeesaline or a 0.005 M solution
of the sodium salts of citrate, oxalate, bicarbonate or MOPS
buffem. At various timas aliquots were taken for Sephadex
Gâ€”50gel filtrationusing the respectivesalt solutionas
eluent. Binding was essentially instantaneous, reaching its
maximum level within 1 mm. With saline, citrate and MOPS
binding efficiency was only 5 â€”15%, while with bicarbonate
and oxalate greater than 90% binding was achieved. The in
cubations were repeated with Câ€”l4labeled anions and the
chromatographic eluates were menitomed for 1W absorbance
and for Gaâ€”67and Câ€”l4radioactivity. In the case of bicar
bonate and oxalate the Caâ€”67and Câ€”l4activity eluted with
the protein fraction, while with citrate the protein frac
tion contained very little Gaâ€”67and no Câ€”l4.There was no
binding of Câ€”l4bicarbonate or oxalate to Tm in the absence
of Ca.

This study demonstrates the fundamental mole and im
portance of synergistic anion binding in the chemistry of
the Gaâ€”Trcomplex and thus in understanding the manner in
which this complex is involved in tumer localization of Ga.

DEMONSTRATIONOF GALLIUM-67BOUND TO MOUSE TRANSFERRININ
LYSATESOFEMT-6SARCOMACELLSHARVESTEDFROMBALB/cMICE
AFTER PRIOR INTRAVENOUSINJECTIONOF 6@GA-CITRATE.
S.M Larson1 Z Grunbaum and J.S Rasey. Seattle Veterans
AdministrationMedical Center and University of Washington
School of Medicine,Seattle,Wa.

Previousstudies have shown that EMT-6 sarcoma (BALB/c
mice) containscell associatedtransferrinreceptorswhen
grown in vitro as a tissue monolayer,or in vivo as a
solidsubcutaneoustumor. Thisreceptorservesin vitroas
a cormnontransportpathway for both Â°â€˜Gaand 59Fe uptake.
We nowreportthatD7Galabelledtomousetransferrin(mTf)
was present in hypotonic extracts of EMT-6cells harvested
from solid subcutanep@stumors of BALB/c mice after Intra
venous injectionof Â°â€˜Ga-citrate.Five week old, female
BALB/c mice (Simonsen)receivedSQ injectionof 2xlO5 EMT-6
cells,and12-15daysl@er solidtumorsof 100mgaverage
sizedeveloped.8OuCiÂ°â€˜Ga-citrate(Mediphysics)werein
jectedintravenously,and1 hourlater100ul bloodper
mousewas drawn by retro-orbital puncture. After sacrifice,
10 tumors were dissected free of fat and subcutaneoustis
sue, washed 3 times in O.2M iced sucrose solution,minced,
passedthrougha finewirescreen,andhomogenizedin a hy
potonic solutionof 1mM PMSF in distilledwater, 10 parts
waterto 1 partcells.Aftercentrifugationto removestro
mel elements,tumor cell lysate was compared to b7Galabel_
ledmouseserumwithrespectto imunodiffusionpatternson
Ouchterlony Agar plates, using antibodies against mTf@whole
serumand IgG. Theonlyserumproteinthatwas presentin
appreciableconc@Qtrationin tumor cell lysate was mTf, and
the presenceof Â°â€˜Ga-mTfwas not due to contaminationby
mouse serum. We believe these data support the hypothesis
that 67Ga is concentratedby EMT-6 sarcoma in the form of
67Ga-mTf,after intravenousadministrationof 67Ga-citrate.

MECHANISM OF GALLIUM-67 UPTAKE BY TUMORS: SIMILARITIES OF
GALLIUM AND IRON METABOLISM. J.S. Rasey, S.M. Larson and
N.J. Nelson, Department of Radiation Oncology, University
of Washington and VA Hospital, Seattle, WA.

Tumor cell iron and gallium uptake have been compared.
The transferrin (Tf) receptor hypothesis for galliumâ€”67up
take by the in vivoâ€”invitro EMTâ€”6mouse sarcoma proposes
that galliumâ€”67binds to Tf and this complex binds to a cell
surface Tf receptor. After incorporation of the receptor
metalâ€”Tfcomplex, Caâ€”67binds to intracellular acceptor
molecule(s). Because Tf is an iron transport protein, it
was suggested that Feâ€”59would be concentrated by tumor
cells In vitro in the presence of Tf and also that stable
(ferric) iron could compete with gallium at some or all
steps outlined in the Tf receptor hypothesis.

EMTâ€”6cells in vitro were incubated with Feâ€”59citrate,
Gaâ€”67citrate, and varying amounts of Tf. In some exper
iments stable ferric citrate was added with the radioactive
tracers. In other experiments cells were either pre
loaded with stable ferric citrate prior to addition of
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ROLE OF SYNERGISTIC LICAND BINDING IN THE GALLIUM-TRANSFER
BIN COMPLEX. J.F Hat-wig M Raiszadeh and V Wolf. Radio
pharmacy Program, University of Southern California, Los
Angeles, CA.

Transfemmin(Tm) has been identifiedas the blood con
stituent responsible for the binding of tracer level galli
umâ€”67and for its transport to and introduction at the site
of tumor. Despite this key role of Tm in the ultimate depo
sition of Ga within the tumer tissue, little is Iuiownabout
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tracers or postâ€”incubatedwith the stable iron compound
after labelling. Tumor cells concentrate Feâ€”59as well as
Gaâ€”67in the presence of Tf. Sephacryl 5â€”200column chrom
atography of tumor cell lysates after labelling shows that
both metals bind to similar molecular weight proteins
within the cell. Coâ€”incubationof cells with Feâ€”59,Caâ€”67,
and stable ferric citrate reduces uptake of both labels.
Pmeincubation of cells with ferric citrate slightly reduces
gallium uptake while postâ€”incubationwith stable iron does
not accelerate Gaâ€”67removal from the cell. We conclude
that tumor cell gallium and iron metabolism are similar.
Principal competition occurs at the initial step, binding
of metal to Tf. Ferric iron may partially saturate gallium
acceptor molecules inside the cell.

TIt'E-RE[AT@D @-67Â£ITRA@ C@RNfl@hTI@V ]l@TUMOR AND
ABS@S AND ThE E@TECr c@' @SP'E@IO@1NE (DID) . Z.H.
c@ter, P. San, D.F. Sacker aixi H.L. Atkima. Broo!thawn
National Laboratory,Uptcri,NY and S1@IYat Stor@ock, NY

The c@tJirml ac@ninistraticn tine of E*@ after @-67
injection for inprovirig the target/iu@-target ratio @ere
sttxlied in mice @thE?4@-6sarcxina arsl spontamexmMemo
Ca, rtthitm with Ademo Ca and rats with turp@itime
al:mcensen .@ -67 given IV @mafollo@ed ky 5Ons@JKg DFO IV
inexperii@italanimalsandsate @aluimof salimein the
cmtro].s . Tisst@ distrihiticn stixlien s@ere @meat fixed
intervals. W@om 1@O is given 2 to 24 his after @k-67,
blood levels @cre@e ky 52 -92%. DED giv@ 4-5 his after

@-67decremae mice tuor activity 43-55%, raltit turor
activity 16%, arsl only 7% in the ats@sen . At 24 his
after @-67,the @h@itfran lxth ttmor and also@s@
lens (5-15%), aed tuiir/bl.ood ratics in IPO treated
animals imoremaed (E?4@-6Sa fran 1.8 to 10.73; nsxse Memo
Ca fran 1.95 to 3.49; a1scens@ fran 3.11 to 12.50). ch-67
concentrationin rat athc@sen@ hic@ent 2 his pcat in
jmotion (0.8%/g), clecreamed5 his (0.45%/g) and@ @m-
thanged for 24 his . ?tom ttsozs hed a naxh hi@er (@-67
concentrationthan akscomsen (4.65-7.&l%/gw 0.8%/g), aed
their cxrxxe@tration @cre@ed with tine (35% at 24 his).
Similar decre@en @ere s@ in all orgarm exanined except
the liver. In the liver the activity reniained cer@tant
and r*D h@1 me effect.

In cx:ncltsicri, 1) this data su@Ã§xrththe hypothenis of
different nethanians of (â€˜a-67 uptake in tuior axxlakaceos,
2) @Ã¤-67binding in the liver diffeis fran that in other
orgarm arxlcould be related to ferritin,and 3) it seaim
that the cptilTal @ninistratice tine of t@O is 24 his after
c@@67injectia@.

ThE INFLUENCEOF pH AND OTHER FACTORS ON Ca-67 BINDING TO
HUMANTRANSFERRIN (IT) , HUMANPOLYMORPHONUCLEARLEUKOCYTES
(PMNs) AND BACTERIA (B). R. Weiner, P. Hoffem, N. Thakum,
P. Soloway and R. Root. Yale University, New Haven, CT.

IT, PNNs and B are components presumably important in the
accumulation of Gaâ€”67in abscesses. We have examined the
affect of a variety of conditions on the uptake of Gaâ€”67by
these components.

The influence of pH on Caâ€”67â€”TFassociation was studied
using equilibrii.m@dialysis. At lower pH closer to acidic
character of abscess fluid, the quantity of Gaâ€”67bound to
iT decreased markedly to only 5% at pH 6. Isolated PMNs
were suspended in Hank's balance salt solution (BBSS) adjust
ed to pH's between 6.2â€”7.4. The cells incubated with Caâ€”67
citrate, washed free of nonâ€”boundGaâ€”67and the bound activ
ity measured. At pH 6.16 the P101bound Gaâ€”67was reduced to
50% of control (pH 7.35). An incubation temperature increase
from 37Â°Cto 39Â°Cto parallel the febrile state increase,
did not significantly increase cell bound Caâ€”67.Salmonella
typhimurium (St) and Shigella boydeii (Sb) were grown over
night in media and media with reduced iron content to assess
the affect of hypoferrenia,vhich usually accompanies bacter
tel infections . The bacteria were suspended in H3SS , incu
bated with Gaâ€”67citrate, washed free of unbound Gaâ€”67and
the bound activity measured. There was no significant dif
ference in Gaâ€”67uptake between organisms grown in normal vs
â€œironstarvedâ€•conditions. Howevem, St. the sidemophore
producing bacteria, bound significantly more Gaâ€”67than did
the nonâ€”siderophoreproducing, Sb under both conditions.

Thus, the data suggest IT in the acidic millieu of an
abscess could deliver more â€œfreeâ€•Gaâ€”67while the PMN could

bind less. In addition, B are probably a more significant
factor in Gaâ€”67localization.

SIDEROPHOREMEDIATEDNEOIANISM OF GALLIUMUPTAKE DEMONSTRA
TED IN MICROâ€”ORGANISMS. T. Emery, Utah University, Depart
ment of Chemistry, Logan, UT, and P.B. Hoffer, Yale Univer
sity, Section of Nuclear Medicine, New Haven, CT.

Direct uptake of Gaâ€”67citrate has been observed in
microâ€”omganisrns(1) but the exact mechanism of uptake is not
known. Since gallium binds avidly to sidemophores(5) and
these iron chelating agents facilitate transport of iron
into microâ€”organisms,we have explored the possibility that
Gaâ€”67uptake in microâ€”organismsis also facilitated by S.

Desfemriferrichmome, an 5, was labeled with either Gaâ€”67
or Feâ€”59and incubated with the fungus Ustilago Spaerogena.
The mate of uptake with either label was identical and
almost quantitative by 90 minutes. Uptake of the S with
either madionuclide was inhibited by 1 mM sodium azide.

Galliumâ€”67citrate was also added directly to actively
growing cultures of U. Spaerogena and the extent of uptake
and identity of binding molecules determined. Preparation
and identification procedures included centrifugation,
washing, subsequent cell disruption by heat, extraction with
benzyl alcohol and electmophoresis and paper chromatography.

These experiments revealed 96% uptake of Gaâ€”67in 1 hour
and demonstratIon that virtually all of the Caâ€”67is bound
to S.

Additional experiments revealed that once S is labeled
with Gaâ€”67it cannot be reutilized or released from the cell
but that Gaâ€”67can be transferred from one intracellular S
to another. Also, excess gallium can displace iron from S.

These studies support the concept that Gaâ€”67acts in bio
logic systems as an analog of the ferric ion. They also
demonstrate an S mediated pathway of uptake for gallium in
microâ€”organisms.

1. Menon, S., Wagner, H.N., Jr., Tsan, H-F, JNM.l9:44, 1978

THE SOURCE OF GALLIUM-67 IN GASTROINTESTINAL CONTENTS.
D.C Chen U Scheffel E.E Cainargo M.F Tsan. The Johns
Hopkins Medical Institutions, Baltimore, MD.

The source of Ga-67 in gastrointestinal(GI) contents
was studied in rats. To prevent loss of fecal Ga-67, the
anus was sutured before IV injection of Gaâ€”67citrate
(SuCi/lOOg B.W.). Secretion of Gaâ€”67into the content of
the GI tract was rapid; 2.9%,6%and9.1%of the injecteddose
was secreted at 1, 6 and 24 hr postâ€”injection(PI)respec
tively. In contrast, the Ga-67 in the GI tissues remained
relatively constant throughout this period. Feeding had no
effect on Gaâ€”67secretion into the GI tract. Analysis of
Ga-67 contents in various parts of the GI tract revealed
that up to 6 hr P1 more than 54% was in the small intes
tine; whereas, at 24 hr, 60% was in the colon. This sug
gests that part of Ga-67 in the colon comes from the upper
CI tract. To localize the source of fecal Gaâ€”67,ligations
were also made at the gastroduodenal(GD) junction and ter
minal ileum before IV injection of Ga-67. At 6 hr P1, 80%
of Gaâ€”67in the GI contents was in the small intestine.
Ligation of the cormnonbile duct reduced Gaâ€”67contents in
the CI tract by 20%. To further quantitate the amount of
Ga-67 secreted via the bile, duodenal loops were created
by ligation at the GD junction and 10 cm from it to col
lect the bile. Collection of bile was verified using Tc
99m HIDA. From Ga-67 in the duodenal loops of rats with
and without their conunonbile duct tied, we found that 1.3%
of the injected dose was secreted via the bile in 6 hr.
The results suggest that the majority of fecal Ga-67 comes
from small intestine(6O%), with bile(2O%), colon(l0%),
esophagus and stomach(lO%) contributing a smaller fraction.

ROLE OF FeC13 In Ga-6T UPTAKE BY HeLa S3 IN VITRO.
A Muranaka Y Ito T Kaji N Otsuka K Nagai and
I Narabayashl. Kawasaki Medical School, Kurashiki, Japan.

Keeping the role of transferrin in mind, this study
was undertaken to elucidate the effect of FeC1@(Fe) on Ga
uptake by BeLa 53. Concentration of Gaâ€”67added to medium
was 1 pCi/mi and uptake was measured 21@hrs later. In
addition, the effect of Fe on Gaâ€”bindingto serum as well
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as the correlation between Ga and Fe was studied using
equilibrium dialysis with cellulose membrane. When O.Olâ€•@
0.1 mM of Fe was added to Eagle's M@â€¢1mediun(MEM) only,
and MEM containing lâ€•lO% normal human serum or 1 % fetal
calf serum(FCS), Ga uptake was markedly increased.
However, Fe did not affect Ga uptake in 10 % FCSâ€”MEII.The
effect of Fe was changed by differences of serumâ€”species
and the concentration of sera in the medium. There was
noted a marked binding of Ga to serum by the dialysis.
Activity of Ga retained inside the cellulose bag was
below 1 % in the serumâ€”freeHEM. But, when 0.01 or 0.1 m?@
Fe was added, the activity retained inside the bag was
6.5and35.2@ respectively.Thisis supposedlydueto
formation of polymer complex of Ga and Fe in HEM. Even in
the presence of serum, the activity retained in the bag
was independent of the concentration of serum and was
nearly the same as that without serum. Comparing Ga uptake
in ME@ only under several situations such as a) Ga only,
b) simultaneous administration of Ga and 0.1 m@!Fe, and
c) administration of Gaâ€”Fecomplex(retained in the bag),
the values were 1.1, 15.5, 33.5 % dose/l06 cells respec
tively. It is obvious that the effect of administration
of Gaâ€”Fecomplex on uptake was marked. The contribution
of Gaâ€”Fecomplex in Ga uptake was confirmed, being
irrespective of mediation of transferrin.

EFFECT OF MEMBRANE ACTIVE DRUGS ON INâ€”lllLABELED HUMAN
POLYMORPHONUCLEARLEUKOCYTES (IN-PMN) . M.L. Thakur,
L. Walsh, B.L. Zaret, and A. Cottschalk. Yale University,
New Haven, CT

The combination of 1 pM procainamide (P) and radiation
(>600 rads) treatmenthas been shown to increaselethality
in manmialian cells. Our interest in using Inâ€”PMNin imag
ing inflammation in acute myocardial infarction ir man,
lead us to investigate the possible modulation in Inâ€”PMN
function treated with lidocaine (L) and (P). PMN were
isolated by a modified method of Boyum from 30 ml of blood
from healthy humans. 7â€”8million Inâ€”PMN(5.8@ 0.2 K mad!
PMN) were incubated with approximate clinical blood levels
of L (0.022 pM) and P (O.O3pM) for 0.5, 1 and 3 hrs, and
3 hms respectively. A much higher concentrationof L
(O.llpM) was used in two other groups. In one Inâ€”PMNwere
incubated for 2 hms, labeled and further incubated for 1 hr
(T PMN). Inâ€”PMNuntreated with L or P served as reference
(R) and P1@ft4unexposed to either Inâ€”lllor L and P as con
trol (C). Chemotaxis of T, R and C stimulated with Na
caseinate was measured by penetration of the leading front
into a 1.2 ji filter in a Boyden chamber. Adherence of T
and R was measured on a nylon wool column. Chemotaxis and
adherence of Inâ€”PMNexposed to O.O22pM L and 0.03 pM P
for up to 3 hrs remained unaltered. The 3 hr exposure to
0.11 ,.iML reduced chemotaxis to 79.7@ 4.8%, (PcO.0O5)
and 82.1@ 6.2% (PcO.005) of R and C respectively and
adherence to 82.2 + 25% (PcO.25) of R. The pre and post
incubation with 0.11 pM L also reduced chemotaxis to 86
Â±4.8%,(P.@O.OO5)of C.

Data thus far indicate L and P at approximate clinical
concentrations do not alter Inâ€”PMNfunction but may be
toxic at higher doses.

2:00-3:30

RADIOASSAY

HEMATOLOGY & ONCOLOGY

Session Chairman: Stanley Goldsmith
Session Co-Chairman: Avir Kagan

RADIOIMMUNOASSAYOF 8 THROMBOGLOBULIN(BTG) AND PLATELET
FACTOR 4 (PF4) IN PATIENTS WITH THROMBOSIS. R.Dudczak
K.Lechner M.Pichlem K.Kletter H.Frischauf. First
Department of Internal Medicine, Univ.Vienna, Austria

To determine the usefullness of STG and PF4 as markers
for the in vitro diagnosis of thrombosis we evaluated STG
and PF4 by radioimunoassay kits (Axnershain,Abbot Lab.,
respectively) in 50 normals and in patients with deep vein

thrombosis (DVT, n43), pulmonary embolism (PE, n11),
amaurosis fugax (Ã€Y,n32), chronic peripheral arterial
disease (Ciw, n11), coronary artery disease (CAD, n11),
diabetes mellitus (DM, nâ€”li),and artificial heart valves
(ANy, n3i).

In normals the plasma levels of BTC and PF4 were x + SD:
43.7 + 15.6 ng/ml and 6.8 + 3.5 ng!ml respectively,and
rose with increasing age. Significantly elevated plasma
levels of 8TG and PF4 were found in all patients with
recent onset of DVT and PE (x+SD: BTC ng!ml: 113.9+42.7;
100+10.4respectively;FF4 ng/ml: 21.7+5.9;resp. 19.4+1.2).
Raised plasma levels of STG and PF4 were also found in
patients with a history of DVT, but also in patients with
CHAD, CAD, AF, AHV, DM. There was a positive correlation
between BTC and PF4 in normals as well as in patients
(rO.8449).

In conclusion, BTC as well as PF4 can be used as
sensitive markers of increased in vivo platelet activation.
The clinical value of theses tests in the diagnosis of
thrombosis appears limited since unspecific elevated plasma
levels of STG and PF4 are also found in patients without
recent thrombosis. However its high sensitivity for in vivo
platelet activation could make it of potential value as
predictive marker of a high risk group for thrombosis.

PLATELET FACTOR 4(PF4) RADIOASSAY AND CLINICAL SIGNIFI
CANCE, Fuad S Ashkar, Albert V. Heal, Andrea Soricelli,
Mukbil Hourani and Aldo Serafini, Nuclear Medicine, Univer
sity of Miami, Jackson Memorial Hospital, Miami, Fla.

PF4 is a small molicular weight protein that is secreted
from the@ â€”granulesof platelets when the cells undergo
the release reaction, after contact with subendothelial
tissue.

PF4 is quantitated by a classical competitive Radio
assay utilizing i125 labeled and unlabeled PF4, specific
PF4 antiserum and ausnonium sulfate separation system.

Special multiple sampling venipunctures are performed,
where two sequential samples are drawn in standard EDTA
vacutainers and incubated in a crushed ice water bath for
30 minutes. Centrifugationat 2500 x g at 2â€”4Â°Cfor 20
minutes follows. Then the top 0.5 ml of plasma is aspi
rated and assayed from the second sample only.

Normal subjects and patients with cardiovascular
disease and diabetes mellitus were studied. The data
showed that there was no statistical difference in PF4
values between age groups, or males and females. Normal
Values are @clOng!ml.

Significant increases in PF4 values were found in
patients with active cardiovascular diseases, suggesting
platelet abnormal aggregation or subenothelial tissue
contact and activation.

It has been reported that analogs of Bj@ can interfere
in B12 madioassays which use crude IF containing Râ€”pmotein
and that patients with true B12 deficiency could be mis
diagnosed. Serum samples from 53 patients [15 were subse
quently confirmed to have pernicious anemia (PA)] and 42
healthy volunteers were assayed using crude IF (measured
Bl2 + B12 analogs) , pure IF (measured B12 only) , and a mix
ture of crude IF + Râ€”proteinblocking agent (block IF)
(probably measured B12 only) . Values obtained by pure IF
and block IF agreed well (rO.9587, slope 1.24, Yâ€”intemcept
â€”100,n84) suggesting that blocking of binding B12 analogs
to Râ€”proteinwas complete in the latter radioassay. Re
sults obtained with pure IF were compared with those ob
tamed with crude IF. The mean B12 levels in 42 healthy
subjects (499@ 23 pg/mi, mean@ 1 SEM was significantly
higher using crude IF than those obtained with pure IF (408
Â±29pg/mi,p<O.O5).Normalrangeswere: deficient <100
borderline 100â€”180,normal 180â€”900pg/ml for pure IF assay
and <180, 180â€”250,250â€”1000pg/mi respectively for crude IF

CLINICAL SIGNIFICANCE OF SERUM VITAMIN B12 (B12) MEASURED
BY RADIOASSAYS USING PURE INTRINSIC FACTOR (IF). I.W.
Chen, E.B. Silberstein, M. Sperling, E. Barnes, and H.R.
Maxon. Eugene L. Saengem Radioisotope Laboratory, Univ. of

Room 3035 Cincinnati,Cincinnati,OH.
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assay. Bl2 levels by pure IF assay were abnormally low in
all 15 patients with PA (<100 pg/ml) while those by crude
IF assay were normal in 7 of 15 (>250 pg/ml, mean3O8 pg/
ml). Of 38 patients who were subsequently shown not to
have PA, 12 were in the borderline region by pure IF assay
but 11 of these 12 were normal by crude IF assay.

Our data confirm previous reports that Bl2 deficiency
can be diagnosed more accurately by measuring serum B12
levels with use of either pure IF or crude intrinsic factor
+ Râ€”protein blocking agent.

RELIABILITY OF DUAL ISOTOPE SCHILLING TEST FOR THE DIAG
NOSIS OF PERNICIOUS ANEMIA OR MALABSORPTION SYNDROME. Y.C.
Choy, E.E. Kim, P.A. Domstad, F.H. Detand. University of
Kentucky and V A Medical Centers, Lexington, KY.

To evaluate the dual isotope Schilling test for the di
agnosis of pernicious anemia (PA) or malabsomption syn
drome (HAS), 65 studies were selected for correlation with
the clinical diagnosis. Criteria for PA included MCV>100,
serum Bl2(lOOng/L, megaloblastic marrow, achlomhydria, me
ticulocytea>5% on Bl2 therapy, atrophic gastmitis, and ci
evated ser@ antibodiesto pamietalcells or intrinsicfac
tor (IF). Criteria for HAS included decreased serum B12,
folate and carotene; increased fecal fat, abnormal Dâ€”xylose
absorption, abnormal radiographic and biopsy findings. Go
58 cyanocobalamin and Coâ€”57cyanocobalamin bound to IF were
given orally to fasting patients: 1 mg of nonmadioactive
@l2was injected i.m. within 2 hr. Aliquots of 24 hr urine

samples were counted; if the excretion of Coâ€”58was less
than 7% with Coâ€”57/Coâ€”58matio greater than 1.7 the test
indicated PA; a ratio less than 1.7 indicated MAS. Dis
orders in the HAS group were nontropical sprue (1), pancre
atic insufficiency (2), regional enteritis (1), gluten scm
sitive enteropathy (2), hypothroidisrn (2), and idiopathic
steatomrhea (4). The dual isotope Schilling test correctly
diagnosed PA in 10 of 12 patients, and NAB in 8 of 12. In
2 cases with false negative Schilling tests for PA; excre
tion was borderline but enhanced by IF l.2x-l.4x. One pa
tient with steatorrhea had a positive test for PA but other
diagnostic criteria suggested HAS. Sensitivity, specifici
ty, and accuracy of the dual isotope Schilling test were
83, 98, 94% for PA, and 67, 90, 86K for HAS respectively.
This study confirms the reliability of the dual isotope
Schilling test for the diagnosis of PA and NAB.

Myoglobinemia in Sickle Cell Crises. P.A Bardfeld E.F
Roth,Jr, S.J Goldsmith E Radel J.C Williams, Mount
Sinai School of Medicine and the Montefiore-NCB Affilia
tion, New York City.

Muscle pains and tenderness are common events in painful
crises associated with Sickle Cell Anemia. This study
was undertaken to assess the degree of muscle damage
occurring during vaso-occlusive crises and to determine
if a sensitive indicator of myoglobinemia might serve as
a useful, objective measure of sickle crises. Blood was
obtained from non-uremic homazygous patients for FibS in
both steady state and during painful crises for which
they sought medical attention. Myoglobin in plasma was
assayed using a Nuclear Medical Systems, Inc. RIA kit.
The following imjoglobin levels were obtained (in nano
grams per ml):

n
No crisis 17

Kliniken der Landeshauptstadt Wiesbaden, 62 Wiesbaden, BRD

In 498 persons, divided into four groups, serum ferritin,
serum iron, hemoglobin, red blood cells, hematocrit, total
iron binding capacity, percent saturation, medium cell
volume, medium cell hemoglobin and medium cell hemoglobin
concentration was estimated.
The geometric mean serum ferritin values were significantly
different for each group: I group (healthy young women,
16â€”30years) 36 ng!ml; II group (healthy young men, 20â€”30
years) 83 ng/ml; III group (female patients, 60â€”80years)
123 ng/ml; IV group (male patients, 60â€”80years) 170 ng!ml.

There was no correlation of any clinical significance
found between serum ferritin and the other parameters of
peripheral blood. 351 of the healthy young women showed
serum ferritin values under 30 ng!ml, thus indicating empty
iron stores without any sign of iron deficiency anemia in
periphal blood.
In contrast to this, the two groups of patients over 60
years showed even higher serum ferritin values than
healthy young men, whereas the plasma iron content was
essentially lower (lii @ig!dlfor young men against 67 @ig/
dl for old patients). Consequently we found a positive
correlation of serum ferritin with age (r = 0.52) and a
negative one of serum iron with age (r â€”0.62).
The reason for these diverging tendencies is to be seen
in the growing incidence of chronical disorders of the
organism in later years of life, blocking the use of
storage iron and causing cell damage to the liver.

Therefore, high normal or elevated serum ferritin
values in elder people cannot exclude iron deficiency.

THE VALUE OF RADIOIMMUNOASSAY FOR PROSTATIC ACID PHOSPHA
TASE IN DISEASE OF THE PROSTATE. J.J Steinbach W.E
Farnsworth M.J Gonder and R CartaAena. Veterans
Administration Medical Center, Buffalo, NY.

The diagnostic value of three new radioimmunoassay
(RIA) kits for prostatic acid phosphatase (Smith, Kline &
French, New England Nuclear and Mallinckrodt) was examined.
One hundred twenty two patient samples were analyzed: 21 â€”
without prostatic disease; 45 â€”with benign prostatic
hypertrophy; 56 with carcinoma of prostate (14 â€”Stage Iâ€”
II; 21 â€”Stage III; 21 â€”Stage IV). The diagnosis of
prostate disease was confirmed by histological examina
tion. Statistical analysis was based upon: a) determina
tion of mean Â±SD, followed by calculation of specificity,
sensitivity and predictability of each kit for the entire
sample; b) arbitrarily selecting a desired specificity
level followed by determination of the sensitivity of each
method. The normal value obtained for each kit:

NEN SKF HAL
Nonprostatic
disease 4.4 Â±1.2 0.71 Â±5.5 1.8 Â±.33

The overall sensitivity of the tested kits ranged from
30â€”40%for the entire sample. When, however, only Stage
IV carcinoma of prostate was considered, the sensitivity
improved to a range of 43â€”62%.When specificity was
arbitrarily set at 100% the obtained overall sensitivity
was only in the range of 34â€”41%.However, when Stage IV
cancer of prostate only was used, this range improved to
45â€”62%.

The examined RIA kits appear to perform best when
patients with Stage IV cancer of the prostate are examin
ed. In the general sample examined, they appear to have
low sensitivity and specificity.

A COMPARISONOF ENZYMEAND RADIOD4MUNOASSAYFOR PROSTATIC
ACID PHOSPHATASE IN THE DIAGNOSIS OF PROSTATIC CANCER.
L Reese P Uksik F Taylor, St. Joseph's Hospital and
University of Western Ontario, London, Ontario, Canada.

Serum from 222 controls, 64 patients with benign pros
tatic hypertrophy (BPH), 49 with cancer of the bladder
(CS), 38 with cancer of the prostate (CP) and 10 females
had determination of Prostatic Acid Phosphatase (PAP)
levels by the Babson enzyme assay and by radioimmunoassay
(RIA) using kits from New England Nuclear (NEN) in all
samples and Semono in the 38 CP, 27 BPH, 11 CB and 30
controls. The serum was aliquoted prior to acidification.

The results of the 3 assays were retrospectively
analyzed using all available clinical data. The CP

Mean Â±S.D. Range P
7.4 10.1 0â€”24

<0 .001
Crisis 30 53.8 67.6 0â€”260
In this study which included both adults and children, 14
of 30 patients had plasma myoglobin levels of 30 ng/ml or
greater during crises. The remainder had levels within
two S.D. of the steady state mean which was not different
from that found in normal subjects. The myoglobinemia
was not correlated with either plasma aipha-hydroxybuty
rate dehydrogenase or CPK levels which were measured enzy
matically in the same samples. Although estimation of
myoglobinemia is not an infallible test of crises, it may
aid in diagnosis and the results suggest the need to eval
uate muscle tissue during the course of this disease.

SERUM FERRITIN LEVELS IN MAN WITH SPECIAL REGARD TO AGE
DEPENDING CHANGES. J Spitz C Spitzâ€”Scherholz H.J Pusch
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patients were staged â€”7 A's, 8 B's, 5 C's, 6 D's and 12
on hormones.

The controls had PAP values of 1.86 Â± .47 I.U./L for
the enzymatic assay, 2.84 Â± 1.05 ng/ml for NEN and 1.38
Â±0.76ng/mlfor Semono.CBwerein the samerangeand
BPH 2.16@ 0.61 I.U./L for the enzymatic, 3.09 Â± 1.2 mg/mi
for NEN and 1.70 Â± 1.19 ng/ml for Serono. Using our upper
level of normal for the enzymatic of 3 I.U./L, 8 ng/ml
for NEN and 4 mg/mi for Serono none of the Stage A or
those on hormones were positive. Of the B's 37%, 80% of
the C's and 67% of the D's were positive by enzyme and
NEN. Serono was positive in 50% of B's, 80% of C's and
83% of D's. This gave an overall sensitivity of 55K for
enzymatic and NEN and 65% for Serono with 100% specif iâ€”
city for NEN, 93% for Serono and only 44% for the enzyme
assay.

The RIA is more sensitive and very much more specific.
Claims that it should be used for screening purposes to
detect Stage A disease are not warranted.

COMBINED STUDY OF RADIONUCLIDELIVER IMAGING,ULTRASOUND
AND RADIOIMMUNOASSAYSFORALPHA1-FETOPROTEINAND CARCINO
EMBRYONICANTIGEN IN THE DETECTIONOF FOCAL HEPATIC LESIONS.
T Aburano K Kuwajima A Tada K Ichiyanagi N Tonami
and K Hisada. Kanazawa UniversityHospital, Kanazawa,
Japan.

Combined study of radionuclide(RN) liver imaging,
ultrasound(US) and radioitmiunoassays(RIA) for alpha1-
fetoprotein(AFP) and carcinoembryonicantigen (CEA)was
undertaken to increase the detection rate of focal lesions
in the liver. RN liver imagingwith Tc-99m-colloidwas
performedas a screeningprocedurein the detectionof
focal hepatic lesions, and RIA for AFP and CEAwere
routinelyperformedas an adjunct to RN liver scan. US was
mainly used to evaluate the equivocal liver scan. Only
discrete focal defects in the liver were taken as a
positive scan. Tc-99m-colloidscan could not detect any
discrete focal defects in 43 out of 214 patients (20%)with
focalhepaticlesion.In 11 outof 43 withfalsenegative
scan, UScould reveal focal hepatic lesions, and most of
thesepatientswereassociatedwithequivocalRN scan. All
oftheremaining32withfalsenegativescanwereassoci
ated with single or multiple small lesions less than 2 cm
in a diameter. In these 32 patients,two showed the
persistentlyincreasedlevelsof AFP,whichwerestrongly
suspiciousof the presence of hepatoma. And eight showed
the increasedlevels of CEA combinedwith simple hepato
megaly or high alkalinephosphataseactivity,strongly
suspiciousof thepresenceof metastaticlivercancer.

The overall detectionrate of focal hepatic lesionsby
thecombinedstudyof RN imaging,US andRIAforAFPand
CEA was 90%, and proved to be significantlyhigher,
compared to that of 80% by RN imaging alone.

2:00-3:30
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Session Chairman: Jim Sorenson
Session Co-Chairman: Dennis Kirch

C014'ARISONOFSEVENPIM-IOLE@ ROTATINGSLANTTO?'OGRAPHY
OF A CARDIAC PHANTOM. S.C. Gottschalk, K.A. Smith,
R.H. Wake. Technicare Corporation, Solon, OH.

Three dimensional tomographic reconstructions from
planar views with an Anger gamma camera using a Seven
Pinhole (7PH) and Rotating Slant Hole (RSH) collimators
are described. The z-axis resolution after reconstruc
tion is shown to be 50% better than the backprojected PSF.
Iowa cardiac phantom studies in a water bath with Th-201
in the myocardial cavity, water in the ventricular cavity,
and a simulated 90 degree anterior myocardial defect are
described. Defect activity was varied from 0% to 75% of
the myocardial activity. Reconstructions are demon
strated to be linear and qualitatively correct. The
relation between defect activity and reconstructed activ
ity is illustrated. Defect propagation for 7PH is signi
ficantly worse than for RSH collimators. Scatter from
water was a major limitation to quantitative reconstruc
tions at small phantom-collimator distances, with PSF
contributing more at larger distances. 7PH collimator
sensitivity drop off with depth made it more sensitive to
statistics. 7PH collimator has the most severe partial
view artifacts. Advantages and disadvantages of both
collimators from physical points of view are summarized.

I@OTIVATION FOR THE ROTATING SLANT HOLE APPROACH TO SCINTIL
LATION CAMERA TOMOGRAPHY. D.W Shosa J.W O'Connell and
R.S Hattner. University of California, San Francisco, San
Francisco , California.

Results of an earlier investigation concerned with the
evaluation of rotating slant hole technology with small
fieldâ€”ofâ€”viewscintillation cameras (25 cm diameter) were
presented at the Western Regional Meeting (1979). The pre
sent investigation extends consideration to larger cameras
(38 and 53 cm diameters) with particular emphasis on the
prospects of multipleâ€”viewsystems. The analysis includes
evaluation of tradeoffs among the variables of sensitivity,
spatial resolution and perspective angle. It also gives due
consideration to the important problem of camera position
ing. We find that, in most cases, rotating slant hole sys
tems can be designed which will yield comparable spatial
resolution, comparable or superior sensitivity and superior
perspective angle relative to seven pinhole designs. In
addition, rotating slant hole systems are typically easier
to position than pinhole systems. There are also advantages
with respect to the finer angular sampling which is avai
lable, with respect to a simpler treatment of attenuation
correction in the reconstruction algorithm and with respect
to the effective use of the central as opposed to the
peripheral response of the detector.

CARDIAC TOMOGRAPHY USING A ROTATING SLANT HOLE COLLIMATOR
AND A PORTABLE CAMERA. D Pavel , E Byrom C Meyer-Pavel
R Balon

Univ. of Illinois Med. Center, Chicago, Illinois

The collimator fits a portable camera head, has paral
id holes of 3 cm length, slanted by 25Â°,and rotates in 6
positions, for 6 views 60' apart, around the axis of a 400
LAO projection. The reconstruction is based on a least
squares iterative algorithm. An optimization of the acqui
sition and processing for 11-201 was attempted based on
phantom studies and on 21 clinical stndies. Acquisition:
for a usual dose, 3 to 5 mm/view were adequate, yielding
90,000 325,000 cts/view. Processing: a standard proces
sing of 12 planes, of 1.3 cm thickness, starting at 1 cm
from the collimator surface was used in all cases. Varying
the number of planes from 12 to 8 does not change the qua
lity of the image. With 6 planes the resolution was slight
ly degraded. Varying the slice thickness to 1 cm decreased
the sharpness of the reconstruction slightly. No false (+)
or false C-) results were obtained as compared to the rou
tine views and to the clinical and laboratory data. Phan
toms: the small and large lesion in the Tl-2Olphantom were
clearly defined andtheirdepth precisely estimated. The ad
dition of background activity (of relative intensity compara
ble to that in the field of view of clinical stialies) had
only minimal effect on the reconstruction. In the Au-195
stacked ring phantom the smallest lesion (0.6 cm thick) was
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very sharply delineated. Advantages: easy and rapid posi
tioning; markedly enlarged LV can be imaged;3of the 6 ac
quired images closely resemble the standard analog views and
can be used as such; reconstruction starts at face of colli
mator; very good resolution; enables tomography at bedside.

A MULTISEGMENTAL SLANT HOLE TOMOGRAPHIC COLLIMATOR (MUST):

A NEW TOMOGRAPHIC GAMMA CAMERA SYSTEM. N Chang
S.L Lin R.E.Henki@y@andB.C.Salo. Loyola Univ. Med.
Center, Maywood, IL.

Interest in slant hole collimators for emission tome
graphy is growing. To maximally utilize the crystal area
of a 10, camera, a fourâ€”quadrantrotatable slant hole
collimator was built. Each quadrant covers a 90' pie
shaped area. The collimator is constructed using square
hole technology with each quadrant slanted 25Â°toward the
central axis. The collimator resolution measured on a
1/4â€• crystal camera at 140 key is 9 mm FWHMat 10 cm
depth in a scattering medium. The sensitivity is 30%
higher than a standard HR collimator for each quadrant.
This results in a 3â€”foldincrease in sensitivity for card
iac imaging vs an HR collimator.

When rotated, an ellipsoidâ€”likecommon volume is gener
ated along the central axis. 16 tomograma are reconstruc
ted in the common volume with 7 mm spacing. Clock phantom
measurements demonstrate each slice to be evenly spaced
and at the predicted depth. In this system, planar FWHM
of 0.9, 1.1 and 1.3 cm and depth FWHM of 2.5, 2.9 and 3.6
cm are achieved at planes which are 8.8, 12.6, and 16.5 cm
respectively from the collimator face for 140 key photons.
Longitudinal tomograms are reconstructed using one 45Â°
collimator rotation, 201â€”Thalliumtomographic patient
studies demonstrate less distortion than the correspond
ing 7 pinhole tomograms.

The greatly increased sensitivity and minimal distor
tion introduced by the collimator makes high quality tome
grams feasible in multiple projections. A greater angle
can be employed on an LFOV and field size thus expanded
for tomography of organs other than the heart.

CHAMBER VOLUME DETERMINATION USING A 4-QUADRANT SLANT HOLE

TOMOGRAPHIC SYSTEM. W Chang R.E Henkin S.L Lin
@ B.C Salo. Loyola Univ, Med. Center, Maywood, IL.

A number of attempts have been made to estimate left

ventricular volume from Nuclear Medicine studies. The
methods to date have generally employed geometric assump
tions which were often inaccurate, especially in patients
with ventricular dilatation. We have developed a tome
graphic system utilizing a 4â€”quadrantslant hole colli
mator. Evenly spaced tomographic planes have been gener
ated by this system. The depth of each plane is precisely
known.

Volume determinations have been made on left ventricu
1cr volume phantoms ranging in size from 46 to 198 cc
utilizing the stationary 4â€”quadrantcollimator. The vol
,imeestimation algorithm, developed in this laboratory,
was applied to the tomographic images reconstructed from
the phantoms in the system described above. The correla
tion between actual and determined volume was excellent
with an r@ 0.96. The algorithm represents an edge
searchâ€”summationroutine which estimates the area of the
left ventricle for each tomographic plane.

Patient studies are currently under way documenting
the accuracy of the method in the clinical environment.

The absence of distortion, combined with the excellent
planar resolutions ranging from .9 to 1.3 cm FWHM and
depth resolutions from 2.5 to 3.6 cm in the volume of
interest (a lOxl5 cm ellipsoid), results in a simple din
ical method for volume determination which should be
applicable to normal and abnormal left ventricles. These
determinations are feasible from standard gated blood
pool images.

emission tomographyand planar LAOimaging were compared
using a multi-chanter heart phantom(University of Iowa
design)undersimulatedin-vivoconditionsforTl-20l. For
bothimagingmodalities,thephantomwas suspendedin a
20 1 cylIndricallucite tank such that the distancebetween
thetank'sexteriorsurfaceandtheapexwas4.4cm andthe
distanceto themid-planeof a 3 cm long,24 cc defectcon
taming onlywaterwas 10 cm. Allothermyocardlalwall
chambers(1 cmthick) contained the sameconcentration of
activity.The leftventricularchamber'sactivityconcen
trationwas 5% relativeto thewalls. Activitywas added
to thetanksuchthatthemyocardial-to-backgroundratio
by planar imagingwas 2:1 for the walls containing
thallium. Thus, the relativedistributionof activitycon
centrations approximated that reported for planar myocar
dial imaging.

The minimumobserved ratio of defect-to-normal-wall in
16 reconstructedplaneswas0.54,notzeroas expected.
Sevenpinholetomographydidnotaccuratelyquantitatethe
defect. Inaddition,thepresenceof thedefectwas ob
servedin allreconstructedplanesdistalto thosewhich
geometricallyintersectedit, and in most proximal planes.
However,defect-to-normal-wallcontrastwas significantly
better than by backgroundsubtracting (50%)and smoothing
the planar LAOimage. Sevenpinhole emission tomography
does not appear to offer quantitative tomographyfor myo
cardialscintigraphy,butmaybe usefulclinicallywhen
comparedto planar imaginp, due to its ability to achieve
higher Imagecontrast.

PERFORMANCECHARACTERISTICS OF SEVEN-PINHOLE TOMOGRAPHY.
V.A Brookeman. Guy's Hospital, London, UK.

An evaluation of some performance characteristics of
a sevenâ€”pinholeemission tomography system using a wide
field gamma camera was made for three different pinhole
diameters and two software packages. Vertical resolution
was determined centrally and 2 or 5 cm off-center in X
and in I directions, at 8, 10, and 13 cm from the tome
collimator face, with forward- and back-scatter material
present. Vertical FWHM values given in the table below
are the mean of all values at any one depth. Two hollow
5 and 10 cm cubes uniformly filled with Tc-99m solution
were imaged to assess the tomosystem's ability to me
produce uniform volume sources. The horizontal response
showed some decrease in the cubes' centers on all recon
structed planes, this artefact decreasing on increasingly
distant planes. This central dip in horizontal count
profiles ranged from about 4 to 56% of the side maximum
counts, depending also on the software employed. The
response in a vertical direction first increased from
about 93% of the maximum response, which occured about
the cubes' centers, then fell with increasing distance
to about 57% of maximum. These results indicate potent
ial artefacts in clinical seven-pinhole tomographic
imaging and problems in quantitation.

Vertical FWHM (an)
@ Co-57 Au-l95

4.5 5.5 7.5 4.4 5.5-â€”â€”-1.41.6@ 2.01.71.8
2.2 2.4 2.9
2.5 2.7 3.2 3.0 3.2

V@RIJ@BLE ANGLE SLANT HOLE COLLIMATOR. R Mocre
N Alpert J Lazewatsky H Strauss.

Massachusetts General Hospital, Boston, MA.

A variable slant angle parallel hole (VASH)
collimator which fits a standard Anger camera

was constructed from a stack of 200 precisely
photoetched tungsten plates, each 1.25 inn thick,

with 1.25 mm holes and septae of .30 mm thick

ness. Collimator plate registration is control
led by aligning the stack against a set of six

knife edges contralled by a parallelogram array.

The slant hole effect is achieved by moving the

parallelogram holder to shear the stack of

plates thus forming inclined channels. The FWIU4

Dist fro@@@m@mm)
coll: face (cm)@--@

7.5

2.1

3.7

8
10
13
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IN-VIVOSIMULATIONOF THALLIUM-2OlMYOCARDIALSCINTIGRAPHY
BY SEVEN PINHOLE EMISSIONTOMOGRAPHY. D.L Williams
J.L Ritchie G.D Harp J.H Caldwell and G.W Hamilton.
VA MedicalCenter,Seattle,WA.

The Imagingcharacteristicsof sevenpinholecardiac
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was measured using a Tcâ€”99m point source with

the collimator unsheared (photons entering per

pendicular to the crystal surface) as 1.8 nun Â®
the surface and 12 mm @ 7.5 cm from the colli

inator face. With the collimator sheared to 200
(photons entering the crystal at 700) the reso

lution was 1,68 nun and 10 mm FWHM, rempectively.

The impreved reaolution agrees with the expected

theorhetical gain due to channel lengthening.
The VASH sensitivity was compared to an all pur

pose collimator: unsheared 48% and at 20Â°,36%.

Clinical use of this collimator could improve

image resolution by decreasing imaging distance,

additionally, the combination of rotation with

collimator angulation would enhance planar tomo
graphy resolution.

4:00-5:30

CLINICAL

ENDOCRINE

Session Chairman: Milton Gross
Session Co-Chairman: John Freitas

images obtained from 5 to 7 days albur NPâ€”59 (1 mCi) admin
istration, Percent dose uptakes (%DU) (right + left) were
calculated using a semioperator independent computer algor
ithm. Coefficients of correlation (r) were calculated coin
paring plasma C and TO with %DU. The mean %DU was O.50-i-.07
and 1.18+0.24 in pituitary dependent CS and pituitary in
dependent CS, respectively (p <.05). Plasma C was nega
tively correlated with %DU (r = -0.78, P <.01) in pituitary
dependent CS and not correlated with %DU in pituitary in

dependent CS. TG did not correlate with %DU in either of
the groups examined,

In conclusion: (1) %DU may distinguish pituitary depen
dent CS from pituitary independent CS, (2) plasma C is in
versely correlated with NPâ€”59 %DU in pituitary dependent
CS, (3) NPâ€”59%DU in pituitary independent CS is not af
fected by the level of plasma C reflecting the marked dc
vation of ACTH in ectopic ACTH CS or the primary adrenal
cortical disease in adrenal adencma or bilateral nodular
hyperpiasia, and (4) elevated plasma C (>400-500 mg/dl)
may limit the usefulness of adrenal scintigraphy in CS.

ADRENAL IMAGING WITH I-123-LA.BELED-IODOMETHYL-19-NORcHOL

ESTEROL. F Shishido Y Tateno T.Ido T Irie
K Suzuki K Fukushi R Iwata M.Kojixna M Maeda
T Ito and H Ogawa. National Institute of Radiological
Sciences, Kyushu Univ. and Daiichi Radioisotope Lab.
c:hiba , Fukuoka , and Tokyo , Japan.

Iâ€”l23â€”labeledâ€”6@â€”iodomethylâ€”l9â€”norcholesterol( 1â€”123â€”
NCL ), which was synthesized after Kojina et al, was
utilized for the imaging of adrenal glands. Adrenal images
of six cases were obtained by intravenous administrations
of 2.6 mCi - 6.7 mCi I-l23-NCL. Scanning was performed
1, 2 and 3 days after I-l23-NCL administration using
MaxiCamera II ( GE ) and Ganunaview RC-1C-1635LD (Hitachi)
attached low energy paralel and conversing collimator.

Four of six cases were visualized in 1 day after
administration of about 5 mCi I-l23-NCL and the optimal
scans were obtained at 2 days after injection in these
cases. The dose of 2.6 mCi Iâ€”l23-NCLdid not give satisfa
ctory scans in a patient with cancer of the bladder.

It was found that the dose of 5 mCi was sufficient for
the adrenal imaging and the optimal scans were obtained
at 2 days after the intravenous administration of 1-123-
NCL. The image qualities were superior to that of 1-131-
NCL. The estimate absorbed dose of I-123-NCL was less
than that of I-l31-NCL.

These results suggested I-l23-NCL was an excellent
adrenal imaging agent for a clinical examination.

RESULTS OF QUANTITATIVE ADRENAL IMAGING IN 62 CASES USING
Seâ€”75 SELKEOCHOLESTEROL. B Shapiro K.E Britton and
L.A Hawkins. University of Michigan Medical Center, Ann
Arbor, MI. and St. Bartholomew's Hospital, London, U.K.

The adrenals of 61 patients with suspected adrenal com
tical disease and one normal volunteer were imaged with
68methyl Seâ€”75 selenomethylâ€”l9â€”norcholestmolâ€”5â€”(1O)â€”enâ€”3 8â€”
â€”01.A dose of 250 @iCiwas administered and imaging per
formed at 3 and 6 days in 19 cases studied by mectillinear
scanning and at 7 and 16 days in 43 cases studied by gamma
camera. In the latter adrenal depth was determined from
lateral renal scans, and in 10 cases by single photon emis
sion tomography. Adrenal uptake was quantified from stored
static images by computer.

Mean uptake in normal adrenals was 0.17% (range 0.07â€”
0.30%) . Mean uptake in Coon's adenoma was 0.47% (8) and
bilateral hyperplasia 0.33% (14). Diagnostic accuracy in
22 cases of Conn's Syndrome was 77%. Mean uptake in aden
omas causing Cusing's Syndrome was 0.93% (5), pituitary
dependent hypemplasia 0.58% (12), ectopic ACTH syndrome
0.69% (7), congenital hypemplasia 3.61% (1), adrenal car
cinoma 0.008% (3). Localization of postadmenalectomy rem

nants was achieved in all three cases studied. Diagnostic
accuracy in 32 cases of cushing's Syndrome was 87.5%.

The technique was found to be a reliable noninvasive
procedure in investigation of adrenocortical disease. The
radiophammaceutical may be superior to 1â€”131cholesterol
derivatives in that; higher uptake in normal adrenals was
observed; long effective halfâ€”lifepermits Imaging when
background activity is low; the spectrum of Seâ€”75is better
suited to gasma camera imaging; the thyroid need not be
blocked; and storage at room temperature for up to 6 weeks
is possible.
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DE MMETHASONE SUPPRESSION (DS) I-l3l-IODOMETHYLNORCHOLEs
TE@L (NP-59 ) ADRENAL UPTAKE IS A MEASURE OF 17-KETOSTER

OlD (17-KS) E@CRETION IN HYPERANDROGENISM. M. Gross,
T Valk D Swanson J Freitas M Woodbury
D Schteingart and W Beierwaltes, University of Michigan
Medical Center, Ann Arbor, Michigan.

The degree to which adrenal uptake of NP-59 reflects the
pathophysiologic process in patients with hyperandrogenism
has not been established. To assess this relationship, the
DS adrenal uptake of NPâ€”59was correlated with plasma tea
testerone levels (T) and 24 hr urinary 17â€”KSexcretion in
fifteen patients with adrenal hyperandrogenism. All pa
tients received 4 mg of dexamethasone daily commencing one
week prior to I.V. NPâ€”59(1 mCi) and continued throughout
the study. Posterior and left lateral images were obtained
3 and 5 days post-tracer injection. Adrenal % dose uptakes
(%DU) were performed with a semioperator independent can

puter algorithm. Patients were separted into bilateral
(By) and unilateral visualization (UT) groups. Correlation
coefficients (r) were generated comparing total (right +
left %DU with T and 17â€”KSexcretion (Table).

17-KS T
Scan Pattern (n) r p r p
Bilateral (11) 0.86 <.001 .42 ns
Unilateral (4) 0.99 <.001 .36 ns

Mean DS 17-KS and T were 8.2+1.2 mg/24Â° and O.9Â±.l2
ng/ml in BV and 13.1+5.0 mg/24Â° and 2.03Â±.99 ng/ml in UV,
respectively. Mean %DU was O.35+.04 and 0.34+.ll in BV and
IN, respectively. There was a positive correlation of
17-KS with %DU in both the By and UT groups. No correla
tion was seen with T and %DU. Thus, NP-59 adrenal %DU re
flects the biochemical abnormality and the degree of adre

nal cortical dysfunction in patients with androgen excess
while under dexamethasone suppression.

THE RELATIONS @1tP O@' 131@ P-IODOMETHYLN0RCHO1.@STI@ROL
(NP-59) ADRENAL UPPAKE TO PLA@4A LIPIDS IN CUSHING'S

SYNDROME. T Valk M Gross, .1.Freitas, D Swanson
D Schteingart and W Beierwaltes, University of Michigan
Medical Center, Ann Arbor, Michigan.

To assess the importance of the endogenous lipid pool
on 1311_6 @-iodomethylnorcholesterol (NP-59) adrenal gland
uptake, plasma cholesterol (C) and triglyceride (TG) levels
were correlated with NPâ€”59adrenal uptake in 14 patients
with Cushing's Syndrome (CS). Eight patients with pitui
tary dependent CS and 6 patients with pituitary independent
Cs (4 with ACTH-independent CSâ€”- 2 adrenal adenanas and 2
bilateral nodular hyperplasias, and 2 with ectopic ACTH
CS) were evaluated with posterior and left lateral adrenal
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IMAGINGOF THYROID NEOPLASMSHAVING TSH RECEPTOR. K Kusa
kabe,T.Yamasaki,S.Kuriharaand H.Akiba. Dept. of Radiolo
gy, Tokyo Women's Medical college,Tokyo, Japan.

In this study, TSH was labeledwith iodine-l31and used
for imagingof thyroid neoplasmshaving TSH receptor. The
bovine TSH was labeledwith 1-131 accordingto the method
of ChloraminT. Imageswere obtained at 30 min,l,3,6and
24 hr afteradministrationof 100to 200Ci of 1-131TSH
using rectilinearscanner. In order to detect the aller
gic reactionto bovine TSH, the anti TSH antibody in the
patient'sserum was measured before injectionof radioio
dinated TSH using the method of radioimunoassay. Seven
patientswith thyroid neoplasmswere studied by the scm
tigraphywith 1-131 TSH. Four sites of thyroid cancer
includinglymphnodemetastasesand 6 sites of thyroid
adenoma including4 sites of hyperfunctioningadenoma were
evaluated. Out of four sites of hyperfunctioningadenoma,
two showed remarkabletumor uptake of 1-131 TSH in the
scans but two did not show any uptake comparedwith Na I-
131 scans. In two patientsout of three with thyroid can
cer, uptake of radioiodinatedTSH in lymphnodemetastases
wasfoundon 1-131TSHscans. Theanimalstudieswere
also performedusing1-125TSHandH-3TSH. No inorganic
iodin could be detected in rat thyroid followinginjection
of 1-125 TSH by the paper chromatography. No uptake of
H-3TSHcouldbe foundin otherorgansexceptthethyroid
gland in rat. Normal thyroidaluptake of H-3 TSH was 2.7%
of injecteddose. Thesefindingssuggestthat1-131TSH
was boundto theTSHreceptorof thethyroidneoplasmsand
normal thyroid tissue. This approachmay offer consider
able potentialfor the estimationof TSH receptorlevels
in thyroidneoplasmsfortherapeuticpurposes.

INADEQUACY OF MODERATE DOSE OF 1-131 FOR ABLATION OF THY
ROID REMNANTS FOLLOWING SURGERY FOR DIFFERENTIATED THYROID
CARCINOMA (DTC). A.R Siddiguf J Edmondson H.N Well

man N.M Park R Schnute and C.C Johnston. Indiana
University School of Medicine, Indianapolis, IN.

Treatment for DTC includes total or nearâ€”totalthyroid
ectomy and postâ€”operativeablation of the remaining thyroid
tissue with 1â€”131.The usual ablative dose of 1â€”131manges
from 100 to 200 mCi. The feasibility of using a smaller
dose, 29.9 mCi, was evaluated, since it is the maximum that
can be given to out patients.

Twentyâ€”onesequential patients (pts) with DTC were eval
uated following total or nearâ€”totalthyroidectany. Approx
imately 6 weeks after surgery, each Pt was given thyroid
stimulating hormone intramuscularly on three consecutive
days followed by 29.9 mCi of 1â€”131on the third day. Neck
and chest scans were performed 24 and 48 hours after radio
iodine. Follow up scans were performed at 9-15 month in
tervals. These scans were done using 3 mCi of 1â€”131with
the pts off 1â€”thyroxinefor 6 weeks and off triiodothyrox
inc for at least 1 week.

Nineteen out of the 21 pts showed residual thyroid tis
sue on the initial scan following surgery. Two pts accumu
lated radioiodine in the tissue outside the thyroid bed as
well and were given conventional doses of 1â€”131.Ten of
the remaining 17 pts had serial studies, only one of which
showed complete ablation of residual tissue. Eight had
persistent activity in thyroid bed and one presented with
lymph node metastasis.

Our findings indicate that total or nearâ€”totalthyroid
ectomy rarely removes all thyroid tissue and an â€œoutpa
tientâ€•dose of 1â€”131(29.9 mCi) is not adequate for abla
tion of postâ€”operativethyroid remnant.

OPTIMIZATION OF 1-131 SCAN DOS!@IN PATIB4@S WITh iirinnin
CANCER. A. Wax,nan, L. Ramanna, N, Cha@snan, â€˜1.Brachinan,
D, Tanasescu, D, Berman, B. Catz, C, Braunstein, Cedars
Sinai Hedical Center, Los Angeles, California

1-131 has been used in the evaluation of thyroid cancer
for the detection of metastases as i@ll as residual primary
disease, The purpose of this paper was to compare the men
sitivity of a 2 mCi initial scan lose to higher scan doses
in detecting residual iodine avid tissue.

Twenty-tm patients were included in this study. Fourteen
received an initial scan dome of 2 mCi of 1-131 and i@re
rescanned within one @ekwith 10 mCi, All studies @re
done 3-S days following I-l3lUSiflg rectilinear tecimique.

The results for the 14 patients undergoing the 2 and 10
mCi scan protocol are summarized in the following table:

2 mCi- 2 mCi( 2 mCi 2 mCix 2 mCi
10 mCi- 10 mCi 10 mCi 10 mCi+ 10 mCi+

Patient# 4 4 0 1 5
Sites S 5 0 1 9

On the basis of the 2 mCi study 10 patients @retheught
to be free of disease with no residual activity demonstrated
in the neck or chest area, A rescan within one seek using
10 mCi of 1-131 showed 6 of these patients to be positive
with an abnormality demonstrated in the neck or chest me
gion. A site by site analysis sho@d 10 additional sites
detected in this patient population using the 10 mCi scan
dose, which @re not detected with 2 mCi. The 30 mCi scan
dose was felt to be superior to the 2 mCi scan in 3 of 6
patients studied. A comparison of 10 mCi with 100 mCi was
performed in 7 patients with the 100 mCi scan rated superi
or in 3 of the 7 cases.

We conclude that a 2 mCi 1-131 scan dome is inadequate
for the determination of residual activity in patients
undergoing ablation for thyroid cancer.

1-131 WHOLE BODY SURVEYS: TOMOGRAPHIC VS. GAMMA CAMERA
IMAGING. P Kirchner T Brown N Bidani C Armstrong
B Brunsden and L DeGroot. The University of Chicago,
Chicago, IL.

Postâ€”thyroidectomywholeâ€”bodyimaging for residual
thyroid tissue and functioning thyroid metastases is still
frequently done with rectilinear scanners since appropriate
gamma camera collimators are often not available. Imaging
techniques vary widely; minimum detectable activity is
rarely defined for any depth in the body. A recent failure
to detect residual neck activity (0.5â€”1.0%uptake) with
rectilinear scanning prompted a comparison of 1â€”131imaging
with a dual 5â€•rectilinear scanner (ONâ€”84),gamma camera
(PGâ€”IV),and multiplane tomoscanner (Pho/Con).

Phantom studies assessed detectability of 5uCi 1â€”131
(0.5% usual dose) as function of distance from collimator
or focal plane and resolution of point sources separated in
xy and z. The ONâ€”84did not detect 5uCi at 6cm above and
9cm below the 5â€•focal plane and showed poor resolution
even at the focal plane. Both PCâ€”IVand Pho/Con detected
5uCi over 19cm depth but the Pho/Con resolution was clearly
superior. Clinical studies evaluated blind by 3 reviewers
compared Pho/Con with multiple camera images obtained on
the same day in each of 30 patients (total of 70 benign and
9 metastatic foci of activity). Neither instrument found
any foci which were altogether missed by the other. Scan
ning time and easeâ€”ofâ€”interpretationwere comparable, but
image information content was better with the Pho/Con
because of better 3â€”dimensionallocalization.

Both Pho/Con and gamma camera images are more reliable
than rectilinear images for detecting and resolving clini
cally important small foci of 1â€”131.Use of a reference
source with each clinical study is recommended to establish
a lower level of detectable activity for each study.

A VALUABLESCINTIGRAPHIC SIGN FOR ThE DIAGNOSIS OF THYROID
CYST: THE â€œRIMSIGN.â€•M.D Okerlund J Soimners T.Greil
0 Clark L Kaufman and R Filly. University of Calif
omnia Medical Center, San Francisco, California.

14 of 16 consecutive thyroid cysts were found to have a
unique positive diagnostic sign on 2 or mere of the
modalities of (l)mectilineam scan with 123â€”iodide(2)
scintillation camera photograph with 5â€”lOsCiTechnetium
99in pertechnetate, or (3)fluorescent excitation scan with

241â€”americium. All cysts were subsequently proven by at
least 2 of the techniques of ultmasonography, needle
aspiration, or surgery. The â€œrimsignâ€• consists of a
single centrally nonfunctioning thyroid nodule with a thin
rim of surrounding functioning thyroid tissue apparent on

both the anterior, and (in the case of the scintillation
camera) confirmed by appropriate oblique projection. A
statistical study was then made to evaluat@e the possible
significance of the rim sign and comparison made with 84
consecutive solid nodules imaged and removed surgically.
Analysis yielded 14 true positives, 2 false positives, 0
false negatives, and 84 true negatives. This data
indicates a diagnostic sensitivity of 87.5Z, a specificity
of 97.6%, and an accuracy of 96% for the â€œrimsignâ€•in
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this series. The predictive value using Bayes' Theorem
was 90.1% assuming a 16% prevalence of cystic nodules
found in this series, which closely appmoxd.mates data from
a number of clinics. The â€œrimsignâ€•is a useful, sensitive,
specific and accurate sign for the presence of thyroid
cyst. This sign is of possible importance since almost all
thyroid cysts are benign, and further helps to select
patients for ultrasonography and either avoidance of early
operation or consideration instead of needle aspiration
as a management strategy.

CLINICAL IMPORTANCE OF THE â€œINDETERMINATEâ€•NODULE IN
THYROID IMAGING: THE COMMONESTCAUSE OF THE â€œFALSENEGATIVE
THYROID IMAGING STUDY. M.D.Okerlund .1 Sommems T Grell
M.Galante T Hunt and 0 Clark. University of
California Medical Center, San Francisco, California.

72 of 1100 consecutive thyroid imaging studies (1â€”123
scintigrams plus Tcâ€”99mpertechnetate pinhole pictures)
had â€œindeterminateâ€•nodules: no change in gland outline and
no evidence of nodule size or location without marking
despite palpatory findings present. If indeterminate on
scan, subsequent gemna camera picture showed these to be
clearly cold in 69%, functioning in l32,and indeterminate
in 18%. To study the possible significance of these,
surgical findings were determined and compared with 100
nodules initially clearly cold by the same techniques.

Indeterminate
Histology Image: â€œColdâ€• By scan By scan and camera
Adenoma 34(34%) 39(50%) 6(42.9%)
Carcinoma L9(l9%) 9(12%) 1(7.1%)
Cyst 17(17%) 1(1%) 1(7.1%)
Involution 12(12%) 11(14%) 3(21.4%)
Nodular goiter 9(9%) 12(15%) 2(14.3%)
Thyroiditis 9(9%) 6(8%) 1(7.1%)
Indeterminate thyroid nodules were almost all solid and
mostly tumors. Anatomically, most were anterior with
underlying normal thyroid, or posterior with overlying
tissue. Since physical examination provided the only
initial indication of the nodule's presence, this
emphasizes the need for correlation of images with findings.
No Iâ€”l23/Tcâ€”99mdiscordant images were found in this series
and no truly â€œwarmnodule.â€• Indeterminate nodules have the
same diverse etiologies and significance as clearly cold
nodules, and should not be confused with the very mare
â€œwarmâ€•lesion, the latter not seen in 1100 cases.

AN ACCURATE MEASUREMENTOF DIMENSIONS AND MASS OF THYROID
GLAND USING A COMPUTERAND A GAMMACAMERA. A. Jansen,
H. Eklem & G. I. Krishnamurthy. VA Medical Center & UOHSC,
Portland, Oregon.

Over the years, the measurements of the thyroid mass for
calculating 1â€”131therapy doses have been obtained using
images from a rectilinear scanner. At present, gamma cam
eras are replacing scanners as the instrument of choice for
imaging. This investigation was undertaken to develop a
technique for the measurement of thyroid mass using images
from a gamma camera interfaced to a computer, and to coup
are the results with those obtained using a scanner image.

In 6 patients the thyroid images were obtained 20â€”30
minutes after the injection of 5â€”10mCi of Tcâ€”99mpertech
netate. A high resolution (HR) focussing and HR parallel
hole collimators were used with the scanner and camera me
spectively. An image of a phantom of known dimensions was
included as a reference with the thyroid images obtained
with the cameraâ€”computer. On the scans the area was incas
ured with a planimeter after outlining the gland boundary
manually. An automatic edge detection program set to a
threshold was used to determine the gland boundary on cam
era images. The gland area was measured by noting the
number of pixels flagged in the gland vs. the standard.The
mass was obtained by using the following formula: Thyroid
mass â€”area x average length of lobes x 0.321.

The mass determined from the gamma camera images showed
high correlation (râ€”O.97)(p@O.OO2) with the mass obtain
ed from the scans. It is concluded that the dimensions &
mass of the thyroid can be determined accurately using a
gamma camera and a computer.

THE NORMALRAIU IN ThE MADISON, WISCONSIN AREA. L.M.

Lieberman S.J Gatley and B Pastakia. The University
of Wisconsin Hospital, Madison, WI.

The present trend throughout the uS of the 24 hr RAIU
by the thyroid gland is unclear. Several reports have
suggested a decrease in the RAIU while others have mdi
cated a possible rise, reversing a trend known to have
occurred before 1967. Since the 24 hr RAIU continues to
be an important parameter of thyroid function, it is
important that the normal range be known for each geo
graphical area.

We have performed 6 and 24 hr RAID tests with 1-123
on a group of 61 normal subjects aged 18-61 years living
in or near Madison. Forty-five women and 14 men were
determined to be euthyroid by completing a questionnaire
asking for any history of thyroid or kidney disease and
whether they were taking any medications. Serum T3, T4,
and FrI tests were done, and the concentration of stable
iodine in a random urine sample was determined. Fifty
to 100 jiCiof 1-123 were given orally and the RAIU test
performed in accordance with IAEA specifications.

The mean urinary iodide excretion was 683 Â±84.5 pg/i
corresponding to approximately 800 pg/24 hr somewhat
higher than reported by other workers. We attribute
this to a high dietary intake of iodide in our area
probably due to an average iodide concentration of
384 @xg/gfound in six samples of commercially baked
bread sold in and near Madison.

The 6 hr RAIU (mean Â±SD) was 8.2 Â±3.8% (range = 1.8-
19.6%) and the 24 hr RAIU 15.5 Â±5.7% (range = 2.0-33.5%),
which is lower than that reported for normal subjects in
Minneapolis (1975) 20.5%, and in Chicago (1971) 20.0%,
but higher than that in LaCrosse, WI (1971) 12.1%.

THE ROLE OF Tc-99m PERTECHNETATE UPTAKE IN PATIENTS WITH
THYROID DISEASE. M.S Sucupira E.E Caxnargo E.L Nicko
loff P.O Alderson and H.N Wagner Jr. The Johns
Hopkins Medical Institutions, Baltimore, MD.

To investigate the usefulness of the 20 mm Tc-99m
pertechrietate uptake test, the records of 159 consecutive
patients (pts) were reviewed. Of these, 95 pts (77 females,
18 males; 10-78 years) who met the criteria of having at
least one year follow-up or a confirmed diagnosis by
biopsy or surgery were included in our study. In these
pts, the Tc-99inpertechnetate uptake was compared to hor
nionalvalues (T3 resin uptake T4 RIA, T-index) obtained at
the time of the uptake, and the clinical diagnosis one
year later. All patients received an intravenous injection
of 5 mCi of Tc-99n pertechnetate. Imaging was performed
using a pinhole collimator and a scintillation camera
interfaced to a dedicated computer. Regions of interest
for the thyroid and the background were used to calculate
the 20 mm Tcâ€”99mpertechnetate uptake as percent injec
ted dose. Uptakes and hormonal values were confirmatory
in 81% of pts (1 hypo- , 8 hyper- , 68 euthyroid) and dis
cordant in 15 pts (16%): in 4 pta with high hormonal values
the uptake was normal, 2 had Graves' disease in remiss
ion and 2 had toxic nodular goiter; in 10 pta with normal
hormonal values, the uptake was low in 4 due to exogenous
iodide or T4, and high in 6, 3 with persistent hyper
thyroidism and 3 with Hashixnoto's disease; in one pt with
low hormonal values the high uptake provided evidence of
persistent hyperthyroidism while on therapy. In 3 pta
(3%) the uptake was misleading when the clinical diag
noses were reviewedone year later. The Tc-99m pertech
netate uptake is a useful adju@ictto measurement of
hormonal levels in pta with suspected thyroid disease.
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mCiof Ga-67,and3) a minimumfollow-upof 1.5years. The
57 patientsweredividedInto5 histologicsubtypes:large
cellnon-cleaved(LNC),largecellcleaved(IC),mixed(N),
pleonorphic(P), and blastic (B). Each group underwent
site-by-siteGA-67lesiondetectionanalysiscomparedto
diseaseextentbasedon pathologic,surgical,radiographic,
andclinicalcriteria. Patientsurvivalwasdeterminedby
medical record review and patient contact. All patients
weretreatedby standardizedprotocolbasedon staging.

Becauseof Itssmallsize (2patIents)and paucityof
positive sites (4), the B group was excluded from analysis.
Site-by-siteGa-67 sensitivitypre-treatinentwas67% (to
talseries),80% (LNC),40% (LC),66% (N),and72% (P)re
spectively. Two year survivalwas 56% (total series), 52%
(LNC), 75% (IC), 83% (N)and33% (P)respectively.Ga-67
sensitivityfor INCand P versusIC was significant (P
<0.01)by X-2testsas was survivalof N versusP(P(O.Ol).

Histologic subclasslflcatlon of histlocytic lymphomahas
valueforIt canpredictdifferencesIn survivalandGa-67
site-by-sitelesiondetection.

RADIOLABELLEDORNITHINEAS A MARKEROF CANCER.
M.M Webber D.C Buff'kin A.D Schwabe G J-F Juillard
L.R Bennett and B.C Verne. UCLA School of Medicine,
Los Angeles, CA.

Ornithine is an ubiquitous amino acid, the metabolism of
which appears to be closely associated with the process of
growth. The metabolism of Lâ€”(lâ€”Câ€”l14)ornithinemonohydro
chloride was studied in patients with histologically
proven diagnosesof cancer and in normal volunteersin
order to preliminarily assess the efficacy of utilizing
radiolabelled ornithine as a marker of cancer.

Following the i.v. injection of 8 uCi Câ€”lbomnithine,
the decarboxylation of ornithine was monitored for a 2.5
hour period utilizing the vibrating reed electrometer
ionization chamber model of Tolbert, as r.iodifiedby David
son and Schvabe. Thirteen normal subjects ranged from 7.3â€”
33.3% of the administered dose being recovered, displaying
a mean of lh.l6@ and a S.D. of +6.b8%. Ten patients,
tested before Initiation of therapy, ranged from 18.2â€”
32.1%, displayed a mean of 23.02% with a S.D. of +1@.52%.
Application of the tâ€”testindicates a confidence level
>99.5%thata significantdifferenceexistsbetweenthe
means. Sensitivity of this test is 100%, while specifi
city is 92.3%. Reâ€”testingof two normal volunteers showed
little or no change in ornithine metabolism over a 2â€”5
month period. Results from testing three cancer patients
before and after therapy correlate well with the clinical
response.

Our observations suggest that in normal individuals
ornithine metabolism proceeds quite slowly. In the patient
with neoplasia, however, the higher utilization suggests
that altered ornithine utilization may be a very sensitive
teat for malignancy.

POSITRON IMAGING FEASIBILITYSTUDIES: I. SELECTIVETUMOR
CONCENTRATIONOF 3H-THYMIDINE, @H-URIDINE,AND l4C-2-DEOXY
GLUCOSE.S.M Larson Z GrunbaumandJ.S Rasey.Seattle
VeteransAdministrationMedicalCenterandIfnfversityof
Washington,Seattle,Wa.

Acceleratedglycolysisandnucleicacidsynthesismaybe
exploitedto provide improvedtumor Imagingbased on posi
tron emi@ion tomography.Som et al found active concentra
tionof â€˜Â°F-2-fluoro-deoxyglucoseby a spontaneousdogSe
minomaand several mousetumors after Intravenous injection
of the radiotracer(J. Mud. Med. 20:662, 1979). We have
extendedthesestudiesto a wellcharacterizedanimaltumor
model, the EMT-6 sarcoma, and have evaluated In addition
the tumor uptake of nucleic acid precursors. Animals with
solidEMT-6tumorsrangingfrom50-200mg wereselectedfor
study. TenanimalspergroupreceivedIntravenousinjec
tions of one of the followingtracers:2-deoxy-D[@-l4C]-
glucose(sp.ac.=54mCi/nil),10 @Cipermouse;[5-H]-
uridine(so.ac.=29.7Ci/n@4)or [methyl-3H]-thymldine(sp.ac.
=2 Ci/nfl), 25 pCi per mouse.Animals were sacrificed at 1
hr after injection. The amountof radioactivity in blood,
liver, kidney, muscle and tumor was determined after corn
bustionof thetissW@s.To anothergroupof 6 tumOrbea
ring mice, 2.0 pCi Â°â€œGa-citratewas injected. Theseani
mals were sacrificedat 48 hrs because previouswork had

D Front G Yoselevski Y Ben-Arieh. RainbainHospital
and Technion Faculty of Medicine, Haifa, Israel.

Ga-67 is extensively used for evaluation of patients
after radiotherapy. It has not been shown, however, that
the fact that most Ga-67 scans become negative after radio
therapy means that irradiated tumors regress and disappear.
Radiotherapy may supress some mechanism of Ga-67 uptake
while the tumor remains viable. The present study was
undertaken in order to correlate Ga-67 uptake and tissue
response to irradiation in a tumor model. Methyl cholantren
induced fibrosacroma in C57B female mice was used. Uptake
in viable tumors (n=3O) and in viable and non viable parts
of tumors containing necrosis (nâ€”7) was determined as
percent of injected dose per gram tissue. Percent uptake
in viable tumors was 9.6Â±1.4 and in non viable parts
2.5Â±0.5. Other tumors (n@l9) were locally irradiated using
57Kv X-rays at a rate of 200 reds/minute; 3000 rads were
delivered to the tumor while the rest of the body of the
mouse was shielded. Fourteen days later uptake of Ga-67
and histology of the tumors were assessed. Three groups
of response were found. Group A (n=4), where more than
half of the tumor remained viable and uptake was 10Â±0.4;
Group B (n-ll), where half or less of the tumor was viable
and uptake was 5.2Â±1.5; Group C (n=4), where the greater
part or all of the tumor underwent fibrosis and necrosis
and Ga-67 uptake was 2.3Â±0.6. Uptake in blood, liver, bone
and muscle was essentially the same in animals with and
without irradiation. A good correlation was thus foiuid
between Ga-67 uptake and the a3notmtof viable tissue left
in the tumor after local irradiation.

GALLIUM-67 IN HILAR AND MEDIASTINAL STAGING OF PRIMARY LUNG
CARCINOMAS. R. Neumann, M. Merino, P. Hoffer, H. Stern,
A. Toole, and A. Gottschalk. Yale University, New Haven, CT.

Galliumâ€”67imaging for detection of hilar and mediastinal
lymph node metastases from primary lung carcinomas has been
advocated by several authors. Based on these studies, a
procedure was proposed in which mediastinoscopy could be
avoided in patients whose primary lung carcinomas concentra
ted gallium with no abnormal gallium concentration in the
hilum or mediastinum. Our study was undertaken to determine
the sensitivity and specificity of this gallium procedure in
our clinic.

In our prospective series 47 individuals had preoperative
gallium studies. 9â€”10milliCumies of Gaâ€”67citrate was in
jected and images obtained at 48 to 72 hours using both a
Seamle Pho/Con tomogmaphic instrument and a Seamle LFOV
camera with multipeak spectroscopy. Each image was mdc
pendently scored for abnormal gallium concentration in the
thorax and mediastinum by two experienced observers without
knowledge of the clinical stage of disease. As in the
method described in previous reports we grouped the hilar
and mediastinal zones for final determination of sensitivity
and specificity. The accuracy of each study was determined
by siteâ€”byâ€”siteanalysis of tissue diagnoses from the sum
gical specimens.

Thirtyâ€”eightstudies were included in the final analysis
after exclusion of small cell (oat cell) carcinomas and non
primary lung tumors. Our sensitivity for gallium detecting
the primary tumor was 91%. For detection of hilar or mcdi
astinal metastases the sensitivity was 55%, specificity 63%,
and accuracy 60%. Thus we have been unable to confirm the
very favorable results reported by others in detecting meta
static disease in hilam and mediastinal nodes from primary
lung carcinomas.

GALLIUM-67CITRATE (Ga@67) IMAGING,HISTOLOGICSUBTYPES,
ANDSURVIVALINHISTIOCYTICLYMPHOMA.J E FreltasM
1 Brown+ E G Bernacki R H Nishiyama*and B
Schnitzer*.WilliamBeaumontHospital,RoyalOak,MI,
@1Jniversityof Michigan Medical Center, Ann Arbor, MI,
and+MayoClinic,Rochester,MN.

To assessthe relationshipof Ga-67lesion detection
rate,histologicsubtypeand survival,themedicalrecords,
Ga-67 scans, and tissue histology of 57 patients with bi
opsy-provenhistiocyticlymphomawere reviewed. Allpa
tients fulfilledthe followingcriteria: 1) Pathologic
tissuewasavailableforhistologicsubclasslficatlon.2)
48-72 hour scan obtained after intravenous injection of 3-5
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shown that 67Ga tumor-to-b@godratios reached a stable maxi
mum at this time. For the â€œHand 14C-labeledsubstrates,
absolute uptakes in tumor and tumor-to-bloodratioswere as
high at 1 hr after intravenou@ injection as comparable
maximum values achieved for 6'Ga-citrateat 48 hrs after
intravenousinjection. Thus, positron labeled analoguesof
thymidine,uridine and 2-deoxyglucoseshould be useful
radiopharmaceuticalsfor tumor imagingby positronemission
tomography.

CUTANEOUS LYMPHOSCINTIGRAPHY: EVALUATION OF LYMPHATIC
DRAINAGE PATTERNS IN TRUNCAL MELANOMA. R.C Kline M.J
Tuscan D.P Swanson J.H Thrall J.E Niederhuber, Uni
versity of Michigan Medical Center, Ann Arbor, MI.

Tmuncal melanoma, which accounts for 25% of all mela
none, has a poor prognosis. Most authorities advocate
wide local excision of the primary with lymph node dis
section of the atâ€”riskaxilla or groin. Drainage has con
ventionally been predicted on the basis of proximity to
the midline and â€˜Sappey'slineâ€•,which runs 2 cm above the
umbilicus circumferentially to the spinous process of L2
or L3. Lesions within 2.5 cms of either line are con
sidered to have bidirectional drainage. The usefulness
of this anatomic approximation is limited, however, by
the high variability of lymphatic drainage.

In order to delineate actual lymphatic drainage from
the primary site, cutaneous lymphoscintigraphy was per
formed in 26 patients with truncal melanoma. All had had
punch, incistonal, or simple excistonal biopsy before stu
dy. 4 mCi of Tcâ€”99msulfur colloid (24 patients) or Tcâ€”99m
antimony sulfide colloid (2 patients) were injected intra
dermally at multiple sites around the lesion. Scintigrams
were obtained 4 and 24 hours post injection.

Findings on scan @re consistent with anatomical pre
dictions in 11/26 (42%) patients. In 5/26 (19%) patients
the scintigram showed drainage to fewer regions than pre
dicted anatomically. In 10/26 (38%) patients colloid
drainage was found in more regions than predicted anatoin
ically.

Cutaneous lymphoscintigraphy is valuable in the pre
operative evaluation of patients with truncal melanoma.
Furthermore, the technique should prove of use in patients
not undergoing dissection, since atâ€”risksites can be
identified and followed closely.

BRONCHOSCOPIC TUMOR DETECTION USING A MINIATURE RADIATION
DETECTOR AND COBALT-57 BLEOt4YCIN. J.M Woolfenden W.S
Nevin H.B Barber and D.J Donahue. University of
Arizona Health Sciences Center, Tucson, AZ.

A 2.4xlO mm sodium iodide detector has been constructed

and used with a tumor-seeking tracer during fiberoptic
bronchoscopy. The goals are to locate small tumors, par
ticularly sutunucosal ones, and to find the source of malig
nant cytology. Standard external imaging is performed 24
hours after intravenous injection of 1 mCi Co-57 bleomycin;
bronchoscopy is then done. The detector, coupled to an
extemnalphotomultipliertube by a flexible fiberoptic light
guide, is passed through the bronchoscope channel, and
counts are taken at standard sites throughout the bronchial
tree. Thirteen patients have been studied and have patho
logical confirmation of tumor; 1 had 2 tumors. Of the 14
tumors identified, 7 were identified by the detector, 7
were visible to the bronchoscopist, and 8 were evident on
radiograph; 3 were not identified by any of these methods.
The detector located 3 subtnucosal tumors; 1 tumor, in a pa
tient with positive sputum cytology, was found only by the
detector. The smallest tumor found by the detector was
6x6 mm; a 3x3 mm tumor in the same patient was missed.
There has been 1 apparently falseâ€”positivedetector reading.

These preliminary results suggest that detector sensi
tivity for tumor detection is similar to that of bronchos
copy and chest radiography, and that bronchoscopically in
visible subinucosal tumors and occult sources of malignant
cytology can be found in some patients . Further studies
are in progress to assess minimum detectable tumor size
and to define further the sensitivity and specificity of
the technique.

Tl-20l SCINTIGRAPHY IN POST-OPERATIVE PATIENTS WITH THYROID
CANCER â€”A CLMPARATIVE STUDY OF â€˜@â€˜I.N Tonami K Hisada,

T Aburano and H Seto. Kanazawa University School of
Medicine and Toyama College of Medicine and Pharmacy,
Kanazawa and Toyama, Japan.

We have reported that 201T1 was strongly concentrated in
primary lesions of thyroid cancer and also concentrated in
metastatic lesions in patients with untreated thyroid
cancer. These observations implied that 201Tl might be a
suitable radiopharmaceutical to survey affected lesions in
postâ€”operativepatients as well and we performed 201Tl
scintigraphy to visualize malignant lesions in 30 post
operative patients with thyroid cancer. The results were
compared with those of 1311 and/or 99â€•!rcpertechnetate
scintigraphy. Out of 9 patients having malignant lesions
among 16 patients without normal thyroid tissue, 2Tl
concentration was observed in 7 patients, while 1311
concentration was observed in only 3 patients. There was
no case which showed a positive concentration of 1311 and a
negative concentration of 201Tl. Tlâ€”2Olconcentration was
seen in all of 6 focal lesions in 6 patients and metastatic
lung lesions in one patient. Metastatic lymph nodes were
visualized by 201Tl in two of 4 patients. On the other
hand, 1311 concentration was seen in 2 of 6 focal lesions
in 6 patients and metastatic lung lesions in one patient.
Metastatic lymph nodes were visualized by 1311 in one of 4
patients. All of 5 patients having malignant lesions among
14 patients with remaining normal th@roid tissue showed
positive concentrations of 2'Tl. 2 â€˜Tlscintigraphy can
be performed without any preparations and our results
indicate that 201T1 scintigraphy might be a useful procedure
to depict residual and recurrent lesions regardless of the
presence of normal thyroin tissue.

BREMSSTRAHLUNGIMAGING OF INTRAPERITONEAL P-32 DISTRI
BUTIONS. D.C Sullivan C.C Harris J.L Cummie1 W.T
Creasman R.H Wilkinson Jr, and F Bagne. Duke
University Medical Center, Durham, NC

With the introduction of chronic phosphate Pâ€”32sus
pension for intracavitary therapy, the distribution of the
Pâ€”32material has been inferred from the distribution of
some Tcâ€”99mâ€”labeledagent such as sulfur colloid. It has
been generally accepted that bremsstmahlung imaging of the
betaâ€”emittingPâ€”32would be unsatisfactory. We have
imaged intrapemitoneal Pâ€”32in 14 patients, 7 of whom me
ceived a bolus injection, and 7 of whom received a pre
mixed 500 ml infusion. A largeâ€”fieldgamma camera with a
highâ€”energycollimator and an energy window of 100â€”450keV
was used. Images of sufficient resolution to evaluate
distribution have been obtained from time of infusion to 7
weeks postâ€”infusion. Immediately following instillation
of a wellâ€”mixedsuspension (in 500 ml of normal saline),
the Pâ€”32distributions show movement, with position
changes, to dependent regions of the pemitoneal cavity.
Later Pâ€”32images show fixed patterns which change little
with time. Small focal concentrations appear within 3â€”24
hours; these may represent activity in mesenteric lymph
nodes. We have further determined that 1. chronic phos
phate Pâ€”32particles will not necessaril; be suspended in
liquid volumes unless mixed and stirred, 2. particles will
settle out of undisturbed suspensions, and 3. there is in
significant sticking of particles to glass or plastic
surfaces even after several hours suspension in normal
saline. For these reasons we now premix chronic phosphate
Pâ€”32suspension with 500 ml of saline in the hope of ob
taming better intrapemitoneal dispersion.
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TOURNIQUET PRESSURE (IP) AND RADIONUCLIDE VENOGRAPHY(RNV).
R.C Verma J Sabbe 0 Ayers C Rowe and J Eiseninan.@

In a previous study of RNVs with graduated TP in non
throinbophiebitic subjects, we had shown that: a) calf deep
veins (DV) were visualized in 19/20 of subjects without
above-ankle tourniquet (AAT), b) in 20%, flow through DV
was occluded at pressures which did not affect SV flow, c)
no correlation existed between SV occlusive pressure and
systolic, diastolic or mean brachial or popliteal BP and
d) at TP >50 mmHg, flow through previously nonvisualized
DVs was demonstrated upon release of TI'. The above study
was extended to compare results of graduated BP cuff TP
(BPT) with manual rubber tubing (RTT) AAT and above-knee
tourniquet (AK'I@).

Changes in venous flow produced by a lightly tied RTT
were equivalent to those resulting from cuff TP of under
50 mmHg and occluded just 3/15 of the SVs. The tightly
tied RTT significantly diminished flow through SV and led
to sluggish flow through DV and as with the cuff, on re
lease, flow through previously nonvisualized DV was demon
strated. Moreover, a tight AKT contributed more to dimini
shing flow through SV (without affecting DV flow) than
tightening the AAT or an additional AAT. It might be that
the difference in depth of the DV compared to the SV in the
ankle is not as great as in the thigh; hence, beyond a cri
tical pressure, flow through both DV and SV is occluded.

Based upon the above comprehensive study,it is reconunen
ded that: a) ideally most patients for RNV be studied with
out tourniquets, b) if DV are not or poorly visualized,
tight Rfl above ankle and knee must be employed to occlude
flow through SV and direct it through DV and c) flow must
also be imaged during release of IP because some DVs in
calf and thigh are visualized in this phase only.
*Olive View Section, UCLA School of Medicine, Los Angeles.

FIBRINOPEPTIDEA (FPA) IN PATIENTSWITH SUSPECTEDAND DOCU
MENTED VENOUS THROMBOSIS. G.L. DeNardo,S.J. DeNardo and
A.W. Rose. Universityof CaliforniaDavis Medical Center,
Sacramento,CA. Supportedin partby PinericanCancer
SocietyGrant#PDT94B.

FPA is a peptide specifically cleaved from fibrinogen by
thrombin during the course of fibrin production. There
fore,It shouldbe elevatedin alldisordersassociated
with fibrin deposition, and specifically venous thrombosis.
Becauseits fl is 2-3 minutes, elevated FPAlevels reflect
currentlyactivedisease.

Presenceor absenceof venous thrombosis was determined
by contrastvenography,I-l25-fibrinogenuptaketestand/or
1-123-fibrinogenscintigraphy.FPAlevelsweremeasured
on 51 samples from 50patients with suspected or documented
venous thrombosis. FPAradioininunoassaywas performed by
incubating the supernatant (after ethanol precipitation of
plasmafibrinogen)withFPAantiserumand I-l25â€”desaminoty
rosyl-FPA.Afterseparation,theboundFPAfractionwas
compared to a standard curve. The range of FPAfor normal
control subjectswas <0.2-2.7 ng/ml (mean=l.5ng/ml) and
for normal womenon contraceptive drugs, 3.4-4.4 ng/ml
(mean=3.9 ng/ml). The range of FPAi n documentedvenous
thrombosiswas 1.5-41ng/ml,whereastherangewas<0.2-3.4
ng/ml In patientswith suspectedvenous thrombosissubse
quently proven not present. 95%of patients with documen
tedvenousthrombosishadelevatedFPAlevelsincluding4
patientstreatedwithanticoagulants,butthelatterhad
only mildly elevated EPA levels. FPA levels dramatically
decreasedwhenpatientswithvenousthrombosisweretreat
ed with heparin.

Althoughnon-specific,FPAradioimunoassayappearsuse
ful In the diagnosisand treatmentof venous thrombosis.

FUNCTIONAL ALTERATIONS OF MUSCLE PERFUSION IN TYPE II
MUSCLE ATROPHY: DEMONSTRATION BY LOWER EXTREMITY PER
FUSION SCANS. P.A. Doastad, Y.C. Choy, E.E. Kim, and F.M.
DeLand. University of Kentucky Madical Center, Lexington,
KY.

Significantprogress in the clinicalassessmentof
peripheral vascular disease has resulted from the use of
radionuclide scans to evaluate alterations of blood flow
through small vessels. Not widely recognized ii that
functional changes in muscle perfusion can cause abnormal
tracer distribution in these perfusion scans despite a
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demunstrated lack of vascular degenerative changes or
vasculitis. Two patients with Type II muscle atrophy and
normal vessels on muscle biopsy were examined in winos ab
nosmal lower extremity perfusion scans were obtained after
the administration of Tcâ€”99mlabeled human albemin nuicro
spheres directly into the feaoral arteries. The patho
physiologic mechanism underlying the altered perfusion
pattern may be similar to that causing the bone scan
changes seen in Sudeck's atrophy. These case studies
illustrate the use of this technique for delineating
muscle groups affected by a myopathic process. Muscle
perfusion scene can be used as an aid in selecting biopsy
sites and may provide a means of following the response
to therapy.

COMPARISON OF 1-125 FIBRINOGEN UPTAKE TESTING (PUT) AND
CONTRAST VENOGRAPHYIN THE DETECTION OF DEEP VEIN
THROMBOSIS (DVT) IN PATIENTS WITH HIP SURGERY OR FRACTURE.
L.S.Ma1mu4 N.D,Charkea@ P.T.Makler Jr. J.Reillsy
S.Levin, Temple University Hospital, Philadelphia, PA.

Venous thromboâ€”@bolic dissase is the most frequent corn
plication of hip fracture or surgery. Previous studies have
suggested varying degree. of sensitivity for the FUT. The
purpose of this study was to determine the sensitivity and
specificity of the FUT compared to venography in 143 con
secutive patients treated with low dose heparin and under
going both procedures. The FUTs were performsd using
either Abbott or Amersham Fibrinogen. Contrast venography
was routinely performed on the 8th day of the FUT or ear
her if the FUT was abnormal. Compared to venography, the
sensitivity of the PUT overâ€”allwas 87.3% and the specifiâ€”
city 86.3% with a predicted value of 83.3% (p<.OOl). For
hip fracture, the overâ€”allsensitivity was 90.9%, specifiâ€”
city 87.5%, with an overâ€”allaccuracy of 88.9% (p<.Ol). In
patients undergoing hip replacement, the sensitivity was
88.6%, specificity87.0%, and overâ€”allaccuracy 87.6%
(p<.Ol). The FUT became abnormal within 3 days in approxi
mately 60% of the patients who had abnormal tests.

Forty % of patients with fractured hip developed DVT.
After negative venography 16 patients developed positive
FUTs in the same leg which had undergone venography. Four
of those 16 had repeat venography, demonstrating new
thrombi in 50%, or 5% of the total studied by contrast
venography.

The 1â€”125PUT is a clinically useful, sensitva diagnos
tic technique in patients at high risk for developing deep
venous thrombosis. These data suggest that the PUT should
be a routine study in patients with hip fracture in whom
low dose heparin is not effective in preventing DVT.

THALLIUMâ€”20lVENOGRAPHY. E.B Silberstein P.J Robbins.
The University of Cincinnati Medical Center and FDA
Nuclear Medicine Laboratory, Cincinnati, OH.

Serendipitous visualization of a consistent linear
structure in the arm and shoulder of patients having
thallium myocardial scintigraphy led to the investigation
of this phenomenon in 20 patients, 17 of whom were having
stress thalliumâ€”20lmyocardial scintigraphy with 3
injected at rest. It was found that the upper arm struc
ture was visualized only on the side of injection, persia
ted for at least 40 minutes postâ€”injection,and was never
seen on the contralateral side. The phenomenon occurred
whether the injection was made directly into the median
cubital vein, through 0.9% NaCl or 5% dextrose in water.
Important asymmetries were seen in patients with thrombo
phlebitis receiving bipedal injections.

To demonstrate that the structures visualized with
thalliumâ€”2O1were veins Spragueâ€”Dawleyrats were injected
with the radionuclide in one fenoral vein. Then the iliac
vein proximal to the injection site and the contralateral
iliac vein were carefully excised and washed for counting
and comparison with whole blood thalliumâ€”2Olcounts. In
rats there was a significant (p<O.OS) increase in iliac
vein counts on the injected side as compared to the contra
lateral side and to intraâ€”cardiac blood counts.

The animal and human data indicate thallium uptake on
or into veins on the ipsilateral side of injection.
Experiments are underway to determine if this is by
active transport and to further correlate thallium with
contrast venography in patients.
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PROGNOSTIC EVALUATION OF ISCHEMIC ULCERS: Tl-2O1 PERFUSION
DATA VERSUS DOPPLER ULTRASOUND. M.E Siegel C.A Stewart
P Kwong and I Sakimura. LAC-USC Medical Center and
Rancho Los Amigos Hospital, Los Angeles, CA

The purpose of this paper is to present a technique for
non invasively and objectively determining the relative
perfusion of ischemic ulcers using Tl-2O1 and comparing
its prognostic ability with that of doppler ultrasound.

Twenty nine ulcers were studied in 26 patients. All
patients had a perfusion scan using 1.5 nCi of Tl-2O1 and
in 27 ulcers of 23 of the patients standard doppler ultra
sound evaluation of the lower extremities was performed.
Objectively the Tl-2O1 distribution is quantitated via
point counting over the ulcer and surrounding area from
which the degree of hyperemia ofthe ulcer is determined.
Established doppler criteria of at least 0.35 for non
diabetics and 0.45 for diabetics was used to predict ulcer
healing ability. The previously reported ratio of greater
than 1.5:1 for the degree of hyperemia as suggested by Tl
201 was used as the criteria for ulcer healing.

Using the above criteria Tl-2O1 perfusion data correct
ly predicted healing potential in 20 of 23 healed ulcers.
Doppler alone predicted only 14 of 21 of the eventually
healed ulcers with a true negative rate of 82% versus a
95% rate for the Tl-2O1. Doppler predicted non healing in
3/6 ulcers with a true positive rate of 30% while Tl-2O1
predicted 5/6 with a true positive rate of 62%.

The study suggests the Tl-20l perfusion scan data is
a useful non invasive test for determining ulcer healing
potential and may be more sensitive and specific than
doppler ultrasound.

201â€”THALLIUMEXERCISE SCINTIGRAPHY OF LEG MUSCLE â€”USEFUL
FOR EVALUATION OF PERIPHERAL VASCULAR DISEASE?
I.B. Tyson, E.W. Bough, E.J. Gandaman and D. North
The Miriam Hospital and Brown University, Providence, R.I.

Adjunctive leg muscle images were obtained in 22 pa
tients undergoing Tl20' myocardial scintigraphy after up
might bicycle exercise. All patients received 1.5 to 2.0
mCi of T12O1 intravenously one minute prior to termination
of exercise and were imaged with a large field gaunnacam
era and low energy allâ€”purposecollimator. Scintigrans
(125,000 counts) of the thigh o:Icalf muscles were obtain
ed immediately after exercise (Ex) and redistribution
(Redia) cardiac imaging and stored in a minicomputer. Of
16 patients with no known peripheral vascular disease, 8
underwent anterior thigh scintigmaphy and 8 posterior calf
scintigraphy. From selected regions of interest over both
the lateral and nedial muscle groups of the thighs or
calves, left to right (L/R) ratios were calculated from
the Ex and Redis images. The L/R ratios (@Â± ad), in
cluding both medial and lateral groups, for calf and
thigh scintigrans were:

L/R ratio
Scintigrams@ !f:@j:.!. P (paired t test)
thighs 0.99@ .05 1.01 Â± .07 NS
calves 1.03 Â± .07 1.03 Â± .09 NS

Leg scintigrams (2 of calves, 4 of thighs) were also
obtained in 6 patients with suspected peripheral vascular
disease either from past history or current symptoms. For
all 6 patients, the Ex L/R ratio for at least one muscle
group fell outside a range of mean@ 2sd. In 3 of these
patients the L/R ratio had returned to within lad of the
mean in the Redis image.

It is concluded that T120' leg scintigraphy may have
potential for use in evaluation of peripheral vascular
disease.

THE REDISTRIBUTION RELATIONSHIP BEIWEEN ThE REST AND DE
LAYED TL-2O1 PERIPHERAL PERFUSION SCAN. M.E Siegel and
C.A Stewart. LAC/USC Medical Center, Los Angeles, CA.

The purpose of this study is to define the relationship
between the state of perfusion represented by the delayed
Tl-2O1 exercise perfusion study and the resting study.

To maximize the change between rest and stress perfu
sion studies, 10 patients with no known peripheral vascu
lam disease were utilized. In addition, S patients with
peripheral vascular disease were also studied. Each
patient received a 1.5 mCi dose of Tl-2O1 during physio
logic stress and scans, and point counting of the thighs.
knees, calves, and ankles were obtained immediately and

hourly up to 6 hours post injection. The point counting
data was used to quantify the distribution of perfusion
between muscle masses and between muscular and non-muscu
lam regions. One week later, at rest, the patients re
ceived a second dose, and scans and point counting were
repeated.

Subjectively reviewing the rest, stress, and delayed
stress scans, there was some indication in the abnormals
and less indication in the normals of redistribution from
the stress to the rest pattern. Objectively, there were
significant differences in the delayed stress perfusion
ratios compared to those of the rest studies. Reviewing
the graphed perfusion ratios, there appeared to be a tend
ency to return to the resting levels in both normals and
abnormals, but not reaching these levels during the period
of observation.

Using the reasonable time frame of this study, the
delayed stress scan does not equal the distribution of
perfusion at rest, yet, the changes which occur may be
adequate for clinical utility.

MEASUREMENT OF LIMB BLOOD FLOW AT EXERCISE - A NEW
TECHNIQUE. J.J Steinbach D Pendergast P Cerretelli
H Blau and R Wicks. Veterans Administration Medical
Center and The State University of New York at Buffalo,
Buffalo, NY.

Present physiological measurements of muscle blood flow
at exercise are complicated by the physical nature of Nal
scintillation detectors. A new technique using a small
(10 ginwt) CdTe semiconductor detector is described.

Following intramuscular injection of 70â€”80pCi of Xe
133 in saline (0.1â€”0.2ml), measurements of blood flow are
obtained at rest and at various workloads. The technique
was initially validated by comparing the values obtained
by the Xeâ€”133clearance with those obtained by the intra
arterial microsphere technique in treadmill trained dogs.
There was good relative correlation between the two methods
(p=O.85). However, the values obtained by the Xeâ€”l33
clearance were lower by a factor of two.

Blood flow measurements of the deltoid, biceps, and
brachioradial muscles were done on 4 volunteers using arm
cranking exercise at various workloads. Blood flow of the
gastrocnemius and vastus lateralis muscles were done on 6
and 8 volunteers respectively using a bicycle ergometer.
Muscle blood flow (ml/g/min) at various workloads (rest â€”
175 watts) was:

Rest 50 75 125 175
Biceps .O4â€”.O6 .35â€”.4 .45â€”.5 .45â€”.5
Gastrocn. .O2â€”.O3 .1 â€”.18 .l8â€”.3 .2 â€”.3 .2â€”.3

The method appears to be exceptionally suited for physio
logical measurements of blood flow in the exercising
muscle. The high increase in blood flow at low workloads
suggests that it will also be useful in patients with low
exercise tolerance.

INDIUM-illPLATELET IMAGING FOR THE IN-VIVODETECTIONOF
THROMBI IN ABDOMINALANEURYSMSAND PSEUDO-ANEURYSMSAND
FOR EVALUATIONOF PLATELETACTIVE DRUGS. J.L Ritchie
J.R Stratton B Thiele L.A Harker and G.W Hamilton.
Seattle V.A. Medical Center and Universityof Washington
Schoolof Medicine,Seattle,Wa.

Gama camera imaging of In-ill-oxine labeled platelets
(PLT)may detect abnormal PLT depositionin humans and
assess plateletactive drugs in vivo. We studied 15 pts on
no plateletdrugswhowereat riskforthrombifromabdomi
nal aortic aneurysm (AAA) (12 pts), pseudoaneurysmsat vas
cular graft anastamoticsites (2 pts), or femoral aneurysms
(1 pt), as defined by ultrasoundor angiography. Five pts
were restudiedafter 7-10 days of ASA (325 mg tid) plus
dipyridamole(DP) (75 mg tid), and 2 pts after 7 days of
sulfinpyrazone(200 mg qid). Imagingwas performedat 2
and 24 hrs after autologous PLT labeling. AbnormalPLT
depositionwas defined as activitywhich increasedover
time as blood pool activity decreased. Both anterior ana
log images and computerprofileswere used.

At baseline,11 pts had positive studies and 4 pts had
negative studies; the 4 negative studies were all pts with
MA. No pt had decreased PLT depositionon ASA and DP.
Both pts studied on sulfinpyrazonehad decreasedPLT depo
sition. Abnormal PLT deposition was seen in 1 pt after
Dacron graft insertion for AAA throughout the graft. In 1
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case, thrombusremoved at surgery had 3.5 times In-lllac
tivity in the endotheliumvs. the outer half. By electron
microscopy,PLT were present in only the endothellalhalf.

This large vessel example demonstratesthe efficacyof
PLT imaging for identifyingthrombi and for assessingin
vivo antithromboticdrug effect and thrombogenicityof
prostheticmaterials.

that 1-125 E2 binds to estrogen receptors in the uterus.
The relatively high uptake of 1-125 in the adrenal gland
at 0.25 hr warrants further investigation. A potential
estradiol adrenal imaging agent labeled with 1-123 would
be highly desirable as suggested by Sturman et al. (J Nucl
Med 16:77-79) who showed tritiated estradiol uptake in
the dog adrenal to be maximal 3-7 mm post injection at
0.31% dose/g.

1-131 DNase, A POTENTIAL TUMOR IMAGING AGENT.
Room 3039 S.N Reske K. V?ska K Reske@,L.E Feinendegen.

Institute of Medicine Nuclear Research Center, JUlich,
â€˜Institutefor limisinology,University Mains, FR Germany.

4:00-5:30

DNase binds specifically and strongly to actin at a
molar ratio of 1:1. Actin, a major cougonent of the cyto
sceleton in eucaryotic cells, underlies the cell membrane
as a network of microfilaments. Radioactively labelled
DNase may therefore serve as indicator for intracellular
actin in tissues where the cell membrane is damaged. Corn
mercially available pancreatic DNase I was labelled with
1â€”131by the chlomamineâ€”Tmethod. For tissueâ€”distribution
studies 1.5 pCi Iâ€”131â€”DNase(ID) was injected i.v. in 10
female NMRI mice bearing a transplanted sarcoma 180, a
tumor known to develop a rather large central necrotic
area. Organs were assayed for radioactivity I and 3.5 hr
p.i. in a well scintillation counter. In addition 15 pCi
ID was injected i.v. in 5 sarcoma 180 beaming NMRI mice
for whole body imaging. The scans were taken between 10
minutes and 3.5 hr. p.i. with a yâ€”cameraequipped with a
pinhole collimator in p.a. projection. ID is accumulated
in the tumor tissue (1.5 â€”2.0 2 dose/g tissue). The ratio
of the radioâ€”activity in the tumor to the surrounding mus
dc tissue was 3â€”5:1. Whole body scintigmams 3.5 hr. p.i.

showed a significant accumulation of radioactivity in
tumor, thyroid and stomach. In experiments with fluoresca
mineâ€”labelledID this congound is mainly associated with
momphologically altered cells in tumor tissue 3.5 hr. p.i.
The results obtained so far indicate that ID might provide
a potential tumor imaging agent.

COMPARISONOF TUMORAND ABSCESS UPTAKE OF In-lll BLEOMYCIN
ANALOGUES WITH Co-57 BLEOMYCINS IN BALM/c MICE. J.E.
Baumert*@ C.I.Diamanti@, D.A.Coodwln* L.H.DeRiemer**
and C.F.Meames**. *Vetemans Administration Medical Center,
Palo Alto, California and **Depamtment of Chemistry,
University of California, Davis, California.

Coâ€”57Bleomycin, a sensitive tumorâ€”imagingcompound, has
an undesirable physical halfâ€”life(270 days). We have mod
ified the Coâ€”59(stable) chelate of bleomycin Aâ€”2with EDTA
and Benzyl EDTA. The resulting bleomycin analogues, BLEDTA
and Benzyl BLEDTA, can be labeled with Inâ€”lilCl3 (TÂ½â€”2.8
days). This study employs a new mouse model to compare tu
mom and abscess uptake of Inâ€”lllBLEDTA and Inâ€”lllBenzyl
BLEDTA with Coâ€”57Bleomycin Aâ€”2,Coâ€”57Bleomycin Aâ€”2DM,
Gaâ€”67citrate, and Inâ€”lllCl3. Each mouse had a KHJJ tumor
in one flank and a sterile abscess in the other. Tumor,
abscess and organ samples were obtained 24 hr after each
compound was injected.

The Coâ€”57Bleomycins had the lowest tumor uptakes. They
were significantly less (p<O.OOl) than the Inâ€”luBleomycin
analogues and much less than Gaâ€”67citrate and Inâ€”lllCl3.
However, the tumor/blood ratios were much higher (p<O.OO1)
than the Inâ€”lllBleomycin analogues, Gaâ€”67citrate and
Inâ€”lllCl3. The tumor/RE system (liver, spleen, BM) ratios
were equally favorable for Coâ€”57Bleomycin Aâ€”2DMand Inâ€”lll
Benzyl BLEDTA. Both were more than 7X as high as those
found with Gaâ€”67citrate and Inâ€”lllCl3. The tumor/abscess
ratios were the highest in the Coâ€”57Bleomycins (3:1) and
lowest in the Inâ€”lllBleomycin analogues (1.2:1).

We conclude; (a) The Coâ€”57Bleomycins have the highest
targetâ€”toâ€”nonâ€”targetratios and are the most specific for
tumor, (b) The Inâ€”lllBleomycin analogues have similar
targetâ€”toâ€”nonâ€”targetratios and are the least specific for
tumor, and (c) Gaâ€”67citrate and Inâ€”lllCl3 have the lowest
targetâ€”toâ€”nonâ€”targetratios in the reticuloendothelial
system.

IN VIVO RECEPTORBINDING OF RADIOLABELEDESTROGENS, R.E.
Gibson A Mazaitis B Francis R Patt1 W.C Eckelman
R.C Reba and H O'Brien. George Washington Univemisty
Medical Center, Washington, D.C. and Los Alamos Scientific
Laboratories, Los Alamos, N.M.
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A COMPARISONOF RADIOPHARMACEUTICAISFOR LYMPHOSCINTIG
RAPHY. B.M Gallagher M.L Delano R Watt 1.1 Camin.
RadiopharmaceuticalResearch,NEN Corp., N. Billerica,MA

The clinicalapplicationof radlocolloidsfor planning
radiationtherapy and the delineationof drainagepathways
may provide a reliable and convenient agent for the manage
ment of patientswith malignantdisease. Although several
reportsexist on the use of selected radiocolloidsfor lym
phoscintigraphicstudies,relativelylittle comparative
dataareavailableon theabsorption,lymphaticsequestra
tion and overall biokineticsof these agents in the same
animal model. This study comparedthese parametersfor
colloidalgold-198 (Au-198)and Tc-99m labeled Sb2S@, phy
tate, (SnOH)2,microaggregatedalbumin (MAA),minTmicro
aggregatedaTbumin (n@iAA)and human serum albumin (HSA) in
a rat model. The absorptionfrom the footpad following
subcutaneousadministrationshowed that HSA> n@iAA> Sb2Sf'
Au-198@ phytate> pAA> Sn(OH)2. The biokineticsand
absolute uptake by poplitealana lumbar nodes showed that
S1LJAAnu.Sb2S3@ Au-l98>phytate>pAA@ HSA@Sn(OH)2. Both
Sb2S1and mpM had an excellent lymphatic uptake, with
mostly liver and spleen backgroundfor Sb2S3 and less liver
and higher kidneys for np@AA. The blood activity for Sb2S3
wasgreaterthanformpAAandtheoverallbiologicalclear
ance was slower for 5b253. Excellentimages of the para
sternal lymph nodes in rabbits could be obtainedwith mpAA
followingsubcostal injection. The results of these studies
suggestn@AA to be an excellentlymphoscintigraphicagent
becauseof a highabsorptionfromtheinjectionsite,
excellent lymph node uptake, a rapid metabolismand biologi
cal clearance,all of which reduce the radiationburden to
the patient and lastly, the ease of preparationfor use
within minutes after reconstitution with generator eluate.

TISSUE DISTRIBUTION STUDIES OF 178 (l6ct1-125) 101)0-
ESTRADIOL IN RATS BEARING MAMMARYADENOCARCINOMA. W.J.
Shaughnessy S.J Gatley T.J Simpkin and L.M Liebemman.
The University of Wisconsin Hospital, Madison, WI

A madioiodinated analog of estradiol, l7B (16cr1-125)
iodoestradiol (1-125 E2) has been synthesized by Hochberg
(Science 205:1188-1191) who presented evidence to suggest
that the compound concentrates in rat uteri in vivo. We
have investigated 1-125 E2 in female Fischer mats bearing
13762 mammary adenocarcinoma (Mason Research Institute).

Groups of three animals were injected intravenously
with 2 iiCi each and killed at intervals of 0.25, 1, 2, 4
and 8 hr. Eighteen tissues were sampled and examined for
radioactivity. The transplanted mammary adenocarcinoma
concentrated 1-125 maximally at 0.25 hr, being 0.25%
dose/g, decreasing to O.l%/g at 1 and 2 hr and O.O4%/g
at 8 hr. The highest tumor/blood ratio was 2.3 at 4 hr.

The uterus showed 0.87% dose/g concentration at 0.25
and 1 hr, reducing to O.5%/g at 4 hr and O.18%/g at 8 hr.
The tissue with the highest concentration at 0.25 hr was
the adrenal gland showing 2.6% dose/g. Adrenal/blood
ratio was maximal at 0.25 hr (16.6) while uterus/blood
ratio was maximal at 4 hr (14.3).

Our findings confirm those of Hochberg, suggesting
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Three radiohalogenated derivatives and two tritium
labeled estrogens with a range of affinity constants were
evaluated as radioindicators for estrogen receptors. The@se
receptor binding radiotracers nay be useful in the detec
tion of estrogen dependent malignancy. In vitro receptor
assays using immature rat uterus showed that the radio
labeled estrogens had receptor affinities ranging from 10
@â€”lto 2xl091'r1. All concentrated in the uterus of the
immature rat; however, based on in vivo displacement
studies using excess estradiol, only Hâ€”3estradiol (E),
Brâ€”77bronoethynylestradiol (BEE), and Brâ€”77bromoethynyl,
ilâ€”methoxyestradiol (BEME) showed estrogen receptor bind
ing. 1â€”125iodohexestrol showed a reported high affinity
constant in vitro but nonspecific binding competed effec
tively with receptor binding in vivo. When the displace
ment study was carried out in vivo with thyroxine receptor
binding was detected. No receptor binding was detected
with the antiestrogen CI 625. These results agree quali
tatively with a bimolecular model which predicted uterus
to blood (U/B) ratios of >1 for all compounds except the
antiestrogen. As the model predicts, specific activity
plays an important role in the U/B ratio. BEE which had
a specific activity of <10 C/nanolhad a lower U/B ratio
than E which had a specific activity of 100 C/mmol.
Further experiments using E at various specific activities
confirmed these results. The BEE and BEME are both stable
in vitro and in vivo to debromination. Two of the games

emitting estrogen derivatives BEE anÃ³BEME should be use
ful as probes for estrogen dependent malignancy.

SYNTHESISOF 203Hg-ESTRADIOLAND ITS BINDING TO MAMMARY
TUMORS. J Shani' L.M Lieberman2,M Cais3, Y Josephi3
and M Shimoni@. @Departmentof Pharmacology,The Hebrew
UniversityMedical School, Jerusalem,Israel; 2Department
of Radiology(NM), Universityof WisconsinHospitals,
Madison,Wisconsin,USA and 3Departmentof Chemistry,
Technion - Israel Instituteof Technology,Haifa, Israel.

Studies on the antigenicityof metallohaptensIn metallo
immunoassays(M.Caiset al., Nature, 270:534,1977)indicated
that immunorecognitlon by appropriate anti-estrogen antisera
for mercuratedestrogenswas retainedto a reasonabledegree
despite the stereoelectroniceffects of the substituent(M.
Cais,Y.JosephiandM.Shimoni,to be published).Similarly,
recent glycerol gradient experiments (M.R.Sherman,M.Shimoni
F.B.Tuazonand M.Cais, to be published)demonstratedthat,
along with a high level of non-specificbinding, there was
a distinct specificbinding of mercuratedestradiol by
estrogen receptorsin human breast tumor cytosols.In view
oftheseobservations,they-emitters203Hg-2-chloromercuri
estradiol-17u3 and 203Hg-4-chloromercuri-estradiol-17B were
prepared as potential radiophansaceuticals for selective
detection of estrogen-receptor-containing mansnaryadeno
carcinoma,and as a model substratesfor similar studies
with other metallohaptens. The mercuratedestradiolswere
injectediv into either Sprague-Dawleyfemale rats bearing
spontaneousmanmiarytumors or into Fisher rats transplanted
with 13762 mammary adenocarcinoma.Therats were decapitated
lh-4d after the injectionand 15 major and endocrineorgans
were sampledand counted. With blood clearance phases of TÂ½
1.4 and 8 days, binding of the labelled drugs to the mansiiary
tumors was significantly different from the binding to the
healthymaninaryglands.Whiletheorgan/bloodratioforthe
healthy organs was â€˜@l,a ratio of 4 (2d post-injection)and
10 (4d post-injection)was obtainedfor the mammary tumors.

TECHNETIUMâ€”99MTETRASULFOPHTHALOCYANINEAS A POTENTIAL
TUMOR SCANNING AGENT. J. Rousseau, D. Autenrieth, and
J.E. van Lier. University of Sherbrooke Medical Center,
Sherbrooke, Que., Canada.

Phthalocyanine and porphyne derivatives have previously
been shown to accumulate in malignant tissue. With the aim
of developing a tumor scanning agent we have labeled tetra
sulfophthalocyanine (TSPc) with Tcâ€”99nand studied its
tissue distribution in healthy and tumor bearing animals.

TSPcâ€”Tcâ€”99nand TSPcâ€”Tcâ€”99were prepared either by
condensation of sulfophthalic acid in the presence of
pertechnetate and reducing agent or by direct labeling of
TSPc with reduced pertechnetate. Reaction products were
purified by ion exchange chromatography and analysed by
UVâ€”spectrOscopyand ITLC. The in vivo distribution of the

purified Tcâ€”99nlabeled pmoduct@ studied in female rab
bits and in Fisher 344/CRBL female mats bearing the 13762
maimnary adenocarcinoma. The activity distribution in the
animals was followed by scintillation scanning. In some
instances animals were sacrificed and the individual or
gans counted.

Scanning experiments in rats bearing a 5 mm nonvascula
mized tumor in the thigh clearly revealed selective tumor
uptake of Tcâ€”99m(tumor/muscle ratio 4:1). The stability
of the labeled complex was evident from the absence of ac
tivity in the stomach, thyroid and salivary glands of rab
bits. The organ distribution however showed an accumula
tion and fixation of the tracer in renal and hepatic tis
sue. This may result from the presence of polineric pro
ducts in the Tc-99nâ€”TSPcpreparation. Studies on Tcâ€”99nâ€”
TSPc samples obtained after further chronatogmaphic pun
fication on Sephadex Gâ€”25are in progress.

COMPARISON OF TUMORLOCALIZING PROPERTIES OF COBALT-57
BLE@YCIN AND FOUR ANALOGUES: BLEOMYCINIC ACID , PHLEOMY
CIN, PEPLEOMYCIN AND TALLYSOMYCIN. J.N Hall J.M Wool
fenden L.S Rothnan and J.D Douros. University of An
zona Health Sciences Center, Tucson, AZ and National Cancer
Institute, Bethesda, MD.

The purpose of this study was to compare bleomycin and
other bleomycin-type antibiotics as radiolabeled tumor
seeking agents. Bleonycin and 4 analogues labeled with
Coâ€”57were examined for biological distribution in an
established bleomycin-sensitive tumor model, the Ridgway
osteogenic sarcoma, transferred by subcutaneous passage
in AXD2-Fl nice. Radiolabeling was checked by thin layer
chnomatography using methanol : 10% ammonium acetate (1:1)
as the solvent. Biological distribution studies were per
formed at 4 and 24 hours after intravenous administration.
The following table shows the tumor-to-muscle and tumor-to
â€”bloodratios obtained (average of 5 or more animals):

4Hours24Hours!@!@!L@!L@Bleoinycin24.649.229.535.9Pepleonycin21.423.061.165.4BleomycinicAcid17.9108.341.957.8Tallysomycin8.814.725.115.9Phleomycin13.018.215.747.0

Absolute tumor uptake of the tracer was highest for
bleomycin, followed in descending order by pepleonycin,
tallysomycin, phleomycin, and bleomycinic acid. Pepleo
mycin, and possibly also bleomycinic acid, may be superior
to bleomycin for tumor localization on the basis of high
tumor-toâ€”nonâ€”tumorratios. Studies of pepleomycin in other
tumor models are in progress.

Fâ€”18â€”2and 3â€”FLUORODEOXY-Dâ€”GLUCOSEAS POTENTIAL DIAGNOSTIC
TRACERS FOR TUMORS. N.M. Goodman, D.R. Elmaleh, L. Memk,
R. Lade, K. Keamfott, D. Vamnum, S. Kopiwoda, G.L. Brownell
and H.W. Strauss, Mass. General Hospital, Boston, MA

Tumors are known to consume and metabolize extra
amounts of glucose for their growth. To determine if this
high metabolism rate could be used for tumor localization
we studied the biodistribution of two glucose analogs;
Fâ€”18â€”2â€”fluoroâ€”2â€”deoxyâ€”Dâ€”glucose(2â€”18â€”FDG)and 3â€”fluoroâ€”3â€”
deoxyâ€”Dâ€”glucose(3â€”18â€”FOG)in rats implanted with RTâ€”9and
RTâ€”24(glioma tumor model). Following IV injection animals
were sacrificed at 5, 30 and 60 mins in groups of 6 (see
table).

2â€”18â€”FOG3â€”18â€”FDGTissue30

MÂ±nmSE60
mm

MÂ±SE30 MÂ±nmSE60 MÂ±mmSETumor3.25.182.86.021.83.182.60.08Blood.68.03.37.051.96.021.56.01Heart13.70.514.071.803.02.052.41.04Brain4.05.123.74.231.52.041.21.36Liver.84.03.53.051.54.041.21.01

The uptake at 1 hr in % dose per gram in tumor was
similar for both agents 2.86Â±.O2 for 2â€”18â€”FDGand
2.60 Â±.08 for 3â€”l8â€”FDG.The clearance of 3â€”18â€”FDGfrom
blood is slower than 2â€”18â€”FDGwhich makes the tumor to
blood ratio with 2â€”18â€”FDGmore favorable. However, both
agents are potential agents for tumor detection when used
with positron tomography techniques.
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Room 3040 HoffmanD Kuhl.UCLASchoolof Medicine,LosAngeles,CA.

In ECT,dueto variabilityIn photonstatistics,sam
pling,anddetectorFWHM,abilityto flexiblyadjustrecon
structionfilter (RF) to reduce noise while maintaining
image resolutionis highly desirable. Use of cubic splines
Is investigatedto provide design techniquesfor flexible
ECTRF. Frequencyresponsefunction(FRF)of ECTRF's
shouldbe 1) realandsynsuetric,2) approximatelyequalto
JfJforfâ€•O,and3)smooth,withresponseathi@ihfrequency
adjustableto reduce noise. Thus, ECT RF's can be sped
fled completelyby defining the real part of its FRF at
positive frequencies. Smoothnessand low frequency
requirementscan be achievedby cubic splines,which are
smoothcurves(cc3)thatpassthrougharbitrarilyselected
points (knots). An interactive computer software system
was developedto generatedesiredFRFwithcubicsplines.
FRF values are specifiedat a few (<15) frequencies. The
systemgeneratesanddisplayscubicsplinethatpasses
throughthesespecifiedknots. Oneexaminesthecurveand
modifies locations of knots until satisfied with curve.
ApplyingInverseFF1to FRF,systemcangeneratean ECT
RF with desired FRF. System Is convenientand generated
RF's tested on simulatedand real ECT data gave faithful
reconstructions. Noartifacts wereobserved. With this
system, ECT RF's of various cutoff characteristicscan
be generated conveniently to match ECTscanning parameters
to optimizeimagesignalto noiseratio. OnesuchRF
designwas foundto reduceimagenoiseby 50%without
significantlyaffectingimageresolution.It is concluded
thatcubicsplineis usefulforconvenientandflexible
designof ECTRF to optimizeimagesignalto noiseratio.

REMcNAL OP LONGITUDINAL EMISSION TOMOGRAPHIC BLUR BY
LOCAL OPERATORS. M.W Vannier. Malttnckrodt Institute
of Radiology, St. Louis, No. F.M DeLand. University
of Kentucky Medical Center, Lexington, â€˜(y.

Longitudinal emission tomogmsphic images are
conventionally reconstructed by backprojectton and
contain defocused contributions of over and underlying
structures. Removal of defocus blur may be performed by
local image restoration operations that were developed
for analogous purposes in the processing of light
microscope images. The techninue is based on the removal
of a suitably convolved function of adjacent tomographic
planes from the original backprojected image. The images
may be contrast enhanced by removing the excess low
fmeeiuency information from the adjacent plane images
before restoration processing. The blurring contribution
of adjacent tomoplanes was simulated by a circularly
symmetric finite impulse response digital filter.

Emission tomographic images from a Seamle Pho/Con scanner
were acquired in raw scintigraphic form as a list mode
data file on a P1W-li computer using a specially designed
interface. These data were reconstructed in multiple
adjacent planes using conventional backpmojection.
Deblurred images were obtained as described above. The
results were displayed on a 128x128 monitor in 16 color
levels (CA@r'1A-ll'.

This method compares favorably with Fourier deconvolution
and iterative deblumning techni'iueswith reference to
1')generation of artifacts, â€˜flsubjective nudity of
resulting images, and 3'@computer processing time.

Resolution recovery In Imagesat depth with a high
purity germanium(HPGe)camerahas been achieved through
theuseof a weightedbackprojection(WBP)method(1,2).
A modificationof thisalgorithmIs presentedwhichIs
derivable either from simple geometrical arguments In
volvingprojectionandreprojectionof the Imagethrough
thecollimatoror frana directapplicationof Bayes'
theorem. With this approach the algorithm is reduced
to a simplesequenceof stepswhicharethenapplied
iterativelyto the image. Applicationof WBP has been
shown to Increasespatial resolutionand improvecontrast

4:00-5:30
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NON-UNIFORMITY AND ARTIFACT CREATION IN EMISSION TOMOGRAPHY
A Toddâ€”Pokmopek*S Zurowski**andF Soussaline**
UCH London UK* Dept de Biologic CEA Orsay France**

All tomographic reconstruction algorithms assume that
the values measured on projections are constantly pnoport
ional to line integrals through the object to be meconstr
ucted. In emission tomography, one cousnon cause of failure
is a result of attenuation. Two other types of failure,
considered here, are caused by nonâ€”uniformityand spatial
distortion of the â€˜detector'. These have been studied in
itially by simulation, the results confirmed by practical
measurements with a (@ 400 T rotating camera tomograph.

For a given area of changed (nonâ€”uniform)sensitivity
of the detector, a ring artifact is created in the tomogram
of amplitude proportional to 1/the distance from the central
axis of the detector. Thus very large artifacts can occur
along the axis of rotation. These artifacts are also in
versely proportional to the size of the area of modified
sensitivity. This can be explained by comparing the
Fourier transform of â€˜artifacts'and the object. Uniform
ity correction is thus normally essential.

As spatial sampling along the projection is increased,
a large increase in noise occurs in the games tomograms,for
constant total counts. This seems to be due in part to the
presence of coloured noise created by the data collection
system, and seemingly due to differential nonâ€”linearity.
This has been siimilated,andhas been found tobe a function
of totalcolourednoisepower,andnotespecially to noise at
the sampling frequency. This could be improved by using
better ADCs. Integral nonâ€”linearity(spatial distortion)has
been studied, but in realisticallynoisy situations is not tro
ublesome. Thus several sources of error exist, which are
barely noticable in conventional imaging,butwhich, because
of the properties of the tomographic reconstruction, can
create severe artifacts and increase in noise in tomogmams.

NOISE PROPAGATION PROPERTIES OF THE ECAT POSITRON SCANNER.
F Soussal ine S Houle D Plummer and A Todd-Pokropek.
Serv ice Hosp Ital er Freder ic Jo1 ot , Orsay, France.

In positron emission computed tomography, an important
statistical limitation is that due to the propagation, du
ring reconstruction, of the random fluctuations arising
from the Poissonian distribution of the photon emission
from the source. The statistical precision of the ECAT
positron scanner (EC&G Ortec) has been investigated in
terms of the ratio of the rootâ€”mean-square(RMS) uncertain
ty in the value of a given image pixe! over its expected
mean value.

Budinger et al (J Comp Assist Tomog 1: 131, 1977) have
proposed a relation for this ratio:

@!i@_@K . N112. b3â€•4
mean

where N is the total number of detected counts and b the
number of image cells in the object. The constant K is de
pendent on the reconstruction filter and has been calcula
ted for each of the filters of the ECAT system. At the
center of a 20-cm diameter cylinder of uniform activity,
the following values for K and for the FWHM d were obtained:
1) high resolution filter: K0.68 and dâ€”1.57cm; 2) medium
resolution filter: Kâ€”O.37and dâ€”l.68cm;3) low resolution
filter: Kâ€”0.2Oand d1.92cm; and 4) normal filter: K0.94
and dl.46cm. These values are in excellent agreement with
those obtained both by actual measurement of cylindrical
phantoms and by computer simulation.

RESOLUTIONRECOVERYIN PLANARNUCLEARIMAGES:APPLICA
lIONTO HIGHPURITYGE@'1ANII1IANDSCINTILLATIONCAMERAS.
DA OrtendahI@DW Shosa L KaufmanLW Rowan JW O'Connell1
ES F1attner@andR Herfkens,LKSF-RILSo.San Francisco,CA

CUBIC SPLINE FOR DESIGN OF RECONSTRUCTIONFILTERS IN EMIS
SION COMPUTEDTOMOGRAPHY (ECT). S.Huang N Phelps E.



INDIUM-lll OXINE LABELED LEUCOCYTES IN THE DIFFERENTIAL
DIAGNOSIS OF REJECTION AND CYTOMEGALOVIRUSINFECTION IN
RENAL TRANSPLANT PATIENTS. L.Forstrom L.Gomez
B.Driscoll B .Weiblen J.McCullough D.Hoogland and
M.Loken. University of Minnesota Hospitals, Minneapolis,
1.n@55455.

Indiumâ€”llllabeled leucocytes (Inâ€”lllâ€”WBC)have been
Room 2048 showntobe usefulin thelocalizationof mnflanunatory

processes, including renal transplant rejection. Using
previously reported labeling methods, 63 studies with this
agent have been performed in 53 renal transplant patients.
Indications for study included suspected rejection or
cytomegalovirus (CMV) infection. Studies were performed
in 32 males and 20 females, with ages ranging from 6 to 68
years. Autologous cells were normally used for labeling,
although leucocytes obtained from ABOâ€”compatibledonors
were used in 3 subjects. Rectilinear scanner and/or
scintillation camera images were obtained at 24 hours
after intravenous administration of 0.1â€”0.5mCi Inâ€”lllâ€”WBC.
There was abnormal uptake of Inâ€”lllâ€”WBCin the trans
planted kidney in 11 of 15 cases of rejection. In 3
additional cases of increased transplant uptake, CMV
infection was present in 2. Abnormal lung uptake was
present in 14 of 14 patients with CMV infection. In 4
additional cases, increased lung uptake was associated
with other pulmonary inflammatory disease. Increased
lung activity was not seen in patients with uncomplicated
transplant rejection. These results suggest that Inâ€”ill
WBC imaging may be useful in the differential diagnosis
of rejection versus CMV infection in renal transplant
patients.

ASSESSMENT OF DIURETIC RADIONUCLIDE UROGRAPHY
(DRNU) IN CASES OF OBSTRUCTIVE UROPATHY (OU).
M.K Karimeddini M.A TeSta,R.P Spencer. University
of Connecticut Health Center, Farmlngton, CT.

This study was undertaken to assess the diagnostic use
fulness of DRNU as compared with the conventional radio
nuclide urogram (RNU) in patients with OU. Each patient
had an intravenous pyelogran (1VP) performed, to determine
the anatomic status of the urinary tract. Studies were
carried out with a gansnacamera and computer. The Tc-99n-
DTPA was injected IV (12 mCi; weight adjusted for child
ren). Data were collected from the posterior view with the
patient supine. After 15 mInutes, when furosemide (Lasix)
was used, 20 mg were given IV (weight adjusted for child
ren). Twelve patients had both the DRNU and RNU, while
29 had the DRNU alone and 8 had the RNU alone. The present
examinations on these patients, plus their prior exams,
presented 32 DRNU's for analysis and 55 RNU's.

DRNU RNU
normal abnormal normal abnormal

normal 17 1 20 9
IVP

abnormal 0 lii 1 25
Statistical analysis of these results indicate that DRNU
has a significantly lower false positive rate than RNU
(6*versus31%,P @â€˜O.O5).Routineor selectiveuseof
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ERPF:182Â±58 mi/mm, EI:O.56), chronic rejection (CR), (Nâ€”
260, ERPF:154Â±76 mi/mm, EI:1.O1+O.08) and acute tubular
necrosis (ATM), (Nâ€”120,ERPF:160+80 ml/min, EI:O.14+O.10).

ERPF and El data fell into patterns that were character
istic for each postâ€”transplantationcourse. Their change
in time had predictive value for the fate of the graft and
for the effectiveness of the therapeutic regimen. The
first day ERPF served as a baseline.

1. ATN: In anuric phase, initially the low ERPF gradual
ly rose, followed by El increase. The rate of ERPF in
crease was a good prognostic indicator. Early failure of
ERPF to increase heralded irreversible ischemic changes,
later (2nd week) along with stagnant El suggested supemim
posed AR. 2. AR: Falling El (pending rejection) was fol
lowed by decline in ERPF. Rising El followed by ERPF in
crease typified the improvement phase. 3. CR: an irrevems
ible process where ERPF slowly decreased while excretory
function remained adequate (normal El) . When ERPF fell to
approximately 100 mi/mm, El fell rapidly and the graft be
came nonâ€”functional. 4. Other tests, e.g., creatinine,
were insensitive indicators especially in anuric ATN and
stable CR.
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withouta concomitantreductionof signalto noise.
Thealgorithmhasbeenappliedto thescintillation
camerayielding significant resolution recovery despite
the presence of scatter and textured noise not present
In HPGeimages.Improvementin Imagequalityisobtained
by reprojectingthefinalresultbackthroughthecollima
tor and applying the algoritPin again. Using both cameras
a comparision betweenthis n@ formulation and the pre
vious methodwill be discussed. Although the newalgorithm
requiresmore iterations,artifact IntroductionIs mini
mized.Thetechniqueshasbeenappliedtoa varietyof
images Including phantoms,animals, and clinical subjects.
1. WillIamsSH,et al: Eliminationof Lossof Resolution

at Depth in Single-Photon Nuclear Images. IEEE
Trans Nucl. Sd. NS-26: 590, 1979.

2. Ortendahi DAet al: High Resolution Emission Computed
TomographyWith a Small GermaniumCamera.â€¢IEEE
Trans.Nucl.Sci.NSâ€”27(InPress).

1:30-3:00
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SPLENIC BLOCKADEAND TRANSPLANT ACCUMULATIONOF SULFUR
COLLOID IN RENAL TRANSPLANT REJECTION. M.J Chamberlain
P.A Keown C.R StillenflW.C Vezina. University
Hospital, London, Ont.

Uptake of Tc-99m Sulfur Colloid in liver, spleen and
renal transplant was measured every second day for two
weeks postâ€”operativelyand whenever rejection was suspected
subsequently. 265 studies were performed in 30 patients
encompassing 47 separate episodes of rejection.
Transplant uptake , splenic uptake and liver/spleen ratio
were correlated with the immune response as measured by
lyng'hocyte-mediated cytotoxicity (LMC) assay complement
dependent cytotoxicity (COd) assay and with clinical
evidence of rejection.
Acute rejection was associated with splenic blockade
judged by falling spleen activity and rising liver/spleen
ratio and by rising accumulation of activity in the
transplant. The latter was strongly correlated with and
often preceded rise in the LMC assay, whereas the splenic
blockade generally followed other evidence of rejection.
Differentiation of rejection from acute tubular necrosis
is not a problem and routine sequential studies allow the
patient to be used as his or her own control. Results of
the sulfur colloid distribution study were cossnonly
available 36 hours before the LMC assay.

QUANTITATIVE FUNCTIONAL EVALUATION OF KIDNEY TRANSPLANTS:
DYNAMIC PATTERNS OF VARIOUS COMPLICATIONS BASED ON 1950
STUDIES IN 436 PATIENTS. E.V Dubovsky W.N Tauxe A.G
Diethelm and J.D Whelchel. The University of Alabama in
Birmingham and VA Medical Center, Birmingham, AL.

Comprehensive renal studies using Iâ€”131â€”orthoiodohip
pumate (J Nucl Med 16:1115, 1975) accurately reflect graft
function by scmntigraphy, curve analysis, effective renal
plasma flow (ERPF) and excretory index (El). Using the
values of ERPF and El (Nommal:Nâ€”1O42;ERPF:375+73 mi/mm,
EI:O.98+O.08), the latter clearly separated the various
groups of complications: acute rejection (AR), (Nâ€”301,
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diuretics, during a radionuclide Investigation of the
urinary tract In patients with known or suspected OU, may
help to distinguish between true OU and conditions such
as residualdilatationof the collectingsystem, extra
renal pelvis and other non obstructive urinary tract
problems.

RENALFUNCTIONSTUDYIN PATIENTS WITH SPINAL CORDINJURY,
COMPARISONWITH EXCRETORYUROGRAPHY. E. V Dubovsky , L . K
Lloyd D.M Witten C Metzker K Kuhlmneier,W.N Tauxe
A.J Bueschen S.L Stover. The University of Alabama in
Birmingham, Birmingham, AL.

Renal disease is a leading cause of morbidity and mom
tality in spinal cord injury patients with neumogenic blad
der. Lifelong followâ€”upis required to detect and treat
urinary tract abnormalities.

341 patients (136 twice, 18 three times, 5 four times)
were studied over a period of 3 years by excretory umog
raphy (EXU), cystography, plasma creatinine, BUN and 1â€”131â€”
orthoiodohippurate (OIH) renal function studies (RFS) (J
Nucl Med Technol 5:81, 1977).

RFS with 0tH requires no patient preparation or manipu
lation, has no adverse reaction and low radiation exposure.
It accurately and reproducibly determines total and differ
ential renal function by means of effective renal plasma
flow, I OIH excreted in the urine, timeâ€”activitycurve
analysis and estimates volume of residual bladder urine.

The goal of this study was to determine if RFS could be
utilized to follow such patients instead of the EXU. Both
tests were compared in 500 studies. Both were normal in
125 patients and both abnormal in 205. The EXU was abnor
mel in 43 patients with normal R.FS. Those abnormalities
consisted of only minimal caliectasis and/or uretemectasis
in all but 8 renal units. Abnormal RFS with normal EXU was
seen in 127 cases. Followâ€”upstudies confirmed signifiâ€”
cance of these findings.

Preliminary results suggest that after initial evalua
tion by the whole battery of tests, RFS could be used as
simple, more accurate and quantitative way to follow spinal
injury patients with neurogenic bladder. EXU is performed
in selected cases.

RELATIVE RENAL FUNCTION WITH ORTHOTODOHIPPURATE (OIH):
COMPARISON TO Tc99tnDMSA. W.B Nelp T.G Rudd J Ferens.
University of Washington, Seattle, WA.

Relative renal function is often important when evaiuat
ing congenital urinary tract disease or chronic obstruction
and/or infection. This study compared relative function
determined by 0111 to simultaneous differential localization
of Tc99m DMSA. In this laboratory quantitative studies
indicate relative tubular binding of DMSA is proportionate
to relative renal blood flow and GFR (JNN 20:63, 1979).

36 children and adults were studied. They received .3 to
2.0 @iof 1â€”123 OIH (30 patients) or .15 to .3 mCi 1â€”131
OIH, and serial 20 sec.digital images were obtained for 30
mm. Static DMSA (1â€”5 mCi) images were made 2 hrs after IV
injection.

In 15 patients the OIH background subtracted activity
over each kidney was analyzed at 4 time intervals during
the first 3 mm. All intervals gave similar relative
values; however the 60 to 180 sec. time provided the best
combination of kidney (K) to background (B) ratio and
statistical precision for counting.

In the 36 patients the correlation of relative OIH accu
mulation with that of DMSA localization was excellent, r=
0.98, y â€”1.05 x + .022 (y = DMSA x â€”OIH). Patient cmea
tinines ranged from 0.7 to 4.6, relative function (left
kidney) ranged from 5 to 99% of the total. K/B ratios
averaged 7/1 for DMSA and 4/1 with OIH. Mean counting pre
cision for l23â€”OIHwas 2% (coefficient of variation) and
for Tc99m DMSA was 12.

It is concluded that the net accumulated counts over
each kidney from the 60 to 180 sec.period following IV
OIH accurately reflects relative renal function, is iden
tical to relative tubular accumulation of DMSA and is pro
portionate to differential renal blood flow and GFR.

THE EFFECT OF VARIOUS PATHOPHYSIOLOGICCONDITIONS ON THE
EXCRETION AND RENAL LOCALIZATION OF Tc-99m DIMERCAPTOSUC
CINC ACID (DMSA). C.A.Yee, H.B.Lee, M.D.Blaufox. The
Albert Einstein College of Medicine, New Yomk, N.Y.

Because of the increasing use of DMSA forevaluation of
individual renal function,it is important toknow the effect
of various pathophysiologic conditions on its excretion and
renal localization.

Single injection clearance studies were done on 36 female
Spragueâ€”Dawleyrats in six groups: I,control; II,dehydrated
24 hours; III,Mannitol infusion; IV,Probenecid; V Alkaline
urine (sodium bicarbonate); and VI, Acid urine (Aimnonium
chloride). Plasma and urineconcentrations of Tcâ€”99m DMSA
and 1â€”125lothalamate were followed 80â€”90mm post injection
and then the livers and kidneys were removed and samples
counted.

There was a significant decrease in the plasma clearance
of Tcâ€”99mDMSA in group II (0.1Â±0.04ml/min/lOOg) and group
III (0.15Â±0.02ml/min/lOOg) vs I (0.21Â±0.05nil/min/lOOg).
The GFR was increased in III (p<O.Ol25). There was a alight
increase in renal localization in group II and a slight de
crease in group III (pn.s.). No statistically significant
change was found in group IV and V. Group VI (acidosis),
however, showed a marked decrease in renal accumulation
with a concomitant increase in liver accumulation.

The data reveal: 1) little or no correlation of Tcâ€”99m
DMSA clearance with the GRE; 2) Tc-99m DMSA clearance and
renal accumulation appear to have a weak urine flow depen
dence; 3) there is no statistically significant tubular
secretion or reabsorption; and 4) Acidosis,which is fre
quently present in patients referred for renal scanning,
markedly reduces renal concentration of Tcâ€”99mDMSA in the
rat. These results suggest that careful control of the state
of hydration and acidâ€”basebalance may be necessary for
accurate and reproducible DMSA studies in man.

THE CLINICAL CONTRIBUTION OF RENAL TRANSIT TIMES
IN THE URONEPHROLOGICAL DISEASES OF THE CHILD AND
THE ADULT : A PROSPECTIVE, INTERNATIONAL JOINT
PROJECT. A.Pi@psz H.R Ham M Hall F Erbsmann
(Brussels) B.L Diffey M.J Goqgin F.M Hall
J.A Mjl]@r (Canterburyl R Dj @ao1g@.7 i@umbroso
J._p Bazin M Di Paola (Paris).

The aim of the present international protocol
is the study of the clinical usefulness of renal
transit times. A common data sheet includes clini
cal, radiological, biological and radioisotopic
data. Transit times are determined by the techni
que of mathematical deconvolution applied to
Tc99m-DTPA renograins. Over 800 patients have now
been entered into the study. The average and
standard deviation of the mean transit time (MTT)
in normal kidneys are 3'36â€• and l'6â€•respectively.
Urine flow rate has a moderate influence on MTP.
If ?4TT)8 â€¢30â€•, the diagnosis of obstruction or
residual postoperative dilatation is incorrect
in only 5 % of the cases studied. Both conditions
cannot be differentiated from each other on the
basis of transit times. Transit times in urinary
tract infections are not different from normal.
They are significantly longer in vesicoureteric
reflux grade II and III compared with ref lux
grade I or with normals. This prolongation of
transit time is not related to the grade of dis
tension of the renal cavities, the kidney size,
the cortical thickness or the separate glomerular
filtration rate. Analysis of other renal patholo
gies is still in progress. This work was suppor
ted by the CNAMTS 75014 FRANCE and by the FWGO
Grand nÂ° 3003978 BELGIUM.

A SIMPLE METHOD FOR QUANTITATIVE EVALUATION OF
SEPARATE KIDNEY FUNCTION WITH Tc-99m-DTPA. H.Seto
R. Futatsuya ,M. Kakishita ,T . ,N .Tonami ,and
K.Hisada. Toyama Medical and Pharmaceutical Uni
versity, Toyama,and Kanazawa University School of
Medicine, Ishikawa,Japan.

Quantitative measurement of separate kidney
function,using a scintillation camera interfaced
to a computer was evaluated in 466 patients. For
quantitative analysis of the renogram (R(t)],the
time-activity curve of the left ventricle [H(t)]
was regarded as the plasma disappearance curve
and several indices such as separate renal furict
ion ratios ((C2â€”C1)/H1,(C2-C1)/H2]were calculated.
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The count of each renogram from 80 to 140 sec
after injection divided by the total count of
both renograms gave the relative separate renal
perfusion & function ratio(%). Separate renal Tc@
99m-DTPA clearance was measured by the method of
Piepsz (Eur.J.Nucl.Med.,2:l73,l977). I.)(C2â€”C1)/H2
ratios were correlated well with Tc-99mâ€”DTPA
clearance (n=l3,r=O,977)and GFR(n=l12,r=O.937)
measured with sodium thiosulfate. The ratios of
the diseased kidneys were significantly decreased
(p(O.Ol) in comparison with normal kidneys.
(C2-C1)/H1ratios revealed a lesser correlation.
2) Relative separate renal perfusion & function
ratios were correlated well with 1-131 Hippuran.
Normal values in 42 subjects were as follow;
Left kidney:52.2Â±2.5%, Right kidney:47.8Â±2.5%.

Cl@

ROI of H(t):100 matrix points (time unit: sec.)

FUNCTIONAL IMAGING WITH 1-123 HIPPURAN FOR RENOVASCULAR
DISEASE. B.E Oppenheim C.R Appledomn H.Y Yune and
C.E Grim. Indiana University School of Medicine, Indiana
polis, IN.

The functional image is a single image demonstrating
timeâ€”relatedchanges which are conventionally displayed as
a sequence of images. It is formed by constructing the
timeâ€”activitycurve for each pixel in the image, measuring
some parameter of curve shape for each curve, and display
ing the parameter values as a digital image.

To achieve optimal functional renal imaging we used 1-123
Hippuran (1 mCi) as the imaging agent and factor analysis
for image processing. Iodineâ€”l23Hippuran is superior to
Tcâ€”99mDTPA because it produces sharper, more characteris
tic menogram curves and has less extmarenal uptake, and is
superior to 1â€”131Hippuran due to much higher photon yield
for comparable radiation doses. Factor analysis is used to
rapidly fit smooth curves to the noisy timeâ€”activitycurves
and greatly reduces the noisiness of the functional images.

A large number of curve shape parameters were examined,
apd 7 were identified as producers of clearly distinguish
able and potentially useful functional images. Two mepre
sent time: TMAX (time to peak) and P1 (persistence index).
Five represent magnitude (after normalizing curves to unit
area): RISE (peak minus first value), FALL (peak minus
last value), RF (Rise X Fall), RISET (Rise corrected for
curve trend), and RISMX (maximum rate of increase).

Thirteen studies were carried out, 4 in patients with
proven and 5 in patients with suspected renovascular di
sease, and 4 in normal volunteers. The functional images
appear to be far more sensitive than the standard images in
demonstrating renal cortical function and in identifying
subtle asymmetries and segmental abnormalities.

t_ with failta@e to visualize the gallbladder or c@nai
bile duct and thea@tor delayed Intestinal. Visualization.
I@bintestinalactiVitys@s rx,tedin 2.5of t1@se patie@ts;
2 haddelayedintestinal visualization (2-4bra). c@ob
structicxt @sccnfitiimd in 26 cases, 23 by stcz@esand 3 by
tt@r. 1@ dilated dixts or obstructingneopla&n n@y be
idaitified as pIx@tcrt-defici@tt areas on tbe clxlesclnti

@an. (In this @ot@in addition to c@ obstructics@, 19
fiad AC and 5 baa chronic clxlecystitis.) Of tbe 20 pa
ti@itsIn thisgr@ s*xhadbothTc-99in-I@ @dt@,a
tx@rnE1caiThercBDand intrabepaticradicless@reida@ti
fiedin 14 (707,). Inportantly,thisscintigraphicpattern
u@ybe tbe first @teCtab1eevida@e of c@ obstructicx@.
In 1 Individual,thispatternsimsobservedbeforethebili
rthin 1ev@1 (and other Tire) s@re elevated and s@bi1e I.E
still revealed a t@nme1 caliber @BD.At st@gery the@
â€œesccxi@1ete1yObStrL@tedby a stoneat theaipi].la.

COMPLIMENTARYROLE OF Tc-99m-DIETHYL-IDAAND ULTRASOUND
IN LARGE AND SMALL DUCT BILIARY TRACT OBSTRUCTION:W.C.
KlingensmithM.L JohnsonC.C Kuni M.G Dunne,i@
A.R l@ritzberg.1J.of Colorado}tealthSciences Center,
Denver, CO.

The relative role of Tc-99m-diethyl-IDA and ultrasound
imaging in the evaluationof small or large bile duct ob
structionwas evaluated in 54 patients. Each patient was
studiedwithbothmodalities;theaveragetimebetween
studieswas5.2days.Elevenpatientshadpartialor corn
pletelargebileductobstruction,sixpatientshadpartial
or complete intrahepaticdiffuse small duct obstruction,
e.g.biliaryatresia,and37 patientshadno obstruction.
In patients with large duct obstruction,Tc-99m-diethyl-IDA
was abnormal in all eleven, but could not identify the
level of obstruction in nine. Ultrasound was abnormal in
nine (with correct identification of level), normal in
one,andtechnicallyinadequateIn one;ultrasoundwas
also abnormal in six patientswithout obstruction.Combina
tionsof thetwomodalitiesImprovedspecificitywithout
loss of sensitivity.A Cost analysis indicatedthat in
suspected large duct obstructionthe most efficacious
strategy was to perform ultrasound first and then
Tc-99m-diethy-IDAin all positiveor technicallyinadequate
ultrasoundstudies. In small duct obstruction,Tc-99m-di
ethyl-IDAwas abnormal in all six, but could not differ
entiate small from large duct obstruction in five. Ultra
sound showed no large duct obstructionin all six and,
thus, allowed identification of the level of obstruction
in patients in whom the Tc-99m-diethyl-IDAstudy was equiv
ocal. In suspected small duct obstruction the most effica
cious strategywas to perform a Tc-99m-diethyl-IDAstudy
first and then ultrasoundin all Tc-99m-dlethyl-IDAstudies
which were equivocal as to level of obstruction.

GALLIUM-67, ULTRASOUNDAND COMPUTEDTOMOGRAPHYIN PATIENTS
Room 2043 WITHSEPSIS:ROCANALYSES.B.J.McNeil,R. Sanders,}@.

Finbemg. P.O. Alderson, S.J. Hessel, S.S. Siegelman, D.F.
Adams H.L Abrams, Departments of Radiology Harvard Mcd
ical School and Johns Hopkins University, Boston, MA and
Baltimore, MD.

The relative value of galliumâ€”67imaging (NM), ultra
sound (US) , and computed tomography (CT) was studied pro
spectively in over 140 patients suspected of having a focal
source of sepsis. Patients were studied with fourth gen
eration CT scanners and state of the art US. Patients in
Boston had gallium studies performed on gamma cameras and
those in Baltimore on rectilinear scanners. All images
were interpreted prospectively using a 5 point rating scale
and ROC curves then constructed.

At both institutions, the CT results fell on the same
ROC curve which had a slope near 1.0. For a false positive
(FP) ratio of 10% the true positive (IT) ratio was 61%,
whereas for a FP ratio of 20%, the IT ratio rose to 71%.
At both institutions, the US results also fell on the same
ROC curve which had a slope slightly less than 1.0. For
PP ratios of 10% and 20% the IT ratios were 48% and 61% me
spectively. The gallium data for both institutions did not
fall on the same ROC curve. For FP ratios of 10% and 20%
gallium scans performed on a games camera had 1? ratios of
57% and 65% respectively, whereas those performed on recti
linear scanners had IT ratios of< 40% and 50% respectively.

When the Domfman and Alf technique was used to identify
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EARLYDIA@SIS OF AWIE C@+U@IBILE @rOBSTRIEITWBY
Tc-99m-Il@ (IMIN@DIA@ETICACID) Gi1FSCINTI@APHY. H.S.
Weissami R.R Ros@b1att L.A St@rrmei1J.D Badiaand
L.M Fre@. thntefioreI@spita1 and @dica1.Canter,
Br@, NY.

Cases of obstriK@tion@ cbxtal dilatation, as wil
as dilatation wit1@x,utjaixsdice have been reported with ul
trascxx@graphyO.E) . 1@ have observed cI@1esc1ntigraphy to
be a sansitive and reliable net1@d for detecting the ftzic
tiomalahx@ruauityof obstructionbeforethenxrphlogic
change of dilatation is sean on I.E, and e@s before tbe
liver finction tests(LFrs) @eal@r@l. Of 352 patients
studied for suspected acute cIx1ecystitis(@C) , 27 e@thib
ited a scintigraphic pattern which s@ have associated with
si@ificant camai bile c1x@t(cBD) obstruction: hepatocyte
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the best imaging technique, i.e. , to identify the tech
nique with the area closest to 1.0, the following results
were obtained. CT had an area of 0.83, US 0.78, NM with a
gamea camera 0.78, and NM with a rectilinear scanner 0.70.
Thus, CT seems the best imaging modality and US and ganana
camera gallium images are close seconds.

CORRELATION OF RADIOISOTOPE, X-RAY FLUORESCENT, AND
ULTRAS@RJNDSCANS IN PATIENTS WITH A SOLITARY THYROID NODULE
J.A Harolds J.A Patton and F.D Rollo, Vanderbilt
University Medical Center, Nashville, 114.

Theme are currently three imaging modalities which can
be applied to the diagnosis of the solitary thryoid nodule.
Radioisotope scans evaluate the trapping and organification
capabilities, xâ€”rayfluorescent scans measure the stable
iodine content, and sonographic scans provide information
on tissue structure. An xâ€”rayfluorescence technique
developed and previously reported, uses an iodine content
ratio (ICR) of nodule vs. normal tissue as an indicator of
benignancy (ICR > 0.6 + benign).

Ten patients with a solitary thyroid nodule were imaged
by all three modalities prior to surgery. Nine of the ten
nodules @reâ€œcold on the radioisotope scan and one was
â€œhotâ€•. The â€œhotâ€•nodule was solid on ultrasound, had an
ICR of 1.25, and was a colloid nodule with multiple cysts.
Of the nine cold nodules, six were benign and four of the
six had ICR's of 0.56 or higher. There was one case each
of medullary, folliculam, and papillary carcinoma with
ICR's of 0.41, 0.49, and 0.53 respectively. In two of the
benign nodules, no mass was identified by ultrasound. All
of the other nodules were reported to be solid or complex
by ultrasound. There were three adenomas with none reported
as having a aonographic halo. In one carcinoma, the
ultrasound appearance suggested an adenoma. One cystic
lesion was missed by ultrasound.

In this limited series, it is concluded that the
radioisotope scan is a good screening modality with a high
ICR (> 0.6) as obtained by xâ€”rayfluorescent scanning being
a good indicator of benignancy. The fluorescent scanner
provided more additional diagnostic information than
ultrasound in this series.

EVALUATION OF A COMBINED DIAGNOSTIC APPROACH TO ABDOMINAL
AORTIC ANEURYSM: RADIONUCLIDEANGIOGRAPHYAND ULTRASOUND.
K Yamamoto Y Ishii D Hamanaka Y Yonekura and K
Torizuka. Kyoto University, Kyoto, Japan.

Thirty cases complaining of pulsating abdominal mass
were imaged by both gray scale ultrasound (US) and radio
nuclide angiogmaphy (RN) to evaluate the abdominal aortic
aneurysm. RN was performed on a bolus introduction of the
Tcâ€”99min vivo labeled RBC, followed by US. All eighteen
cases with an aneurysm, which were substantiated later,
were successfully diagnosed by the combined use of these
two. However, RN alone provided three false negative me
cults and US alone provided one false positive result.
Since US imaged the aneurysm as an enlarged echoâ€”freespace
comprising laminated echoâ€”genicmass due to thrombus, which
is not imaged by RN, it is superior to RN for chamacteriz
ing a mass as the aneurysm with thrombus. Four cases with
pulsating abdominal mass not resulting from aneurysm could
also be diagnosed by US alone. However, since RN revealed
hamodynamic state of the aneurysm, it could help us evalu
ate the presence of such circulatory disturbance as of
renal or iliac arteries and the presence of collateral cir
culation.

Thus RN should be considered in conjunction with US.
In conclusion, the combined use of these two complementary
modalities in patients suspected of the aneurysm establish
ed a rapid, accurate and safe diagnostic means. Thus, it
provides an alternative to invasive contrast angiography.

NIXLEAR MEDICINE IN ThE UNITED STATFS. Arthur B McIntyre
Peter, and RaymondC Grant. Foodand Drug Acfrnin
istration, Roclcville, @ryland.

The Food and Drug Administration (FDA) recently contp
leted a representative survey of nuclear medicine pro
cedures performed in the United States in the year 1978.
1@tawere collected for the Bureauof Radiological Health
utilizing the F116@'sMethcally Oriented Data System (MOL1S).

Mre than 77,000 natient records were included in the
analysis . The data include procedure type , radiopharima
ceutical and administered dosage, patient age, and sex, and
the physician's initial interpretation of the procedure
result.

The relative frequency (in percent) of imaging pro
cedures performed in 1978 were: brain, 24.1; liver, 20.3;
bone, 18.1; lung, 16.5; thyroid, 10.9; renal, 3.2; tunor
localization, 2.6 ; and cardiac , 2.5. Radionuclides use
freiuencies (in percent) were: Tc-99m, 88.2; 1-131, 8.1;
Xe-l33, 3.7;@Ga-67, 2.8; thalium 201, 1.1; and all other
C.7.

Results indicate that nuclear medicine procedures are
increasing at a rate of 10 percent per year. This is a
change in growth rates of up to 30 percent estimated prior
to 1975. The analysis includes radiopharmaceutical dosage
ranges and patient radiation absorbed dose estimates.

RENAL KINETICS : CORRELATION OF NUCLEAR MEDICINE AND
COMPUTEDTOMOGRAPHY. C.L. Partain, E.V. Staab, F.D. Rollo,
C.M. Coulam, and J.A. Patton. Vanderbilt University,
Nashville, TN., and University of North Carolina, Chapel
Hill, NC.

The purpose of this study was to compare two different
glomerular agents and the associated different imaging
modalities; namely, radionuclide flow study and serial
contrast enhanced transmission CT in the evaluation of
renal kinetics. The agents used were Tcâ€”99mDTPA and
Renograffinâ€”6O. Studies were performed in three rhesus
monkeys (Macaca mulatta) . Timeâ€”activity and timeâ€”density
curves were determined for each study.

The time to peak density in the renal cortex was approx
imately 4 minutes after injection, about the same time as
the timeâ€”activitycurve. However, the initial slope of the
timeâ€”activitycurve is much greater than the slope of the
timeâ€”densitycurve implying a more rapid concentration of
Tcâ€”99mDTPA than Renograffinâ€”6O. The cortical excretion
appears essentially the same for both agents.

In the CT evaluation of the renal pelvis, the peak
density was 6 minutes after injection. The initial slope
of the timeâ€”densitycurve was less, and there was delayed
excretion compared to the renal nuclear medicine study.

It appears that the cortical concentration of Reno
graffin-6O is less rapid than for Tcâ€”99mDTPA and the time
to peak and excretion are essentially equivalent. In the
renal pelvis Renograffinâ€”6Oappears more slowly before the
peak, peaks later, and persists longer than Tc-99m DTPA.
These observations imply a different physiologic inechaniam
in the renal excretion of the two agents used. Also serial,
contrast enhanced CT provides much greater temporal/density
resolution than conventional intraâ€”venouspyelography.
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LABELING HUMAN PLATELETS WITH IN-lll OXINE USING AN
ALBUMIN DENSITY GRADIENT SEPARATION. R.W Bunting R.J
Callahan S Finklestein R.S Lees and H.W Strauss.
Massachusetts General Hospital, Boston, MA.

Previously reported methods for labeling platelets in
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which cells are spun against a hard surface during centmi
fugation have been limited by difficulty in resuspension
of the cells. To minimize this probl@, we have adapted
the albumin density gradient separation of platelets to
labeling with Inâ€”llloxine. All samples were processed in
capped conical centrifuge tubes (CT)under a laminar flow
enviroanent. Fortyâ€”threeml of blood was collected fran
each of 17 patients in 7.Bml of ACDâ€”Asolution and spun at
150 x g for 15 minutes. The plateletâ€”rich pla@ia (PRP)
was transferred to a second CT and 0.5 ml of 25% human
serum albumin (HSA) was carefully layered under the PRP
using a 2Â½â€•long needle. Centrifugation at 1500 x g for
15 minutes resulted in a platelet layer which was easily
suspended in either 15% ACDâ€”Ain saline or 15% ACDâ€”Ain
plasma. The cells were incubated with 0.5 â€”1.0 mCi In
111 oxine for 30 minutes at 37Â°C. Labeling efficiency was
54.0@ 11.4% (nl7) in ACDâ€”salineand 47.3@ 5.0% (n3)
in ACD plaena. In vitro aggregation after ADP stimulation
was denonstrated in the final preparation of labeled cells
and was equal in intensity to that denonstrated in PRP.
Platelet survival studies in 5 patients ranged front4.0 to
9.0daysandwasconsistentwiththeirclinicalcondition.
The addition of the albumin density gradient separation
technique facilitates resuspension of the cells and pre
serves platelet viability during labeling.

CORRELATION BETWEEN INDIUM-lll-OXINE PLATELET DEPOSITION
AND THROMBUS FORMATION IN ARTERIAL THROMBOGENESIS . D.C.
Price M.J Lipton J.A Hartmeyer and R.J Pragem.
University of California, San Francisco, CA.

The technique of Thakur, McAfee et al for labeling
platelets with Indiumâ€”lllâ€”oxinehas opened many possibili
ties for@ !.i!@ evaluation of thrombus formation using
routine scintigmaphy.. However, no systematic evaluation has
yet documented true correlation between Indiumâ€”lllâ€”platelet
deposition and quantitative clot formation. We have under
taken such a study in 24 mongrel dogs in which 200â€”400uCi
Indiumâ€”lllâ€”labeledautologous platelets were infused, a
polyethylene angiogmaphic catheter advanced to a carotid
artery after percutaneous femoral insertion, routine scm
tigmaphy performed, and the carotid with its thmombus
forming catheter excised at times ranging from 30â€”180mm
utes. The Indiumâ€”lllactivity was determined in vivo by
regionâ€”ofâ€”interestcomputer processing of the scintigraphic
images. Catheter clot was stripped after carotid excision,
weighed, and the Indiumâ€”lllactivity determined by well
counting. Catheter activity was noted to peak at 30â€”80mm
utes and fall thereafter. In vitro Indiumâ€”lllactivity de
monstmated a linear correlation with wet clot weight:

Inâ€”lll(% inj. dose) 0.00209 x (mgm clot) + 0.00091
(r â€”0.882)

lB !i!@ correlation was also linear, but with a broader
scatter of data points. At the peak, the in vitro label per
cm of catheter was 0.060 Â±0.019%. Peak clot weight was
27.9 Â±5.6 mgm per cm of catheter. This study establishes
that there is a valid correlation between Indiumâ€”lllâ€”plate
let uptake and clot size in such an acute experimental sit
uation.

THE EFFECT OF ANTICOAGULANTS AND ANTIPLATELET AGENTS ON
INDIUNâ€”lllPLATELET SCINTIGRAPHIC STUDIES IN MAN. M.D.
Ezekowitz E.O Smith S Herren and F.B Taylor, Univem
sity of Oklahoma Health Sciences Center, Oklahoma City, OK.

Anticoagulants and antiplatelet agents are commonly used
to inhibit active thrombosis. The purpose of this study
was to determine retrospectively whether heparin (H)
(systemic and subcutaneous) and aspirin (A) inhibited the
incorporation of Inâ€”llllabelled platelets into thrombi (T)
in man. Five patients all with positive scintiphotos were
studied. Four had intracardiac T and a single patient had
a pulmonary artery thrombus. (Two were surgically proven;
in the patient with pulmonary artery thrombosis, the sum
face thrombus:blood Inâ€”lllactivity was directly determined
following surgical removal.) Two cardiac patients were
treated with subcutaneous H, 5000 units daily. In both,
treatment began 3 days prior to the study and continued for
the duration of the study. Two other cardiac patients
received A (600 mg Bâ€”Iâ€”Dand 300 mg Bâ€”Iâ€”D)for a period of
6 weeks and 2 months respectively. In the second patient,
A was discontinued two weeks prior to the study and for the

duration of the study. The patient with the pulmonary
artery thrombus had been on systemic H (25,000 units daily)
for 6 weeks and throughout the study. The Inâ€”lllactivity
in the thrombus was 10 x blood per mg tissue. We conclude:
1) subcutaneous H and A, in the case of left ventricular T,
and systemic H in the patient with PA thrombosis did not
prevent incorporation of the platelets onto the surface of
the clot. 2) These agents may not be effective in inhibit
ing thrombus propagation in these clinical situations. 3)
Inâ€”lllplatelet scintigraphy could be used to test the
efficacy of anticoagulant and antiplatelet agents in diffâ€”
erent clinical situations.

MIGRATORY PATTERNS OF In-lll LABELED HUMANLYMPHOCYTES IN
CHRONIC INFLAIIMATORY DISEASE . D .A. Goodwin J .R Hickman
L.F Fajardo A Calm S.L Propst andC.I Diamanti.
Veterans Administration Medical Center, Palo Alto, CA.

We have used the Inâ€”llloxine method to label autologous
lymphocytes and study their kinetics and migratory patterns
in 12 patients with chronic mnflaninatomy disease. Nearly
pure lymphocyte preparations (108 cells) were cbtained from
the interface of a ficollâ€”hypaquegradient, resuspended in
5mi saline and incubated with 500 pCi Inâ€”llloxine for 30
minutes. The labeling yield was 40â€”70%.Electron microscope
madioautogmaphs with 0.3 - 0.5 @iresolution showed nuclear
as well as cytoplasmic labeling of leukocytes. Whole body
images weEe made 18 â€”24 hours after IV injections of
100â€”500;iCper 108 labeled autologous cells. Recovery at 15
mm was 25% and blood disappearance TÂ½for the slow phase
was 53 hours. Normally activity is seen in spleen, liver
and bone marrow (in descending order of concentration) as
well as cervical and inguinal lymph nodes. Any concentmat
ion outside these areas, as well as asymmetrical uptake in
lymph nodes was considered abnormal. Four patients also had
Inâ€”lllWBC (mixed leukocyte) scans within 7â€”10days for
comparison. Five patients had abnormal scans and one had a
large spleen and one expanded bone marrow. Two patients
with chronic osteomyelitis (one histologically proven) had
positive lymphocyte scans with normal or only faintly pos
itive WBC scans, and a third with acute on chronic osteo
myelitis and a positive WBC scan had abnormal regional
nodes. All large joints were intensely positive in a pat
ient with a plasma cell disorder and arthritis. The fifth,
a paraplegic, had a positive bladder. Lymphocyte viability
is shown by the ability of the labeled cells to concentrate
in regional lymph nodes and chronically inflammed tissues,
and diagnostic and functional information may be obtained
by this technique.

SPLENIC SCAN FINDINGS IN SICKLE CELL-HEMOGLOBIN
C DISEASE. C H Park P I Wecsler D Lin
and S K Ballas. Thomas Jefferson University
Hospital, Philadelphia, Pa.

The purpose of the present study was to
determine the relative frequency of scinti
graphic splenomegaly and functional asplenia in
sickle cell-hemoglobin C disease. (S-C disease)
We have performed spleen scans on 18 patients
proven to have S-C disease by electrophoresis.
The patients' age ranged from 15 to 48 with the
average age of 22.5 years. There were 7 males
and 11 females. The spleen scans were performed
within a few days after the crisis in 7 patients
and the remaining 11 patients did not have a
history of recent crisis at the time of the scan.
All patients had spleen scans using 3mCi of
Tc-99m sulfur colloid intravenously. A minimum
of 3 views were obtained using gamma camera and
some of them had a special view after shielding
the non-splenic activity. Most of the patients
had a mild anemia and only 5 cases had clinically
palpable spleen - 4 cases agreed with the scan
finding and 1 case had partial asplenia. Seven
out of 18 showed a functional asplenia and 2
demonstrated a partial asplenia. (Table) Seven
out of 18 revealed splenomegaly on scan. A
literature survey shows splenomegaly in about
two-thirds of the adult S-C disease patients and
rare occurrence of asplenia. However, we found
a high incidence of functional asplenia or par
tial asplenia (50%) and less frequent spleno
megaly (38.9%) in our small group of S-C disease
patients.
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EFFECTS OF HEATING ON THE SIZE-DISTRIBUTION AND DIFFER
ENTIAL UPTAKE OF Tc-99m-RED BLOOD CELLS (R3C) BY SPLEEN AND
LIVER. P San A.N Ansari Z.H Oster H.L Atkins C.R
S4pe F.Hosain D.F Sacker C Schidlovsky R.G
Fairchild G.E Meinken and P Richards. Brookhaven Nat'l
Laboratory Upton NY and Univ of Coma. Farmington CT.

For functional studies of spleen with RBC's, the degree
of dainag@ is critical. Routinely, heat damage is performed
at 49â€”50C for 15 mm. The purpose of this study was to
establish the minimal heating time for maximal splenic
sequestration. Experiments were carried out in dogs using
the BNL Tcâ€”99mâ€”RBCLabeling kit with heating for 0,5,10,15,
30,45, and 60 aim. at 49.5 C. Computer generated spleen/
liver ratios at equilibrium ware found to be 2.5, 2.7, 7.1,
5.4, .48, .23, and .15 for 0,5,10,15,30,45, and 60 sin.
heating respectively. Lengthening heating time enhances
blood clearance by increasing mate of fast component
clearance (10 sin. heating: 58% clearance, i4@ 13 sin; 60
sin. heating: 90% clearance, 1Â½1.5 sin) but for splenic
imaging the 10 sin. heating time was found to be the ideal.

The change in size-distribution of EECwith varying
heating time was assessed with Coulter H4 system for both
dog and human RBC's. Dog RBC's were found to increase in
size with progressive heating (+2 to +13%) whereas human
RBC'a behaved differently; two distinct population of cells
were observed. When heated for 10 sin., 34% of the cells
shrunk to 50% of their initial size. This population de
creased with increasing heating time. The second popu
lation consisted mainly of normal size cells but they
increased slightly in size with increased heating. This
finding was also confirmed by scanning electron microscopy.
It is concluded that optimal heating time is 10 sin. and
that changes in sizeâ€”distributioncan be used as a quality
control parameter.

TINE COURSE OF IN VITO LABELLING OF RED BLOOD CELLS . J.W.
Froelich R.J Callahan J Leppo K.A MeKusick and H.W
Strauss. Massachusetts General Hospital, Boston, MA.

In vivo labelling of red blood cells (RBC) results in
gastric visualization (CV) in sane patients. To determine
if this visualization was due to incomplete binding of Tc
9915â€”04to RBC's, in vivo labeling kinetics were determined
in 10 patients 20 minutes after injection of stannous pyro
phosphate (SNâ€”PIP)by collecting aliquots of whole blood
from 1 to 10 minutes after IV injection of Tcâ€”9@O4. The
samples were added to tubes containing SNâ€”DTPAwhich
instantaneously stops the labelling of EEC's by chelating
with unbound Tc-99m04. In vivo labelling of RBC's follows
an exponential curve plateauing at 10 sin with a mean
labelling efficiency of 93%.

To allow more time for RBC binding, 7 randomly selected
patients undergoing cardiac gated blood pool imaging, had
l@l of blood withdrawn into a heparinized syringe contain
ing 25unCi of Tcâ€”99m04, 2@in after SNâ€”FTP. The blood and
Tcâ€”99m04were allowed to incubate for 10 minutes prior to
remnjection. To determine the kinetics of labelling with
in the syringe, aliquots were renoved at 1 sin intervals
into tubes containing SNâ€”DTPA.At 10 minutes, the label
ling efficiency was 88% (nâ€•4).To determine if this
approach reduced GV, this group was compared with 6 ran
doinly selected patients undergoing standard in vivo
labelling. There was no CV in 6 of the 7 patients who were
injected by the modified technique whereas there was CV
in 5 of 6 patients injected with the standard technique.

These preliminary data suggest that this preâ€”labelling
may alter the biodistribution of Tcâ€”R3C'sin man.

INTERPEREN@E WITH Tc-99in LABELING OF RED BLOOD cELLS (RBC5)
BY RBC ANTIBODIES. G.P Leitl H.M Drew N.E Kelly and
P.O Alderson. The Johns Hopkins Medical Institutions,
Baltimore, MD.

nBC labeling efficiency was evaluated in 40 consecutive
patients (pta) who underwent blood pool imagi@ with Tc-99s
55Cc. Thirty sin after a 10 ug/kg dose of Sn , 20 @iof
Tc-99m pertechnetate was injected. Thirty sin later a blood
sample was obtained and the % whole blood activity in RBCs
was determined. Excellent RBC labeling (>90%) was found
in 32 pts, but 8 showed poor (<50%) labeling. These 8 pta
all had diseases or medications associated with @Canti
body formation; 2 had lupus, 1 had a recent transfusion
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reaction, and 5 were taking quinidine and/or aldoinet.
None were on heparin or were injected through a heparin
lock. To further investigate the effect of RBC antibody
formation on Tc-99m labeling an in vitro experiment was
performed. Whole blood samples were obtained from 10
healthy volunteers with blood type 0, Rh+. Packed RBcs
were incubated with a 1:2 dilution of anti-RhD serum for
1 hr at 37 C, and a Coanbs test was performed to verify
that antibodies had been formed. These RBCa were then
labeled with Tc-99s using the Brookhaven kit method , and
the %activity in the RBCfraction was determined. The
results were compared with control samples handled in the
sama manner , except that the RBCs were mixed with their own
serum rather than anti-PhD serum. Eight of the 10 samples
showed decreased labeling after anti-PhD incubation. The
mean control labeling efficiency was 95% vs. 73% after
incubation (p< . 01) . These clinical and experimental
results suggest that RBC antibody formation may be respon
sible, in part, for inefficient labeling of RBCs in vivo
with Tc-99m.

1:30-3:00
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Room 3039

RADIOPHARMACEUTICALCHEMISTRY

BIOINORGANIC CHEMISTRY SYMPOSIUM

Session Chairman: MA. Davis
Session Co-Chairman: H. Donald Burns

PLATINUM COORDINATION COMPLEXES IN THE TREATMENT OF CANCER.
B Rosenberg. Michigan State University, E. Lansing, Mi.

Metal coordination complexes represent a new class of
active, potent anticancer agents in animals and san. The
first drug in general use, cisâ€”dichlorodiammineplatinum
(II) (cisplatin) is now considered curative, in appropriate
combination chemotherapy, for testular cancers, ovarian
cancers, and oat cell lung cancers. It is also of signi
ficant value in the treatment of bladder, head and neck,
prostrate, cervical and uterine, and pediatric solid
cancers.

The major side effects are nephrotoxicity and nausea
and vomiting. Techniques for minimizing or ameliorating
these are presently available or under study.

The drug passively penetrates cell membranes. It
then undergoes an aquation exchange of the chloride
leavings ligands within the intracellular cytoplasm. The
aquated species are believed to produce the significant
cellular lesion by reacting with DNA. While many reactiorm
with DNA are possible and do occur, a specific reaction
with guanine to form a closed ring chelate involving the
0â€”6site is most interesting. It has been postulated
that this can lead to base sispairing and, therefore,
base substitution mutations. This may explain not only
the stereo-selectivity required for an active dmu@ (the

@ isomers are inactive but toxic),but, potentially,
also the selective destruction of cancer cells with
minimum destruction of normal cells.

Serious questions remain regarding the pharmacokinetics,
the basic chemistry of aquation, the generality of the
anticancer activity for other complexes and other metals,
and the mechanisms of synergism with other drugs that is
so prominent a characteristic of cisplatin.

SUPEROXIDE DISNUTASES : A DISPARATE CLASS OF METALLO
PROTEINS. J A Fee, Biophysics Research Division and
Department of Biological Chemistry, The University of
Michigan, Ann Arbor, MI.

Theme are three classes of metalloproteina which cata
lyze the dismutation of superoxide,2O2 + 2H+ + H202 + 02,
which are distinguished by the metal ion coâ€”factorme
quired for activity. (1) The Zn/Cu protein is found in
all eucaryotic cells, is composed of two identical sub
units each binding one Zn and one Cu; only the latter is
required for activity. A structure has been determined to
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3 x resolution. (2) The @kiprotein is found in both
eucaryotic (sitochondria) and procaryotic cells and is
composed of either two or four identical subunits each
binding 0.5â€”1Mn. The resting valence state of the metal
is Mn(III) . (3) The Fe protein has been found only in
procaryotes, including many strictly anaerobic bacteria,
and has general properties similar to the Mn protein.
The talk will deal primarily with the relation between
the structural properties of the metal binding sites in
these proteins and their ability to catalyze superoxide
dismutation. However, some time will be devoted to the
proposal that these proteins protect cells from oxygen
toxicity.

1:30-3:00 Room 3035

RADIOASSAY

THYROID AND BERSON-YALOWAWARD

Session Chairman: Eileen Nicoloff
Session Co-Chairman: Linda A. Monroe

DETECTION OF TSH-RECEPTOR ANTIBODIES BY IMMUNO
PRECIPITATION ASSAY. J Konishi Y Ilda K
Kasagi K Endo K Ikekubo and K Torizuka.
Kyoto University School of Medicine, Kyoto, Japan

This study was undertaken to develop a new
radloassay for TSH-receptor antibodies by apply
Ing immunoprecipitation technique and to analyze
the nature of the antibodies. The assay was tried
by using Tritonâ€”solubilized TSH receptors from
either Graves' thyroid or guinea pig epididymal
fat. To the preformed I-125â€”TSHâ€”receptorcomplex,
SO @Lgof IgG were added and precipitation was
effected by addition of antihuinan IgG. The anti
body titer was expressed as the % radioactivity
in the precipitate relative to the toral radioac
tivity bound to the receptor determined by poly
ethylene glycol precipitation. When the thyroid
receptor was used, antibodies were positive in 9
of 14 patients with Graves' disease and also in 4
of 9 patients with Hashimoto's disease. But the
antibody titers showed significant correlation
with those of the anti-microsomal antibody. The
assay using the fat receptor, on the other hand,
revealed antibodies in 4 of 6 patients with Gra
yes' disease and in only 1 of 5 patients with
Hashimoto's disease, without any correlation with
the anti-microsomal antibody. Neither was there
any correlation between the antibody and TSH
binding inhibitor inununoglobulins detected by the
radioreceptor assay. These data indicate that
inununoprecipitationassay using the fat receptor
is useful for detecting TSH receptor antibodies
which are different from those detected by the
radioreceptor assay.

ACUTE.CHANGES IN THYROID HORMONESFOLLOWINGENDOTOXIN
INDUCEDFEVER. R.B Shafer M.M Oken and M.K Elson.
V.A. Medical Center, Minneapolis,MN.

Reductionof serum levels of thyroidhormones in febrile
euthyrold patients is well documented. Serial studies at
dailyor longerintervalshaveIndicatedreductionof thy
roid hormonesfollowed by reboundhypersecretlon during
recovery . To defi ne acute changesI n thyrol d hormones, we
produced fever by injection of 1 pg E coli endotoxin In
3 kg rabbits, monitored temperatures continuously and mea
suredthyroidhormonelevelsat 0, 2, 4, 6 and24 hours.
Resultswerecomparedto controlsthatreceivedsaline.
Trilodothyronine (T-3), reverse T-3 (rT-3), thyroxine (T-4)
and free T-4 (fT-4)were measuredby radloinmiunoassay.
All rabbits receivingendotoxindevelopedfever with peaks
at 1 hr (AT 1.1Â°C)and 3 hr (@T 1.4Â°C) and defervescedto
baselevelsat 6 hours. Changesin hormonelevelsrecord
ed as %of base level:

Hormone

T-3
rT-3
T-4
f@r-4

P45

Controls(n= 8) Endotoxin(n= 16)
0 6hr 24hr 0 6hr 24hr
100 82 95 100 51 77
100 143 117 100 870 360
100 98 127 100 81 173
100 101 100 100 101 111

This study documentsthat the decrease In T-3 level is
rapid foll@1ng fever Induction, but lags behind the temp
eratureresponse.IncreasedT-4 levelsat 24 hourssuggest
response to depleted thyroid hormonesInduced by fever.
Theseobserved thyroid hormonechangesfollowing endotoxin
Induced fever suggest a role of thyroid hormonesin modu
lating the febrile response.

HEPARIN EFFECTS ON FREE T4. L Witherspoon F Husserl
S Shuler, K Middleton L Zollinger and M Garcia.
Ochsner Medical Institution, New Orleans, LA.

Heparin has been shown to increase apparent free thy
roxine (fT4)concentrationin some, but not all patients.
This effect cannot be replicatedby the additionof heparin
to serum in vitro. It has therefore been suggested that
heparin effects on thyroxinebinding proteins are unlikely.
While assessing thyroid functional status in 35 patients
with chronic renal failure we observed heparin related
changes in 17. Heparin effects were further studied in 7.
Serum sampleswere obtainedbefore and 10, 20 and 60 sin.
after i.v. heparin for hemodialysisin 4 patients and
before and 15 minutes after heparin in 3. Total thyroxine
(TT4), RT3U, fT4 by dialysis and methods of Corning,
ClinicalAssays and Damon, T3, rT3, TBG and TSR were meas
ured in each sample. No change occurred in 3 patients. In
the other 4 there was an issnediateincreasein the % dia
lyzed fraction, 2 Corning A tube binding, RT3U and appam
ent fT4 by dialysis,ClinicalAssays and Damon. TT4 was
depressedin all 4 patients.Reciprocalchanges in TT4 and
the two uptakes (RT3U and ZA) resulted in no change in FTI
or Corning fT4 estimate. All of these changes revert to
wards normal by 60 mm. post heparin administration. Simi
lam changes were observed in all 17 original dialysis pa
tients studied early and late in dialysis. While changes in
the % dialyzed fraction and RT3U are consistent with all
three hypotheses, the increased % A and decreased 114 can
not be explained by thyroidal secretion or T4 release from
peripheral binding sites but are consistent with displace
sent of T4 from thyroxine binding proteins.

F@ T4 ASSAY VS F@ ThY1@@INE 11W. M.A @nsortT,R.
Qister, C.M. Stay. @iversity of califOrnia, E@vis, cA.

@ free thyroxine irx@ex (FF1) is designel for
ix:nthyroidalalterationsin total T4 levels d@ to
irK:reaseor decrease in serum thyroxinebirilingproteins.
In thu present sttdy, ccmparisoriwas m@e beb@en thu free
thyroids irE@ex and free T4 levels of 37 eithyzoid females,
17 of @@Iun @ecm birth onotrol pills. Tt@ pirpose of
this stndy tens to detennime t@e acotu'acy of each test and
to assess thu ability of thu FrI to ccxpensate for estro
gei indixed elevations in total T4 cxxioentrations. Bicr&1
@iantacoi.intanalQuantinmuneKits @eused to measure

aesin t4@takeand total T4 levels,respectively. Free T4
tens detetmined by the Qxning relative rate re&@tion
nethud.

1t@ mean FrI in control @nenwas 2.5 units (rars@e:
2.3â€”2.9 units) , with all valmes falling within thu estab
].isliedroams].range (1.4â€”3.4units). 1t@ nean FF1 in the
birth control gr@.Ã§ @s3.0 wiits (range: 2.1â€”4.2units),
with3 subjectshavingborderlimehighvalmes(3.4units)
and 4 sttj@ts having FrI's clearly above the normal
range. Tt@ mean free T4 in cxxitroland birth control

@Tam1was 1.19 ng/d.1. (range: 0.7â€”1.7 r@Jdl) and 1.16

ngi'dl(range: 0.7-2.2ng/dl), respectively. cnly cr@
birth cantrol Subject bed a free T4 above the normal
range (0.7â€”2.1nqjdl).

T1@eeefindings indicate that the free thyroxine ir@c
only partially capensates for estrcx@en-indtxiod elevations
in thyroxine birdina@ glcbilin levels and that the free T4
by raEioinmunoassayis the test of cboice in s@ne@ cmioral
contraceptives.
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IN-HOUSE NEONATAL HYPOTHYROID SCREENING USING SERUM.
H Mermall S Pinsky W Paichel and L Levitsky.
Michael Reese Medical Center, Chicago, IL.

Neonatal hypothyroid screening done â€œin-houseâ€•has many
advantages over external, centralized processing using fil
ter paper spots. These include a turnâ€”aroundtime of less
than 2 days as compared to 1 week or more, closer control
of sample acquisition, and integrated quality control.
Blood for the thyroid screen is drawn concurrently with
samples for P1W assay and analyzed concurrently with all
other Tâ€”4samples, except that 10 @ilduplicates are used
instead of 20 Ml. The remaining serum is preserved in
case TSH and TBG are necessary.

A comparison of T-4 values from 1000 of the 10 il sam
ples to those from 2000 of the 20 p1 samples shows similar
means and variance of means (16.88 Â±4.285 vs. 16.99 Â±
4.269 ng/dl). The smaller volumes decreased the number of
samples rejected because of insufficient quantity from
0.7% to 0.4%. Of 3000 patients, 6 were recalled due to
analytical failure; none were hypothyroid. Use of half
volumes of serum is feasible because (1) the assay remains
valid and (2) the normal for neonates is twice that of
adults. When variance between duplicates was unacceptable,
TSH analysis was performed. Using 10 iilreduced this
number from 1.4% to 0.6%. Integrated, in-house, process
ing permits unified quality control, diminishes the likeli
hood of recall due to logistical or analytical failure,
greatly reduces the time delay required for confirmation
and recall of hypothyroid patients, which is critical,
and reduces the loss of patients to follow-up.

Secretarial and scientific work flow pattern were con
sidered in the project design.

BERSON-YALOW AWARD ABSTRACT

QUANTITATION OF PARASITE-SPECIFIC HUMAN IMMUNOCLOBULINS:
COMPARISON OF RIA AND ELISA METHODS. *R.G. Hamilton, tR.
Hussain, tE.A. Ottesen, *N.F. Adkinson, Jr., *Johns Hopkins
Sch. of Med., Baltimore, MD; INlAID, NIH, Bethesda, MD.

We have developed a nonâ€”competitivesolid phase radio
iimnunoassay (SPRIA) to quantitate both human IgE and IgG
antibodies (aba) against soluble adult antigens of Bmu@ia
malayi (B.rn.),a filamial parasite causing extensive in
fection throughout the tropics. Previously, enzymeâ€”linked
immunoassays (ELISA) had been used to detect ug/ml levels
of IgG antiâ€”B.in.,but IgE antibodies were difficult to
detect in this system. Since the SPRIA successfully quan
titates both IgC and IgE antiâ€”B.iii., we sought to examine
the reasons for the SPRIA's apparent superiority in
detecting IgE antiâ€”B.rn.by adding back specific IgG anti
bodies in increasing quantities to serum containing IgE
antiâ€”B.in.abs but depleted of IgG antiâ€”B.rn.IgE antiâ€”B.rn.
was quantitated in these sera using both the SPRIA and
ELISA methods. Results indicate that IgG antiâ€”B.rn.does
not interfere with detection of specific IgE abs in the
SPRIA but does interfere in the ELISA. While ELISA permits
detection of IgE antiâ€”B.in.in the absence of competing IgG
antiâ€”B.m., as levels of specific IgC increase, the IgE is
no longer detectable. These differences between SPRIA and
ELISA can be explained by SPRIA's antigen excess conditions
which assure that theme are sufficient antigens both to
detect all antiâ€”B.rn.abs present in the serum and to
adequately represent all antigen specificities in the
crude B.rn.extract. Our findings commend the use of SPRIA
methods over ELISA in assessment of B.rn.specific IgE abs
in filariasis and indicate a potential role for SPRIA in
both the standardization of parasite antigen extracts as
well as in absolute quantitation of specific serum anti
bodies.

1:30-3:00

INSTRUMENTATION

VISUALIZATION OF THE PA'I'FERNOF VENTRICULAR CONTRACTION IN
PATIENTS WITH CONDUCTION ABNORMALITIES. J.M Links K.H
Douglass and H.N Wagner Jr. The Johns Hopkins Medical
Institutions, Baltimore, MD.

We have applied Fourier analysis to the processing of
64 x 64 matrix 16 frame gated blood pool studies to yield
information about the pattern of ventricular contraction in
normal persons and in pts with conduction abnormalities.
The temporal Fourier transform at the fundamental frequency
(the heart mate) was obtained on a pixel by pixel basis,and
used to construct a cinematic display of the wave of con
traction as it spread over the beating heart, by blacking
out each pixel in the frame of the cycle when its funda
mental frequency curve was maximally positive, and about
to decrease, as determined from the phase of each pixel
(Fourier space information) , rather than from the first
derivative of a Fourier filtered time-activity curve as
proposed by Verba et al (J Nucl Med 20:625, 1979 (abst)).
In normal persons, the wave of contraction traveled down
the interventricular septum, and then spread over each
ventricle from the free wall to the base. In pta with left
bundle branch block, the wave traveled down the septum,
spread over the right ventricle, and then over the left
ventricle. In a pt with a right ventricular pacemaker, the
wave started at the right ventricular apex, traveled up the
right ventricular side of the septum, and then spread over
the ventricles, with the left ventricle lagging behind the
right. By permitting visualization of the pattern of
ventricular contraction, temporal Fourier analysis should
prove useful in the study of conduction abnormalities, and
as an aid in the optimum placement of pacemakers.

TEMPORAL FOURIER ANALYSIS IN THE SELECTION OF RIGHT yEN

TRICULAR REGIONS OF INTEREST. K.H Douglass J.M Links

P.O Alderson and H.N Wagner Jr. The Johns Hopkins
Medical Institutions, Baltimore, MD.

Left-to-right stroke count ratios (SCR5) derived from
equilibrium gated blood pool studies have been used as an
index of valvular regurgitation. In individuals without
regurgitation the 5CR is near 1.0, and increases as the
regurgitant fraction rises. Temporal Fourier analysis was
studied in 20 control patients (pta) and S pts with docu
mented aortic insufficiency (Al) in order to assess its
effect on the 5CR. The temporal Fourier transform (Fl) at
the fundamental frequency (i.e., heart rate) was calculated
for each pixel of the 64 x 64 matrix size by 16 frame gated
studies. The FT images were displayed in parametric form
as both amplitude and phase images. Subjectively, these
images facilitated outlining each ventricle by showing
clear separation between the cardiac chambers. Two end
diastolic (ED) ROIs were drawn for the RV, the first using
the ED image and the second using the PT images. A single
LV ROl was drawn on the ED image and changes in 5CR based

on differences in the RV PCI were assessed. For 20 pts
without regurgitation the 5CR determined using the ED image
was 1.66 @:0.47 (SD). Using the @â€˜rimage the average ratio
decreased to 1.41 + .35 (p<.OOl, paired tâ€”test).When an
end-systolic ROl was used to calculate systolic counts
the mean SCR determined from standard images was 1.36 +
0.72, and that from the FT images was 1.17 + 0.51 (p<.Ol).
In 5 pts with moderate to severe Al the SCRs were 6.52 +
4.05 (ED images) and 5.02 + 2.10 (FT images). These
data suggest that temporal FT images are useful in the
selection of RV nols.

LEAST-SQUAREFITTINGOF SINUSOIDALFUNCTIONSTO PIXELTIME
ACTIVITY CURVES IN NUCLEAR MEDICINE CARDIAC BLOOD POOL
STUDIES.P.L VonBehrenandM.W Groch. Searle
RadlographicsInc.,DesPlalnes,IL. D.A Turner. Rush
PresbyterianSt.Luke'sMedicalCenter,Chicago,IL.

Thisstudywasdonein orderto understandtherepresen
tationof cardiacmotionby sinusoidalfunctions.The
time-activity-curvesof Individualpixels in nuclearmedi
cinecardiacbloodpoolstudieswerefitwithcosinefunc
tionsby a least-squaresfittingtechnique.Severalparam
eterswereusedin eachfit: Theaveragevalue(A0),the
amplitude (A1), and the phase (P1) of the cosine function.
Thefrequencyof thecosinefunctionwasderivedfromthe
systolicejectionperiodsof subregionsof theventricles.

Room 2040

COMPUTER CARDIOVASCULAR I

Session Chairman: Ronald Price
Session Co-Chairman: Peter Esser

P46 THE JOURNAL OF NUCLEAR MEDICINE



PROCEEDINGS OF THE 27th ANNUAL MEETING

Imagesof the fitted parameters, A0, A1, P@,and of the
goodnessof fit parameters, â€˜X,',were formed. The A1 images
reduceto strokevolumeimagesin thelimitof twoframes
andarerelativelyInsensitiveto thechosenfrequency.
The P1 imagesshowthecontractionsequencefornormally
and-abnormally-contractinghearts and agree with cine' mode
displaysof theoriginaldata. Theabsolutephaseof a
pixelisquitesensitiveto thechosenfrequencyvaluebut
therelativephasesbetweenany twopixelsarenot. The
@2imagesshowthatsinusoidalapproximationsto thepixel
time-activitycurvesgenerallygoodbutarebetternearthe
Centersof ventriclesthanneartheedges. Advantagesof
thismethodoverFouriertechniquesaretheabilityto vary
thefrequencyandto usepartial-cycledata. Thisis
importantbecause it allows the frequencyof the fit to be
based on the systolic ejection period and not on the RR
interval.Also,a limitednumberof framesmaybe used
overa fractionof theRR intervalto obtainbettertime
resolution.

ALGORITHM FOR QUANTIFICATION OF REGIONAL WALL MOTION ABNOR
MALITIES, USING THE PHASE IMAGE OF THE ECG-SYNCHRONIZED
CARDIACSTUDY. E Byrom D.G Pavel. Universityof
Illinois Medical Center, Chicago, Illinois.

In a gated study, the time-variation of the count rate
at each point of the image matrix may be approximated by
the first term of its Fourier transform, and its amplitude
and phase displayed as functional images. Algorithms have
been made available recently to mask these functional
Images in order to isolate the cardiac chambers on the
image, and to generate a histogram display of the number of
matrix elements versus phase. These images have been shown
to be useful in detecting regional wall motion (RWM) abnor
mality, which appear as regions of reduced amplitude and
altered phase. We have evaluated the possibility of quan
tifying these phase Images. This was done in two ways: 1)
by measuring the maximum phase shift of the abnormal areas
in relation to the remaining normal ventricle; 2) by measu
ring the surface of areas of similar phase shifts, and cx
pressing them as % of the whole LV projection. The first
procedure uses a vertical cursor on the histogram to mark
on the image the following data: location of baseline set
ting (at the peak of the phase distribution of the normal
area), location of the setting chosen at the abnormal phase
and the amount of phase shift in degrees. Any number of
measurements can be made and superimposed on the same his
togram Image. In the second procedure one or two areas are
selected and displayed separately by indicating the range
of phases to be included. The number of pixels in each of
these areas is then displayed and compared to the area of
the whole LV to give a measure of the extent of RWM abnor
mality. Single or multiple wall motion abnormalities can
thus be quantified by two parameters.

A MEASURE OF EDGE DEFINITIONIN NUCLEAR IMAGESAND ITS USE
IN CHARACTERIZINGSYSTEM PERFORMANCE.R.E Wernikoff.
Brattle Instrument Corporation, Cambridge,MA

The effects on edge definition of trade-offs among
dose-timeproduct,imagingsystemlinespreadfunction
(LSF)andsensitivity,objectsize,contrastandmotion
are complicated and an analytical model that clarifies
theseeffects,hereproposed,is desirable.To quantify
edgequality,includingquantumeffects,we imaginethat
edgesareexaminedwithtwoadjacentexploratoryareas,
eachA by A in size;theseareasaremovedacrosstheedge
untilthecountdifference(CD)betweenthemismaximum,
andthenshrunkto theleastA forwhichCD is still
statisticallysignificant.Thecenter-to-centerdistance,
alsoA, Iswhatwe defineto be theedgewidth.It is
shownthatA is thesolutionof

I0f0(x)dx=A0

expressesquantumandcontrastconditionsat theedge.If
\)1, V2 are the hotter, colder limits of DD then

A0 k/CvaÂ½,

whereC = (@;i- v2)/(v1+ v2)andVa Â½(vi+
The preferenceorder, A1 better than A2 if A1 < A2,

seemsto correspondto subjectivepreference,andthean
alyticalformulation(1) facilitatesstudy of trade-offs.

FUZZINESS AS A CONCEfT IN NUCLEAR MMDICINE. APPLICATION
TO REGION OF INTEKESI SELECTION. R IThI L PHILIPPE and
S ROSENBERG. Service de Mddecine Nucleaire (Pr Tb. PLANIOL)
C.H.U. Bretonneau, 37000 â€”TOURS, France.

The non specific nature of radioisotopic labelling in
plies that theme is no strict cormespondance between a
well defined anatomic structure and its nuclear imaging
counterpart. As a consequence, we are naturally lead to
interprete such pictures using the theory of fuzzy sets.

This is specially true when selecting regions of inte
rest (R.O.I.),one of the most important steps in the pro
ceasing of dynamic studies. As theseR.O.I. will not have
sharply defined boundaries, the degree of belonging to the
R.O.I. for a given pixel of the digital frame matrix can
only be computed in terms of probabilities, for a combina
tion of some chosen temporal or spatial parameters.

Using this conception, an algorithm has been developed
for the automatic selection of the left ventricular area
in gated blood pool studies. After definition of the stroke
volume image bamycentem, several parameters are computed
for every pixel : distance from the barycenter, end
diastolic activity, count rate changes amplitude and
phase. From the combination of these parameters, the pro
bability of belonging to the left ventricle is defined and
its density histogram over the total matrix presents a
well defined peak of high probability, which is assumed to
correspond to the desired R.O.I..

This procedure allows, in most cases, a fully automatic
and objective delineation of R.O.I. . Sometimes however, a
manual intervention may be necessary after visual control
of the results.

DETERMINATION OF VENTRICULAR BORDERS BY ADAPTIVE FILTERING.
N.M Alpert, H.W Strauss E.J Tarolli D.A Chesler.
Massachusetts General Hospital, Boston, MA.

To measure regional wall motion reproducibly, an opera
tom independent means of defining the borders of the left
ventricle is required. In an attempt to improve computer
determined borders we have developed an algorithm which
uses a nonâ€”stationary,adaptive filtering technique and
heuristic rules. An estimate of ventricular border loca
tion is determined by approximating the second derivative
of the image as the difference between an edge enhanced
scene and the smoothed image. The Chesler filter is em
ployed to compute the edge enhanced image. Use of this non
stationary filter allows for the matching of local statis
tical variations and precision of the edge detector.

Since other cardiac and nonâ€”cardiacstructures can dis
tort the second derivative edge even in the absence of
statistical noise, heuristic criteria on continuity and
border shape are imposed to determine the final border
points.

Experience to date in studies performed in 20 patients
with a variety of abnormalities indicates that the new
algorithm is able to separate RV from LV when the chambers
overlap in the anterior view and separate the superior
margin of the LV from the left atrium in the LAO view.
In particular this algorithm usually produces plausible
borders in low count data such as exercise studies.

ANALYSIS OF STRESS OR NITROGLYCERINEGATEDHEART
STuDIES UTILIZING 3 DIMENSIONALFILTERING AND
MUGG, A NEW PROGRAM FOR AUTOMATIC ANALYSIS OF
GATED HEART STUDIES. D.L.Yuille, St. Luke's
Hospital, Milwaukee, W1

The purpose of this paper is to describe a
new program for rapidly analyzing gated heart
studies. The program allows the computer to

(1)

f0(x),whichsuninarizesLSFandmotioneffects,is the
normalized anti-synmietric componentof the count-density
distribution(DD)obtainedin theimagewhena step-func
tion of activity in a plane distribution of photon sources
is transformed by motion during imaging and by the LSFof
theimagingsystem;A0 is an irreducibleedgewidththat

P47Volume 21, Number 6



PROCEEDINGS OF THE 27th ANNUAL MEETING

automatically analyze one or a series of gated
heart studies. The program provides RV and LV
regions of interest, calculates RV and LV ejec.
tion fractions and other parameters for a eaxi-.
mum of 10 stuu.tes. Complete analysis of 10
studies is accomplished in under 20 minutes.
The analysis program requires a two stage filt-.
ering process utilizing a previously described
3 dimensional smoothing filter SMVL (JNM 19:836,
1978) and a previously undescribed high empha
sis filter. Filtering of 10 studies requires
40â€”45minutes. Correlation of LV ejection frac
tions obtained utilizing the above filtering
process and MUGE (a highly validated commercial
program) with cardiac catheterization in 20 pa
tients reveals a correlation coefficient of
0.90 and a regression line of Y = .992X â€”.07.
For LV ejection fractions, the correlation of
MUOG with MUGE (50 measurements in 24 patients)
reveals a regression line Y z .972X â€”0.579and
a correlation coefficient of 0.97. Linear re
gression of RV ejection fractions for MIJGGand
Maddahi's method reveals a correlation coeffi
ci@n@3of 0.91 and a regression line of Y=.747X

METHODS OF IMPROVING THE PRECISION OF LEFT V@TRI

CUL@RVOLUMEAND EJECTION FRACTIONDETERMINATIONS.
W.I.Ganz.J.P.Wexler,A.M.Rahinowitz,A.I.Brenner

R.Steinqart and M.D.Blaufox. Albert Einstein
College of Medicine9 Bronx, N.Y.

Accurate comparison of ventricular volume and
left ventricular ejection fraction(LV@')deterin

ed from gated stud ice requires a kn@ledge of the
precision of end syatolic(ESC)and end diastolic
counts (EDC) . LVEF, @C,and ESC were determined in
21 pte by 5â€”13serial 4â€”mmgated studies during
the hr after in vivo labeling of RBC with Tcâ€”99m.
The effect of correction for Tc-99m RBC biologic
and physical decay was:

Paraâ€” Mean Counte(@) @(a) @Ã©(b)*%
meter loobeatsl2oms.c@@ Diff p(@(a)vsx(b))
EDC 2,300 155 132 15 @0.00l
ESC 1,000 92 81 12 <0.001
*Correctnd fcr the effective half life of 4.5 hrs.

Single vs triplicate observation revealed:

Number of LV@ Significant@ Unit Change.
Obeervaâ€” s.d. Confidence Level
tions (@EFUnits)@ 8@@@

1 3.92 4.6 7.1 9.1 10.9 14.3
3 2.21 2.6 4.0 5.1 6.2 8.1

These data suggest that correction for effective
tÂ½and triplicate determination may be used to
improve the precision of LV@' measurement.

REFERENCE-PLANE METHOD FOR HANDLING TISSUE CROSSTALK IN
GATED EQUILIBRIUM CARDIAC STUDIES .
N.E Read D.D Watson and W.R Janowitz.
University of VA, Charlottesville, VA.

A nonâ€”uniformâ€œreferenceplaneâ€•method (RPM) was inves
tigated as an alternative to the subtraction of a constant
background from gated cardiac images . This background , more
properly called tissue crosstalk (TC) is conventionally
determined either by arbitrary choice, for wall motion
visualization, or by using a horseshoe (HS) shaped region
adjacent to the ventricle for left ventricular ejection
fraction (SF) quantitation. Gone has recently pointed out
that TC is not homogenously distributed across the region
of interest. We have used a modification of Gomis' inter
polative background subtraction technique which will be
referred to as the Referenceâ€”planemethod (RPM), to restore
the image's useful dynamic range for wall motion visualize
tion. We also use the same RPM for handling TC in EF quan
titation. Cardiac flow studies were performed on 71 sequen
tial patients. All patients received a first pass study on

a multicrystal camera. The EF was determined by standard
first pass techniques. At equilibrium, gated studies were
then performed. The EF was then determined using the con
ventional ES method and again using the RPM for TC estima
tion. The RPM compared quite well with the HS method having
a correlation coefficient (R) of 0.951 and a standard
error of the estimate (SE) of 0.053. In addition, the RPM
correlated better with the first pass method than the MS
method with R and SE of 0.894 and 0.076 vs 0.867 and 0.081
respectively. We feel the RPM gives a better dynamic range
and thus facilitates visual assessment of wall motion as
well as providing TC estimation which gives closer quanti
tative agreeagnt with other methods for EF computation.
*University of Miami, Florida.
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EFFECTSOFSUPINEBICYCLEEXERCISEONBLOODCONCENTRATIONS
op IN VIVOANDIN VITROLABELEDREDBLOODCELLSFOREQUIL
IBRIUM BLOOD POOL IMAGING. H Henze G Wisenberg L
Morales D Kuhi H.R Schelbert. UCLA School of Medicine,
Los Angeles, CA.

Changes (@) in cardiac cha@er volumes measured by suit
ipie gated acquisition blood pool imaging during supine cx
ercise CE) could be affected by@ in the indicator blood
concentrations (IC). Using in vitro labeled RBC's (IVT) we
found E caused an increase in IC. To examine this observ
ation we randomly employed IVT or in vivo labeled RBC's
(1W) in 19 patients.@ in IC were measured by well count
ing of serial blood saiÃ§les and@ in splenic activity (SA)
by gamea camera imaging and expressed as %@from the con
trol value obtained 10 sin. after injection. At rest, IC's
fell linearly but at different rates and were after 20 sin.
4.4Â±l.3(SD)% with IVT and 11.9Â±4.5% (p<0.0l) with 1W below
control. With E, IC with 1W declined to -5.1Â±4.3%but in
creased with IVT to +3.0Â±4.0% (p<O.Ol) while SA fell with
both to -37.7Â±17.5% and -33.4Â±33.9% (p<0.01 in both), me
spectively.FiveminutesafterE, ICwithIVTdecreasedto
-4.4Â±4.9%(p<O.Olcomparedto E) while SA rapidly rose to
+1.7Â±24.9% (p<O.Ol compared to E). IC with 1W continued
to decline after E to -7.7Â±5%although SA increased to
-16.0Â±6.5% (p<O.Ol).@ in IC's varied considerably between
individuals and between 1W and IVT. Thus, RBC's may be
injured during in vitro labeling and preferentially cx
tracted by the spleen. Splenic contraction reported in an
isals may also occur in sian and account for the increase in
IC's during E. Weconclude that@ in cardiac chamber ac
tivity during E should be normalized for changes in IC in
order to accurately determine exercise induced@ in vent
ricular volumes.

INTRACARDIACTHROMBI: IN-VIVODETECTIONBY IN-lll PLATELET
IMAGING IN CARDIOMYOPATHYOR MYOCARDIALINFARCTION. J.R.
StrattonJ.L RitchieL.A Harker J.A Werner and@.
Hamilton SeattleV.A HospitalandU of Washington,
Seattle, Wa.

Gama camera imagingof In-lll labeled plateletsmay non
invasivelyidentifyptswithintracardiacthron@i(TH)at
riskof embolization.To assesstheefficacyof platelet
(PLT) imaging, we studied 30 pts not on anticoagulants or
PLTdrugs and at risk for thrombi from cardiomyopathy (CM)
(14pts),definedas an ejectionfraction(EF)< .40,or
remote transmuralmyocardlalInfarction(TMI) (16 pts: 14
anterior).MeanEFwas .27(range.lO-.6l).Imagingwas per
formed 24 hrs after autologousPLT labeling.Imageswere
Interpretedblindly and defined as positive for TH is there
wasa discretearea(s)of activityclearlygreaterthan
backgroundblood pool.

FiveptshadintracardiacIN and1 pt hadpossibleTH.
Twoptshad2 TH.All6 ptswithTH hadanteriorTill.Mean
EF inptswithTH was .39(range.22-.61);meanEFwas .25
(range .10-.40)in other pts. 5/6 pts with THhad aneurysm
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(AN) by either echo (5) and/or contrastangiography(anglo)
(2). 4/24 without TH had AN. Confirmationof TH was avai
lable in 5/6 pts by operation (2), echo (5) and/or anglo
(2). One pt with TH by scan and at operation had probable
embolic events. All pts with THby echo or anglo had defi
nite or possibleTH by PLT imaging.

We conclude that In-lll PLT imaging detects mural thrombi
in some high risk pts with prior transmural infarction. PLT
imagingmay help define pts at risk for embolizationand be
useful for detection of TH in other settings, such as acute
MI , and for in vivo assessment of antithrombotic drugs.

MYOCARDIALUPTAKEOF TEQINETIUM-99MPYIMWHOSPHATEIN
PATIENTS WITH AMYLOIDOSIS. 3 Muz T Wizembe@g
w Sanlowski and V Sohn. Harper Division, Harper-Grace
Hospitals, Detroit, MI.

Imaging of the heart with Technetium-99m Pyrcphosphate
(Tcâ€”99m-PYP) for detection of myocardial infarction (MI)
has become a well-established diagnostic modality. In
creased uptake of Tc-99m-PYP in myocardium, particularly
when it is diffuse and extensive, does not necessarily
imply myocardial damage due to MI. It can be associated
with cardiomyopathy secondary to amyloidosis , and possibly
other conditions.

Of 681 Tc-99m-PYP cardiac studies performed in our
department between 1/1/77 and 12/31/79, we have found 17
cases with diffuse extensive myocardial uptake of
Tc-99m-PYP , without clinical and/or laboratory evidence
of MI. Five patients of this group (two male and three
female, ranging in age from 67 to 84 years) had histo
logically proven amyloidosis and clinical signs of
cardiomyopathy.

The exact mechanism of Tc-99m-PYP o@take in amyloid
cardicmtyopathy is not known. It is probably related to
the ccmposition of protein in amyloid deposits in the
myocardium. In our opinion , Tc-99m-PYP cardiac scinti
graphy is an isgoortant ncninvasive test in the diagnosis
of amyloid cardiomycpathy.

DOESCORONARYBYPASSSURGERYIMPROVEGLOBALAND REGIONAL
LEFT AND RIGHT VENTRICULARRESPONSETO EXERCISE?M Free
man R Gray D Berman N Raymond J Maddahi J.I'iit
loff J ForresterH.J.C Swan andA Waxman,Cedars
Sl@elMedicalCenter,LosAngeles,CA.

To clarify the controversial effects of coronary artery
bypasssurgery(CABG)on ventricularfunction,19 maleshad
multiplegatedequilibriumscintigraphy(MGES)withTc-9@u-
RBC'sin the45Â°LAOviewat rest(R)andmaximalupright
bicycle exercise (Ex) before (pre-op) and 5 monthsafter
(post-op)CABG. The left ventricle (LV) was divided Into 5
segmentsand scoredwith a 5 point system (3â€”normal(nl),
-lâ€•dyskinesis).A totalwallmotionscore(WMS)wasob
tamed by suming the scores of the 5 segments.A@jO% rise
In ejection fraction (EF) or a WNSdecrease of >1 during Ex
fromR wasconsideredabnormal(abn).Of the18 ptssymp
tomatic pre-op, 12 were asymptomatic, 2 were Improvedand
4 were unchangedpost-op. A positive stress ECG @spre
sent in 13 pts pre-op, but in only 3 post-op. Ex heart
rateimproved(p@.O5)from129Â±23preâ€”opto 150439post-op.
Although meanpost-op R and Ex LVEF,right ventricular (RV)
EF.andWMSwerenotsignificantlydifferentfrompre-op,
Ex LV and RVEFtended to Improve post-op. Importantly,
LVEFrosepost-op(.55to .60)fromR to Ex (p<.O5),but
did not pre-op (.55 to .55). Of the pts with abn pre-op
response to Ex. nl post-op response of LVEF.RVEF.and WMS
was notedIn 11/14,6/10and8/16,respectively.Of thepts
with nl pre-op Ex response, abn post-op response of LVEF,
RVEF,andWNSwas notedIn 3/5,2/9and 1/3,respectively.
SymptomaticImprovementwas associated with nl post-op LVEF
Ex response. Thus, clinical improvementwasassociated
with ImprovedLV functional reserve post-op. Furthermore,
the data suggest that pts with nl function pre-op fre
quently demonstrate abn LV reserve post-op.

EXERCISE THALLIUM-2Ol IMAGING IN ASSESSMENT OF AORTO
CORONARY BYPASS SURGERY. W Haaz A S Iskandrian, S.
!@i@ and B L Segal. Cardiovascular Institute, Hahnemann
Medical College and Hospital, Philadelphia, Pennsylvania.

Thirty patients (pta) with recurrent symptoms, following

aortocoronamy bypass graft surgery , underwent angiography
as well as exercise thalliumâ€”2O1imaging (EXâ€”Ti).Theme
were 27 men and three women (age 34â€”70). They were divided
as follows: Group I (10 pta, 2.4 grafts per pt) had normal
EXâ€”Tl. These pts had complete mevasculamization (CR) , i.e.
all grafts were patent, all diseased vessels were grafted
and theme was no progression of disease in the nongraf ted
vessels. Group II (7 pts, 2.3 grafts per pt) had normal
EXâ€”Tlin the presence of incomplete mevascularization (IR),
i.e., either graft occlusion or presence of nongmafted dis
eased vessels, however, each Pt had at least one patent
graft. Three pts had occlusion of grafts to diagonal
branches (with either patent grafts to the left anterior
descending (LAD) or a normal LAD) or occlusion of the graft
to the right coronary artery (RCA) or disease of RCA.
Group III (13 pts, 1.7 grafts per pt) had exerciseâ€”induced
perfusion defects. Each pt had IR. The perfusion defect
corresponded to the diseased vessel or occluded graft in
each pt. The exercise electrocardiograms were not useful
in predicting the status of mevasculamization.

We conclude, exercise imaging is highly specific (100%)
in the evaluation of pts following bypass surgery. Pta
with CR have normal images. Similarly, exerciseâ€”induced
defects are only seen in the presence of IR. Normal images
may be seen in some pts with IR; however, these pts gener
ally have at least one patent graft and none had disease of
LAD or its graft. Moreover, the disease in these pts is
limited to RCA or diagonal branches or their grafts.

E @5RCISE LV/RV STROKE INDE X RATIOS MEA@JR@ BY GATED BLOOD

@OLSCANS IN AORTIC REGU@ITATION PRE AND @STVALVE RE
PLAC@4ENT. M Besozzi J dame .1 Santinga .1 Thrall
and B Pitt, koiversity of Michigan Medical center, Ann
Arbor, MI.

Left ventricular (LV)/right ventricular (RV) stroke
index ratios (SIR) were calculated in 10 patients with
angiographically determined severe aortic regurgitation
(AR) , 3 with moderate AR, 3 minimal AR and 2 with aortic

stenosis. The SIR was calculated at rest and at peak cx
ercise before and after valve replacement. Controls were
calculated on 20 patients witlxut valve disease. Equili
brium gated madionuclide ventriculograma were acquired in
the LAO 45' @s@ojection at rest and during maximal supine
bicycle exercise. Fixed end diastolic regions of interest
were drawn over the LV and RV and time activity were gen
crated. The minimum (end systolic) counts determined from
these curves were subtracted from the maximum ( end dia
stolic) counts for each ventricle to give a stroke index
(SI). SIR was calculated for each patient by dividing the
LVSI by the RVSI (SIR LVSI/RVSI). The normal SIR was 1.01
Â± 0.08 (95% confidence interval). There was no significant
change with exercise 1.06@ 0.06 (.4>p>.3). The values for
AR were: Severe 3.59+ .85, moderate 1.99, minimal l.77
and aortic stenosis â€”1.02. In all patients with AR the
SIR decreased with exercise (severe AR ex.=2,53@ 0.78).
Post operative values (0.97Â±0.09) were not significantly
different than controls (.S>p>.4) except in one patient
with perivalvular AR (2.91). This technique provides a non
invasive means to quantitate AR, evaluate physical and
phammachologic effects on AR and evaluate prosthetic valve
dysfunction.

EFFECTS OF EXERCISE ON REGURGITANT FRACTION AND RIGIIFAND
LEFT VENTRICULAR FUNCTION IN AORTIC AND MITRAL INSUFFIC
IENCY. E Henze G Wisenberg H.R Schelbert. UCLA
School of Medicine, Los Angeles, CA.

The hemodynasic response to supine exercise was studied
with equilibrium blood pool imaging in 9 patients with is
olated mitral (MI) or aortic (Al) insufficiency and corn
pared to that in 9 normals. In order to calculate right
ventricular (RV) ejection fractions (EF) and regurgitant
fractions (RF) a technique was developed that corrects for
the contribution of right atrial activity to right ventric
ular activity. At rest, mean LVEF in AX was 57.0Â±7.6 (SD)
andnotsignificantlydifferentfromN (59.6Â±4.2)butwas
lower in MI (51.5Â±7.6;p<O.Ol). Resting RVEF were slight
ly but significantly depressed in MI when compared to N
(44.0Â±10.7vs. 52.5Â±6.4;p<O.OS) but not in Al (51.8Â±6.6).
With this new approach RP in N at rest was negligible (1.9
Â±8.6%),but was 53.2Â±4.8% in Al and 51.8Â±10.8% in MI (Al
vs. MI not significant). With exercise, LVEF and RVEF in
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creased in N significantly to 70.5Â±3.8 (p<O.Ol) and 68.0Â±
7.3 (p<O.OI), respectively, without a significant change
in calculated RF (2.3Â±14.1%). However, in both Al and MI,
LVEF fell to 46.8Â±11.8 (p<O.OS) and 41.8Â±6.1 (p<O.O5) with
no significant difference between Al and MI. The RVEF me
sponse, however, was distinctly different: it decreased
in MI to 33.3Â±6.8 (p<O.OS) but increased in Al to 65.8Â±8.3
(p<O.Ol). In both Al and MI the MY declined with exercise
to 31.4Â±12.9 and 34.0Â±12.7, respectively (p<0.Ol in both).
Thus, in response to exercise RF declined in both Al and
MI; and RVEF increased in Al but declined in MI. We con
dude that exercise multiple gated acquisition blood pool
imaging permits evaluation of the hernodynamic response and
changes in RF in paticnts with valvular insufficiency.

QUANTITA1IONOF RIGHT VENTRICULARVOLUME OVERLOAD BY GATED
EQUILIBRIUMRADIONUCLIDEANGIOGRAPHY.S Sorensen
R O'Rourke T.K Chaudhuri, University of Texas Health
ScienceCenter,SanAntonio,TX

R-wavesynchronousequilibriumradionuclideangiography
(RNA)provides time-activity curve count Information pro
portlonaltoventricularvolumeswhichmay be usedforre
lativevolumecomparisonswithineitherventricletoderive
ejection fraction (EF). Accordingly, comparisonsof count
output (CO) between right (RV) and left (LV) ventriclesmay
permit quantitation of intracardiac shunt.

Employingan R-wavesynchronizedcamera-computersystem,
we performedrestingequilibriumRNA in8 consecutIvepa
tientsundergoingcardiaccatheterization(CATH)foratrial
septal defect. RNA pulmonary-to-systemicflow ratios (Qp/
Qs)werecalculatedas Qp/Qs-RVCO/LVCO,whereCO wasden
ved from processed composite time-activity curves for each
ventricleby subtractingend-systolicfromend-diastolic
counts(EDC).Mean(Â±SEM)systolicbloodpressure(BP),
heartrate(HR),LVEF,RVEF,Qp/Qs,andRV/LVEDCrat10were:
N8 SBP HR LVEF RVEF QP/QS R/L
CATH 133Â±1080Â±6 -- -- (2.6Â±.3)/1 --
RNA 123Â±6 71Â±3 .53Â±.O3 .41Â±.O1(2.4Â±.3)/1l.92Â±.13
p MS MS â€”- â€”- MS â€”â€”
RNAQp/Qscorrelated well with CATHQp/Qs(r=.95j. RNA
Qp/Qs was obtained In 4 pts before and after successfulsun
gical atnial septal defect repair. (RNA Qp/Qs preoperative
2.9Â±.51;postoperative= l.06Â±.82,p<.O5).Mean(Â±SEM)RNA
Qp/Qscalculated in 20 control pts (10 normal, 10 cardiac
disease)withoutregurgitationor shuntwas .99Â±.03(range
.80â€”1.23).We conclude that leftâ€”toâ€”rightshunting at the
atrial level may be accuratelydetected,quantitated,and
followedseriallyaftertherapeuticInterventionusing
gated equilibriumRNA.

LEFT VENTRICULAR VOLUMEAND CARDIAC OUTPUT DETERMINED FROM
GATED BLOOD POOL IMAGING WITH AN ATTENUATION CORRECTED
COUNT RATE METHOD. J.M Links L.C Becker J.G Shin
dledecker A.H Maurer and N.M Wagner,Jr. The Johns
Hopkins Medical Institutions, Baltimore, ND.

A new method for determination of left ventricular vol
use (LW) was validated in 22 pts who had gated blood pool
(GBP) imaging and single plane contrast ventriculography
(CV) , and in 9 other pts who had GBP imaging and thermal
dilution (TD) analysis of cardiac output (CO) via Swan
Gantz catheterization. Gated LAO 40 and static anterior
views were acquired. A radioactive marker was placed on
the skin over the LV in the LAO view, and imaged during the
anterior view. A blood sample was withdrawn during the
LAO view, and counted on the collimator face after comple
tion of both views. LW at end-diastole (ED) was given by
the ratio of the attenuation corrected LVED count rate in
the LAO view to the count rate/rn]. from the blood sample.
Attenuationdcorrection was made by dividing the LVED count
rate by a (u=u of water, dâ€”distange from skin marker to
center of LV in anterior view/sin 40 to yield depth of LV
in LAO view) . This LVEDV was used to calibrate the LV
time-activity curve, yielding LV stroke volume. CO was
obtained by multiplying the stroke volume by the average
heart rate. The correlation between (@P and CV EDV was
0.96 (GBP â€”1.O6CV - 12 ml); between @Pand CV ESV was
0 . 96 (GBP â€”1 . 19CV - 13 ml) ; between GBP and I'D CO was
0 . 88 (GBP â€”1 . O3TD + 0 . 21 1/sin) . This method permits
non-invasive determination of LW and CO without geometric
assumptions, the use of a regression equation, or the need
for determination of total blood volume.

LEFT VENTRICULARVOLUMEUSING ATTENUATION-CORRECTED
MULTIGATED DATA. R.J Jaszczak K.G Morris P.R Cobb
R.E Coleman. Duke University Medical Center, Durham, NC.

We have investigated the feasibility of quantitating
left ventricular blood volume from multigated cardiac stud
ice. Initial phantom studies were performed using water
filled polyethylene bottles (representing â€œventriclesâ€•)
placed in a waterâ€”filled Alderson body phantom. To simu
late patient studies Tcâ€”99mwas distributed in the â€œventri
dcâ€• and â€œbodyâ€• in a 10:1 concentration ratio B, respective

ly. The LAO view was used to obtain the background cor
rected ventricular count rate CV and signalâ€”toâ€”background
ratio S/B. Data from two LPO views, one using an energy
window centered on the primary photopeak (126â€”154keV) and
the other using an energy window positioned to accept
scattered ga@ rays (90â€”120keV), were used to compute a
ventricular length L and depth L A 1 ml.sample was me
moved from the â€œventricleâ€•and counted with the camera (CS).

An initial volume U{(CV)/(CS)}exp(pB), where p is the
photopeak attenuation coefficient, is first computed. The
measured parameters L, B, S/B and D (LPOâ€”RPOdiameter) are
then used to calculate the â€œunknownâ€•concentration ratio R
yielding a corrected volume Vâ€”U+U/R. The computed volumes
for the phantom. were 34, 63, 141, 211, 323 and 633 ml for
actual bottle volumes of 35, 65, 141, 206, 311 and 582 ml.
End diastolic left ventricular volumes were calculated from
five patient studies using the above algorithm and compared
with biplane catheterization volumes. The radionuclide
(cath) volumes are as follows: malesâ€”l07(119), 152 (138);
femalesâ€”1O1 (116) ml, 124 (188) , 114 (228).

Thus ventricular volumes can be quantitated from multi
gated studies by correcting for attenuation, scatter and
extra-ventricular activity. The depth Z and volume may be
underestimated in patients with large breasts.
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THALLIUM SCANNING: A COMMUNITY HOSPITAL' S EXPER-.
IENCE. D.R.Sn4ezelhoff D.L.Yuille and A,L
@Ã§@iek,St. Luke's Hospital, Milwaukee, Wi.

Approximately 700 Thallium Stressâ€”redistribu.
tion studies were performed between December
1976 and July 1978 at our institution. We have
retrospectively located 154 cases from this time
period with suitable cardiac catheterization
data for comparison with the results of Thallium
stressâ€”redistributionimaging. These 154 cases
are the basis for this paper. The patients in
this series were taken to maximum stress by an
experienced cardiologist, injected with Thallium
and exercised for an additional 30.-60 seconds.
Multiple view stress imaging was begun 5.-lOmm
utes postâ€”exercise.Redistribution imaging was
obtained 4â€”6hours postâ€”stress. Cameras and
imaging techniques varied during this time in-.
terval. No cases were rejected because of poor
technique and no computer processing was used.
The overall series sensitivity for detecting co
ronary artery disease (CAD) with stenoses > 50%
is 84.6% with a specificity of 92%. The sensi
tivity of the ECG stress test is 58.1% with a
specificity of 83.8%. The sensitivity of Thall
ium scanning for one vessel disease is 76.2% for
two vessel disease is 90.2% and for three yes
sd disease is 87.8%. We conclude that Thall-.
iuin scanning is an effective screening proce-.
dure for CAD and that this series will provide
a useful baseline for future comparison with
computer processed Thallium scans.

IS THE ACCURACY OF DETECTION OF CORONARY ARTERY DISEASE
QIANGEDBY ECG GATINGOF THALLIUM-2OlMYOCARDIALIMAGES?
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(Mean + ad *p<.OS)
GROUP Ad LAD Q Ad LCX Q Ad LAD/La Q FINAL TL LAD/LCX
I(n6) 4. 26+1 .O7@,:*1 .85+. 27@@ 2.3O+.47 1 ,1Of.O4@*
II(n..4) 1.95+0.86' O.91+.19@ 2.11+.6O 1.25+.15

The 02â€”4 mi ections danonstratedhomogeneous (LAD Q.LCX
Q) perfusionduring Tl redistribution. Initial Tl scan
defects disappeared faster in group I than II as confirmed
by the final Tl LAD/LcX ratios and despite similar initial
flow ratios. We have demonstrated that substantial Tl me
distribution occurs within 80â€”220mm after an initial flow
disparity averaging 2 to 1 during the Tl injection and that
higher loss of Tl from the normal scan area (LAD) rather
than an increase of Tl in the defect (La) area is the mech
anism for Tl redistribution in this type of study. These
data also suggest that serial, imaging after vasodilators
could differentiate between an initial defect produced by
underperfusion secondary to a coronary stenosis and one
caused by a scam.

RAPID RELATIVE REGIONAL WASHOUT (R3WO) AS AN ATTRIBUTE OF
Tl-2Ol IMAGING. K.A. McKusick, P.C. Voukydis, M. Johnson
and H.W. Strauss. Massachusetts General Hospital, Boston,
MA and Mount Auburn Hospital, Cambridge, MA.

A normal area on an initial Tlâ€”2Ol(Tl) image which
demonstrates marked decrease or absent Tl concentration on
the delayed image, in comparison to adjacent myocardium,
is R3WO. Correlation of R3WO to the other attributes of
Tl imaging (i.e., scam (5), ischenia (I), initial in
creased lung Tl and left ventricular size (F)) was sought
in 95 patients (P) undergoing Tl â€”ECG stress exercise
testing, of whom 20 (C) had catheterization because of
intractable symptoms. 400k count Tl initial and 3â€”hour
images were made with a large field of view camera by
standard technique in 3 views. Interpretation was by con
sensus of two experienced observers who reviewed the
images made on two intensity transparency and triple lens
Polaroid films twice, without knowledge of the clinical
data.

Tl RESULTS

PT No. NORMAL I S F R3WO
P 95 17% 32% 54% 27% 47% (@l Abnormality
C 20 5% 40% 75% 25% 60% in some Patients)

In 2/2OC, no CAD was found although S and R3WO were
present in both. In 12/14 segments with R3WO, correspond
ing significant coronary artery disease (CAD) (i5O% steno
sis) was present. R3WO was found most commonly with S
(9/2OC), and was the only attribute of CAD in 2/2OC. Thus,
R3WO is a pattern of Tl clearance which occurs not un
commonly, and may be the only Tl indicator of CAD, but may
not be specific.

QUANTITATIVE ANALYSIS OF STRESS AND RflPISTRIBIYFIONTL-201
@1YOCARDIALSCINTI('.R.AHSIUPflOVflS DETFCTIONAND EVALUATV'N
OF EXTENT OF CORONARY ARTflRYDISEASE. J ?qaddahi T@.
Garcia 0 Beriâ€•anJ Forrester 1I.J.C.@wan@andA.@axman.
Tidars-Sinai Medical Center, Los Ange'es, CA.

Visual interpretation (VIS) of Tl-201 scintigmaris is
suboptimal for detection and evaluation of coronary artery
(CA) disease (D). Thus, we have recently developed a con
puterized tecinique that expresses the relative space-time
distribution of Ti, Ten mm inages were obtained in the
anterior, 450 and 700 LAO views 6 mm, 40 mm, 4 hrs, and
24 hrs after maximum (nax) exercise in 67 pts: 32 nomnals
(nis) and 35 with CAD (>50% stenosis). !tultipie view max
counts circumferential profiles (CPs) and washout (W) CPs
were plotted to represent the Ti distrihition and % W of
60 60 arcs of the myocardium. Pt CPs and MCI's were corn
pared to tI@ corresponding mean t2 SD calculated from the
pooled nl Cl's and h'CPs. Ah@ommalities were defined for
both distribution and U patterns. CP was compared to VIS
by 3 experienced observers to demonstrate the sensitivity
(SFi'S) and specificity (SPEC) of each technique for detec
tion of CAD pts and I)in specific CA's.

CAD LAD LCX RCA Total
SUNS and CP 94% 83@ 78% 96% 86%

(SPEC) of (94%) (78%) (92%) (75%) (82%)
SUNS and VIS 86% 57% 44% 78% 60%
(SPEC) of @94%) (78%) (92%) (92%) (88%)

T@egarding extent of CAD, both CP and VIS correctly iden

J.H. McKillop, M.L. Goris, H.D. Fawcett, and J.E. Baumert,
Stanford University School of Medicine, Stanford, CA.

Thirtyâ€”fourpatients undergoing selective coronary ar
teriorgraphy had stress Thalliumâ€”2O1(Tlâ€”201)nyocardial
inaging in anterior, 45Â°and 65Â°LAO projections acquired
using ECG gating (16 inages per cycle). Nongated images
were created by adding the 16 inages together to produce a
composite for each projection. The Tlâ€”2Olimages were pro
cessed by interpolative background subtraction and inter
preted both in ECG gated diastolic and nongated forms by 3
independent observers who were unaware of the patient iden
tity, the arteriogram results and whether the study was
gated. Each observer classified every study as normal,
probably normal, probably abnormal, or abnormal. In cases
of disagreement, a majority verdict was obtained.

In 28 patients with abnormal arteriograms (>50% stenosis
of luminal diameter of any major vessel) , gated images were
abnormal in 24 (sensitivity 86%) and the ungated images in
22 (sensitivity 79%) . Three patients had false negative
results both on gated and nongated inages. Four of six
patients with normal arteriograms had normal gated images
(specificity 67%) and 5 normal ungated images (specjficity
83%). Theme was greater uncertainty in interpreting the
gated images, individual observers reading studies as prob
ably normal or probably abnormal with a greater frequency
on gated (24/102) compared to ungated (18/102) images.

These initial results suggest that any improvement in
the accuracy of detection of coronary artery disease ob
tamed by ECG gating of T1â€”201images is likely to be
marginal.

THE EFFECTOF DIFFERENTLEVELSOF Tl-2O2 ANDTl-200 RADIO
CONTAMINATIONON Tl-2O1 IMAGING,H.H. Hines, M.C. Lagunas
Solar, Universityof CaliforniaDavis, Sacramento,CA

Tl-201 can be producedby (p,xn)reactionson Tl-203 and
Tl-2O5targets.The protonenergyandtargetthickness
particularlydetermine the yield of Tl-20l, 11-202, and
Tl-200. 11-202 and Tl-200 emit high energy photons that
contributesignificantCompton scatter into the low energy
window and septal penetrationto degrade Tl-201 images. We
studied the effect of different levels of Tl-202 and 11-200
radiocontaminantson Anger camera images.

The effects on image quality were evaluatedfrom FWHM
and FWM-l0% determinedfrom line spread functionmeasure
ments made on a 37PM camera (0.25â€•crystal,GP collimator).
The line sources,lm ID tubes filled with 11-201, were
placed at mid depth in a water bath 10cm deep. The sources
wereimagesat severaldifferenttimespostirradiationto
getdifferentlevelsof 11-202and11-200by nadiodecay.

When the 11-202 levelswere <5% (<.03%Tl-200) the FWHM
was constant at 9.3nin(Â±.6nmi)and the FWM-1O%at 23mm
(Â±.9mm).When 11-202 levels ranged from 5 to 20% (<.03%
11-200) the FWHM went from 9.2 to 9.9mm (Â±.6m)and the
FWM-lO% from 23 to 45mm (Â±.9niii).When the 11-200 levels
ranged from 0.2 to 2.9% (<.01%11-202) the FWHMwere 9.3Â±
.6m and the FWM-l0% ranged from 20.7 to 22.7mm (Â±.9mm).

To preserveimagequality,productionparametersshould
be chosen to keep 11-202 levels <5%. Also, 11-200 levels
should be kept <2%. If both 11-202 and 11-200 are present
in the same sample, lower levels of both radiocontaminants
shouldbemaintained.

THALLIUM REDISTRIBUTION IN STUDIES THAT USE VASODILATORS.
Jeffrey Leppo Tada Yipintsoi and H William Strauss.
MAssachusetts General Hospital, Boston, MA., and Montefiore
Hospital, Bronx, N.Y.

The significance of Thalliumâ€”2O1 (Tl) redistribution
after vasodilatom administration is unknown. Accordingly,
a left circumflex (LCX) stenosis that did not alter basal
flow, but attenuated reactive hyperania was produced in 10
dogs. Tl and radioactive microspheres (01) were injected
near the end of an 8 mm I.V. infusion of adenosine (Ad)
and sequential Tl scans were collected. Additional labeled
0 (02â€”4)wereinjectedbeforethe endof a study(80â€”220
mm). Left anterior descending (LAD) and LCX regional flow
(ml/g/min) and Tl content (cpm/g) were determined by gamma
well counting of all heart samples. Regional Ã¸lflow (Q)
defined 2 groups of hearts which had elevated Q as compared
to 02â€”4 determinations; Iâ€”elevated Q in both LAD and LCX
and Ilâ€”elevated LAD Q only.
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tified single vessel I) in only 40t of pta. However, C!'
correctly identified multi-vessel 0 in 87% of pts in con
trast to 57% by @â€˜IS.Therefore, this new, qtiantitative
method appears to be more SENS than â€˜/TSfor bnth detection
and evaluation of the extent of CAD with mininal loss of
SPEC and offers the important advantage of objectivity.

AN OBJECTIVE AND QUANTITATIVE HET1flD FOR ASSES@1ENT Or RE
CIONAL LEFT VENTRICULAR WALL !.flTIONUSING M!ILTIPLE CATED
EQUILIBRIU?1 SCINTIGRAPIIY. U Freeman E (arcia 0 Berman
J,Haddahi J Forrester II.J,C Swan an'@ A Waxman, Cedars
Sinai Medical Center, Los Angeles, CA

The visual interpretation of left ventricular (LV) region
al wall motion (Imil)from multiple gated equilibrium scm
tigraphy (HGES) is subject to inter- and intraobserver er
ror. In this study we describe a new method for quantify
ing LV RWM using @F.Sin tim 45Â°LAO view, and apply the
technique in 15 normal volunteers and 15 pta with RWPIah@or
malities (ARM) demonstrated by contrast ventriculography. LV
end-diastolic (ED) and end-systolic (ES) regions are ob
tamed semiautomatically and are divided into 12 equal sec
tors originating at the center of mass of ES, and numbered
as a clock's face, A contraction fraction (CF) is measured
for each sector as the % change in sector area from ED to ES,
The program runs on a small computer (32K) in less than 10
seconds, From the 15 volunteers, the normal range of RWM
was established as the mean CF -2SD for each sector. In the
almormal pts the results of this new objective method were
compared with visual assessment of R@I from MGE@, performed
by 2 experienced independent observers. RW@1was evaluated
as normal or abeonsal in the proximal posterolateral seg
ments (PLS) (sectors 2 and 3), distal PLS (sectors 4 and 5),
apex (sectors 6 and 7) and septum (sectors 8 and 9). Of 30
segments with normal visual RW@, 19 (63%) were identified
by the objective metlod as normal, with 9 of the 11 disagree
ments being associated with severe RWM in contiguous seg
ments. Of the 34 segments with visual RIâ€•@1AEN, 3@ (97's)
were correctly identified by the computer method. There
fore, this new quantitative method is effective in identify
ing normal and abeormal LV !thMin the 45Â°LAO view and of
fers promise for objective â€˜ICESassessment of RWH.

INSENSITIVITY OF THE INTERVAL EJECTION FRACTION TO DIFFER
ENTIATE NORMALSFROM PATIENTS WITH CORONARYDISEASE (CAD).
A.J Kempem J.A Bianco P.R Swemdlow E.D Folland
R Shulman A.F Parisi and D.E Tow. Nuclear Medicine and
Cardiology Services, West Roxbumy VA Medical Center and
Harvard Medical School, Boston, MA.

The contribution to global left ventricular ejection
fraction (LVEF) from various portions of LV systole defines
interval global LVEF's. The usefulness of this parameter
in differentiating patients with coronary artery disease
(CAD) from normal volunteers was studied using firstâ€”pass
RVG's with a multicrystal camera at 25 macc temporal reso
!.ution. The interval global LVEF during the initial, mid
dle and last thirds of systole (end diastole to end sys
tole) was computed for 10 normal volunteers and 13 patients
with prior tmansmumal myocamdial infarction (by ECG and at
least one asynergic area on contrast ventriculography).
Results are as follows:

Normals CAD P
First 1/3 EF (Â±SD) 0.16 Â±0.04 0.15+0.04 NS
Second 1/3 KY 0.30 Â±0.04 0.27 Â±0.06 NS
Last 1/3 EF 0.14 Â±0.02 0.11 Â±0.04 <.05
Global HP 0.60 Â±0.03 0.52 Â±0.06 <.05

Additionally, the systolic time interval was divided
into ten equal segments. The change in LV counts during
each time segment was computed as a fraction of the total
change in counts (end diastole to end systole). There
were no significant differences between the normal sub
jects and the CAD patients. It is concluded that interval
global LVEF's provide no information beyond that availa
ble in global LVEF in predicting the presence of CAD.

INCREASED LUNG UPTAKE OF THALLIUM-2Ol : A NONINVASIVE
MARKER OF EXERCISE-INDUCED HEART FAILURE
C.A Boucher L.M Zir G.A Beller H.W Strauss
R.D Okada LB Bingham G.M Pohost, Massachusetts
General Hospital, Boston, MA
We have noted increased lung uptake of Tlâ€”2Ol(LUT) dur

ing exercise (cx) myocardial imaging in patients with se
veme coronary artery disease (CAD). To define the hemo
dynamic changes associated with LUT, 12 patients underwent
supine cx Tlâ€”2Oltesting during cardiac catheterization to
monitor pulmonary capillary wedge pressure (PCWP) during
cx. LUT on anterior images was assessed qualitatively as
normal (N) or increased (I) and quantitatively by computing
a lungâ€”toâ€”heart(L/H) activity ratio. Mean@ 1SD values
in 7 patients with Nâ€”LUTwere compared to those in 5
patients with Iâ€”LUT:

N-LUT (n-7) 1-LUT (nâ€”5)@
L/H ratio O.3O+.O3 O.5lÂ±.O9
CAD present 3/7 (43%) 5/5 (100%)
Ex time (mm) 9+2 5Â±3 <.05
PCWP â€”rest 10+3 12+1 NS

(mmHg) â€”cx 12+2 24+4* â€˜.05
*ex value is greater than rest value (pcOS)
A qualitative increase in LUT was confirmed by quantita

tion and was associated with a shorter duration of cx and
a large rise in PCWP during cx. Therefore, 1â€”LUTappears
to be a noninvasive marker of the development of heart
failure during cx and should be added to the routine in
terpretation of thallium images.

CONTRIBUTION OF SEGMENTALWALL MOTION TO EJECTION FRACTION
IN PATIENTSWIFE AcUTEMYOCARDIALINFARCTION. F Ohsuzu
C.A Boucher M.D Osbakken J.@. Bingham J.B Newell H.K
Gold R.C Leinbach G.M Pohost and H.W Strauss.
Massachusetts General Hospital, Boston, MA.

To determine the impact of the location of infarction on
ventricular function, a series of 127 patients with acute
myocardial infarction had gated blood pool imaging within
18 hours of the onset of symptoms in both the anterior and
LAO positions. The left ventricular circumference was
divided into 5 segments on the anterior view, and 5 segment
in the LAO view. The regional wall motion was graded
subjectively from 4 if normal to 0 if dyskinetic. The
ejection fraction (EF) was determined using a varying me
gion of interestâ€”countsmethod. The contribution of each
segment to the global EF was then determined by multiple
linear regression analysis. The apicalâ€”septal,antero
basal, posterolateral walls were found to have the dominant
influence on the EF; EFâ€”â€”l5.35+7.379x(anterobasal)+
3.36lx(apicalâ€”septal)+ 3.32lx(posterolatemal) + 2.950x
(anterolateral) + 3.946x(supemiorâ€”latemal).

These data suggest that during the acute phase of myo
cardial infarction, lesions involving the apicalâ€”septal,
anterobasal, postemolatemal, antemolateral, and superior
lateral segments are more consistemt]ysemious than those
involving the apical, diaphragmatic, posterobasal, basal
septal, and inferiorâ€”lateralsegments.

TWO INJECTIONMETHOD AND REVERSE TWO INJECTIONMETHOD FOR
ESTIMATINGTHE REDISTRIBUTIONOF PULMONARYBLOODFLOW
UNDER EXERCISE.T.Tanaka,K.Hirosawa,K.Kusakabe,and
T.Yamazakl.HeartInstitueJapan,Departmentof Radiology,
TokyoWomen'sMedicalColleqe,Tokyo,Japan.

To detect noninvasively the redistribution of pulmonary
blood flow,changesof digital perfusionimages(DPI),caused
by variousstimulitwoinjectionmethodwas introduced.

For the control DPI 1 mCi dose of Tc-99mMM was
injectedin theerrectposture,thendatawerecollected
during 200 secondsperiod of quiet breathing by using GCA
40l(Toshiba).Afterdesired stress test 10 mCI dose of Tc
99m MAA was injectedin the same way.Datawere collected
during 20 seconds period.TheDPI were obtained by using
Varicam system.Bycomparingboth DPI the changes of
pulmonary blood flow caused various stress test were
estlmated.Reversemethodconsistsof reverseprocedure,i.e.
firstdesiredstresstesttheninjectionof 1 mCi,after
datacollectioncontrolDPIwereobtainedby using10mCi.

By using this method new findings were easily obtained.
In normal subjectsthe basal hyperperfusedarea unchanged,
though apical hypoperfusedarea diminishedafter exercise.
A remarkable changes were noted in the DPI of the patients
withmitralstenosisafterexercise.Postualchangealso
caused considerable changesin DPI.A tab. of NTGcaused
somechangesin DPI of the patients with ischemic heart
dlsease.Thereversemethodwas usefulforseriouscase.

The possibilityof estimatingthe changes of DPI,
distributionof pulmonaryblood flow,wereshowed.Itmioht
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be possible to estimate noninvasivelypulmonary
hemodynamicchangesunder various stress test.

3:15-4:15

A General Measure of Anger Camera LinearityAnd Results
With And Without An On-Line Corrector
K. F. Koral, M. E. Schrader,and G. F. Knoll, Medical
Data Systems, Ann Arbor, Michigan

A new techniqueis presentedfor characterizingthe
linearity of an Anger cameraover a circular field of
view of a given diameter. Required for the measurement
is a leadplatewiththingroovesmachinedparallelto
oneanotherandat equalknownspacing.Highresolution
images are acquired by a computerwith the plate illumi
nated by a point source and oriented first in the x and
then the y direction. These x and y images are processed
separately. The procedure,which follows, is equivalent
to requiringa simultaneousbest fit to a set of parallel
andequally-spacedlinesin eachdirection.First,the
apparentlocationof eachlineis foundat equally-spaced
valuesof theorthogoualcoordinateby a centroid-locating
program. Then these locations are fit by the method of
least squares to the true values over the entire camera
surface using the equationof a plane. (One of the co
efficientsfromeachfitgivesthevalueof cameragain
in the respectivedirection.) Finally,discrepancies
betweenthe data points and the fit values are calculated
anda meanof theabsolutevaluesfound. Thesemeans,
oneforx andonefory, arethemeasuresof linearityin
the respectivedirections.

The techniquewas applied to the computer images of
selectedAnger cameraswith and without the preprocessing
of output signals by an on-line linearitycorrector.
Comparative results are presented as a function of the
diameter of the field of view.

A MINICOMPUTERBASED ANGER CAMERA QUALITY CONTROL PROTOCOL.
B.H HasegawaM.T LeFree D.L Kirch R.A Vogel W.R
IfendÃ¨eP.P @teele,Universityof ColoradoHealthS@[Ã«ii@ces
Center and Denver VA Medical Center, Denver, CO.

Anger camera quality control procedurestraditionally
are based on subjectivevisual interpretationof test im
ages and lack the reliability,sensitivity,and reproduc
ibility of quantitative performance evaluations. A quan
titativequality control protocolwith accompanyingsoft
ware has been developed for a Picker Dyna4/15 Anger
camera-ADACCDS minicomputersystem at the Denver VA Medi
cal Center. The quality control analysis is derived from
an orthogonalhole phantom digital image from which quan
titative and regional measurements of point source sensi
tivity, spatial resolution,and spatial linearityare
calculated for each of approximately 700 orthogonal hole
locationsacross the crystal face. Informationis present
ed as a series of functionalimages and histogramsshowing
the distributionof values for each measurement. Two
versionsof the softwarehave been developed. One version
isdesignedspecificallyfortechnologistperformedroutine
quality control evaluations. Minimal operator intervention
is requiredand the entire protocolcan be completed in
lessthan30minutes.Functionalimagesandhistograms,as
well as relevantdemographicdata, are automaticallycom
piledandfurnishedto thesystemmultiformatcamerafor
recordingon film as a hard copy quality control record.
The second softwareversion is designed as a diagnosticand
researchtool. It allows a physicistor engineer to inter
activelyand selectivelydisplay specificfeaturesof
camera performance. This quantitativemethodologyprovides
more complete,sensitive,and reliable results than con
ventional methodsfor absolute and comparative Anger camera
performanceevaluations.

EVALUATION OF COMPUTER IMAGE DISPLAY SYSTEMS USING DIGITAL
TEST PATTERNS. T R Miller K S Sampathkumaran D R
Biello and M W Vannier. Mallinckrodt Institute of
Radiology, St. Louis, MO.

With the increasing use of digital images in nuclear
medicine, a method is needed to qualitatively and quantita
tively evaluate and adjust computerâ€”videomonitorâ€”filmsys
tens. Three computer generated digital test patterns were
used to evaluate several computer display systems. One
pattern, consisting of linear and logarithmic gray scale
wedges and horizontal and vertical bars of varying pixel
widths, was used for gray scale, resolution, and edge
sharpness evaluation. The other two patterns, a cross
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SPECIFIC AT1?L@HMENTOF SUB.5TIT1TFIct@ INERF M@L
@ENFERS- PRN@'FI@ AND PI@JSPECPS. H. Thube. Stanford
University,Palo Alto, @@

t1@ features of str@ture, el@trcnic and nol&nilar,
that leaf to t1@ formation of rc@st cai@lexes will be
revi@d and tbe advantages and scrm of tbe liinitaticns
of tbe use of SUbstitutiOn inert metal centers will be
discussed. Special enÃ§hasiswill be given to tiwe
ciwanistry of a particularly versatile system, comprised
by rut1am@iun in the 2+ aixl 3+ oxidation states.@
to tbe usual features of SUbStItUtICn inert ometers, is
the fmoile electron transfer which is an inÃ§ortant factcr
in the loading of a substrate as well as in the way tbe
prcperties of tbe Substrate are altered. Futhexirore,
loading under equili.briun as well as kirwetic control is
possible. Prospects with omnitancxxtplexes arxl with
orgaiximatallic cXx@binaticr@Swill be discussed.

3:15-4:15
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A PROGRAMFOR QUANTIFICATION OF GAMMACAMERA SPATIAL LINE
ARITY. NH Clinthomne WL Rogers and EF Koral. Department

of Internal Medicine, University of Michigan Medical Cen
ter, Ann Arbor, MI.

Frequent assessment of gamma camera linearity is essen
tial to avoid acquisition of data which may generate amti
facts in reconstructed tomograms. An automatic peakâ€”find
ing and linear fitting computer program has been written to
provide a simple measu@e of camera linearity using data
from an ortho@nal hole calibration plate illuminated by a
flood source.

The calibration plate is oriented on the camera face
such that the rows aM columns of holes lie along the X and
Y axes of the camera. The algorithm determines centroids
of the point images and performs a least squares linear fit
to the rows and columns of the !@le pattern. Linearity
parameters calculated include worst case and overall good
ness of fit of centroids to the least squares lines, the
skewness of the fitted lines, and non-uniformity in X and
Y camera gains. These parameters can be calculated within
circular regions of desired radius concentric with the cen
ter of the camera field. The algorithm is implmnented in
FORTRAN IV, requires 16k words of memory and analyzes 128 x
128 data in 100 seconds on a Data General NOVA 1200 compu
ter.

Evaluation of the program was accomplished with a wide
field camera having mild barrel distortion. The correction
of this distortion with a commercial linearity corrector
showed up as a reduction of 33% in the mean absolute devia

tion from the fitted lines. The program is a straight for
word and sensitive method of quantifying camera linearity.
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hatch and a â€œpincushionâ€•dot pattern, permitted assessment
of spatial linearity and resolution. In addition to quali
tative determinations, quantitative optical densitometmy
measurements were performed to evaluate gray scale linear
ity and saturation. Several blackâ€”andâ€”whiteand color corn
putem display systems with differing gray scales and reso
lutions were tested using this method. The images were
recorded on nolamoid and xâ€”rayfilm and videotaoe. Sig
nificant differences, many of which had not been appmeci
ated in routine clinical use, were found among the various
systems using these @attemns. In some cases, unexpected
important misalignments were discovered. Adjustment of the
systems was much more precise and reproducible than when
conventional gray scale wedges or clinical images were em
ployed. In conclusion, using these computer generated
digital test patterns one can: l)assess the performance of
computer display systems qualitatively and auantitatively;
2)optimize the adjustment of these systems; and 3)pemform
routine quality control measurements.

AN AUTOMATEDPROGRAMTO CONVERT DATA FROM A SCANNINGCAMERA
INTO A WHOLE BODY COMPUTER IMAGE. M.A King and P.W
Doherty.TheUniversityof MassachusettsMedicalSchool,
Worcester, MA.

An automatedprogramwaswrittento converttheoutput
of a scanning camerainto a whole body computer image
whichcanthenbe usedto studyregionalandwholebody
radiopharmaceutical localization and retention. The
electronicallymaskedoutputof thecameraIs collectedas
a dynamic study on the computerwith the time per frame set
accordingto scanspeed. The programoverlaystheseframes
onto a matrix in memoryto form the image. The overlayed
frame Is Incremented 1 pixel In the direction of camera
motion during camerascanning or positioned on top of the
lastframeduringelectronicscanning.Thetimingof
cameramotion is automatically determined by the program.
Bothsingleanddoublepassstudiescanbe reconstructed.
Uponcompletion the programstores the matrix as a patient
study. The standardsoftwareof thecomputersystemcan
then be used to analyze the study. By using the geometric
meanof the anterior and posterior scans and appropriate
phantomdata,uptakeinS of dosecanbe estimated.We
are Investigating the usefulness of the program In quanti
tating: 1) regional uptake in metabolicbone diseases,
2) % of doseof 111-Inlabeledwhitebloodcellsat sites
of infectionandabscesses,and3) R to L shuntswith
99m-TcMM.

2:00-3:30

ated in 22 patients. At 24 and 48 hours after injection of
the radioactive antibodies, images of the chest and abdomen
were made with a scintillation camera and computerâ€”assisted
processing was performed to minimize background activity.
Im 16 patients with 22 lesions by chest radiographs studies
with antiâ€”CEAscans detected 16 lesions. Of the six false
negative results, three lesions were less than 2 cm in di
ameter and the other three (3â€”5cm) were obscured by exces
sive radioactivity in adjacent axillary lymph nodes or
technical limitations of processing. Six patients with
solitary lung tumors were examined with antiâ€”APP(3) and
amtiâ€”HCG(3). Tumor localization was observed in 2 of 3
cases with each of these radioantibodies. Metastatic le
sions in the liver corroborated by liverâ€”spleenscams in 3
patients were also demonstrated by radioimunoscans (CEA 2,
11CC 1) and no false positive radioantibody localization was
seen in 23 secondary sites presumably free of tumor byooth
em diagnostic studies . The average tt@r to nonâ€”tumer
count density ratio was 1.51: the tt@r to nonâ€”tumurimage
contrast was enhanced more than twoâ€”foldby the subtraction
process . Circulating blood levels of these antigens showed
no correlation or interference with radioamtibody tumur lo
calization. Radioimeunodetection offers tumor localization
and information on t*@r endocrine secretion.

TUMOR IMAGING IN MICE WIFE 1-131 LABELED MONOCLONAL ANTI
BODY. C Levine B Ballou J Reiland@ D Solter L.W
Gumerman and T Hakala. University of Pittsburgh Schools
of Medicine and Pharmacy, Pittsburgh, PA.

The use of specific antibodies for tumor localization
and treatment has been suggested and attempted for some
time. The recent development of tumor specific monoclonal
antibodies derived from hybridomas offers a potent tool
for tumor detection. We report three related studies in
which a tumor specific monoclonal antibody was labeled
with 1â€”131and injected into HHâ€”15tematocarcinoma beaming
BALB/C mice. For Kinetic studies 15 @iCiwere administered
in 0.2 ml, I.V. ; for imaging studies 150 iiCiwere used.
In the first study using only antibody specific to human
and mouse tematocarcinomas we found tumor to muscle ratios
of 150:1, and tumor to blood ratios of 15:1 at five days
post administration with an accumulation of 152 of the
administered dose per gram in the tumor. Following
administration, the labeled specific antiâ€”tumorantibody
was eliminated from the various nonâ€”tumortissues,
presumably as a function of the perfusion kinetics. In
the second study mice were implanted with a nonâ€”specific
(control) tumor and the teratocamcinoma. Antigenic (test)
to nonâ€”antigenic(control) tumor tissue ratios approach
30:1. In the third study sets of three mice bearing only
the teratocarcinoma were used; one mouse received 1â€”131

Room2043 specificantibody,onereceived1â€”123nonâ€”specificanti
body and the third received both. The image with the
1â€”123nonâ€”specificantibody was subtracted by computer
from the image with both specific and nonâ€”specific
antibodies, leaving the specific tumor image only at 48
hours post administration.

A KIT FOR DIRECT LABELING OF ANTIBODIES AND ANTIBODY
FRAGMENTS WITH TC-99rn. B.A Rhodes D.A Torvestad
S.W Burchiel and R.K Austin. University of New Mexico
Radiopharmacy, Albuquerque, NM

The purpose of this study was to develop a method of
preparing IgG and fragments (FAB) in a freezeâ€”driedform
that could be readily labeled to high specific activities
with Tcâ€”99m. The radiolabeled antibodies are intended
for tumor imaging. Three Hundred (300) mg of protein in
a phthalate/tartrate buffer are incubated with 0.12 mg of
stannous ions for 21 hours at 250 C and under Nâ€”2.One
Hundred Fifty (150) pgm aliquots of the protein are
freezeâ€”dried. Labeling is achieved by the addition of
up to 50 mCi of Tcâ€”99min 1 cc of saline. Tcâ€”99in,other
than that firmly bound to the protein, is removed by a
passage through a 0.9 cm x 20 cm pretreated Sephadex Gâ€”25
column. Studies were completed to show optimum pH,
concentration of stannous ions, and incubation times.
Also, the absence of colloidal Tc was shown; however
5â€”10%of the proteinâ€”boundTc can exchange onto albumin.
Labeling yields of up to 90% have been achieved. The
Tcâ€”labeledproduct showed antigen titration curves
similar to that of the original antisera. When antiâ€”IgG
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Session Co-Chairman: Kenneth McKusick

RADIODO4UNODETECTION OF LUNG CANCERS USING RADIOLABELED AN
TIBODIES TO CARCINOEMBRYONICANTIGEN (CEA) , ALPHA-FETOPRO
TRIM (Al?) AND HUMAN CHORIONIC GONADOTROPIN (HCG). E .E.
Kim, F.H. DeLand, P.A. Doastad, S.J. Bennett, G.M. Si@ns,
and D.M. Goldenberg. University of Kentucky and Veterans
Administration Medical Centers, and McDowell Cancer Network
Lexington, KY.

The detection of primary pulmonary tumors (20 carcino
ass, 1 carcinoid, 1 giant cell tumer) by radioiu@moscana
with 1â€”131 labeled antibodies to CEA, APP or HCG was evalu
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was the labeled antibody, it was demonstrated that it
could be used to obtain specific labeling with Tc of
12 different human tumor cells grown in tissue culture.
It is concluded that it is feasible to prepare Icâ€”labeling
kits which produce strongly bound Tcâ€”99min high specific
activity and preserve the inununoreactivity of the
antibodies or antibody fragments.

2:00-3:30

CLINICAL

BONE II

SessionChairman:Brian Lentle
SessionCo-Chairman: Gopal Subramanian

SYMPATHETIC NERVOUS SYSTEM DISORDERS OF BONE: SCINTIGRAPHIC
DETECTION. N.D Charkes and E.W Fordham.Temple University
Hospital, Philadelphia, PA and Presbyterian-St. Luke's
Hospital, Chicago, IL

We have recently shown that the kinetics of l8F-fluoride@
a bone-seeking tracer, can be simulated by a multicompart
mental model, the underlying assumptions of which have been
verified in animal experiments (JNM 20:1150,1979). We have
extended these studies to the modelling of 99mTc-MDP,and
have proposed a parallel-flow model of the microcirculation
in bone to account for certain experimental observations
(JNM 20:1257,1979). This blood flow model postulates that

about 1/3 of the bone microcirculation is normally closed,
by sympathetic tone, since severing the sympathetic supply
to bone at supranormal flow rates increases MDP uptake in
bone by about 50%. In this study we have sought for scinti
graphic abnormalities in sympathetic nervous system dis
orders, as predicted by the model, by reviewing bone scans
done and interpreted by one of us. The typical scintigraph
ic appearance which we found was that of a diffuse increase
in counting rate over one or more long bones of an extrem
ity (â€œrecruitmentâ€•or â€œhyperemiceffectâ€•).Disorders demon
strating the abnormality include stroke,synpathetctomy,luxn
bar discogenic disease with sciatica,peripheral neuropathy
(diabetes),reflex sympathetic dystrophy syndrome (viz.,
shoulder-hand syndrome after myocardial infarction) and
intraosseous disorders such as fracture,osteomyelitis,and
certain tumors. Conclusions: Kinetic modelling predicts a
characteristic bone scan abnormality in patients with cx
traosseous and intraosseous disorders of the sympathetic
nervous system. The abnormality has been sought for and
found in clinical studies. Identification of this pattern
is an important advance in bone scan interpretation.

SCINTIGRAPHIC AND BIOPTIC FINDINGS EARLY APFER INTRACAPSU
LAR FRACTURE OF THE FEMORAL NECK. P.F HÃ˜ilund-Carlsen A
Widding A Uhrenholdt P Christoffersen and J Greiff.
Hvidovre Hospital, University of Copenhagen, Denmark.

The purpose of this investigation was to evaluate the
value of hip scintigraphy for the detection of avasculari
ty of the femoral head shortly after intracapsular frac
ture of the femoral neck.

So far 15 patients were investigated in a controlled
clinical trial. During operative treatment biopsy samples
were taken from the femoral head and the trochanteric me
gion 2 hours after the intravenous injection of lo mCi Tc
99m-Sn-pyrophosphate. Before histological examination the
activity in each biopsy was counted and expressed as the
ratio: specific activity in femoral head/specific activity
in trochanteric region. Hip scintigraphy was performed at

the time of operation, a week later, and 6 weeks after the
fracture. Anterior views were taken using a 6 mu pinâ€”hole
collimator and the same collection time on both sides.

There were no histological differences between femoral
head and trochanteric biopsies. Eight patients had normal
activity in the femoral head at all scintigraphic exainina
tions and also high biopsy activity ratios (1/1-1/9). In
four patients with changing scintigraphic findings ratios
were high (1/4 - 1/6) in three and low (1/28) in one. Three

Â°@ m â€˜@â€˜@7 patients with repeatedly low uptake in the femoral head at
0 scintigraphic examination had all low ratios (1/22 - l/1o2).

Hip scintigraphy with bone seeking radionuclides is
likely to image the vascularity of the femoral head. But
the earliest acintigranis are difficult to interpret and the
vascularity seems to be too changeable in the first few
weeks after the fracture to allow reliable prediction of
the viability of the femomal head at this early stage.

SKELETAL RESPONSE TO RADIATION INJURY. P.O Alderson

B.A Siegel R.L Donovan and E.R Barron. Armed Forces
Radiobiology Research Institute , Bethesda , MD.

To evaluate the response of the skeleton to radiation
injury, male rats underwent a 1000,1500 or 2500 rad single
exposure of the right tibia with 250 KVP x-rays. Tibial
accumulation of Tc-99m EHDP was evaluated at 1,3,5 and 7d,
and at 2-4,6,8,12,16 and 24 wks post-exposure. Each
group contained at least 5 animals. Each anesthesized
animal received a 15 uCi i.v. dose of EHDP. Three hrs later
animals were sacrificed and cts/gm in the whole rt tibia
were compared to those in the unirradiated lt. tibia. Thir
ty-two animals in various dose groups also received an
intracardiac injection of 600â€”900,000Srâ€”85nicrospheres
(15 + 5u) one minute prior to sacrifice and the R/L cts/gm
ratio was used to determine relative blood flow. Each group
initially showed about a 20% increase (p<.OOl) in EHDP
accumulation in the irradiated tibia, but returned to base
line by 1-2 wks post-exposure. Subsequently significant
decreases in EHDP accumulation occurred. In the 1000 and
1500 rad groups the maximum decrease occurred approximately
10 wks post-exposure, when rt tibia activity averaged 90%
of control levels. Both these groups showed a return to
normal EHDP accumulation by 24 wks. Tibial activity in the
2500 red group fell to 60% of control levels at 10 wks and
did not change thereafter. There was a significant linear
relationship between relative EHDP accumulation and micro
sphere activity in the 32 animals that received both tra
cers (r = 0.82, p<.OOl). The results demonstrate that the
skeletal response to radiation injury depends on the dose
received and the time after exposure, and that bone tracer
accumulation is closely related to changes in blood flow
in the irradiated area.

ACCURACYOF BONEANDGALLIUMIMAGINGIN PATIENTSWITHPAIN
FULPROSTHESES.N.P AlazrakiM.M Converyand
F.R Convery.Universityof CaliforniaandVeteransAd
ministration Medical Center, SanDiego, CA.

Painfulprosthesescanbe causedby infection,loosening,
or both. This study evaluated the ability of the 67-Gaand
99m-TcMDPbone scan to correctly diagnose the cause of
pain.

Twenty-six patients with hip or knee prostheses had bone
and galliLas scans within 48 hours of surgery. Arthrogram,
sedimentation rate, hematocrit, and joint aspiration were
alsoperformedpreoperatively.

Scancriteriaforinfectionwere: 3+ or 4+ focalin
creaseduptakeon bothboneandgalliumimages,wherezero
is normal and 4+ Is severe Increased uptake. ScancriterIa
for loosening Included: abnormal bone scan (1+ - 4+) and
gallium scan nonnal or mildly abnormal (0 - 2+).

Scanscorrectly diagnosed infection In 3 of 4 patIents;
in onepatientthescanswerefalselynegative.Therewere
6 false-positivescaninterpretationsof infection.Sensi
tivity for diagnosis of infection by scans was 75%;speci
ficity was 73%.

Scandiagnosisof looseningwas in agreementwithsurgi
cal impression in 18 patients. There were 3 false-positive
scansforlooseningandno false-negatives.ScansensIti
vity for loosening was 100%;specificity was 40%. Overall
scan accuracy for correctly diagnosing loosening and/or in
fection was 80%. Arthrogram correlated with 72%accuracy.
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Joint aspiration correlated best with infection, yielding a
96% accuracy.

Since a normal 99m-Tcbone scan appears to exclude a su@
gically correctable abnormality, we conclude that bonescans
alonemay be worthwhilein selectedpatients.

THE ROLE OF Tc-99m PHOSPHATECOMPOUNDSAND GALLIUM-67IN
THE MANAGEMENTOF MAXILLARY-FACIALDISEASE. R.B Shafer
J.M Marlette G.A Browne and M.K Elson. V.A. Medical
Center,NuclearMedicineService,Mfnneapolis,MN.

Osteo,Qelitisof maxillary-facialbonesIs difficultto
differentiate from trauma or malignancy, yet successful
managementis dependentupon early diagnosis,appropriate
therapy and documentation of effective treatment. To dif
ferentiateosteomyelitisfromtrauma,46 Tc-99mphosphate
compound(Tc-99mPP)andgallium-67studiesweredonein
35 patientswithmaxillary-facialdisease.Inallpatients
the definitive diagnosis was determined by surgery and/or
clinicalfollow-up.Specificdiagnosesincludedactive
osteomyelitis, chronic osteomyelltis, non-union or healed
fractures and recurrent malignancy. In 31 of 34 patients
thebonescanwas positive.In the4 negativestudies,no
bony abnormalities were subsequently demonstrated. Ten of
34 galllum-67studieswere interpretedas positivefor
osteomyelitis. Subsequentsurgery and/or clinical fol1@'i-
up demonstratedactive osteomyelltisin all 10 patients.
Of the 24 negative galliumâ€”67 scans, one patient was demon
stratedat surgeryto haveactinomycosisanda secondpa
tient had chronic, low-grade osteomyelitis. Four patients
with active osteomyelitis and positive galllumâ€”67scans
were restudied following therap@and found to have nega
tive scans. Conclusions: 1) Theaddition of galliumâ€”67
to thebonescanstudyof maxillary-facialdiseasecontri
butes significantly to differentiating trauma from osteo
myelitis.2) Radiographicchanges do not accuratelyreflect
bone activity, nor differentiate trauma from osteomyelitis.
3)Althoughfollow-upscanswereobtainedin only4 pa
tients, the data suggestthat gallium-67 andTc-99mPPare
useful in evaluating effectiveness of therapy in patients
with maxillary-facial disease.

FLUORINE-l8 POSITRDN EMISSION TOMOGRAPHYOF BONE LESIONS.
S.D.J Yeh R.S Benua R Grando M.C Graham. Memorial
Sloan-Kettering Cancer Ctr. ,Cornell.Med.Coll. , N.Y. ,N.Y.

Conventional bone scans display 3D distribution of in
creased mineral turnover as 2D images, thus making inter
pretation difficult in some patients. The purpose of this
study is to evaluate whether or not positron emission tomo
graphy of F-lB bone scans will increase diagnostic accuracy
over that of conventional Tc-99m diphosphonate bone scans.

Fourteen patients with pelvic, 19 with thoracic, 4 with
calvarial and 11 with limb lesions were studied. The
majority of patients had osteogenic sarcoma, breast or
prostate carcinoma. Images were made on the Positron Camera
PC 4200. This camera has 280 NaI(Tl) crystals, 2 cm in
diameter and 3.8 cm in thickness. A total 2848 coincidence
lines were collected from an area 30 x 30 cm over a period
of 30 minutes and stored in the buffer memory. A longi
tudinal plane image and reconstructed transaxial images
were produced on the video display.

Positron emission tomography has been most useful in
differentiating parenchymal lung metastases of osteogenic
sarcoma from rib or spine lesions. In the pelvic area,
ileal conduit or bladder activity can be separated from
adjacent bony structures. The location of calvarial lesions
was precisely determined. Compared with Tc-99m scans, the
tomograms improved localization for selected lesions of the
thorax, skull or extremities. Only 3 of 14 pelvic studies
were helpful.

Data from this study suggests that 3D images of bony
structures can be successfully reconstructed with the PET.
Additional information permits the determination of precise
location, extent of lesion and its relationship to
neighboring structures.

THE USE OP A STERILIZABLE RADIATION PROBE II1Bfl@ BONE
SURGERY. C .L Colton and J.G Hardy. Qneen â€˜a Medical
Centre, Nottingham, U.K.

A technique has been developed @thichenables bone

lesions to be located easily and accurately at surgioal
exploration.

The method is applicable to lesions showing enhanced
uptake of radi.opbarmaceutioal by gaema camera scintigrap&@y.
The patient is injected with 10 â€”15 i@i Tcâ€”99mmetilylene
d.i@*iospbonate four hcmrs prior to eurgezy. @l1owing
surgical exposure the sterile probe is scanned over the
surface of the bone thereby pinpointing the site of the
lesion. The probe has a ma.vi'mim diameter of 9 me, and
comprises a well-collimated sodium iodide detector coupled
with a photouiultiplier tube via a 1.5 m light guide. The
assemblyis sterilizableby ethyleneoxide.

The technique has been applied to the localization of
osteoid osteomata in four patients. In each case the
count rate monitored over the tumor was about four times
that detected over the surrounding bone. Thus for each
patient it was possible to accurately localize the tumor
and to curette the nidus whilst minimizing the amount of
overlying cortex resected. Autorad.tography has been
undertaken on the tissue specimens. Follow-up has shown
that the patients have been relieved of all pre-operative
pain.

The technique described is applicable in other
situations, for example the selection of biopsy sites.

2:00-3:30
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DEVELOPMENT OF A Tc-99m MYOCARDIAL IMAGING AGENT TO
REPLACE Tl-2Ol. E Deutsch K A Glavan and D L
Ferguson, Department of Chemistry, University of
Cincinnati, and S J Lukes H Nishiyama and_V J Sodd,
Nuclear Medicine Laboratory, BRI-I,FDA,Cincinnati, OH.

For some time there has been keen interest in develop
ing a Tc-99m based replacement for 11-201. While Tl-201 is
currently the agent of choice for imaging normal myocardi
urn,it is subject to several limitations (high cost, low
photo-peak energy, low count rate per dose) which would be
largely eliminated by use of a Tc-99m agent. We have eval
uated several cationic technetium complexes as potential
myocardial perfusion agents, and find that at least one of
these exhibits myocardial uptake comparable to that obtain
ed with Tl-2Ol. This well-defined inorganic complex is
prepared with â€œnocarrier addedâ€•Tc-99m under clinical
conditions. Images of normal dogs obtained with a high
sensitivity collimator clearly visualize the myocardium
with maximum myocardial uptake occurring about 20 mm post
injection. The bulk of the activity is taken up by the
hepatobiliary system. Tissue distribution studies in three
purebred beagle dogs sacrificed 20 mm post injection
yield the following average %dose/g values: bile, 0.073;
liver, 0.044; gallbladder, 0.030; myocardium, 0.022;
pancreas, 0.015; lung, 0.009; skeletal muscle, 0.008;
blood, 0.004; rib, 0.003; pericamdium, 0.002. Time depend
ent tissue distribution studies in normal rats also show
significant myocardial uptake (2.3 %dose/g in myocardiujn
at 10 mm post injection). These nascent investigations
firmly establish that Tc-99m complexes can accumulate in,
and image, the normal myocardium; they also lay the
groundwork for future development of more efficacious
Tc-99m myocardial imaging agents.

1 1)-METhYL GLUCOSE, A PROMISING AGENT FOR IN VIVO
ASSESSIâ‚¬NT OF FUNCTION OF MYOCARDIAL CELL MEMBRANE.
K Vyska A Hock C Freundlieb L.E Feinendegem
G Floater G StÃ¶cklin, Institute of Medicine and Insti
tute of Nuclear Chemistry, Nuclear Research Center JUlich,
FR Germany.

In vitro studies demonstrated that Oâ€”methylâ€”Dâ€”glucose â€”
a non-metabolisable analogue of glucose â€”is an excellent
indicator for investigating the sugar transport across the
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cardiac cell membranes. Since the transmeznbrane transport
is known to be a limiting factor for cardiac utilisation
of glucose, we concluded that 3â€”(C'')â€”methylglucose (MG)
might provide valuable clinical information.

The MG was synthesized by methylation via CH3I of the
potassium salt of diacetoneâ€”Dâ€”glucose[1]. 1â€”1.5mCi of MG
were i.v. injected in 9 rabbits. Whole body distribution
was detected with a largeâ€”fieldâ€”ofâ€”viewga@ camera,
equipped with a special high energy (511 KeV) collimator.
The serial scintigmams were registered in AP projection
with a frame frequency of I per minute.

MG is preferably accumulated in heart, liver, and kidney.
The myocardium is clearly delineated from all surrounding
tissues. The heart/lung and heart/liver ratios were 3.3
and I respectively. The turnover of MG in the myocardium
was rapid, with accumulation and elimination half lifes of
2 and 5 minutes respectively.

MG seems to provide an excellent indicator for myocar
dial imaging; MGâ€”turnoverin vivo is easily detected. The
method promises quantification of membrane processes in
vivo.

[1] G. Kloster et al. Proc. of 17th Ann. meeting of ESNM
Innsbmuck 1979 (in press).

THE EFFECT OF DIPHENYLHYDANTOIN (DILANTIN) ON THALLIUM-201
CHLORIDE UPTAKE. E.R Schachner Z.H Oster N Cicale
D.F Sacker P Son }l.L Atkins and A.B Brill.
Brookhaven National Laboratory, Upton, New York.

Thalliumâ€”201â€”chloride(Tlâ€”2O1)is widely used for myo
cardial imaging. It is a potassium analogue and both
cations behave similarly. Dilantin is a widely used drug
for most types of epilepsy. It is also used in the
treatment of ventricular tachycardia and digitalisâ€”induced
amrhythmias. Dilantin acts primarily by increasing
membraneâ€”potassiumconductance by acting on the sodium
pump. In view of these facts we have looked for possible
effects of Dilantin on Tlâ€”201uptake by the heart. A dose
of 1.25 mg of Dilantin was injected intravenously to six
Spragueâ€”Dowleyrats, while another group of six was used
as control. After 30 mm., 15 pCi of Tlâ€”2O1was injected
intravenously to both groups of rats (12) and after another
30 mm. all animals were sacrificed. The results showed
a significant decrease of 11â€”201uptake in the mats pmevi
ously treated with Dilantin. The biological distribution
reveals a concentration of 0.90 Â±0.17%/organ and 1.31 Â±
0.29%/gram in Dilantin treated mats and 1.47 Â±0.38%/organ
and 2.04 Â±0.55%/gram in the control group. The decrease
of 38.80% uptake of 11â€”201in the Dilantin treated
ratâ€”heartis statistically significant (p<O.Ol). In
conclusion, Dilantin decreases the uptake of Tlâ€”201in
the rat and similar mechanism may be present in humans
treated with Dilantin. Studies are in progress with drugs
which behave like Dilantin (procainamide, lydocaine) to
assess the possible effect of these drugs on the washout
of the thallium from the heart.

IN VIVO RECEPTORBINDING OR IODINATED BETA ADRENOCEPTOR
BLOCKERS. W.C Eckelman R.E Gibson F Vieras W.J
Rzeszotarski B Francis and R.C Reba. George Washington
University Medical Center, Washington, D.C., and the Armed
Forces Radiobiology Research Institute, Bethesda, MD.

Four radioiodinated derivatives and two tritium labeled
beta adrenoceptor blocking agents with a range of affinity
constants were evaluated as radioindicatoms for adrenocep
tors in guinea pig heart and lung. These receptor binding
radiophammaceuticals may be useful as myocardial imaging
agents. In vitro receptor assays using rat ventricular
muscle and rat lung microaomal fraction showed that the
madiolabeled beta adrenoceptor blocking agents had receptor
affinities ranging from l0@ Ml to 1.6 x 109 Ml. All con
centrated in the heart and lung at levels in excess of 0.1%
Dose/g tissue. However, based on in vivo displacement
studies using excess propranolol only two of the six com
pounds â€”[1â€”125]iodohydroxybenzyl pindolol and [Hâ€”3]cama
zolol â€”showed beta adrenoceptor binding in the lung and
only one â€”[Hâ€”3]camazolol â€”showed receptor binding in the
heart. This latter study is the first example in vivo of
detectable beta adrenoceptor binding in the heart. These
results agree qualitatively with a bimolecular reversibi.e

equilibrium model which predicted a H/B ratio greater than
one for carazolol and a L/B ratio greater than one for
[1â€”125]iodohydmoxybenzyl pindolol and carazolol. Since
carazolol has the highest receptor affinity of presently
available beta receptor blockers, we propose that the beta
adrenoceptor blockers as a group will not be useful as in
vivo probes of receptor concentration in the heart because
of their generally low affinity constants and high levels
of nonreceptor binding. Beta adrenoceptom blocking agents
with affinity constants in excess of 109 will be needed to
give heartâ€”toâ€”bloodratios of 10.

THE POTENTIAL ROLE OF 123 IODINE-HEXADECENOIC ACID IN
ASSESSING NORMAL AND ABNORMAL MYOCARDIAL METABOLISM. Y.F.
Huckell D.M Lyster and R.T Morrison, Divisions of
Cardiology and Nuclear Medicine, University of British
Columbia and Vancouver General Hospital, B.C. , Canada

We measured the rate of metabolism of 123 iodine labelled
hexadecenoic acid (Iâ€”HDA)in patients with normal, ischemic,
and infarcted myocardium (MI). Twenty patients (mean age
59 years) were studied using Iâ€”HDAprepared by standard
techniques: 3 normal, 9 old MI, 8 acute MI (less than 21
days). Immediately after injection, data was collected
dynamically for ten minutes. Regions of Interest (ROT)
were generated over normal and abnormal myocardiuin (MYO)
and time activity curves were plotted. Static imaging was
also performed in standard views. After background sub
traction, compartmental analysis was carried out using
standard techniques.

After an initial rapid increase of radioactivity, a bi
exoonential elimination is noted. A long lived component
represents free iodine; a rapid component represents myo
camdial metabolism. For the rapid component three charac
teristic elimination slopes are seen. Normal MYO and old
MI's have a rapid downslope. Lack of differentiation of
old MI's from normal MYO may be due to an inability to seT
ect small ROT's. Subacute MI and ischemic MYO have a de
layed downslope suggesting normal perfusion and abnormal
metabolism. Acute MI's have no downslope suggesting per
fusion with no metabolism.

Conclusions: the elimination of Iâ€”HDAis significantly
different between normal, acutely infarcted, and ischemic
MYO. The change in slope of the elimination phase varies
with the age of the MI and may be useful in following the
course of ischemia.

Supported by B.C. Heart Foundation

RADIOHALOGENATEDPHENYLFATTYACIDS FOR METABOLICSTUDIES
OF THE MYOCARD
H.-J.Machulla M.Marsmann K.Dutschkaand D van Beuningen
Institutefor RadiationPhysics and RadiationBiology of
the UniversityHospital Essen,F.R.G.

1-123-Heptadecanoicacid (IHA)was shown to be suitable
fortracingthemyocardialmetabolismof fattyacids.(l)As
an alternativeapproachw-phenylpentadecanoicacid (PPA)
carrying the label at the benzene ring has been proposed
with the advantageof well-studiedbiochemicalpathways.(2)
PPA is catabolized via B-oxidation ending up in the release
of benzoic acid known to be excretedmainly as hippuric
acid. a

In mice both para IPPA and BrPPA show a fast extrac
tion out of the blood within the first minute and a rapid
myocardialuptake of about 35% inj.dose(id)/gwhereas the
correspondingorthoisomersarelessaccumulated(27%id/g)
A maximal heart to blood ratio of twenty is observed for
both para isomersas it was found only for C-11-palmitic
acid, so far.

Sixtyminutesafteradministrationof0IPPAtheradio
activity in the stomach is still below 2% id/organ,thus
indicatingthe absence of metabolicallyreleased radio
iodide as obs@rved in case of IHA (16% id/stomach).(1)

In case of IPPA the myocardialactivity is eliminated
with a fast and a slow component,half lives of 3.5mm and
35mm are found similar to IHA.

Due to the advantageous properties of I-l23 it is there
fore concludedthat para IPPA is a highly promisingradio
pharmaceuticalfor both imagingand metabolic studies of
the myocard.
(1) H.-J.Machulla et al.J.Nucl.Med. 19,298(1978)
(2) H.-J.Machulla,M.Marsmann,K.DutsclWaEurop.J.Nucl.Med.
in press (1980)
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lS-(p-BROMOPHENYL.-)PENTADECANOIC ACID: A NEW P@YItWI@IALAGENT
FOR MYOCARDIAL IMAGING. G Stdcklin H.H Coenen M.F
Harmand G Kioster R Weinreich L.E Feinendegen K
Vyska A Hock C Freundlieb. Institut fÃ¼rChemie 1: Nukie
archemie und Institut fÃ¼rMedizin, Kernforschungsanlage
JUlich, Federal Republic of Germany.

Among the positron emitting bromine isotopes, Br-75(T=98min)
is the most promising and can efficiently be produced via
the Aaâ€”75(Heâ€”3,3n)Brâ€”75â€”reaction.In continuation of our
studies on radiohalogenated fatty acids as indicators for
regional myocardial metabolism we have now chosen l5â€”(pâ€”
bromophenyl-)pentadecanoic acid (BPPA) as a potential in
dicator. BPPA was prepared practically carrier-free by
electrophilic substitution on 15-phenylpentadecanoic acid
using CF3SO3CT as oxidizing agent. Pharmacokinetic studies
in mice show that BPPA is rapidly accumulated in the myo
cardium; a maximum uptake of 4.5% dose/heart is obtained
already 0.5 mm after injection, an enrichment comparable to
that of 17-I-123-heptadecanoic acid (IHA). The elimination
of BPPA is considerably slower than that of IHA. Analysis of
the labelled catabolites in the heart muscle indicates that
this is due to the fact i) that binding to the enzyme complex
effecting B-oxidation is less efficient due to the phenyl
ring and ii) that the final catabolites are lipophilic orga
nic acids like pâ€”bromobenzoicacid which are retained in the
cell. In contrast to u-halofatty acids a much larger activi
ty fraction is still present as free fatty acid in the heart
muscle at the time of maximum accumulation. No free bromide
is formed during the turnover phase, all catabolites appear
as halogenated organic acids. The fast uptake in conjunction
with the relatively slow elimination makes BPPA a promising
agent for myocardial positron emission tomography and possib
ly for measuring regional metabolism. Such in-vivo studies
are presently in progress.

123mâ€”Teâ€”9â€”TELLURAHEPTADECANOICACID AS MYOCARDIAL IMAGING
AGENT. D.R. Elmaleh, F.F. Knapp*, T. Yasuda, S. Kopiwoda,
K.A. McKusick, and H.W. Strauss, Mass. General Hospital,
Boston, MA and Oak Ridge National Laboratory* Oakridge, TN.

123mâ€”Teâ€”9â€”telluraheptadecanoicacid (T}IDA),an oleic
acid iosoter, was prepared by basic hydrolysis of the
product formed by the coupling of 123mâ€”Teâ€”sodiumoctyl
tellurol with methylâ€”9â€”bromoâ€”octadecanoate.Tissue distri
bution studies were performed in normal fasted rats (I),
and rats fed a high fat diet of food pellets soaked in
olive oil (II) for 24 hours prior to study. Groups of six
rats were anesthetized, injected with 5pCi THDA and sacri
ficed 30 mm later. The heart, lung, liver and blood tis
sues were weighed and counted in a well counter to deter
nine the 1 dose TI{DAuptake (see table). The lung uptake
increased 79% from 3.66 in (I) to 6.07 in (II). Myocardial
uptake was slightly lower and liver uptake higher in group
I than group II.

anterior descending coronary artery. One hour after the
ligation, five microcuries of Teâ€”l2@â€”9â€”telluraheptadecanoic
acid in 6% albumin in normal saline was then injected
intravenously. Thirty minutes later, the animals were
sacrificed by intravenous injection of triphenol tetra
zolium chloride (TIC) . Infarcted and normal myocardium
was separated by the difference of TTC staining and mul
tiple organs were ranoved, weighed and counted in a g@a
scintillation counter.

ORGAN
Blood
Lung
Infarcted Myocardium
Normal Myocardium
Liver
Pancreas
Kidney
Bone
Muscle
Whole Intestine

In conclusion , l23mTeâ€”9â€”tellumaheptadecanoic acid con
centmates in normal myocardium to a 3 fold greater extent
than in zone of infarction and lung. This radiopharmaceuti
cal agent may be useful for myocardial imaging.

CARDIOSELECTIVE RADIOLABELED BETA ADRENERGIC ANTAGONISTS
AS POTENTIAL MYOCARDIAL IMAGING AGENTS. Robert N Hanson
Michael A Davis@ and Zvi Cohen. Joint Program in Nuclear
Medicine, Harvard Medical School, Boston, MA.

In our program to develop new madiopharmaceuticals we
have examined radiolabeled beta adrenergic antagonists
as potential myocardial imaging agents. The present study
was designed to evaluate new compounds having increased
myocardial uptake and selectivity (heartâ€”toâ€”nontarget
ratios). A series of six radioiodinated beta antagonists
(1â€”6)was prepared by conventional methods and labeled by
isotope exchange. Biodistributional results in rats at
15 and 60 mm using subpharmacologic doses (lOnmol/rat)
indicated that the CH2CH2C6H3(OCH3)2 group enhanced both
myocardial uptake and selectivity compared to the iso
propyl (iâ€”Pr)analogs. Hydrogen bonding groups at R3 also
improved uptake and selectivity with CH3CONH > ICSHkCONH>
H. Compound 6 was the best of the series with a myo
camdial uptake of 1.47% ID/g and heartâ€”toâ€”bloodand â€”lung
ratios of 5.4 and 1.1, respectively.

@ HR

@ OH

t@1, 1.R1â€”iâ€”Pr;R2â€”1251;R3-'H

R@Tissue (I) (II)
M Â±SE M Â±SE2.R1=CH2CH2C6H3

(OCH3)2;R2â€”'251;R3â€”H

3.R1=iâ€”Pr;R2â€”H;R3â€”NHCOC6H,125IBlood

.43 .03 .44 .04
Heart 5.36 .53 6.22 .51
Lung 3.66 .56 6.07 .594.R1â€”CHICH2CSH3(0cH3)I;RIâ€”H;R3â€”NucocSHk'2515.Ri=iâ€”Pr;Rzâ€”'251;R3â€”NHCOCH3Liver

4.03 .15 2.93 .23
*mean..6animals6.R1â€”CH2CH2C5H3(0CH3)2;R2â€”'25I;R3â€”NHCOCH3Imaging

studies using the pinhole collimator were per
formed in 2 rats. The heart uptake was quantifiedas4.2Â±.3%

using an Aliquot of Dose for calibration. Serial
images from 5 minutes to one hour revealed no change in the
myocardial activity. Dosimetry for this agent was shown to
be 1.7 red/mCi for liver as critical organ.

The metabolic properties of 123mâ€”Teâ€”THDAmake this
fatty acid analog a potential agent for myocardial imaging.LOCALIZATION

OF Tcâ€”99mâ€”COLLOIDSIN A@JTE MYOCARDIAL INPARC
TIONS. D.P. Swansou@ T.J. Brady, L.E. Brown, andJ.W.@yes.

U@v. of Mich. Medical Center, Ann Arbor, MI.

Based on the observation that colloidal carbon black lo
calizes in areas of acute vascular damage including acute
myocardial infarction (MI), we investigated the localiza
tion of Tcâ€”99mâ€”colloidsin 1â€”2hr old Ml's.

Dogs ware infarcted using a reflow method.TetracyclineBIODISTRIBUTION

OF l23mâ€”9â€”TELLURAHEPTADECANOICACID:
LARGE DIFFERENCE OF UPTAKE IN NORMALAND INFARCTED MYO
CARDIUM. T. Yasuda@ F.F. Knapp, D. Elmaleh, S. Kopiwoda,was

injected I.V. 10 mm after release of occlu
sion. Ten mCi of Tcâ€”99mâ€”sulfurcolloid (TcSC) or Tcâ€”99mâ€”
antimony sulfide colloid (TcAS), prepared from coumercial
kits, were injected 1 hr after occlusion release. In the
histamine (H) experiments, O.lug/ml estimated blood volume
Hâ€”basewas slowly injected I.V. 2 mm preceding colloid ad
ministration. Dogs were sacrificed 1 hr afterinjectingK.A.

McKusick and H.W. Strauss. Massachusetts General
Hospital, Boston, MA and Oak Ridge National Laboratory,
Oak Ridge,TN.Biodistribution

of l23mTe fatty acid (l23mTeâ€”9â€”tellura colloid. Samples of blood, normal myocardium (rightandheptadecanoic
acid) was investigated on eleven infarctedleft ventricle) and center of infarct (IMP) (determinedbymale

Spragueâ€”Dawleyrats (weight 200â€”210gm/rat). The in
farction was produced surgically by ligation of the lefttetracycline

staining) were assayed for radioactivity con
tent. The mean results (% kgâ€”dose/gmx 1O2) are listed
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SMfPLE I MEANI Dose/gm SE
11 .180 + .020
11 1.227 + .104
9 1.115 + .177

11 3.702 + .281
6 1.609 + .156
6 .511 :j: .710
6 1.009 + .069
6 .134 :@:.017
6 .178 + .026
6 .216 + .050
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below. Normal myocardium (NOR)â€”avemageof right and left
ventricular uptake.

@:5@!i@@ @ic@: 2!! INY/NOR INY/BLOOD
TcSc (n4) 1.21 2.77 2.90 0.51
TcSc + H (n'.3) 0.86 4.73 5.50 1.06

TcAs (n2) 2.90 5.03 1.73 0.17
TcAS + H (nâ€•3) 2.70 9.72 3.60 0.66

TcSC and TeAS, alone, possess some specificity for NI.
This may be based upon passage of colloidal particles
through open intracellular junctions formed between the
damaged endothelial cells of minute blood vessels, followed
by filtering and retention by the intact basement membrane.
Histamine, known to increase vascular permeability, en
hances the opening of these junctions. Optimization of
this technique may result in the ability to image acute MI.

2:00-3:30

RADIOASSAY

Atropine plasma values from patient sampleswere compared
to plasma clearancecurves from 4 volunteersgiven single
0.3 mg doses. Following0.3 mg atropine I.V. there is
rapid (<5 minute) distribution Into an apparent volume
of over 150 liters. Clearancehalf time is 2 to 3 hours.
Followinginhalationof .05 mg/K atropine there is a highly
variable rate of absorption with peak levels not attained
for 1 to 2 hours and then slow clearanceover 6 to 24
hours. Serial samplesduring slow infusionshowed atropine
levels as high as 10 ng/ml. accompaniedby significant
increasein heart rate. These preliminarystudies indicate
this RIA is sufficientlysensitiveto measure the low
plasma levels attained after pharmacologicdoses of atro
pine. Further studies relate the delayed plasma clearance
after inhalationof atropine to toxicitywhich gradually
occurs with chronic use of atropine by inhalation.

RELATIONSHIP BETWEEN AMINO ACID METABOLISM AND DRUG RESIS
TANCE OF N. TUBERCULOSIS. E.E Camargo T.A Milkowski
N.M Wagner Jr. The Johns Hopkins Medical Institutions,
Baltimore, MD.

We have previously reported that drug resistance of M.
tuberculosis was associated with an increased oxidation rate of
long chain fatty acids and reduced niacin production .We have
now found that drug resistance is also related to amino acid
metabolism. Using our new radiometric assay for niacin, we
observed that administration of the amino acid aspartate to

@.tuberculosis cultures resulted in stimulation of niacin
production , previously found by us to be related to increased
susceptibility of the organism to drugs .This led us to a syste
matic investigationofainino acid metabolismbyM. tubercu
!2!@@@Twosimilarstrainsof M. tuberculosis,H37Rv(sus
ceptible to all drugs, S),H37Rv(resistanttoisoniazid, R)
and M. avium aerotype 1 (resistant to all drugs) were compared.
The bacteria were suspended in 1 ml of 7H9 medium with 1 @Ciof
one of the following (U-C-l4) L-amino acids: glycine, alanine,
serine, aspartate, glutamate, threonine, leucine, isoleu
cine, methionine, arginine, proline,phenylalanine, tyrosine,
histidine and DL-valine . The C-l4 carbon dioxide production
was measured radiometrically . Alanine , aspartate , glutamate,
serineandglycine were found to be the best substrates with
both S and R strains , but having lower oxidation rates with R.
The remaining amino acids were poorly oxidized. With M.
avium all the amino acids showed even lower oxidation rates
thanR. Thus, the more drug resistant strains are less able
to metabolize amino acids even in the absence of the drug.
Combined evaluation of fatty acid and amino acid metabolism
by strains of M. tuberculosis may make possible a biochemi
cal assay of drug susceptibility that would be simpler and
faster than current microbiological methods.

EVALUATION OF ALTERNATE PROCEDURES FOR MEASURING NSB.
M Daniels H Memmall and S Pinsky. Michael Reese Mcdi
cal Center, Chicago, IL

Nonspecific binding (NSB) is one quality control para
meter of radioimmunoassay systems. Some methodologies
permit direct measurement of NSB, others do not. This
work; 1) obtained parallel measurements of NSB in both
types with systems using methods such as saturating the
system with antigen, heating the antibody, or omitting it;
2) compared the NSB values obtained; and 3) examined the
value of NSB as the absolute analytical limit of the pro
cedure.

The CEA-Roche assay, a single antibody system, when
saturated with antigen produced a NSB of about 11% of the
total counts compared to 10% without anti-CEA. This me
presents an upper limit for the indirect assay equivalent
to 40 ng/dl. An immobilized single antibody system for
digoxin shows a NSB equal to 6-7% of the total with heat
inactivated antibody compared to 7% by antigen saturation.
This represents an upper limit of about 15-16 ng/dl; 5.5.%
of total, was due to adsorption of radiolabel onto the tube.
wall. A double antibody T-3 system bound about 2.8% of
the total when antiserum was omitted. The system satu
rated at 3.3% when antigen concentration was@ 12,800 ng/d].,
Mechanical binding accounted for 2.9% of the total. A
solid phase, double antibody, assay for T-4 bound 7-8% of
the total counts when T-4 antiserum was omitted; the same
as the % bound at antigen saturation (128 pg/dl) . Mechani
cal binding was 0.9â€”1.5%;the least of any studied.
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A TEI@1Il@L IJ@B1LtNG, Thf'U@RADI@4E'1'RIC ASSAY @.EIlG RA
WR P@J@D SHORT LIVED RADKt&KIItRE. W. @lf, R. Naka
ni.ira, A. c@::kce, M. Tubis, T. O'Brien, J. Haxwig and G.
Oflaz. Ra1icp@axinacy Program and Dept. of @stetrics arxl
Gynecx@1ogy, Univ. Sou. calif. , Los Angeles, @.

Mu wish to present here a movel netlxd of performing
inuurorndia@etric (and ccrtÃ§etitive binding) assays, using
an antibody or an antigen coupled to a monâ€”radioactive
c1@lating agent, which can t1@n be terminally labelad with
a sbort livad radionuclide. This metbod requires rx
iodination, aad he@x,e leads neit1@r to products of lirnitad
sI@lf life mor to degradation prcdtcts because of cad
daticxi during tI@ iodinaticn step. F@rthamnore, tha use
of slort lived radicntxlides such as In-ll@n or Ga-68
gemerates mo radioactive waste.

@It@nethodology is illustrateS by an inmumora3ia@etric
assay of l@Rl. T@antigen is reacted with a specific anti
l@! antibody that had beam coupled to a solid su@Ã§ort.
This first antigen-antibody conplex is rx@ reacted with a

@rxIantibody, also specific for @G1,bit prodtx,ed in a
differemt species. Separately, an antibody to tha s@txI
(which, because it recognizes tI@ ft regicn, is a â€œuniver
salâ€• antibody) , has been coupled to a Cbolating nolacule
SLXth aS transferrin. Oxtplexaticn of the antigen ocxt@lex
ad with tl@ first t@ antibodies is rx@ effected with the
universal antibody carrying tl@ cI@lating moiety. This
final ccnplex is i@ labeled with a solution of In-ll@n
that has been stabilized at pH 7. Â¶11@efree/bound ratio
of tI@ radioactivity is plottad as a functicn of ti@ 1@i
with a sensitivity arsi a precision e@uivalemt to t1@ most
precise tests currently available. F\ill details a@ the
sorpe of this movel netbodology will be presented.

RADIOIMMUNOASSAYFOR ATROPINE IN HUMAN PLASMA. P.W Hayden
S.M Larson S.L Lakshminaravanan.UniversityofWashington
andVeteransAdministrationHospital,Seattle,WA.

The sensitivityof a new radioimmunoassay (RIA) for
atropine has been tested in clinical samples. Six adult
males with chronic bronchitisand bronchospasmrefractory
to usual adrenergicbronchodilatorsreceived .05 mg/K doses
of atropine sulfate by Inhalation. Two diabetic patients
received1 mg bolusinjectionsof atropinefollowedby
continuousI.V. infusionat .01 mg/minute. The RIA Is
doneby incubatingduplicate100ul plasmasamplesover
nightat 4@ C with100ul rabbitanti-atropineantibodyand
100 ul tritiatedatropine in phosphatebuffered saline.
After precipitationwith ammonium sulfate the bound atro
pine Is measured by liquid scintillationcounting. Uti
lizinga standardcurvefromknowndilutionsof atropine
concentrationsas low as 0.6 ng/ml. can be measured.
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ranged from 90â€”118%.Intraâ€”assayC.V.'s ranged from 1.34%
to 6.58% and interâ€”assayC.V.'s were 4.71% or less. The
C.V.'s on the clinical samples were 4.31% or less, thus
demonstrating a lack of carryâ€”overfrom one sample to the
next. Comparison of results under various storage condi
tion indicate that frozen storage maintained the specimens
best. Correlation of results with S/M (charcoal), Kalles
stad and Clinical Assays methods gave correlation coe
fficients of 0.95% or better.

2:00-3:30

INSTRUMENTATION

Determination of NSB should be part of PTA evaluation
and quality control procedures. One or more of the pro
cedures used in this study will work with any radioiminuno
assay.

EVALUATION AND COMPARISON OF TWO FULLY AUTOMATED RADIOIHMIJ
NOASSAY SYSTEMS WITH DISTINCTLY DIFFERENT ANALYSIS MODES.
I.W Chen H.R Maxon L.A Heminger K.S Ellis and C.P.
Y2.!:i:!.EugeneL.SaengemRadioisotopeLaboratory,Univ.of
Cincinnati, Cincinnati, OH.

Two fully automated madioimmunoassay systems with batch
and sequential modes of analysis were used to assay serum
thyroxine (T4), tmiiodothyronine (T3), and digoxin (D) and
results were compared with those obtained by manual methods.
The batch system (Concept 4, Micromedic Systems) uses anti
body coated tubes while the sequential system (Aria II, Bec
ton Dickinson) uses immobilized antibody colunes. Mean in
tmaassay (Intra) and intemassay (Inter) coefficients of
variation and correlation coefficients (r) with respect to
the manual methods are shown in the following table:

Batch Sequential Manual

_i@_@@@@@@ @aâ€”fl

Intra 7.2 11.1 11.7 6.2 6.2 4.3 5.9 7.1 7.9
Inter 8.6 9.6 12.0 3.8 6.5 5.0 6.5 8.9 7.6
r 0.97 0.96 0.93 0.95 0.92 0.92 â€” â€” â€”
Carryover was evaluated by analyzing alternating groups of
3 serum samples with high and low T4 values (about 18 and
3 ig/dl). There was statistically significant carryover in
sequential system (unpaired t test, p<O.OO1, 15 pairs) of
about 10% deviation from true values, but the carryover
was not significant in batch system. Although the sequen
tial system appears to give better precision, carryover may
cause significant errors when values of adjacent samples
are far apart. Sequential system also showed slight but
statistically significant drift in T4 values (e.g. 5.8-'6.l
pg/dl over a span of 97 cycles, râ€”O.358;p<O.OO1). Theana
lytical throughput in terms of number of hours required to
assay 30 samples in duplicate is about 1.5â€”3hours for the
batch system and 3â€”5hours for the sequential system.

EVALUATION OF T3 RIA BY ThE ARIA II AUTOMATED RIA SYSTEM.
A Heal and L. Blazak, Nuclear Medicine, University of Mia.
Jackson Memorial Hosp., Miami, Fla. , and LaVell Johnson,
T.R. Witty, K. Lamont Hadfield and Liza Larriva, Bâ€”D
Imeunodiagnostics Salt Lake City, Utah.

The ARIA II is a fully automated flowâ€”throughRJA sys
ten using a reusable antibody coated chamber. The purpose
of this study was to evaluate the automated T3 RIA and
compare it to established reference methods.

A total of 17 full carousels were performed, consisting
of 60 samples per carousel in duplicate.

Confidence factors ranged from 0.90 to 0.99 and total
count C.V.'s from 1.5% to 7.09%. Intra assay C.V.'s were
all below 9%. The C.V.'s for patient samples indicated
all ran 10% or less. A randomized study with patient sam
pies indicated no evidence of carry over. Storage effect
studies indicated that there was less effect when samples
were stored at room temperature.

Patient results were correlated to T3 RLA kits from
Corning, Abbott Diagnostic Products, and Concept IV.
Good correlation ( >0.95) was shown with all kits except
Corning

EVALUATION OF AN AUTOMATED MICRO-DIGOXIN OF THE ARIA II.
A Heal and L. Blazak, Nuclear Medicine, University of Mia.
Jackson Memorial Hosp. , Miami, Fla. and LaVell Johnson,T.R.
Witty, K. Lamont Hadfield and Liza Larriva, Bâ€”DInmiunodiag
nostics Salt Lake City, Utah.

The ARIA II is a fully automated RIA system utilizing a
flowâ€”throughsystem and reusable antibody coated chambers.
The purpose of this research was to evaluate the automated
microâ€”digoxinassay and compare it to several references me
thods presently used.

The method consisted of a preâ€”incubation in the instru
sent carousel and the second incubation and separation per
formed in the ARIA II. A total of 18 full carousels were
run which consisted of 60 samples per carousel.

Confidence factors for all runs were 0.93 or better. The
curve sensitivity averaged 55.3@ 8.9% and the 2 recoveries
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EDGE TRACING FOR THE DETERMINATION OF THE LEFT VENTRICULAR
PROJECTION AREA. M.L. Goris, J.H. McKillop, H.D. Fawcett,
and P.A. Briandet. Stanford University School of Medicine,
Stanford, CA, and Informatek States, S.A. , Atlanta, GA.

The precise delineation of the left ventricular (LV) pro
jection area (ROT) is an essential part in the quantitative
analysis of nuclear angiocardiogmaphies (NA).

We have devised an algorithm which permits automation of
this step, based on a one dimensional Laplace operator whose
kernel is 2,2,â€”2,â€”4,â€”2,2,2.The operator characteristically
enhances â€œvalleysâ€•more than edges and therefore favors sep
tal and the valve plane detection. The operator is applied
vertically, horizontally and along both diagonals. Each
pass is inunediately followed by a local maximum search dum
ing which the image resulting from the Laplacian operator is
reduced to a binary one, with zeros everywhere except where
a local maximum was found along the path of the operator.

This resultant image yields a closed â€œedgeâ€•around LV,
even though many structures outside of LV are also delinea
ted. However, the centroid of LV is defined from functional
criteria and LV ROl is defined from centroid to first edge.

The method has been applied to first pass (FPNA) and
gated studies (EGNA) in anterior and 45Â°LAO views. The
table indicates the success rate.

Anterior LAO Total
FPNA .72 (8/liY .86 (19/22) .82 (27/33)
EGNA .76 (13/17) .92 (58/63) .89 (71/80)

In 100 successive cases the ejection fraction obtained
automatically (AEF) was compared to the manual result (MEF).
The regression equation yielded an identity relation:
AEF(%) â€”1.7 + 1.0 MEF(%) Â±2%. (m â€”.995)

In conclusion, a fully automated region of interest
selection has been implemented.

VISUAL DETECTION OF inns MOTION UNDERCONDITIONS SIHIJLATINC
CLINICAL GATED EQUILIBRIUH BLOOD POOL SCINTIGRAPIIY, 0. Chap
man, E. Garcia, D. Berman, H. Freeman, J. ?Iaddahi, K. Van
Train, and A. Waxman, Cedars-Sinai Med. Center, L.A., CA.

To answer a frequent clinical question regarding minimum
detectable motion, this study evaluates wall motion under
conditions simulating rest (simR) and exercise (simEx) neil
tiple gated equilibrium cardiac blood pool scintigraphy
(HGES). Tine two ventricles @re simulated with cylinders
containing Tc-gg@, A Tc-99m flood source was used to create
a target to background ratio of 2:1. One or 1@th cylinders
ware moved in 5-8 equal increments to produce 0, 1,2 or 5mm
inward motion. Data ware acquired in 64x64 byte mgde with
a mobile camera (Picker) and a minicomputer (MDS A'). Si@R
imageswereacquiredwithhighresolutioncollimation,ob
taming 200K cts/frame. SiaI3x images were acquired with
all-purpose collimation for lOOK cts/fraine. Images were
cine displayed on the computer video. Six blinded observers
read a randomly selected series of 5 simR and 5 siinflx stud
ies for presence and location of motion. Results @reas
follows: (Correct observations/total observations)â€”@nne_@ _BothCylindersTotal

Movement Sam lam lam no set io@J@
staR 12/12 4/6 6/6 1 22/24

@ _ 6/6@ 1/6 6/6 1 18/24
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Of 18 observations of lam motion on tIe simR studies,
tI@;re â€˜arc 16 correct responses, Of 12 observations of lam
motion on tI@ simEx studies, there were 6 correct answers.
However, motion or its absence was correctly identified in
all 48 tests, T)e results show that lam motion was accu
rately observed and localized under sin!'. conditions. In
siuiExstudies lainmotion was recognized, but not accurately
localized. Thus, motion far less than system resolution is
readily detected in simulated MGES.

ELIMINATION OF PATIENTâ€”DETECTORMOTION DURING UPRIGHT
BICYCLE EXERCISE. C. Eublg, W. Covltz, and R.F. Greene,
Medical College of Georgia, Augusta, Ca.

An adjustable wedge mold (N) and harness (H) were des
igned to eliminate blurring of gated blood pool images
during upright bicycle exercise. This study quantitated
patient motion relative to the gamma camera using 3 meth
ods of immobilization: a foam wedge with tape (P/T), F/H,
and N/H. Horizontal and vertical motion were determined
by measuring the change due to exercise (AEX) in the full
width at half maximum (FWHM) of the Intensity profile of a
point source attached to the chests of 4 subjects. These
changes were related to motion In mm by determining the
FWHM for a mechanically oscillating point source at
varying amplitudes and distances from the collimator.

F/T F/H N/H
mean maximum mean maximum mean maximum

AEX(%) 12 46 7 35 1.5 7
Motion (mm) 4.6 8.2 4.2 7.2 0.6 2.6

n 8 7 8
Motion with N/H was nearly imperceptible while the other
methods allowed significant movement. Complementary stu
dies revealed a 50% increase in FWHM with F/H when the
exercise was prolonged; and with excessive workload, a
200% increase in FWHM was seen with F/T and F/H while N/H
held it to 29%. FWHMincreases In the range of 200%
were due to gross subject slippage and occurred only with
F/T and F/H. H/H eliminated patient motion which was sign
ificant with the other methods and most pronounced with
prolonged or excessive exercIse. Failure to eliminate
motion is likely to cause the greatest error in patients
who fatigue easily and at maximum effort, and result in
niisdiagnosis.

RECIRCULATIONSUBTRACTIONFOR LEFT TO RIGHT CARDIAC SHUNT
ANALYSIS.T.S.Houser,W.J.Maclntyre,M. Siegel,D.S.
Moodie, J.H. Gallagher,and S.A. Cook.
ClevelandClinicFoundation,Cleveland,Ohio

Theanalysisof indicationdilutiontime-activity
curveshasbeenusedforcardiacshuntanalysisforalmost
twentyyears. Mostof thecurrenttechniquesinvolvere
cording the dilutioncurve from the lung field followinga
fast bolus Injection and measuring the departure of the re
cordedcurvefroman expectedexponentialclearanceor
gamma variate fit that would be indicativeof normal blood
flow through the lung. When a left to right cardiac shunt
occurs, the trailingedge of the primary dilutioncurve is
distortedwiththeareaof thedistortiondependenton the
magnitude of the shunt.
Although distortionmay be readily observed in large

shunts,inmanycasesit is obscuredby activityreturning
by recirculation. The object of this study is to improve
thequantificationof theshuntcurveby separatingthe
effectsof recirculationfromdirectshuntreturn.
In the present study when recirculationcould not be

Identifiedby a secondarypeakoccurringbeyondthetimeof
shunt activity,the time was estimatedby determinationof
thesimilarappearancetimefromthecardiacchambers.
Following this time selection, a gammavariate fit based
on the distributionof points at that segmentwas effected
andsubtractedfromtheoriginallungdilutioncurve.
Similar gammavariate fitting was performed for both
primary and shunt curves.
Greateraccuracyof thegammavariatefitof theshunt

wasobtainedsincea trailingedgeof thecurveis appar
entfollowingrecirculationsubtraction.Secondly,theal
gorlthm is completelyautomaticwith no operation inter
ventionor selectionof curvefittingregionsrequired.

RADIONUCLIDE QUANTIFICATION OF LEFT TO RIGHT CARDIAC SHUNTS
WITH THE PULMONARY TRANSFER FUNCTION . M .H . Bourguignon
J.M Links@ K.H Douglass P.O Alderson and H.N Wagner,

@.:. The Johns Hopkins Medical Institutions,Baltixnore,MD.

A new method for quantification of left to right (L-R)
cardiac shunts was studied in 14 children and 3 adults
with suspected L-R shunts who had radionuclide angiocardio
graphy and independent determination of shunt size by oxi
metry. The original pulmonary transit curve was deconvolu
ted in 2 different ways: (1) by the superior vena cava
bolus curve, to yield the deconvoluted pulmonary transit
curve (DPTC), which represented the theoretical pulmonary
transit curve with a perfect bolus injection, and (2) by
the right ventricular transit curve, to yield the pulmonary
transfer function (PTF), which represented the theoretical
pulmonary transit curve with a perfect bolus injection and

@A@iiii@ intracardiac shunts. The PTF was scaled to fit the
first peak of the DPTC, and the area A under the scaled PTF
obtained. The scaled PTF was then subtracted from the DPTC.
The PTF was rescaled to fit the resulting shunt recircula
tion peak in the difference curve, and the area B under
this rescaled PTF obtained. Shunt size was quantified with
the formula QP/QS = A/(A - B) . The method correlated
closely with oxinietry Cr = 0.93 , p< .001). Use of the PTF
provides accurate shunt quantification and reduces subjec
tive operator decisions.

A METHOD FOR AUTOMATIC OVERLAPPING OF SEQUENTIAL SCINTI
PHOTO IMAGES.
N.E Read D.D Watson E.K Read E Leidholtz.
University of VA, Charlottesville, VA.

An operator independent algorithm to achieve superimpo
sition of sequential scintiphoto images has been developed
and is used clinically on a dedicated nuclear medicine con
puter system. In attempting to compare the relative myo
cardial uptake of thalliumâ€”2Olin initial and delayed
images, some method was necessary to assure that the same
myocardial regions were being sampled in both images. It
is a relatively simple task to maintain an angle of 90
degrees between the long axis of the patient and arm of the
camera, the proper angle of obliquity, and the distance
from the chest wall to the camera. However, repositioning
to place the myocardial image in exactly the same x and y
location in the computet image matrix becomes a far more
delicate and difficult task. Our algorithm initially det
ermines the centroid for the initial and delayed images.
The initial image is first shifted so it's centroid is in
the center of the matrix. The delayed image is then shif
ted in the x and y directions to align the centroids.
After this initial repositioning the delayed image is fur
them shifted in the x and y directions until the cross
correlation between the two images is maximized. This is
mathematically equivalent to minimizing the sum of the
squares of the differences between the images and thus
defines image overlap according to an objective least
squares criteria. The program was tested on clinical data
as well as various test patterns. By maximizing the cross
correlation between the images in a hands off manner, good
alignment with complete reproducibility is accomplished
even in the face of significant radionuclide redistribution
between the initial and delayed images.

DEFECT PERCEPTION IN MYOCA.RDIAL PERFUSION IMAGES.
D.D Watson E Leidholtz G.A Beller C.D Teates.
University of VA, Charlottesville, VA.

It has been known since the early 19th century that the
human eye perceives equal increments of intensity or den
sity if the increments are arranged in geometric propom
tion. However, nuclear medicine imaging devices conven
tionally employ gray scales which are arranged in linear
proportion. This causes a loss of ability to perceive
small changes in intensity in the high count portion of the
images. This is a problem in â€œcoldspotâ€•thalliumâ€”2O1myo
cardial imaging. We have accordingly altered the computer
gray scale so that each intensity step increases by a con
stant fraction of the previous intensity level. The same
principle was also used with the color video monitor but
further augmentation of brightness increments was achieved
by adding white to a base color of saturated green. This
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technique avoids the confusing affect of multiple color
displays by maintaining a constant hue but still uses color
to enhance visual perception by adding increments of
â€œwhitenessâ€•to enhance the perception of brightness. Vis
ual perception of defects in thallium myocardial images was
compared to results by computer quantitation. Myocardial
target regions were defined as having defects of minimum
statistical significance if they varied by one standard
deviation determined from sampling a normal patient popula
tion, and to be clinically significant defects at the 90
percentile limits of the normal population distribution.
Using these display scales thallium defects of minimal sta
tistical significance be readily perceived without the use
of variable background or contrast adjustment. This per
sits standardized image formation without risking the loss
of significant information, and the standardization pro
motes a more rapid and accurate learning curve.

IN VIVOQUANTITATIONOF MYOCARDIALUPTAKEOF TL-2O1INMAN.
J.J Frost1 J.M Links K.H Douglass and H.N Wagner,Jr.
Johns Hopkins Medical Institutions, Baltimore, MD.

A method for quantitatlonof myocardialuptake of Tl-20l
was studiedIn normalpersons,thosewithknownsevereCHD
and those with known noncoronarycardlomyopathies. In
order that the injecteddose and myocardialactivity be
measuredundernearidenticalgeometryandattenuationcon
ditlons,the Injecteddosewasmeasuredduringitsfirst
transitthroughtheleftventricle(LV)in theLAO400pro
jection.TheareaundertheLV transitcurveIs proportion
al to both the total activity passing through the LV and
thechambermeantransittime(MTT).A gammavariatefunc
tion was fitted to the first pass curve, and the area under
It determined.A secondgama variatefitto theLV trans
It curve after its deconvolutionfrom the pulmonarytransit
curvewas usedto determinetheMIT. Theareaunderthe
first gammavariate function was divided by this LV MTT,
yielding the count rate of the injecteddose availablefor
myocardlaluptake. Thereforeany activity remainingin the
lung Is not included. The LV myocardialcount rate in a 10
mm postinjectionLAO400staticimagewasobtainedby
dividingthetotalmyocardialcountsby theacquisition
time, after backgroundcorrection using an annular region
of interestaroundthemyocardlum.Myocardlaluptakewas
then given as the ratio of the myocardialcount rate in the
staticimageto thefirstpasscountrate. Preliminary
studiesin normalpersonsdemonstrateduptakesof 3.9+0.3%
whereasthosewithseveremultivesselCADhaduptakesof
1.3+0.3%.Personswithknownnoncoronarycardiomyopathies
haduptakesof 8.2+0.6%.Thusthisquantitativemethodmay
wellaidthedifferentiationof normalandspecificdisease
statesusingTl-201myocardialscanning.

SPACE-TIMEQUANTITATIOMOF SEQUENTIALTHALLIUM-20lMYOCAR
DIAL SCIMTIGRAMS: DESCRIPTIONAND APPLICATIONOF A NEW ME
THOD. E Garcia J Maddahi D Berman and A Waxman,
Cedars-SinaiMedical Center, Los Angeles, CA.

Visualinterpretationof Tl-201scintigramsis imprecise
and subject to observer variability. Thus we have developed
a newcomputer methodto objectively express the relative
space-timemyocardlal(myo)distributionof Tl.Tenminute
(mm) planar images were obtained in the anterior,450 and
700 LAO views 6 sin, 40 mm, 4 hrs, and 24 hrs after exer
ciscTl injectionin 32 normalpts(NLS)and35 withcoro
nary artery disease (CAD) @5O%stenosis). Multiple view
circumferentialprofiles (CP) of maximum cts were obtained
for each time intervalfollowinginterpolativebackground
subtractionand 9 pointsmoothingandwereplottedto rep
resentthedistributioncharacteristicsof 60 6@ arcsof
the myo. Washout (W) CPs were calculatedas %W from stress.
ThemeanÂ±2SD werecalculatedfromthepooledNLSforeach
60 arc of each CP and WCP. The computer comparedeach pt's
CPsand WCPsto the corresponding meanÂ±2SD.Four types of
abnormalityweredefined:l)aâ€œdefectâ€•occuredwhena 6
sin post-stressCP arcfell>2 SD belowthemean;2)â€•late
peakingâ€•weswhenanyarcof the40 mm CP was)2 SD above
the mean; 3)â€•slowWâ€•was defined when any arc of the 4 hr
CP was@2 SD above the mean or the corresponding WCPwas)2
SD below;4)â€•veryslowWâ€•occuredwhenanyarcof the24 hr
CP was )2 SD above, or the corresponding WCPwas >2 SD be
lowthemean.The biologicalT@ of myoTl in NLSwas4.4

hrs, and was the same for all regions.CPs and WCPs cor
rectly identified 33/35 CADpts and 30/32 NLS. Although all
33 CAD pts detected had regionalCP abnormality,addition
of WCP frequentlyIdentifiedother segmentswith CAD. This
newobjectivemethodof quantifyingdistributionandwash
outof myoTl providesaccurateassessmentof CAD.
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QUANTIFICATIONOF REGIONALWALLMOTIONABNORMALITIES(RWMA)
DETECTEDBY PHASE ANALYSIS OF GATED CARDIAC STUDIES.
D Pavel R Pietras W Lam E Byrom C Meyer Pavel
S Swiryn D Witham K Rosen. Universityof Illinois
Medical Center, Chicago, IL.

The functionalphaseimages(PHI)obtainedby Fourier
analysis of the equilibrium gated studies (CS) has proven
useful in the detection or RWMA. We have evaluated the
possibilityto use this method to obtain, in addition,a
quantification of RWMA, in two ways: 1) by measuring the
maximum phase shift of the abnormal areas in relation to
the remaining normal ventricle; 2) by measuring the sur
face areas of similar phase shifts and expressing them as
* of the whole LV projection. The present data are based
on 28 patients in whom contrast angiography (CAG) was also
performed. Only LAO views were correlated because not all
patients had GS in two views, and only the free borders
were considered (inferior and postero-lat. wall), total of
56 segments.Results:Method#1 showed,by theFisher's
exact test, a strong association when normal versus abnor
mal segments are considered (p<.000l). The correlation
coefficient calculated by assigning a code (from I to 4)
to the 4 possible categories of RWMA is 0.93 (p<.OO1). In
general the higher the phase lag the more accentuated the
abnormality. Method #2. when correlated with the qualita
tive impressions obtained during CAG showed a good corre
latlon: The larger the surface of high phase shifts, the
more probable the suggestion of extensive RWMA on CAG.
Conclusion: The t@ methods described enable each of them
to quantitate a certain aspect of RWMA. Interpreted to
gether they allow a precise assessment of the degree and
of the extent of abnormalities.

IDENTIFICATIONOF SITE OF ONSET OF VENTRICULARCONTRACTION
BY LEASTSQUARESPHASEANALYSIS(LSPA)OF RADIONUCLIDE
CINEANGIOGRAMS(RCA). D.A Turner P.L VonBehren N.T
Rugifie R.G Hauser P Denes J.V Messer E.W Fordham
andM.W Groch. RushMedicalCollegeChicago,IL.and
SearleRadiographicsInc.,DesPlaines,IL.

VonBehrenet al.havedescribeda methodintendedto
display the sequenceof onset Inward ventricular movement,
namely LSPA of RCA. To determinewhether or not this tech
niquecan identifythesiteof onsetof ventricularcontrac
tion, seven patients with transvenous pacemakersunderwent
equilibrium,ECG-gatedRCAin 300RAOand45Â°MLAOprojec
tionsduringpacing;1 of 7 was studiedtwicewiththepac
ingelectrodein 2 differentlocations.Sixof 7 werealso
studiedinnormalsinusrhythm(NSR).Threeindependent
observersinspectedPolaroidfilmdisplaysof LSPAsof the
14 RCAs. Inallcases,studiesin NSRwereeasilyidenti
fied,as werethesitesof thepacingelectrodetipduring
pacing.Estimatesweremade(fromtheLSPA5)of thetime
intervalof spreadof onsetof ventricularmovement:these
estimatescorrelatedwell(r-O.88)withthedurationof the
correspondingQRS complexes in a range from 60 to 200 msec.
Finally,an 8thpatientwas studiedIn hemodynamicallysta
bleventriculartachycardia.TheLSPAcorrectlyidentified
thesiteof originof thearrhythymiaas determinedby
electrophysiologicalendocardialmapping.Furthermore,the
sequenceof onset of ventricular movementparalleled the
sequenceof endocardialdepolarization.Thesepreliminary
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studiessuggestthat a) LSPAof RCAcancorrectlyidentify
abnormal sites of ventricular activation and b) the se
quenceof onsetof ventricularcontractionas depictedby
LSPAmaybe a validrepresentationof theactualsequence
of contraction.

Quantitative Analysis of Regional Left Ventricular Function
@i@!@V_.YesterS.E PapapietroJ.R LogicW.N TauxeC.E
RackleyR.O RussellW.J Rogers J.A Mantle.Universi
ty of Alabama School of Medicine,Birmingham,AL

Quantitativeregionalleftventricularfunctionwasstudied
ina groupof 22 patientswithfirstpass(FP)andequilib
rium gated (EG) radionuclideangiocardiography. The re
sultswerecomparedto biplanecontrastcineangiograms(CA)
performed on the same patients within 3 hours of the radio
nuclide studies. The FP studieswere performedin a RAO
projectionand the EG studies in a LAO projectionwith
caudalangulationcorrespondingto theviewsusedforCA.
A computer program was written to divide the left ventricle
into five segmentsfrom the center of the end-diastolic
outline for each view. The ejection fractionof each seg
sent was calculated for quantitative regional function.
The same algorithmwas used for the CA end-diastolicand
end-systolicsilhouettes. Good correlationswere obtained
for the anterobasal(R=O.74),anterolateral(R=O.78),
apical (R=O.85), apical septal (RO.78), and posterolateral
(R=O.77)segments,where the criterionof the AHA was
followed in assigningthe labels. Poorer correlationswere
obtained for the diaphragmatic(R=O.63)and inferior
lateral (RO.53) segments. No correlation was observed for
the basal septal, posterobasal, and superiorlateral seg
ments. The global ejection fractioncorrelationwas R=0.87
for RAO FP vs biplane CA and R=O.83 for the LAO EG vs bi
planeCA. Regionalejectionfractionby bothradionuclide
techniquescorrectly identifiesand quantitatesdyskinesis
and degrees of hypokinesisand adds clinicallyto the
evaluation of regional left ventricular function especially
in coronaryartery disease.

SCREENING FOR CARDIAC DYSFUNCTION WITH THE NUCLEAR STETHO

SCOPE . A . un S .F Horowitz , S.J . Goldsmith A
Dicker. Mt. Sinai Med. Ctr. , NY, NY.

The utility of left ventricular(LV) function parameters
from an ECG-gated scintillation probe, the Nuclear Stetho
scoe(NS), to predict LV dysfunction was analyzed in 68
patients. Pulmonary transit time, ejection fraction(EF),
ejection rate(EJR), fast-filling rate(FFR), rate-related
subdivisions of the cardiac cycle including the fast-fill

ing time (FFT), relative end diastolic and stroke volumes,
and relative cardiac output(RCO) were displayed by the NS
within 10 minutes following injection of l5mCi Tc-99m
blood pool agent. Independently obtained scintangiograph
ic studies(ANG) identified LV dysfunction(ABNL) in 50 of
68 patients. Mean (F) and standard deviation(SD) of NS
parameters were determined from the normal population (NL).

ANG EF** RCO* EJR* FFR* EF/FFT*
EF/FFT

NL(l8) l8(>) l8(>) l6(>) l6(>) l6(>) 18(2of3>)
ABNL(50) 44(<) 49(<) 48(<) 47(<) 46(<) 50(2of3<)

Sensitivity 88 98 96 94 92 100
Soecificityl00 100 89 89 88 100

p<.005 <.005 <.005 <.005 <.005 <.005
*P _ SD, :**2 _ 2SD
Thus, the RCO,EJR,FFR,and EF/FFT individually and espec
ially together expand the ability of the NS to predict
ABNL beyond simple EF analysis. These parameters may re
present abnormal ventricular compliance (FFR,EF/FFT), dimin
ished contractility (EJR), or regional asynergy(RCO) des
pite a compensated EF. The data suggests the NS can serve
as a portable,costâ€”effectivenoninvasive screening device
for LV dysfunction.

VARIABILITY OF RESTING GATED EJECTION FRACTION.
w.I Ganz J.P Wexier A.I Brenn.ar R,Bontemps

R Steingart and M.D Blaufox, Albert Einstein

College of Medicine, Bronx, N.Y.

Stress induced changes in radionuclide left

ventricular ejection fraction (LV@') may detect

abnormalities in cardiac function not apparent at

rest. A knowledge of the reproducthility of LVEF

is required to determine if a change in LVEF is
statistically significant. The variability of

LVEF was evaluated by obtaining 5â€”13sequential

4â€”minute gated acquisitions in 21 clinically sta
ble resting patients @3uring the hour immediately
following !a@ labeling of red blood cells
with Tcâ€”99m. Processing was by an automated meth
od which was correlated with biplane cineangio
graphy (LVEF(cath)0.88 LVEF(gated)+8.35, n57,

r=O.9O,p<O.OO1). Repetitive processing of the
same study by a single observer yielded s .d . ( 1.0
EF units for LVEF from 10â€”75. The mean s.d. of

the steady state LVEF was 3.6 Â±1.3 EF units for
LVEF in the range of 1Oâ€”75 The s.d. was rela

tively independent of the value of LVEF being
measured in this range. Changes in LVEF deter
mined with this method by a single observation
must exceed 4.2, 6.5, 8.4, 10.0 and 13.2 E@' units
to be significant at the 60%, 80%, 90%, 95%, and
99% confidence level respectively. These values
should be calculated for each laboratory to eval
uate the significance of changes in LVEF.

CRITERIA TO OPTIMIZE DIAGNOSIS OF CORONARY ARTERY DISEASE
FROM REST-EXERCISE RADIONUCLIDE AMGIOGRAPHYâ€¢ R.E . Coleman
F.R Cobb and R.H Jones. Duke University Medical Canter,
Durham, NC.

Coronary artery disease (CAD) may result in myocardial
fibrosis reflected by a wall motion abnormality (WMA) or
low ejection fraction (EF) at rest or myocardial ischemia
reflected by a decrease in EF, increase in end diastolic or
systolic volumes (EDV, ESV) and/or a WMA during exercise.
The purpose of this investigation is to determine the pa
rameters which detect at least 90% of patients with CAD.
Rest and exercise firstâ€”passmadiomuclide angiograms (RNA)
were obtained in 342 patients who had cardiac catheteri
zation for suspected CAD. At least 75% stenosis (CAD) was
present in one or more coronary arteries in 74% of these
patients.

The resting EF which best separated patients with CAD
was .46, and 95% of 57 patients with resting EF below this
had CAD. Additionally, 96% of these patients had WMA at
rest. In the 285 patients with resting EF )@46, CAD was
present in 90% of patients who decreased their EF by .12 or
more during exercise. A change in EDV was not a sensitive
discriminator of CAD. CAD was present in 87 of 97 (97%) of
patients with an increase in ESV >20 nil. CAD was present
in 107 of 119 (90%) of patients who developed a new or
increased WM&.

CAD was detected with a probability of >.90 in 125 (44%)
of the 285 patients who had at least one of the parameters
abnormal. If all three parameters were abnormal, 54 of 57
(95%) patients had CAD. Therefore, abnormal criteria
define a group of patients with a high likelihood of CAD.

VALUE AND LIMITATIONS OF LEFT VENTRICULAR FUNCTION INDICES
DERIVED BY EXERCISE EQUILIBRIUM BLOOD POOL IMAGING IN THE
DIAGNOSIS OF CORONARY ARTERY DISEASE. C Wisenberg H
Sch@in R Marshall E Henze H Schelbert. UCLA School
of Medicine, Los Angeles, CA.

An abnormal response in ejection fraction (EF) to cx
ercise is considered as both highly sensitive and specific
for coronary artery disease (CAD). In this study, we coup
ared the sensitivity (SE) and specificity (SP) of exercise
induced changes (tx)in EF, enddiastolic counts (EDC), heart
rate corrected - ejection and filling rates (ER and FR),
and regional EF (REF) during supine exercise for detection
of (CAD) and cardiac disease (CD) in 10 normals (N), 36
CAD patients, and 9 patients with valvular regurgitation
(VR). Tb_cmean changes in eachjatient group were:

@EF 1@EDC @ER AFR
N +6.5Â±8.4% -7Â±5% +O.64Â±.71 +1.10Â±1.23
CAD _3.7Â±9.O* +22Â±l2** +O.21Â±.58* +0.63Â±1.12
VR _6.1Â±7.2* -1Â±17 +O.16Â±.46* +0.25Â±0.85*

*p<.05 **p<OO1 to N
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Defining @EF<5%;asymmetric REF response with <5% increase
in at least one region; bEDC>5%, IIEP.<.65;and @FR1.10 as
abnormal responses , the SE and SP for CAD and CD in this
patient population for each parameter were:

L@EF AEDC @ER @FR REF
SE-CAD 86% 100% 75% 75% 94%
SE-CD 87% 71% 76% 87% 75%
SP-CAD 42% 84% 53% 37% 100%
SP-CD 70% 100% 70% 50% 100%
We conclude that 1) @EFis sensitive but non-specific for
CAD; 2) the variability of tIERand AFR limit their diag
nostic value; and 3) in this population, @EDCis most sens
itive and REF most specific for diagnosing CAD by exercise
equilibrium blood pool imaging.

QUANTITATIVE STANDARDS FOR TL-201 MYOCARDIALDISTRIBUTION
AND WASHOUT.
D.D Watson G.A Beller M.E Read and C.D Testes.
University of VA, Charlottesville, VA.

A computer method has been developed to determine the
relative initial uptake and washout rates of thalliumâ€”2O1
sequential myocardial images following exercise stress.
Images are obtained at 10 mm, 1 hr. and 2 hrs following
injection. A modified bilinear interpolative method as
suggested by Cons was used to construct a reference plane
and net myocardial counts above this reference plane were
determined by multiple profiles. Washout rates were deter
mined by linear regression of time activity curves con
structed from the sequential images. Normal standards were
obtained from studies on 25 subjects who had normal coro
nary angiograins and ventriculograms. Data from the normal
population was used to establish numerical criteria of 25%
for a focal defect and 0.05 hrâ€”ifor abnormal segmental
washout slope. These values were beyond the 90 percentile
limits of the distribution of values obtained from the nor
mal population. Angiographic correlations were obtained
for 140 patients which yielded a sensitivity of 91 percent
and specificity of 90% for detection of coronary disease,
and specificity of 68% for differentiation of single from
multivessel disease. Blind visual assessment was performed
independently by three people on 91 of these studies with
consensus readings (agreement by at least two readers) pro
viding respectively 87%, 80%, and 40% for sensitivity.
specificity, and detection of multivessel involvement.
This method is simple, reproducible, and gives somewhat
better results than we could achieve by objective evalua
tion using highly experienced readers.

EXCESS REGIONAL THALLIUM UPTAKE: POSSIBLE DEMONSTRATION OF
REACTIVE HYPEREMIA IN MAN. R.A Steckley R.M Robertson
M.W Kronenberg M.L Born D.H Robertson G.C Friesinger
F.D Rollo. Vanderbilt University Medical Center, Nashville,
TN.

Initial myocardial thallium (TL) distribution is depen
dent upon regional myocardial blood flow. Release of coro
nary occlusion in canine models results in reactive hypere
mia with excess flow debt repayment when proximal stenoses
are not severe. To determine whether reactive hyperemia can
be demonstrated in man, 36 serial 11 images were obtained
in 3 patients with variant angina, a syndrome in which cor
onary atherosclerosis of any degree may coexist with coro
nary spasm, producing angina at rest. In 2 patients with
angiographicallyâ€”documentedcoronary spasm and minimal ath
erosclerosis in the vessel involved, TL was injected at the
onset of an ischemic episode of short duration (1â€”2mm).
Initial images revealed pronounced excess activity in the
area corresponding to the artery involved. Subsequent in
ages obtained over 5 hours showed progressive normalization.
In contrast, TL injected during a prolonged episode of is
chemia in the third patient, who had severe atherosclerosis
in the vessel involved, demonstrated a classic initial per
fusion defect with delayed resolution over 4 hours. This
excess TL uptake distal to vasospastic lesions has not pre
viously been demonstrated in man; it does confirm prior ca
nine studies. The occurrence of reactive hyperemia is like
ly to depend on the precise relationship between the degree
of coronary atherosclerosis and the spasm superimposed.
Thus, â€œthalliumhyperemiaâ€•may provide a means to assess
coronary reactivity and the significance of coexisting
atherosclerosis in man.

CALCULATIONOF LEFT VENTRICULAREJECTIONFRACTIONWIThOUT
DIRECT BAGKGROUND CORRECTION. E,J,Gandsman R,S ,Shu].man
I,B Tyson and E.W Bough. The Miriam Hospital, Providence
R.I.

The mathematical characteristics of the cardiac back
ground (B) were studied in 34 patients who underwent both
gated radionuclide angiography (GRA) and single plane
cardiac catheterization. The backgroundâ€”correctedejec
tion fraction (BCEF) was calculated in the standard manner
using an operatorâ€”defined periventricular background
region. The â€œuncorrectedâ€• ejection fraction (UHF) was also
calculated from the uncorrected left ventricular time
activity curve and compared to both the BCE? and the angio
graphic ejection fraction (AK?). UHF exhibited a remark
able linear correlation with both BCEF and AEF. The calcu
lated linear regre8sion equation (AEF . 2.89 UEF) allowed
the calculation of a true ejection fraction without direct
background correction. The measurement of left ventricular
ejection fraction using this linear regression methodology
was tested prospectively in an additional group of 20
catheterized patients. The regression ejection fractions
(REP) showed excellent linear correlation with AEP
(r â€”.89) and minimal interobserver variability.

NCNIITV@3lyE DETEI@MINATIONOP LEFT VENT1UCULAR
ENDSYSTOLIC PRESSURE VOIU1@tERELATION BY
Ri@DIONUCLIDEiINGIOGRL1HY
0 . @chuler,K.v . Cishausen, H.flehmel, H. J.Iterrmann,
P.Sohwe.rz,.I.Ktibler; TJniv, of Ileidelberg,(ermany
Recent reports indicate that left ventricular
(Lv) endsystolic pressure volume relation (Espy)
is a parameter of myocardinl contractility inde
pendent of preâ€”and afterload. The aim of this
study was to define i!@SPV noninvasively in
patients (p) with aortic regurgitation (n=8),
cardlomyopathy (n=2), coronary artery disease
(n=4) and normals (n=4). Changes In endsystolio
volume were determined by equilibrium radio
nuclide an@iography and expressed in dimension
less units. Peak systolic pressure was measured
by automated cuff and substituted for end
systolic pressure. Variations in blood pressure
were achieved by nitrates and methoxamine,while
heart rate was kept within a narrow range (Â± 4)
by atropin,@ average of 11 measurements was
obt8ined in each p while ends.ystolic pressure
varied by 55+11 mmllg. The slope of ESPV was de
termined from the regression equation, which
showed a close linear correlation (r=O.9). The
slope k had a normal range of 8.8 to 4 and
correlated to LV ejection fraction in an cx
ponential fashion (r=O.f35). All p viith depressed
LV function were correctly identified, and p,
whose LV ejection fraction was only borderline
abnormal, had a markedly depressed slope (k<1.5@
fe conclude that the slope of ESPV is a
sensitive pnrameter of LV contractility. It is
particularly useful to identify p with discrete
and not yet significantly depressed LV function,

RV FUNCI'ION EVALUATION USING VOLUME-PRESSURE LOOP
BY ECG-GATED EQUILIBRiUM RADIONUCLIDE ANGIOGRAPHY
AND SIMULTANEOUSLY ACQUIRED RV PRESSURE DATA.
S. Watanbe, T. Yasue, H. Mori, M. Hosoba, J. Soramoto and S. Waka
bayashi. Gifu Prefectual Hospital and Shimadzu Corporation, Gifu and
Kyoto, Japan.

This study was undertaken to evaluate the right ventricular (RV) function
in various cardiac disease using volume-pressure relationship which was
produced from ECG-gated equilibrium (EQ) radionuclide angiography
and RV pressure data measured with Swan-Gantz catheter. Computerized
methods for LIST mode data acquisition were developed to collect the
data from gamma camera, EOG wave and RV pressure simultaneously.
EcG-gatedpool imagessummingabout 200 beatsand averagepressure
curve spanning a complete cardiac cycle were generated from LIST mode
data which were acquired in the LAO 30Â°view with 3-mm collection
period using 15 mci Tc-99m HSA. A time-activity curve (TAC) ofthe RV
activity over the cardiac cycle and RV ejection fraction (EF) were calcu
lated chosing RV ROI for end diastole (ED) image after background
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correction. In order to determine ROl without inter-observer variation,
RV ROl could be selected on both ED and absolute value image of
(ED-ES) that emphasised the changing part in RV and right atrium. RV
volume curve was obtained calibrating TAC with ED volume calculated
from the relation of EF and cardiac output measured by thermodilution
method. From pressure curve and volume curve, volume.pressure loop
was created. RV regional wall motion analysis was also performed by
producing regional EF functional image.
With this EQ method using simultaneously acquired RV pressure data
we obtained accurate RVEF, volume curve and volume-pressure relation
ship repeatedly that would be rarely available by traditional contrast
angiography.

MYOCARDIALFUNCTION ASSESSED BY RADIONUCLIDE ANGIOCRAPHY
FOLIAMINC CHEST TRAUMA. @,A Suther@p4, A.A. Driedger,
W.J. Sibbald, J.E. Calvin, and R.L. Holliday. Victoria
Hospital, London, Ontario, Canada.

Left and right ventricular ejection fractions and wall
motion were assessed by Tcâ€”99m.RBC equilibrium ECC
gated angiography in 25 consecutive patients who had
sustained severe blunt chest trauma.

Abnormalities of wall motion were defined in 17
patients altogether with 12 right ventricular, 2 left
ventricular, and 3 biventricular findings. Two patients
had traumatic tricuspid insufficiency demonstrated by
first pass radionuclide angiography and verified by
contrast angiography. Alterations of ECG were diagnostic
of myocardial Injury in only 7 of the 17 patients. Scans
with Tcâ€”99m pyrophosphate were generally unhelpful being
positive in only 2 of 8 instances. Enzyme elevations
were of no diagnostic benefit.

Two of 5 deaths were attributed to refractory
arrhythinias. Surgical or post mortem evidence of
myocardial contusion was obtained in 5 instances. Of the
13 patients available for follow up examinations, 11
showed complete or partial resolution of the abnormality
and 2 were unchanged.

In the traumatized chest, altered myocardial function
way be due to direct myocardial injury or possibly
secondarily to altered vasomotor tone, thoracic mechanics,
etc. We believe that a positive radionuclide angiogram
constitutes prima fade evidence of myocardial injury.

BIPLANE RADIONUCLIDE QUANTITATION OF EXERCISE GLOBAL AND
SEGMENTAL LEFT VENTRICULAR RESPONSE IN CORONARY DISEASE.
V. Kaiff, Y.Lim, M.Kelly, P.Mason, R. Harper, S.Anderson,
J.Federman, A.Pitt. Alfred Hospital, Melbourne, Australia.

Sequential gated RAO first pass and LAO equilibrium
radionuclide (RN) angiograns were obtained at rest (R) and
peak supine bicycle exercise (Ex) to assess global (GEF)
and segmental (5SF) left ventricular (LV) ejection frac
tion. To define normal GEF and SEF, 14 healthy volunteers
were studied. Thirtyâ€”twopatients (PT) with chest pain
were studied, 28 with coronary artery disease (CAD) defined
at coronary angiography as having)50% luminal stenosis.

Counts based GEF and SEF (interobserver r).97) were ob
tamed with computer defined standardised isocount, van
able LV regions of interest. RN segments were assigned to
left anterior descending (LAD), left circumflex (LCX) and
posterior descending (PD) coronary artery territories.
Abnormal (ABN) responses were defined as (a) GEF on SEF>2
SD outside normal R or Ex mean range or (b) GEF rising (5%
or (c) SEF falling>2 SD of interobserver mean variance
for each segment.

LAO RAO BIPLANE
PD LCX LAD LAD LAD

ABN SEF/CAD>5O% 19/22 17/22 21/25 21/25 25/25
ABN SEF/CAD 30â€”50% 2/2 2/2 1/1 1/1 1/1
ABN SEF/CAD 0â€”30% 2/8 2/10 1/6 0/6 1/6

GEF responses were ABN in one or both views in 27/28
PT with CAD (26 RAO and 27 LAO). When SEF was combined
with GEF in either view all PT with CAD demonstrated ABN
stress LV function. GEF and SEF responses were normal in
the 4 PT with no CAD.

The addition of quantitative SEF to stress GEF improves
the overall sensitivity of RN detection of CAD and biplane
SEF reliably localises CAD.

LEFT VENTRICULAR EJECTION FRACTION FUNCTIONAL IMAGES AT
REST AND BICYCLE EXERCISE: DEFINITION OF NORMAL AND ABNOR

HAL REGIONAL RESPONSES IN CORONARY ARTERY DISEASE. B.
Williams H Berger F Wackers A Brendel S Lewis A
Gottschalk and B Zaret. Yale University, New Haven, Ct.

Computerized ejection fraction functional images (EFFI)
display the relative contribution of individual left yen
tricular (LV) regions to global LVEF. EFFI's were obtained
by anterior firstâ€”passtechnique using a multicrystal cam
era at rest (R) and peak bicycle exercise (EX) in 143 pat
ients (pts) (76 with coronary artery disease (CAD), 35 with
aortic regurgitation (AR) and 32 normals (nl)}. At R, nls
showed 2 EFFI patterns: symmetric regional contribution to
LVEF (23 pts); and asymmetric, with relatively decreased
inferobasilar contribution (9 pts). At DC, 31/32 nls aug
mented EFFI .@:lregion (12 pta anterior and inferior synmet
rically, 19 pts 1 region) . No region became worse at EX in
nls. In CAD, 29/76 pts were abnl at R, and 51/76 had abnl
EX response (worsening or failure to augment in any region).
60/76 had abnl global EX LVEF response. 95% of 3 vessel
CAD pts had abnl DC EFFI response, whereas 59% of 1 and 2
vessel pts had abnl EX EFFI response. In a subgroup of 16
pts with LVEF at R <40%, EX EFFI revealed new regional
changes in 9 pts not appreciable by visual wall motion an
alysis or EX LVEF response. Of 15 pts with AR and abnl EX
LVEF response, only 2 pts had abnl DC EFFI (both had normal
CA), while only 1/20 AR pta with nl EX LVEF responses had
abnl EX EFFI.
Thus, EFFI permits evaluation of regional function at R

and EX. Abni EX EFFI usually indicates CAD. For CAD de
tection, EX EFFI is similar to EX LVEF response, but EFFI
analysis may have potential value in appreciating induced
regional changes, particularly in pts with compromised
resting LV function.

ACEBUTOLOL, A NEW BETA-BLOCKER: EFFECTS ON RESTING AND
EXERCISE VENTRICULAR FUNCTION IN CORONARY ARTERY DISEASE AS
DETERMINED BY RADIONUCLIDE ANGIOGRAPHY . R .J . Katz,
R. DiBianco, S. Singh, B. Sauerbrunn, H.R. Bates, R.D.
Fletcher. Veterans Administration and Georgetown Univer
sity Medical Centers, Washington, D.C.

Though beneficial in the treatment of coronary artery
disease (CAD), betaâ€”adrenergicblockade may produce adverse
effects on ventricular function. Acebutolol (Acb), a new
cardioselective betaâ€”blocker,was studied to assess its
effects on global and regional ventricular function in 26
patients with chronic angina. All patients underwent rest
and maximal supine bicycle exercise radionuclide anglo
graphy during placebo (P) and on oral Acb (400 mg TID).
Resting heart rate and anginal frequency decreased after
Acb (+10%, p<.OOS; and +22%, p<.O2, respectively). Resting
ejection fraction (EF) on P was .51Â±.O3 (range .28â€”.72)and
increased on A to .54Â±.O3 (p<.O5). No resting SF decreased
>.O7. One patient with resting EF .28 on P had resting EF
.21 on Acb and developed signs of fluid retention. No
other patients had signs or symptoms of heart failure.
Exercise nuclear studies on P revealed 24/26 with response
consistent with CAD (19/26<.O5 increase EF with exercise;
24/26 regional wall motion abnormalities on exercise).
Exercise protocols were similar on and off Acb, and chest
pain limited most studies (22/26 placebo, 19/26 Acb). Acb
produced lower peak exercise heart rates (98 vs 110Â±3,
p<.OO5) and rateâ€”pressureproducts (17,344 vs 20,898Â±1700;
p<.OO5). Peak exercise SF, was similar on P and Acb
(.51Â±.O3to .54Â±.03,respectively, pNS). Four patients
normalized exercise SF response (>.O51) and 5 patients
normalized all RWMA on Acb. Cardioselective beta block
ade with Acb in effective antianginal doses is safe and
may improve resting and exercise ventricular function.

LEFT VC@TPICULYU'. â€˜LPF3R'tT@ilCE AT TU@T, FXflPCI@E
1@NDDU@tI@JGACUTE CETA @r:cEpToR ELOCKADZ IN NORMAL

@ . @.I3auer, L. @auer@ I1.Lan@jhairrier, U.'!. P@hst,
A.irzfeld, I1.@oheninci. Techr'ische Universit@t,

@Unchen, Germany

10 health- @u@j<c@@ witI@ invasively rroven nor
nial heart function were tested }@y rctclionuclido
ventriculography to evaluate ejection fraction 1F
and relative emntinc@ and flllinq velocities â€˜IL
and \â€˜F,respectively (â€˜IL= dV/dt I EDV).

fcintigrame were tnken at rest, under maximal
exercise with a bicycle ergometer, under stimula
tion with flohutamin and after acute beta blockade
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with Metoprolol. Under exercise EF increased from
55% at rest to 78%, VE and VP from â€”2.5and +2.5
to -6.2 and +8.2, respectively. Heart rate in
creased from 68 to 170 mm. One hour after exer
cise Dobutaznin was infunded at 7.5 and 15 ug/kg/
mm over periods of 15 mm each. EF, VE and VP
increased from 53%, -2.9 and +2.9 to 80%, -6.0
and +4.5 at 15 ug Dobutamin. Following acute beta
blockade with 0.2 mg/kg Metoprolol i.v. we found
no change in cardiac function (53%, -2.6 and +2.6)
Patients were submitted to exercise a second time,
now EF and velocities increased to only 63%, -4.3
and +6.0 at a heart rate of 130 /min.

The data show that both ergometric exercise
and pharmacological beta stimulation result in
the same maximal cardiac performance revealed by
EF and yE, whereas under acute beta blockade car
diac performance is limited.

(Supported by Fritz-Thyssen-Stiftung and DFG)

4:00-5:30

CLINICAL

Gill
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was the sum of initial gastric and esophageal counts. Esoph
ageal retention was calculated as the percent of total in
gested isotope remaining in the esophagus over time. 4ach
alasia patients underwent Heller myotomy andwererestudied.

% Isotope Remaining in Esophagus
@i:2.@2. N I MIN 5 MIN 10 MIN 15 MIN

Normals 7@ 3ThT@ 3.3Â±1.1 2.8Â±1.0
Achalasia 10 27.7Â±4.7 24.6Â±4.9 22.7Â±11.6 21.1Â±4.8
Pre-myotorny 4 20.9Â±7.0 17.5Â±6.7 14.3Â±4.8 12.0Â±3.9
Post-myotorny I. 4.9Â±3.4 3.4Â±2.4 2.8Â±2.2 1.9Â±1.4

Compared to normals, untreated achalasia patients had marked
and significantly increased esophageal isotope retention
from 1 to 15 minutes after the meal (p<O.Ol). Esophageal
emptying significantly improved after surgery, returning to
the normal range and correlated with marked symptomatic im
provement. We conclude that quantitation ofesophageal emp
tying of radiolabeled solid food is a physiologic test for
evaluating the efficacy of achalasia therapy and to study
esophageal dysfunction.

COMBINED GALLBLADDER-GASTRIC EMPTYING IN MaN: EFFECTS OF
VARYING MEAL COMPOSITION. E.Rock L,S.Malmud P.Bandini
C Apple@ste J Reilley R.S Fisher. Temple University
Hospital, Philadelphia, PA.

The purpose of this study was to simultaneously measure
theratesof gallbladderandgastric @ptyingafteringes
tionofmealsof varyingprotein,cardohydrate,andfat
content without altering total caloric or volume intake.
Fifty paired experiments in 25 normal subjects were per
formed using the technique of dual radionuclide choles
cystogastric scintigraphy. One minute images and counts
wereobtainedat 15minuteintervalsfora periodof 2
hours using the g@a cme.ra on line to a digital computer.

Following a saline liquid meal, no significant gall
bladder evacuation was observed. A monocceaponent fat meal
and a multicomponent meal that induced gallbladder empty
ing which was more rapid and more complete than that which
followed either a protein or carbohydrate meal. Fat
emptied from the stomach more quickly than protein, or
carbohydrate, or a mixed meal, but more slowly than a
saline load. The temporal relationship between the gall
bladderemptyingandgastricemptying,expressedas a
ratio, was similar for each monocomponent meal. The ratios
were significantly higher after a multicomponent meal.

In conclusion, both gallbladder and gastric emptying
were affected significantly by varying meal. composition.
Gallbladder evacuation was stimulated not only by fat,
protein, or mixed meals, but also by a pure carbohydrate
meal. This technique appears to be a useful one in
studying the relationship between gallbladder and gastric
emptying in man under a variety of circumstances.

DUALRADIONUCLIDESTUDIESOF GASTRICEMPTYINGUSING A
PHYSIOLOGIC MEAL. P Bandini@ L Ma1mud@ G Applega@e
J Reilley E Rocks R.S Fisher. Temple University
Hospital, Philadelphia, PA.

The technique of dual radionuclide scintigraphy was em
ployed to quantitate simultaneously gastric emptying of
solids and liquids, to establish normal values for gastric
emptying of a physiologic meal, to determine the effect on
gastric emptying of antiâ€”cholinergicmedication, and to
evaluate patients with gastric outlet obstruction. The
study was performed in 25 normal subjects employing Tcâ€”99m
labeled chicken liver as the solid meal, and Indiumâ€”lll
DTPA in water as the liquid component.

Water, when ingested alone, emptied from the stomach
faster than did the liver. When ingested simultaneously
therewasdelayedemptyingof thewater.Cholin.rgicblock
ade slowed emptying of both water and liver. Delayed empty
lag of both water and liver was observed in 8 of 10 pa
tients studied with the gastric outlet obstruction syn
drone. In the other two patients, only emptying of the sol
id was decreased, as confirmed by a normal saline load
test.

In conclusion, this technique demonstrates different
rates of emptying of liquids and solids. When ingested ci
nultaneoucly the solid slowed the rate of gastric emptying
of the liquid, there was inhibition of emptying of both
liquids and solids by atropine. In some patients with a
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ESOPHAGEALTRANSIT OF GELATINCAPSULES-THERAPEUTICIMPLICA
TIONS. L.S Maluiud E RoclÃ§C Applegate J Reille@,
R.S Fisher. Temple University Hopital, Philadelphia, PA.

The purpose of this study was to measure the effect of
patient positionand the use of water on the movement
through the esophagus of a standard comeonly employed
gelatin capsule. Orally administered medications have been
implicatedin theetiologyof esophagealerosions.Many
patients have learned to swallow capsules without water or
with one swallow of water. This study was designed to de
termine if such practicesmight result in delayed transit
of the capsule through the esophagus, with resultant
esophageal symptoms or frank erosions. Twentyâ€”five normal,
asymptomatic subjects were studied in both the upright and
supine positions, and with or without swallowing water.
The patients were positioned against a g@a c@sra detec
tor on line to a digital computer. Images and counts were
obtainedat 1 secondintervalsfor30 secondsandthenat
15 second intervals for 10 minutes. Each capsule contained
less than 100 microcuriesof Tcâ€”99msulfur colloid absorbed
onto a fragment of filter paper. The total clearance of
the capsule was expressed in minutes following ingestion,
In one half of the normal subjects studied upright, the
capsule remained in the esophagus for a period of 10
minutesor longer,if itwas notadministeredwithwater.
Similarly, the transit of the capsule was delayed over 10
minutes in 50% of the normal subjects studied supine, with
or without water. When the capsule was swallowed with
water in the upright position, it cleared in less than 10
secondsin allsubjects.

In conclusion, these data suggest that orally adainis
tered capsules should be swallowed in the upright position
with water in order to protect the esophagus.

RADIONUCLIDEQUANTITATIONOF ESOPHAGEALEMPTYINGOF SOLID
FOOD IN ACHALASIA. G.A.Krosn T.Saladino R.W McCallum.
Yale UniversIty, New Haven, CT.

The purposes of the present study were: 1) develop a
technique to quantitate esophageal emptying of an isotope
labeled solid meal in normal subjects; 2) compareesophage@
emptying in normals with achalasia patients. both untreated
and after myotomy. 7 normal adult subjects and 10 patients
with documented achalasia (7 untreated and 3failedpneumat
Icdilatations)ingestedan eggsaladsandwichlabeledwith
99â€•Tc-DTPA.All patients were studied in the sitting posi
tion with posterior positioning of the gama camera. Counts
were obtained every minute for 15 minutes beginning on corn
pletion of the meal. The total count of the ingested meal
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gastricoutletobstruction,onlysolidsdemonstratedde
layed gastric emptying, but not liquids. These studies
suggest that this technique can provide quantitative infor
nation about gastric emptying which correlates better with
patient symptoms than does the standard saline load test.
It is also suitable for measuring the effects of various
pharmaceuticalson gastricemptying.

THE GASTRIC UPTAKE AND SECRETION OF Tc-99m PERTECHNETATE
AETER H2 RECEPTOR BLOCKAGE IN DOGS. V V Sagar and
J M Piccone. â€˜1.A. Center, Wilmington, DE.

This research investigation describes the effect of
cimetidine, a H2 receptor blocking agent, on the gastric
secretion of Tcâ€”99mpertechnetate.

Eleven beagle dogs were anesthetized, opened and the
gastric contents aspirated. The six experimental animals
were administered 300mg of cimetidine. All animals were
administered 2mCi of Tcâ€”99mpertechnetate and, 4 hours
after administration, the gastric contents aspirated. The
stomachs were removed and imaged and counted on a gamma
camera. The % administered dose in the stomach was calcu
lated. The gastric contents were analyzed for titrable
acid and equal volumes of standard and sample were counted
for Tcâ€”99mactivity and the % administered dose in 5cc of
gastric juice computed.

There was a 47% decrease in the cimetidine treated
animals with essentially no change or slight increase in
acid output for the control group. The difference in the
% administered dose between the gastric contents and
stomach wall in the cimetidine treated animals is 2.5 times
greater than the difference in the controls. The blood
clearance data is similar in control and experimental
animals indicating no stomach uptake.

Our data suggest that Tcâ€”99mpertechnetate is concen
trated by the gastric mucosa but its excretion into the
gastric contents is inhibited in cimetidine treated
animals. These findings also suggest that the parietal
cells secrete both acid and pertechnetate and when one is
suppressed, so is the other. It is also possible that
cimetidine inhibits the secretion of Tcâ€”99mpertechnetate
by its action on the superficial mucosal cells.

ASSESSMENT OF GASTRIC FUNCTION BY i.v. INJECTION OF Tc-99m
PERTECHNETATE. F FazioL E Pesciullesi@ M Possa and
C@ Ospedale S.Raffaele, Milan, Italy, and
Hammersmith Hospital, London, U.K.

As Tc-99m Of is quickly concentrated and secreted by the
gastric mucosa, i.v.injection of pertechnetate and external
recording has been proposed as a non-invasive test of gas
tric function (Taylor, T.V. , Bone, D. , Torrance, B. , Br.J.
Surg. , 64: 702, 1977). We have developed a modified ver
sion of this technique in order to improve its accuracy,
and we have compared it with acid output data obtained from
nasoâ€”gastricaspiration. We studied normal subjects,
patients with duodenal ulcer (DU), and patients with gast
nc ulcer (GU). Fifteen minutes following pentagastrin
stimulation, 1 mCi of Tc-99m pertechnetate was injected
iv.withthesubjectsupineunderthegaemacamera.
Activity o@rerabdominal region was continuously recorded on
a digital computer for 30'. Stomach actiâ€•itywas corrected
for background and gastric emptying, normalized and ex
pressed as percentage of the injected dose (as measured
from an identical dose placed in a phantom simulating the
stomach and abdominal wall). Stomach actiâ€•itieswere high
er in patients with DU (hypersecretive), intermediate in
normal subjects, and lower in patients with GU and gastric
carcinoma (hyposecreti@ve). There was no oâ€•erlapbetween
patients with DU and GU. Corrected stomach actiâ€•ities
showed excellent correlation with the acid output (in
tnEq/h) measured by nasoâ€”gastricaspiration on a separate
session but at corresponding times after pentagastrin
stimulation. I.'T.injection of Tcâ€”99mpertechnetate is
an accurate and non-invasive technique for the diagnostic
screening of DU and CU and for the eâ€•aluationof medical
and surgical treatments in patients with stomach pathology.

MEASUREMENT OF GASTRIC EMPYTING RATE (GER) AFTER SURGICAL
TREATMENT FOR OBESITY: USE OF Tc-99m TAGGED CHOPPED CHICKEN

LIVER (TCCL). D.D Patton N.y Villar L.W Norton and S
L Wangensteen. University of Arizona, Tucson, AZ.

We wished to know whether there was a relationship be
tween GER and satiety, rate of weight loss, and caloric in
take in patients with morbid obesity treated with gastric
bypass (GBy) or gastric stapling (GSt). Since GER depends
on test neal type (liquid, solid, fat, etc.) we selected an
intrinsically labeled solid food, TCCL (Meyer et al: AxeJ
Dig Dis 21:296, 1978). Ten mCi Tcâ€”99msulfur colloid is
injected into a live chicken, which is sacrificed after 20
mm. The liver is boiled and chopped. The tracer is in
trinsically bound to the test substance, which is a real
food; the study is physiologically sound. To test tracer
binding we boiled the TCCL in 1 N HC1 for 20 mm . The super
natant contained <0.05% of the liver activity.

Patients fasted for 12 hours and were given 1 mCi TCCL
(15 pm), 30 pm chopped fatâ€”freeroast beef, and 200 ml water.
The stomach was imaged in anterior and posterior views with
the patient erect, for 2-3 hours. Geometric mean counts were
determined so as to minimize changes in stomach position.

Seven patients had GBy (division of the stomach in a fun
dic pouch drained by a gastrojejunostomy) and 12 had SGt
(transverse stapling of the stomach creating 2 pouches com
municating by an 8 mm opening) . All studies were done 2
months after surgery. GER was 6.6 Â±5.5 %/min. after GBy
and 1.7 Â±1.4 %/min. after GSt (P<.005). Feeling of full
ness was similar in both groups, as was caloric intake and
rate of weight loss. We concluded that although GER is sig
nificantly slower after GSt than after GBy, GER does not
appear to be a factor determining rate of weight loss, cal
oric intake, or satiety.

COMPARISON OF GASTRIC EMPTYING RATES OF INTRACELLULAR AND
SURFACE-LABELED CHICKEN LIVER IN NORMAL SUBJECTS. R.W.McCal
lum 1 Saladino R Lange. Yale University, New Haven, CT.

It was our aim to evaluate and compare 2 isotope-'abeled
meal preparations as measurements of gastric emptying of
solids in man: 1) intracellular labeling of chicken liver
using 99â€•Tc-sulfurcolloid (Meyer, et al, 1976); 2) surface
labeling of commercial chicken liver with the same isotope.
In the latter method, 99â€•Tc-sulfurcolloid was applied to
the surface of 1cm cubes of pre-cooked chicken liver. Both
meals were similar in composition: 3Ogrms of chicken liver,
7@oz beef stew, lOoz water, and 2 crackers consisting of 16
grms protein, 26grms carbohydrate, l2grms fat, and contained
274 calories. 7 normal subjects ingested each meal on sep
arate days and lay supine under a gamma camera. Gastric
emptying was expressed as percent of isotope remaining in
the stomach for 120 minutes after counting began...

@ % IsotopeRemaininginStomach(XÂ±SEM)
N 30 60 90 120 MIN

Intracellular 7 9O.1@3.5 79.1Â±6.0 62.1@5.7 50.4Â±5.8
Surface 7 87.0Â±4.1 77.1Â±5.4 60.8Â±5.7 50.1Â±7.7
The mean rate of gastric emptying per hour was 24.9% after
the intracellularly-labeled meal and 25.0% for the surface
labeled. In vitro studies of adsorption of 99@Tc-sulfur
colloid to the chicken liver surface were performed by mix
ing the surface-labeled chicken liver in lOoz of water at
pH 2. Approx. 1/3 of isotope was displaced from the liver
within 10-15 mins. Adsorption remained stable after that
time. We conclude: 1) gastric emptying rates for intracel
lurly and surface-labeled chicken liver preparations are
similar; 2) in vitro studies indicate stable adsorption of
2/3 of the isotope dose to the liver surface; 3) surface
labeled pre-cooked chicken liver may be acceptable for
evaluation of solid food gastric emptying in man.

PERSISTENT RENAL UPTAKE OF GALLIUM IN THE ABSENCE OF RENAL
PATHOLOGY IN PATIENTSWITH SEVERE HEPATOCELLULARDISEASE.
B.B SterkelN.P AlazrakiandA Taylor.VeteransAd
ministrationMedical Center, San Diego, CA.

We have noted persistentrenal accumulationof galilissin
patients who had no apparent renal pathology, although these
patientsdidhaveadvancedhepatocellulardisease.A retro
spective study was performed to determine if marked hepato
cellulardiseasecouldbe associatedwithrenalaccumulation
of galliumin theabsenceof renalpathology.Scanreview
of 40 patientswho had Tc-99m sulfur colloid liver/spleen
scansandgallium-67citratescanswithinonemonthshowed
14 with marked hepatocellular disease on liver/spleen scan.
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brain were obtained. Images and digital data were collect
ed following administration of the agent to the monkey and
changes in distribution of activity were computer analyzed.
In the dog, the ratio of activity In gray-to-white matter
decreased from 1. 32 at 6 mm to 0. 93 at 200 mm. No
specific localization In brain nuclei was seen, but progres
sive accumulation of activity in eyes was noted. Rapid
Initial localization of activity in the monkey brain was
noted suggesting substantial first-pass clearance. Further
slow accumulation of activity in brain occurred during the
next 20 minutes. High levels of brain activity were main
tamed for several hours and good scintigraphic images of
the brain were obtained with pinhole collimator/scintilla
tion camera imaging l@ to 2 hr after administration. At
165 mm, of the activity emanating from the body, 18% was
in the head, 27% in the upper abdomen (liver/kidney/
stomach), and 8% in the pelvis (bladder). The data suggest
utility of the agent in imaging regional brain perfusion
(early study) and possibly in assessing dynamics of CNS
amphetamine binding sites (late studies with and without
competitive binding agents).

Room 3039

NEW BRAIN IMAGING AGENTS: RADIOIODINE LABELED TERTIARY DI
AMINES. K Tramposch H Kung and M Blau. State Univer
sity of New York at Buffalo and VA Medical Center, Buffalo,
NY.

Seleniumâ€”iSlabeled tertiary diamines, HOSE and PIPSE,
localize in brain by a regional pH shift mechanism (J.N.M.
Feb. 1980). Since the mechanism of uptake and retention of
these compounds is related principally to lipid solubility
and its change with pH, other radioactive labels can be
used. We have prepared and studied a series of Iâ€”labeled
pH shift agents. To minimize in vivo deiodination, the
radioiodine was covalently bound to an aromatic ring.

@1R@

x25

The above tertiary diamines were prepared by brominating
4-iodo--nâ€”xylenewith Nâ€”bromosuccinimideand reacting the
product with disubstituted amines. oâ€”IBDMwas obtained by
reacting oâ€”iodobenzylchloride with dimethylamine. 1â€”125
labeling was done by exchange at elevated temperatures.
Partition coefficientâ€”pHprofiles (nâ€”octanol:buffer,pH
6.0â€”8.0)and biodistribution in rats at various times after
i.v. injection were studied.

The brain uptake at 2 mm (1.7â€”2.4%dose/organ) was con
parable to the Seâ€”75pH shift agents. Washout from brain
was fast for nâ€”IMOand the monoamine oâ€”IBDM(Tz@<15 mm) and
very slow for m-IDM and mâ€”IPIP(Ti@>6 hrs). These compounds
labeled with 1â€”123would be useful as brain imaging agents.

THE SYNTHESIS OF [F-18]-4-FLU0R0ANTIPYRINE FOR THE
MEASUREMENTOF REGIONAL CEREBRAL BLOOD FLOW. C -Y Shiue
R S Kutzman and A P Wolf. Brookhaven National
Laboratory, Upton, NY.

[Câ€”l4]â€”antipyrlnehas been Investigated as a tracer
for estimating regional cerebral blood flow using autoradio
graphy in animals. Its radlolodinated analogs have been
used to study the synmietry of brain perfusion using the
gamma camera and single photon tomography. However, it is
known that 4â€”iodoantlpyrineIs unstable in vivo. Therefore
we have explored the possibility of using Fâ€”l8labeled
4â€”fluoroantipyrineas a nonâ€”volatiletracer for the
measurement of regional cerebral blood flow.

[Fâ€”l8]â€”4â€”fluoroantlpyrlneis prepared by fluorination
of antipyrine (1) with [Fâ€”l8]â€”F2In acetic acid.
Fluorination oflwith fluorineâ€”l8gives [F-l8]â€”4,4â€”
difluoroâ€”3â€”hydroxyâ€”2,3â€”dimethylâ€”lâ€”phenylpyrazolidinâ€”5â€”one
(2), 4â€”fluoroantipyrine(3), and 4,4â€”difluoroâ€”3â€”methylâ€”lâ€”
phenylâ€”2â€”pyrazolinâ€”5â€”one(4). The product distribution
depends on the ratio of 1 and molecular fluorine. The
products are purified by silica gel column chromatography
or by preparative GLPC. Current production procedures
result in radiochemical yields of â€˜@l8X(based on recovered
Fâ€”lR)in a synthesistime of 90 minutes from EOB. [Fâ€”18]â€”
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LOCALIZATION OF I- 123 IODOPHENYLALKYL AMINES
IN RAT BRAIN. H.S Winchell R.M Ba1dwin,@j.H Lin.
Medi-Physics, Inc. , Emeryville, CA.

Localization in rat brain of forty iodophenylalkyl
amines labeled with 1-123 was evaluated to develop gamma
emitting agents for brain studies. Highest activity in brain
and brain-to-blood activity ratios were noted for iodine
position on the benzene ring of p>m>o; for alkyl groups.
a -methylethyl>ethyl>methybnone; for N additions, single
lipophiic group>H>two lipophilic groups. It is suggested
that introduction of a halogen into the ring structure of
many amines results in greater concentration of the agent
in brain than is seen with the non-halogenated parent.
Thirty-four of the forty compounds showed higher rat
brain activity, and higher brain-to-blood activity ratios at
5 mm than did I- 123 4 -iodoantipyrine. Ten ofthe compounds
showed a ten-fold or greater brain-to-blood activity ratio
at 5 mm than did 1-123 4-iodoantipyrine. Activity in brain
did not correlate solely with the blood concentration of non
ionized base, or lipophiicity of the base, anticipated from
consideration of their chemical structure. We propose that
the concentration of these agents in brain is a consequence
of their affinity for high-capacity, relatively nonspecific
binding sites for non-hydroxylated amines located in the
brain and/or brain capillary endothelium. The agent
N-isopropyl-p-iodoamphetamine was chosen for further
study because, in the rat, it showed high brain activity,
1.57%/gram. and brain-blood ratio, 12.6 at 5 mm which
increased to 2.14%/gram and 20.7, respectively, at 60mm
(R isomer) following its intravenous administration.
Clinical utility may exist for these agents in scintigraphic
measurement of regional cerebral blood flow, regional
brain amine transport and/or binding mechanisms, studies
of the retina, and localization of tumors of neural origin.

LOCA LIZATION OF I- 123 N-ISOPROPYL-p-IODO
AMPHETAMINE IN DOG AND MONKEY BRAIN. H. S.
Winchell R Hattner H Parker. Medi-Physics, Inc.,
Emeryvihe CA University of California atSan Francisco,
San Francisco, CA.

Previous work demonstrated rapid localization and
prolonged retention in rat brain of 1-123 N-isopropyl-p
iodoamphetamine. The present work extends the in vivo
distribution studies on this agent to the dog and monkey.
The agent was administered intravenously to dogs and a
capuchin monkey. One dog was sacrificed at 6 mm and
another at 200 mm. Activity was assayed in certain
tissues and scintigraphic images of coronal slices of the

m-IDM, R-R'- -C}12-N(CH3)2

n-IPIP, R=R'- -CH2â€”N@@

m-J.MO, R-R'= -CH2-)('j

o-IBDM, R-H, R'- -CH2-N(CH3)2
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Of these 14 patients,9 had renal accumulationof gallium
at 48 or 72 hours. Eightof these9 hadadvancedalcoholic
liverdiseasewhileonehadhemachromotosis.An autopsy
was perfonned on 5 of these patients within two months of
the scans; three had no evidence of renal disease, the
fourthhadrenalcalciumanduratedeposits,andthefifth
had candidiasis involving the kidney although all five pa
tientshadnormalrenalfunctionat thetimeof theirgal
hum scan. Of the remaining4 patIents,2 had no evidence
of renaldiseaseand2 hadan elevatedBUNandcreatinine.

Insuninary,5 of 9 patientswithpersistentrenaluptake
of galliumhadno evidenceof renaldiseaseandin 2 addi
tionalpatients,it is unlikelythatsignificantrenal
pathology existed. Therefore, advanced hepatocellular
diseasecanbe associatedwithpersistentrenalgalliumup
take in the absence of renal pathology. Hepatocellular
diseaseshouldbe excludedin patientswithrenaluptakeof
gallium before the scan is interpreted as representing
renaldisease.

4:00-5:30



PROCEEDINGS OF THE 27th ANNUAL MEETING

4â€”fluoroantipyrinecan be prepared with a specific activity
of > 0.27 mCi/mg.

Studies of the biodistribution of 3 at 15,30,60,120
seconds and 10 minutes in Swiss albino nice (BNL strain)
indicate that the radioactivity persists in brain tissue
for up to 120 sec at a level per unit weight greater than
that of bone. [Fâ€”l8]â€”4â€”fluoroantipyrineis being studied
as a radiopharmaceuticalfor measuringbrain perfusionand
blood flow.

CEREBRAL EXTRACTION OF (Nâ€”13)A*IONIA (NH): DEPENDENCE ON
CEREBRAL BLOOD FLOW AND CAPILLARYPERMEABILITY-SURFACEAREA
PRODUCT (PS). N.E Phelps S.C Huanq1 D.E Kuhl E.J
Hoffman C Selin. UCLA School of Hedicine,Los Angeles,
CA 90024

We havesystematicallyexaminedmechanismsof transport,
metabolismand removal of NH and its uses as a biological
tracer in brain. Cerebral extraction and clearance was
measuredby singlepassextractionfraction(E)technique
in monkeys,andin dogsby useof @isphereflowmodel. E
forwholebrainwas determinedat differentlevelsof cere
bralbloodflow(CBF). Netextractionof NH wasmeasured
in grayandwhitematter,mixedtissueandcerebellumwhen
CBF variations were produced by embolization, local brain
compressionsand ventilationwith carbon dioxide in dogs.
E for NH varied from 70 to 20% over a CBF range of 12 to
l4Occ/min/lOOgms. Estimates of PS with Renkin/Crone model
showedincreaseswithCBF: magnitudeandrateof increase
was highestin graymatter> mixedtissue> whitematter.
We have proposeda new unidrectionaltransportmodel in
whichCBFincreasesby recruitmentof capillariesand
increases of blood velocity. This saturable-recruitment
(SR)modelprovidesa possibleexplanationforthemocha
nismof flowchangesat capillarylevel. Local(Nâ€”13)
tissueconcentrationsafteri.v.injectionincreas&non
linearlywithCBF:doublingor halfingbasalCBFproduced
40 to 50% changes, and further increases in CBF produced
smallerchanges.NH appearsto be a goodtracerfor
detection of cerebral ischemia with positron tomography
butexhibitspoorresponseat highCBF. BecauseNH is
specificto capillaries,PS dependent,rapidly incorporated
intoglutaminein astrocyticpericapillaryendfeetandhas
a long retention time, it provides a new method to examine
capi11ary mechani sms
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the TI was .2 SE and 1.00 SP. The PUT had a .4 SE and
1.00 SP.

This demonstrates increased sensitivity of PUT for
CAD with decreased specificity. Data for the PDA and
or4â€”cxshows significant increases in SE with no loss of
SP. The majority of falseâ€”positivestudies were in the
LAD septal area, The explanations for this relate to att
enuation due to variable patient anatomy. At present we
seeno wayto eliminatethisproblemandadviseinterpret
ing isolated septal lesions with care.

Tc-99m-PYROPHOSPHATETRANSAXIALEMISSIONCOMPUTEDTOMOGRAPHY
IN PATIENTS WITh ACUTE MYOCARDIAL INFARCTION. B.L Holman
B.J.Friedman J.F Polak G Curfman J.Wynne C@-M Kirsch
andR.J English.PeterBentBrighamHospital,Boston,MA.

Assessmentof acute myocardialinfarctionwithmyocardial
scintigraphyhasbeenlimitedby theconstraintsof two
dimensionalimaging.We haveinvestigatedthefeasibility
of transaxial emissioncomputedtomographyof the heart
usinq Tc-99m-pyrophosphate.We studied 6 patientswith
acutemyocardialinfarction(3withinferiorand3 with
anteriorinfarcts)and4 patientswithoutinfarction.
Imaging was performed with a garrmacamera and then with the
CLEON 711 radionuclide body function imager 3 hours after
injectionof Tc-99m-pyrophosphateusinga sliceintervalof
2.5 cm beginning at the base of the heart and progressing
towardstheapex. Ininediatelyfollowingthe imagingwith
99mâ€”Tc-pyrophosphate,Tc-99m-pertechnetatewas injected,
resultingin in vivoRBClabeling.RepeatImagesof the
cardiacbloodpoolwereperformedto assistin localizing
thepyrophosphateuptake.Therewas increaseduptakein
thevertebraandsternumwithoutmyocardialwalluptakein
the 4 patients without infarction. Patients with anterior
infarctionhad pyrophosphateuptake in the anteriorwall of
theleftventriclewithextensionin2 patientsintothe
intraventricularseptum.Patientswithinferiorinfarction
had uptake involving the diaphragmatic left ventricular
wallwithextensionin 2 patientsto theposterior,postero
septal,posterolateralandposteriorrightventricular
walls. In all cases the quality of the images was superior
with tomography than with the ganinacamera. We conclude
that emission transaxial emission computed tomography with
99m-Tc-pyrophosphate is feasible in man and may lead to
moreaccuratelocalizationand sizingof acutemyocardial
infarction.

ASSESSMENY OF REGIONAL MYOCARDIALFUNCTION BY POSITRON EM
ISSION TO?.OGP..APHY.G Wisenberg H Schelbert H Hoffman
S.C Huang M Phelps and D Kuhi. UCLA School of Medic
me, Los Angeles, CA.

Regional nyocardial wall thickening (RN) has been pro
posed as a sensitive index of regional myocardial function.
Wehave previously shownthat regional myocardial indicator
concentrations and regional blood flow (MBF) can be accur
ately and non-invasively quantified by positron emission
tomography (PCT). Because of the partial volume effect,
concentrations recovered by PCT, however, are a function
of object size. Myocardial concentrations measured by PCT,
therefore, must be corrected for left ventricular wall
thickness (NT). Conversely, PCT may be used to measure
RN from the change in recovered indicator concentrations
from enddiastole to endsystole. This possibility was cx
ainined in 7 open chest dogs imaged after left atrial in
jections of Ga-68 labeled microspheres (positron emitting)
and gammamicrospheres (for in vitro determination of MBF).
Gated enddiastolic and endsystolic images were acquired for
each of two planes per animal. In vivo recovery coeffic
ients (RC) were derived from the relation3hip: NT to ra
tios of uncorrected in vivo MBF by PCT to in vitro seas
ured MBF. This relationship described by RC = 0.09 + .04
Wy (mm) closely approximatedthe curve derived from phant
on studies for the range of 8-20mm NT. Using the in vivo
RC regression equation, percent increases in regional
count recovery by PCT were converted to percent RN and
compared well to percent RN measured by echocardiography
by y = .05 + .97 (r = 0.95; n = 20. SEE = .08). Thus
PCT permits measurementof percent RN that can be correl
ated with simultaneously determined regional nyocardial
metabolism and blood flow.
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7-PINHOLE TOMOGRAPHY. IS IT WORTH IT? R.E Henkin@
D.J.Hale B.C Salo,@A Rao and W Chang@ Loyola
Univ. Med. Center, Maywood, IL.

Questions exist as to the specificity (SP) and sensi
tivity (SE) of 201â€”Thallium7 pinhole tomograss (PUT).
fe evaluated 120 patients with PUT imaging and cardiac
cath. Standard thallium images (TI) were made with a
high resolution collimator, 1000 ID per image, in four
projections at stress and 4â€”6hours later. PUT studies
were performed on the same device. A commercial collima
tor and software were employed.

Cath was analyzed for left anterior descending (LAD),
posterior descending (PDA) and obtuse marginalâ€”circumflex
(OMâ€”CX)disease. Caths, TI and PUT were interpreted in
dependently. 70% or greater stenoses were considered
significant. The SE of TI images for detection of pat
ients with coronary artery disease (CAD) was .83, and SP
was .88. PUT had an SE of .93 for CAD and an SP of .67.

The SE and SP for PUT and TI were analyzed by vascu
lar distribution. The LAD SE was .71 and SP was .89 for
the TI. For PUT, SE was .86 and SP was .7. For the PDA
the TI was .43 sensitive and .92 specific. PUT had an
SE of .75 and an SP of .96 for the PDA. For the OM-CX
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CLINICAL APPLICATIONS OF ROTATING SLANT HOLE TOMOGRAPHY TO
CARDIOVASCUlARNUCLEARMEDICINE. R.J Herfkens D.W Shosa
R.S Hattner D.B Faulkner E Botvinick and W O'Connell.
University of California, San Francisco, San Francisco, CA

Reconstruction tomography using a seven pinhole collima
tor with a large field gamaa camera appears to offer advan
tages over projection images for the heart. A similar con
cept using a rotating slant hole collimator was described
some time ago but never became widely utilized because of
limitations intrinsic to then available imaging and display
instrumentation, and image reconstruction algorithn@. We
have developed rotational slant hole tomography (RSHT)
using state of the art instrumentation and improved recon
struction algorithms. Three groups of patients were evalua
ted using imaging times comparable to conventional imaging.
TLâ€”2O1RSUT in 20 patients with ischemic heart disease was
compared to standard images. Tomographic images of TcPYP In
10 patients suspected of having myocardial infarction were
compared to conventional images. Multiple gated wall motion
studies were obtained tomographically in 9 patients and
compared to conventional images. RSHT has been useful in
clearly defining ischenia and infarcted areas on TLâ€”2O1
images. The use of TcPYP RSHT has been useful in defining
infarcted areas separating rib uptake, and blood pool acti
vity in the diffuse uptake pattern. Totnographic wall notion
studies have been useful in defining chamber size and seg
mental notion abnormalities despite projection. Besides in
provement in image definition using RSHT, RSHT offers other
advantages over the seven pinhole approach. Image registra
tion and uniformity standardization are unecessary with
RSHT. Positioning is not critical. Adequate tonographic
studies can be obtained with a 25 cm gaama camara. RSHT
offers the advantages of tomography with few of the disad
vantages of the 7 pinhole technique.

A MULTICENTER COMPARISON OF STANDARD AND SEVEN PINHOLE
TOMOGRAPHIC TL-2Ol SCINTIGRAPHY: RESULTS OF QUANTITATIVE
INTERPRETATION OF TOMOGRAMS. R Vo9el P Alderson D
Berman J Caldwell J Thrall A van Aswegen L B@ker
T Brady M Freeman D Kirch N LeFree J Links N
Pantaleo J Ritchfe H Stan1@off G Hamilton B flit
and H Wagner Jr. Denver V.A.M.C.,Denver, CO, Cedars
Sinai M.C., Los Angeles, CA, Johns Hopkins N.!., Baltimore,
Iâ€•D,Seattle V.A.M.C., Seattle, WA, and University Hospital,
Ann Arbor, MI.

Standard scintigraphy and seven pinhole tomography were
performed following thallium-20l administration in a total
of 110patientsat theabovemedicalcentersexcludingthe
Denver V.A.M.C. Studieswere initiated5-10 minutes post
treadmill exercise and 2 hours later or at rest. Circum
ferentialactivityprofilesobtainedfromthetomograms
wereanalyzedusingquantitativecriteriaof redistribution
and lower limits of normal. The latter were derived on
institutionally specific, reconstruction computer specific,
and total group bases. Of the 23 patientswith < 50%
coronaryartery stenosesby angiography,21 (91%)were
judged normal by these criteria. Using the institutional,
computeruse,andtotalgrouplowerlimitsof normal,95%,
91%, and 87%, respectively, of the coronary artery disease
patientswere judged abnormal. Visual interpretationof
the tomographic images resulted in specificity and sensitiv@
ity values of 79% and 84%, respectively, compared with 88%
and 80% values, respectively, for visual interpretation of
the standard scintigraphy. These data suggest that thal
lium-20l tomography interpretation is improved by use of
quantitativecriteriaandthatquantitativetomographic
diagnosis of coronary artery disease compares favorably
with standard technique.

A MULTICENTERCOMPARISONOF STANDARDAND 7 PINHOLE
TOMOGRAPHICMYOCARDIALPERFUSIONIMAGING: ROC
ANALYSISOF QUALITATIVEVISUALINTERPRETATION.
A.Green New England Nuclear Corp. P.Alderson Johns Hopkins
University@ D Berman Cedars-Sinai Hospital J Caldwell V.A
Seattle J ThralI University of Michigan and R Vogel V.A
Denver.

Tocomparethe accuracyof visual qualitative interpretationof
thallium TI-201myocordiolperfusionimageswith routine (â€œplanarâ€•)
parallel hole collimation and tomographic7 pinhole collimation.

91 patients(73abnormal, 18normal)post-ongiographyat 3 institu
tions were evaluated in a randomized crossover study using both
techniques. ImmecHate post-exercise and 2-4 hour @â€˜r.distributionâ€•
images were obtained with both collimators for each patient. Images
were interpreted as usual at each institution and agaIn in a forced
blindedr.ading by a panel of 4 experiencedand 2-3 inexperienced
observers. ROC analysis of the blinded panel readings was performed.
Receiver operating curves for qualitative visual interpretation of
planar and tomographc images were virtually iuperimpos.able. In
experienced and experienced observer ROC's were not significantly
different for the two techniques. Individual Institutional ROC's were
not significantly different for the two techniques. Conclusions: I)
the accurecy of qualitative visual interpretation of planar and tomo
graphic myocardial perfusion images in this series was comparable;
ii) the accuracy of qualitative visual interpretation by experienced
and inexperienced observers was comparable in this seriesforthe two
techniques; iii)the accuracy of qualitative visual interpretation of 7
pinhole tomographic imagesin thiss.rieswith varyingaccuracy of
planar studieswascomparablewith both techniques; iv)prelimlnaty
puontitatjve analysis of tomographic images showed significant
increase in accurbcy,

CLINICAL COMPARISON OF MULTIPLE PINHOLE TOMOGRAPHY WITH
PLANAR IMAGING FOR THALLIUM-2Ol STRESS MYOCARDIAL SCINTI
GRAPHY. _D@Berman N FreÃ§man E Garcia H Staniloff
N Pantaleo J Maddahi J Forrester H.J.C Swan and

@ Waxman. Cedars-SinaiMedical Center, Los Angeles, CA.

In order to evaluate the relative diagnostic potential
of multiple pinhole tomography(TOMO) for Tl-2O1 stress
myocardial scintigraphy, TOMO and standard planar imaging
(PLANAR) were performed on 39 pts undergoing coronary ar
teriography. Twenty-six pts had significant coronary ar
tery disease (CAD) (>50% stenosis) and 13 had normal coro
naryarteriograms.Of the26 CADpts,14 haddiseaseIn
theanterior(ANT)andposterior(POST)coronarycircula
tions,and12 hadeitherANTor POSTCAD. Followingsingle
injectionof Tl-2O1at peakexercise,allptshadPLANAR
and TOMO studies,with random variationof study sequence.
PLANAR was performedwith Â¼inch crystalmobile camera,
and TOMO with large field camera and 7 pinhole collimator.
Images were inspected independently by 2 experIenced obser
yers, with disagreementssolved by consensus. Satisfac
tory images were obtained by both techniques in all 39
pts. TOMOwas positivein 23/26CADpts,andPLANARposi
tivein 22/26. TOMOandPLANARwerenegativein 11/13pts
withno CAD. Regardingextentof CAD,TOMOcorrectlyiden
tified 9/14 pts with both ANT and POST CAD, and incorrec
tlypredictedANTandPOSTInonly2/12withsingleregion
CAD. PLANAR correctly Identified 6/14 pts with both ANT
andPOSTCAD,and incorrectlypredicted2 regionCADin
only2/12withCAD ina singleregion.Thesepreliminary
results suggest that TOMOand PLANARTl-20l techniques
have similaraccuracy in the detectionof CAD, and that
TOMO may be slightlymore accurate in the assessmentof
extentof CAD.

TOMOGRAPHICRADIONUCLIDEANGIOGRAPHY(IRA). R.W Nvere
R,P BeI@leV.R Reed E Dream 3,D Hill and3.R
Saphir. Herrick M.morial Hospital, Berkeley, CA.

Determinationofleft ventricular (LV) function with TRA
ueing a seven pinhole collimator wee evaluated by comparing
results of invasive contract LV engiogrephy (CVG) end planer
multigated blood pool imaging (PBP) in multiple projection. to
TRA in 15 patient.. Left anterior oblique eeven pinhol.
multigated blood pool acquisition of eight e.gmente (50 to 80
mccc each) for 70% of the cardiac cycle wee reconetructed to
produce eight LV elicee from apex to base in each eegment. A
three dimeneional reconstruction (depth of slice = third
dimension)for each segment allowed viewing as a cyclic
angiogram in any projection for evaluation of well motion
abnormalities (bklA). PBP and CVG were graded similarly but
independently for iflA. Ejection fraction (Er) was
determined for TRA by integration of tomographic slices to
produce a noncalibrated volume at endâ€”diastole (ED) and
endâ€”systols (ES). EF was determined by standard methods
from CVG (volume by areaâ€”length)and PBP (countâ€”based).
In all modalities, EF = (EDâ€”ES)/ED.
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For d.t.ction of dMAthe sensitivity and specificity
for TRA were 77% and 80% and for PBP 91% and 100%.
Significant correlation with CVGEF wss obtained for each
modalityâ€”TRA (r = .78, p( .001, SEE@ .08) and PBG (r =
.93, p( .001, SEE = .06). Difficulty with proximal LV
I@A and tsnd.ncy to underestimateLV EF at high EF were
notable probism. with TRA.

TRA appears to offer no improvsment in accuracy over
pap for assessmentof LV function, Its advantagesrelate
to multiview display after single view acquisition,
visualization of LV without other chamber interference and
potentially,estimationof LV volume.

TNALLILJ4-20l IMAGING FOR @TECTION OF @RO)@RY ARTERY DIS
EASE: C@PARISON OF PLANAR AND SEVEN-PINHOLE T@I0GRAPI1IC
TECHNIQUES. J.H Thrall M Besozzi R Kline T Brady

@ Rogers J Keyes Jr. B Pitt, University of Michigan
Medical center, Ann Arbor, MI.

To determine the relative utility of planar (PLAN) and
seven-pinhole tomographic (TOMO) imaging for detection of
coronary artery disease (CAD) both techniques were perfor
med on 55 patients prior to coronary angiography. Each
patient received 1.5 millicuries Tlâ€”2Ol at peak exercise
with PLAN and TONO performed in random sequence. All is
ages were interpreted in a blinded fashion, and in add.t
tion , the TOMO images were analyzed by a quantitative cir
cumferential mapping (cIRc-MAP) progr@n to detect areas of
uptaJ@ falling below previously determined regional stand
ards for lower limits of normal â€¢ â€˜ibtal imaging time was
recorded for each type of study.

Arteriographically, 42 patients had significant CAD as
defined by@ 70% stenosis in one or more vessels. 13 pa
tients had either normal coronary arteries on insignificant
CAD (< 30% stenosia).

Scintigraphic Results:
PLAN __

Sensitivity 1 V@ 9/14
2 vsD 11/14
3 VSD 12/14
â€¢fotal 32/42 7@

Specificity 12/13 92%
Imaging time averaged 12 sin.

PLAN.
These results suggest that PalO has equal specificity to

PLAN a slightly higher sensitivity and affords a 45% reduc
tion in imaging time.

CLINICAL EFFICACY OF MYOCARDIALPERFUSION TOMOGRAPHYWITh
7-PINHOLE COLLIMATOR. Y Yonekura Y Ishii K Yamamoto
T Mukai T Fujita K Minato and K Torizuka. Kyoto
University Medical School, Kyoto, Japan.

The clinical efficacy of tomographic presentation of
heart imaging using Kirch collimator (7â€”pinhole)was evalu
ated. Twentyâ€”fivepatients having coronary artery disease
(CAD) and hypertrophiccardiomyopathy(HEM)documentedby
coronary angiography and left ventriculography were select
ed for this study. Following the conventional Tlâ€”20lmyo
cardial perfusion imaging (NFl), myocardial perfusion tomo
graphy (MPT) with 7â€”pinholecollimator was performed in
both LAO and RAO projection. In addition, to examine wall
motion abnormalities tomographically, Tlâ€”2OlMPI as well
as Tcâ€”99mâ€”RBCblood pool imageswere gated to reconstruct
multigated MPT (MQIPT) and nultigated cardiac pool tomo
graphy (MGCPT).

The MPT in LAO projection revealed superior sensitivity
to the conventional NFl in the case of inferior wall in
farction, and the MPT in RAO projection revealed superior
sensitivity in the case of anterior wall infarction.
Combination of the MGMPT and MCCPT succeeded in visualizing
a subendocardial infarction as a focal gap between these
two images. In the case of a small ischemia ellusive in
the conventional MPI, it can be seen as subtle wall motion
abnormalities in the tonographic presentation in movie
format. An asymmetrical hypertrophy in HCM can readily be
localized in tomographic visualization. Tonographic re
construction with 7â€”pinholecollimator from the optimal
tomographic plane should be attempted, when the convention
al display is equivocal.
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ALL DIGITAL NUCLEAR MEDICINE DEPARTMENT. G.M Kolodny
H.D Royal J.A Parker J Khettry. Division of Nuclear
Medicine, Beth Israel Hospital, Boston, MA.

Nuclear medicine images within our department are stored
digitally rather than photographed, saving time and cumin
ating the file room, film processor, and dark room. Studies
from each gaiieaacamera are acquired on separate floppy discs
and then transferred to a 300 megabyte hard disc for perma
nent storage@ A second 300 megabyte disc drive is used for
backup. In list mode, the data is collected directly on to
the 300 MB backup disc. Studies are analyzed and interpret
ed directly from a CRT screen in our reading area, where
contrast, gray scale and background subtraction are easily
varied. Previousstudies can be recalled from the storage
disc and the image quality manipulated as desired. Satel
lite CRT displays within hospital conference areas will be
available for remote access to patient studies.

Scan interpretations are dictated into a commercial RTAS
reporting system where the voice is digitized, compressed,
and stored on 80 MB discs. The referring physician can ob
tam immediateaccess to the report via any telephone. He
dials the RTAS phone number, and then, after overdialing
the patient name, hears the report. The hard copy of the
report is typed by a typing service outside the hospital
which is connected to the RTAS via telephone. The typed
report comes back over the telephoneto appear on the RTAS
printer. The RTAS also includesa schedulingsystem and
immediate automatic printing of normal reports.

Cost benefit analysis of the all digital department shows
considerablesavings over photographicstorage and conven
tional dictation arrangements. Other advantages include
better service to patients and referringphysiciansbecause
of the ease of locating images and their interpretations
and the ability to readily manipulate and compare studies.

USES OF A MICROPROCESSOR-BASEDDAFA PROCESS1MG SYSTEM IN A
NUCLEAR MEDICINE DEPARThENT. S.M Spies and J.M Cuevas.
Northwestern Memorial Hospital, Chicago, Illinois.

The increasing availability and concurrent decreasing
price of microprocessorâ€”baseddigital computer systems
makes these devices very attractive for use in implementing
a variety of clerical as wall as computational tasks in a
nuclear medicine department. To test the practicality of
this hypothesis, an inexpensive Zâ€”8Omicrocomputer system
configured from comsercially available subsystems was
assembled and applications software developed. The basic
system hardware consistedof a Z80 based microcomputer
with cathode ray tube terminal, 16K bytes of random access
memory and mass data storage using flexible magnetic disks.
Total hardware cost was less than $2000. Programs were de
veloped in a high level interpreter language (BASIC), and
designed to minimize data entry errors caused by inexperi
enced users. Two major application areas were addressed:
1) clerical applications including both patient scheduling
functions and departmental statistics data base management
and 2) routine calculations including thyroid uptake mea
surements and erythrocyte survival determination. The use
of this system has met with great acceptance by department
al personnel. Clerical errors have been reduced and the
time required to tabulate monthly departmental statistics
greatly diminished. Additional applications now being in
vestigated include the management of a teaching file data
base, and computerized instruction for nuclear medicine
residents and nuclear medicine technology students. The
use of microcomputers in nonâ€”realtime dependent applica
tions is inexpensive, convenient, and practical in a mcdi
um to large sized nuclear medicine department.

:i2_@ cIRC-MAP
10/14 11/14
14/14 14/14
12/14 13/14
36/42 85% 38/42 91%
12/13 92% 12/13 92%

for TQ4O and 22 sin. for
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DATA BASE SYSTEM FOR NUCLEARMEDICINE SCANS AND IN-VITmo
DATA. A.S Johnston D.R Speibring S.M Pinsky and
H Mernall. Michael Reese Medical Center, Chicago, IL.

A system of codes has been writtenin BASIC for both
storage of scan data and storage of inâ€”vitrodata includ
ing automatic matching of patient names with lab results
and storage of quality control data.

A coding system which uses a 7 digit code number was
developed for specifying scan types and the results of
readings. The code nunber has 4 fields, which are: 1)
scan type; 2) reading results; 3) followâ€”upinformation;
4) project status.

A double data entry system for both initial entry and
verify entry is provided.

The in-vitro code includes entry of demographic data
and zip ticket number by secretaries. Entry of zip tic
ket number a second time by the laboratory technologist,
with the numbers entered in the order that sample tubes
are counted in a wall counter,gives an automaticassign
sent of results to the corresponding patient name. Coun
ter results are transferred to the computer by punched
paper tape.

Secretarial and scientific work flow patterns were
considered in code design.

Retrieval of all demographic data and each code number
field is allowed. Name data is retrieved by letter corn
binations which occur within a name. AND logic is
permitted between different data units.

RAPID AUTOMATIC MEASUREMENT AND REPORTING OF ANTIBIOTIC
EFFECT IN MI@7tOBIAL CULTURES MONITORED BY A RADIOMETRIC
METhOD. .@@:i@.:_!p@gcp,J.A. Madden*, E.A. Eikman,D.A.
Solomon,S.C. Deresinski. Universityof South Florida
and James A. Haley VA Hospital, Tampa, FL

Optimal tailoring of antibiotic treatment requires
tedious culture methods that are difficult or impossible
to apply to slow growing organisms. The sensitive seas
urements of Câ€”14O2evolution in the two compartment cul
ture/counting vial of Buddemeyer provides speed in seas
uring growth effects. We have designed a computer
assisted approach to the analysis and reporting of the
voluminous data generated.

Using a general purpose minicomputer the raw data from
the liquid scintillation counter is acquired, sorted by
vial number and grouped into time series for each set of
replicates. Each time series is filtered, analyzed for
replication time and plotted. Sensitivity to antibiotics
is expressed as percent inhibition with respect to con
trol samples.

Full analysis of over 150 samples and controls is
automatically reported after a few minutes of computation
time. Drug susceptibility of Mycobacterium avium/intra
cellulareis calculablewithin 4 days, a savings of more
than a month compared with current methods. The approach
is adaptableto many other culturesystems and onâ€”lineor
offâ€”linecomputers.

ALL PURPOSE PICTURE ORIENTED COMPUTER PACKAGE: APPLICATION
TO ThE FIRST FOURIER COEFFICIENT EVALUATION OF HEART
SWDIES. @J..LJl4@2@P' U.B.Noelpp, E. Ben Ezra, H.Roesler
and H. Atlan. Inselspital, Bern, Switzerland and Hadassah
University Hospital, Jerusalen, Israel.

We have developed on a DEC Gasses 11 system a software
which allows to interactively manipulate pictures beyond
the level found in this currently available nuclear
medicine package.

Useful improvements to conventional display features
include:
1. The ability to fully monitor a display session from
within a user program (i.e. a software interface to the
display, which is the base of all subsequent highlights).
2. Manipulation of nultiple overlaying pictures on the
same screen, including overlaying simultaneous threshold
ing, masking and contour finding.
3 . User coseand language to preâ€”progran a sequence of
displays to be merged with a dedicated application. As an
example, a First Coefficient Fourier analysis* of
multiple gated pictures which takes advantage of the
temporal radioisotope distribution for a refined separation
of the heart chambers has been included in this package.

Since the design of display protocols around any new
user applicationis done in the easiest way, we believe
that this approach will increase the quality of the analy
sis of presently available nuclear medicine scans,
especially in the hot field of cardiac imaging.

a Bitter, F. , Man, W.E. , Geffers, H. , Weller, R. and

Ellerbruch, H. : Nuclear Medicine, In Press.

AUTOMATED BATCH PROCESSING OF RADIONUCLIDE ANGlO.-
GRAMS. J.P Wex1er@, A.M Rabinowitz W.I Ganz

C Yea and M.D B].aufox. Albert Einstein Co].
lege of Medicine, Bronx, N.Y.

Most automated methods of analyzing radionu
elide angiograms require frequent operator
computer interaction. We have developed a method

of batch processing multiple patient studies
which requires only identification of the studies
to be processed and for each stud@' rough delin
cation of the left ventricular region of interest
during end diastole. Once initiated the program
finds the ventricular edge in each frame of all

studies, performs computations, creates and dis
cretely labels storage and playback buffers, and
prepares hard copy. The number of studies which
can be processed is limited only by the disc
capacity. Processing by this method (A) was corn
pared to process ing by subroutines which were
initiated manually (M). Linear regression re
vealed LyE? (A) 0.95 LVEF (M) + 1.94, n 97,
r = 0.97, p (0.001. Operator processing time was
reduced from 30 to 2 minutes per patient study.
These results demonstrate that multiple gated
radionuclide angiograms can be batch processed
without loss of precision and with significant
reduction in computerâ€”operator interaction time.

A NUCLEAR MEDICINE DATA PROCESSING SYSTEM EMPLOY
ING LARGE CAPACITY IMAGE MEMORY AND IMAGE HANDL
ING UNITS. K.Kume, K.Omura and M.Kiri. Shimadzu Corp., Kyoto,
Japan.

A new data processing system has been developed for the high quality
RI routine diagnosis that is destined to handle a huge amount of image file.
In this system, 16 bits microcomputer and solid state image memory
comparable to a magnetic disc and high speed image handling units are
utilized. The outline of this system is as follows.

l)The memory unit which consists of 64 K bits/chip RAM is expandable
to that of 12 bits 16 megawords, that means 256 frames of256 x 256
imageatitsmaximum.
It enables high speed data acquisition, such as 100 frames/sec.

2)The data in the image memory is accessed by the DMA unit in several
modes as follows; in a mode, square part at designated addresses ofX and
Y in a frame is accessed, while in another mode, the pixels which have
same address of X and Y of the time dependent data frames are trans
ferred between the memory unit and the main memory of CPU.
The latter is suitable for the purpose to make histgram or functional map.
These two modes allow the discrete data file to be accessed with similar
speed to that in sequential case.

3)Hardwearimageprocessorfor partialarrayisequippedin asoneof the
units.

4) An operation unit for arithmetic, logical, and floating point calculation
between two images is also provided.

5) Image interpolator for expanding the size of image by interpolation
froma64x64imagetoal28xl28or256x256imagei.sprovided.
It enables high speed moving image display without buffer memory.

6) Final images are presented on a CRT display whose resolution is 256 x
256 pixels, with 64 gray levels or any combination ofcolor scales.

PHYSICIAN-COMPUTER INTERACFIVE CLINICAL DECISION MAKING.
D.D Patton N.J Daly and .7.M Woolfenden. University of
Arizona Health Sciences Center, Tucson, AZ.

A physician-computerinteractiveclinicaldecision
making program (PCICDM) has been developed that finds over
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all utility for a given diagnostic strategy. Diagnostic
decision making requires tradeoffs between false negative
and false positive penalties. A decision strategy has
utility to the extent that it leads the physician to the
correct next action. In a test used to distinguish normals
from abnormals, the overall utility U of a decision strat
egyâ€”EU(i)xP(i),where U(i)=utility of each of the four
possible outcomes TP, TN, FP, FN; and P(i)â€”probabilityof
each outcome. Values of PCi) depend on the decision crite
non line xc and on the prior probability of disease P0.
Values of U(i) are subjective but can be ranked: -1â€”worst
possible outcome, +1.-best possible outcome, and 0â€”makes
no difference. Overlapping Gaussian distributions describe
normal and abnormal populations.
A criterion xc divides patients to@
be called â€œnorrnal'from those who
will be called â€œabnormalâ€•.@@ p@

The utility function U(x<) usually *@
passes through a maximum, and this value of x@ can be used
by the physician to establish a personal diagnostic dcci
sion criterion. By varying U(i), P(i) and P0, thephysician
gains insight into how the â€œbestâ€•criterionxc sight be
selected,and into his own personal tradeoffpreferences
that lead to his selection of U(i) values. Rapid and easy
to use, PCICDM requiresno expertisein mathematicsor
computer technology , and uses only standard concepts except
for U Ci). PCICDM provides personal freedom for the physi
cian to express his own tradeoff preferences. Examples of
its clinical applications will be shown.

MUTUAL INFORMATION: AN INFORMATION MEASURE AP
PLIED TO MEDICAL DIAGNOSIS. DF Preston L.T Cook, 5.1
Dwyer III R.G Robinson N.L Martin. Univ. of Ks. Med. Ctr.

The application of the concepts 3f mutual information permit
several valuable determinations to be made, two of which are:
the value of a current diagnostic scheme, and resultant value of
adding a new disease parameter to an established diagnostic
scheme.

Consider liver diagnosis to fall into 3 groups, normal (Xl)
diffuse disease (X2) and focal disease (X3). If the@
incidenceof diseasep(Xl), p(X2),p(.(3) is known,the information
associated with (Xl), the normal state is p(Xl) x (Log (base 2)
p(Xl)). If the sensitivity and specificity of each clinical,
laboratory and imaging technique is known, mutual information,
I(XLY), could be calculated where I(XIY) = H(X) - H(XIY). H(X)
is the average amount of information associated with the 3
disease states H(X)=- @,(pi)Log tpi) md H(XlY)=-j@p(Xi,Yj) log
p(XilYj)istheaveragenoise.

Disease ALK Size Vascular
State p SGOT PTASE Spiders Diffuse Mottled
N=Xl .5 .05 .05 .05 .1 .3 .05
D=X2.l .7 .1 .3 .5 .7 .1
N=X3 .4 .2 .8 .15 .2 .5 .8

Mutual information is calculated first with the first 4 paramet-@
cr5.

I(XIY)= 1-1(X)- H(XIY)
4parameters .663 1.361 .698
6parameters .894 1.361 .467

There is measurable diagnostic value of .231 bits due to the
ability to differentiate between focal and mottled inhomogenie
ties in the liver Mutual information can be used to compare
diagnostic systems.

8:30-10:00

Phase analysis was applied to cardiac gated studies in
17 patients @pts.)without organic heart disease. The
procedure is based upon temporal Fourier analysis of 64
images representing a cardiac cycle. A qualitative and
quantitativeevaluationof phase differenceswithin and
between cardiac chambers was performed. Five pts had nor
mal electrical activation (N), 6 had left bundle branch
block (LB), 5 had Wolff-Parkinson-White Syndrome (wPw) and
1 had junctional rhythm with retrograde activation of the
atria (JR). Patients with N had complete overlap of right
and left ventricular phase resulting in a discrete histo
gram with a single peak. The widest FWHM found was 21+0.
Pts with LB had the FWHM>300 and a discrete phase histo
gram within each ventricle. However, left ventricular
phase was late, resulting in t@ discrete peaks in 5/6 pts.
The sixth patient did not have two well defined peaks but
still had increased FWHM (15@). 4/5 pts with WPW had an
area of early phase at the base of the pre-excited yen
tricle. This area was closer in phase to the atria than
was seen in normal ventricles. In each patient the re
mainder of the pre-exclted and the contralateral ventricle
was comparable to pts with N. The pt. with JR had overlap
of right ventricular and atrial phase, corresponding to
nearly simultaneous QRS and P wave on electrocardiogram.
Conclusion:AbnormalItiesof electricalactivationare
clearly reflected in the phase image. QuantifIcation of
these findings has the potential to provide a variety of
useful pathophyslologic Information.

HEMODYNAMICEFFECTS OF SITE AND TIME OF INDUCED PREMATURE
VENTRICULAR CONTRACTIONS. E .E . Caxnargo M.H . Bourguignon
K.S Harrison P.R Reid R Wise W Ehrlich H.N Wagner,

@. The Johns Hopkins Medical Institutions, Baltimore, MD.

Premature ventricular contractions(PVC) were induced in
open chest dogs at 3 different sites in the ventricular
myocardiuin and 4 different times after the R wave. After
intravenous injection of 15 mCi of Tc-99m HSA, a cardiac
probe(Nuclear StethoscopeTM) was positioned over the left
ventricle(LV) and a beat-to-beat time-activity curve
obtained together with measurement of LV and left atrial
(LA) pressure, and aortic flow by electromagnetic flow
meter (Biotronex 610) . A stimulator kept a constant heart
rate of 500 ms/Râ€”R(120beats/mm.). PVC were induced at 400,
430, 460 and 490 ms after the R wave. For each of these
times, at least 5 PVC were obtained, with 9 normal beats
between consecutive PVC. Only PVC induced in the right
ventricular(RV) base resulted in forward ejection of blood,
detected both by the probe and aortic flowmeter. Stimula
tion at the base or the apex of LV were found both by the
probe and l.Apressure transducer to result in regurgitant
flow back through the mitral valve. Stroke volume(SV) of
compensatory beats(CB) occurring immediately after the PVC
measured both by the probe and flowmeter showed 2 types of
response: (1) for RV stimulation, the forward flowdecreased
with increasing time of induction of the PVC after the R
wave; (2) for LV stimulation, forward ejection fell and
then rose with increasing time of induction of the PVCafter
the R wave. Thus, the cardiac probe permitted continuous
monitoring of volume changes within the LV together with
pressure changes and makes possible the measurement of the
work of LV as a function of the site of origin and time of
PVC and CB.

THE END SYSTOLIC P/V INDEX: A NEW PARAMETER FOR THE SCIN
TIGRAPHIC EVALUATION OF CORONARY ARTERY DISEASE. G.J.
Dehmer * J Corbett,*L.D Hulls F.L Datz R.W.@i@key,

Room2043 J.T. W@llerson,and S.E. Lewis,* Univ. of Texas Health
ScienceCenter,Dallas,TX.

Alterationsin theendsystolicpressurevolumerela
tionship reflect changes in the inotropicstate of the left
ventricle (LV). To determinethe importanceof this rela
tionship in detecting the presence and severity of coronary
artery disease (CAD),LV end systolicvolume (ESV) and e
jection fraction (EF) were determinedwith radionuclide
ventriculography (RV) at rest and during peak supine bicy
cleexercise(PEx)in 13 normals(NL)and33 patients(pts)
with angiographicallyproven CAD. Cuff determinedpeak
systolicbloodpressurewasdividedby theESVindex
yieldingtheP/Vindex. EF increasedduringPEx inNL
(.72+.02,SEN to .82+.02,pc.OOl) and in pts with single
vessel(SV)CAD (.68+.O4to .78+.02,p<.02)butdecreased
in those with 2 and 3 vessel (273V) CAD (.56Â±.03to
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PHASE ANALYSIS OF RADIONUCLIDE CARDIAC GATED STUDIES IN
PATIENTS WITH NORMAL AND ABNORMAL ELECTRICAL ACTIVATION
OF THE HEART. D Pavel S Swiryn E Byron D Witham
C Meyer Pavel K Rosen. University of Illinois Medical
Center, Chicago, IL.
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ventricular weight (4 grams). The sensitivity for ischemia
less than 4% myocardial weight is low, 0.33 for both tests.

ADRIAMYCIN CARDI0T0xrcITY: CORRELATION OF RADIO
NUCLIDE ANGIOGRAPHY AND PATHOLOGY
D.H Feiglin g,y Gulenchyn P.R McLaughlin
N Druck B Bar-Shiomo M.P McEwen J.E Morch
M@. Silver A Gottlieb W.K Evans.
Divisions of Nuclear Medicine, Cardiology,
Oncology and Pathology, Toronto General Hospital.

Preliminary data of a prospective study of
adriamycin (ADR) cardiotoxicity are reported in
15 patients (pts) who have received 144 to 954
mg/rn' of ADR. 17 gated radionuclide angiograms
(RNA) and endomyocardial biopsies (EMB) includ
ing 2 post mortem examinations were performed.
Light and electron microscopic changes have been
graded according to Billingham's classification.

Of the studies in these pts, 8 showed normal
EMB and RNA, 2 showed abnormal EMB but normal
RNA and In 7 both studies were abnormal. It is
of interest that In one pt with early changes of
ADR toxicity on EMB, abnormalities in left
ventricular function were detected on exercise
RNA when the rest RNA was normal. Tiie@minimum
dose at which both EMB and RNA were abnormal was
206 mg/mC; however, both studies have been normal
at doses as high as 525 mg/rn2.

These data demonstrate a correlation between
pathological and functional changes In the
rnyocardiumof pts receiving ADR. Although
changes may occur at low doses In some pts
careful serial followup with RNA may safely
allow extension of effective ADR treatment.

REST AND EXERCISE R.ADIONUCLIDE VENTRICULOGRAPHY IN ADRIAN!
CIN CARDIOTOXICITY: HISTOLOGICAL AND FUNCTIONAL CORRELA
TIONS. J.H. McKillop, M. Lopez, M.R. Bristow and M.L. Cons,
Stanford University School of Medicine, Stanford, CA.

In 21 patients receiving adniamycin, rest and exercise
ECG gated nuclide angiocardiography (EGNA) estimation of
left ventricularejection fractionwas comparedto endo
myocardial biopsy and right heart catheterization, which is
of value in predicting the risk of congestive cardiac fail
ure (ccf) if given further adniamycin.

Rest EGNA correlated more closely with catheter than
biopsy results but this relationship was less clearcut for
rest and exercise EGNA, 8/11 patients with moderate or
severe biopsy changes having abnormal studies irrespective
of catheter findings.

When patients were classified as no, low or high risk of
ccf from biopsy/catheter data, the following results were
obtained:

Frequency of Abnormal EGNA
Rest Rest/Exercise
3/12 2/11
2/6 5/6
3/3 1/1

Patients with a normal rest/exercise EGNA have no or low
risk of ccf and can receive more adniamycin. Abnormal rest
and exercise ECNA may occur in some patients with no or low
risk of ccf. Therefore,if there is a strong clinicalin
dication for more adniamycin, an abnormal nuclide study
should be followed by biopsy and catheterization to define
the risk more precisely.

MINIATURIZED CdTe DETECTOR MODULEFOR CONTINUOUS MONITORING
OF LEFT VENTRICULAR FUNCTION : PROTOTYPE SYSTEM DESIGN AND
INITIAL CLINICAL DATA. @@Je@ger,P.B. Hoffer, J. Steidley,
A. Gottschalk, B. Zaret. Yale University, New Haven, CT.

A miniaturized detector system which allows continuous
assessment of left ventricular ejection fraction (LVEF) from
the equilibrium cardiac blood pool has been developed. The
module includes a cadmium telluride (CdTe) detector (active
area 1.5 om2; active depth 2 nun)and a single hole straight

Risk of ccf
No risk
Low risk
High risk
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.52+.O3,p<.05). ESV decreasedat PEx In NL (34+3 to
28+5, p<.Ol), did not change with SV CAD and increasedwith
2f@VCAD (86+12to 102+12,p<.O1).TheP/VIndexIncreased
at PExIn NL (7.6+.73to 15.0+1.78,p<.O5)butdidnot
change in those with 2/3V CAD (4.2+.60to 4.Oi.5O). The
change In P/V index at PEx distinguished those with 2/3 V
CAD. Combining a fall In EF, new wall motion abnormalities
andan abnormalEKGresponsetogetherthesensitivity
of RV indetectingCADwas 0.44withSV,0.96with2/3V
disease and 0.82 in all pts with CAD. The additionof the
P/V Index improved the sensitivity to 0.66 for SV, 1.0 for
2/3Vand0.91forallptswithCAD. Thus,we concludethat
the P/V index: 1) enhances the sensitivityof RV for the
detectionof significantCAD and 2) allows one to estimate
therelativeextentof angiographicallyimportantCAD.

EVALUATION OF LEFT VENTRICULAR FUNCTION IN ACUTE MYOCARDIAL
INFARCTION USING RADIONUCLIDE VENTRICULOGRAPHY: RELATION
OF REGIONAL WALL MOTION TO THE PARAMETERSOF GLOBAL LEFT
VENTRICULARFUNCTION. F Ohsuzu C.A.Boucher M.D
Osbakken J.B Bingham J.B Newell H.K Gold R.C
Leinbach G.M Pohost and H.W Strauss. Massachusetts
General Hospital, Boston, MA.

Radionuclide ventriculography was performed in 127
patients (pts) within 18 hours of acute myocardial infarc
tion (AMI). Infarct size was assessed by evaluating
regional wall motion of 5 segments in both the anterior and
LAO projections and by scoring each on a scale from 4
normal to 0-Dyskinesis. The sum of the 10 scores (SS) re
presented an overall index of wall motion (normal40).
Ejection Fraction (EF) was calculated using a variable re
gion of interest counts method. LV endâ€”diastolic volume
(EDV) was calculated from the LV outlines in the anterior
and LAO views, using the areaâ€”lengthmethod. LV endâ€”systo@
ic volume (ESV)was calculatedfrom (1 â€”EF)xEDV.Systolic
blood pressure (cSP) was recorded with a cuff during
imaging and CSP/ESV calculated as a measure of LV contrac
tile function. EF, ESV, and CSP/ESV correlated well with
SS (râ€”O.83P(0.00005, â€”0.69P(0.00005 and 0.61 P(O.00005,
respectively), but EDV correlated less well with SS
(râ€”O.38,P(O.00005). Multiple linear regression analysis
revealedthat SS is not significantlydependenton CSP/ESV
(contractility) directly, but is a function of EF;
SSâ€”8.879+36.OxEF. The correlation of SF and SS was
significantly higher in normotensive pts than hypertensive
patients (Fisher's Z1O.9 and 7.1 respectively). These
data indicate that EF is the single most valuable indicator
of the extent of damage in the early phase of ANI,
especially in normotensive pta.

RADIONUCLIDE AND CONTRAST VENTRICULOCRAPHY IN THE DETECTION
OF REGIONAL WALL MOTION ABNORMALITIES CAUSED BY KN@4N QUAN
TITlES OF ISCHEMIC MYOCARDIUM. M.L.Born M.W.Kronenberg
C.W.Smith L.Broraon J.C.Collins R.A.Steckley G.C
Friesinger F.D.Rollo. Vanderbilt University, Nuclear
Medicine, Radiology, and Cardiology, Nashville, TN.

Radionuclide (RVG) and contrast (CVG) ventriculography
have been used in the detection of regional myocardial
ischeniia. The utility of these tests depends not only on
their sensitivity and specificity for regional myocardial
dysfunction but also on the fundamental relationship between
visible regional dysfunction and the quantity of ischemic
myocardium. The purpose of this project is to compare the
sensitivity and specificity (1.0â€”falsepositive fraction) of
RVG and CVC for the detection of regional wall motion abnor
malities caused by known quantities
of ischemic inyocardium. The rela
tionship between sensitivity and
false positive fraction is compared
for different reciever operating
characteristics (ROC). Fiftyâ€”two @â€œâ€˜@â€˜â€œ@â€œ@
events in 14 closed chest dogs were i.-.@
evaluated by nearâ€”simultaneousRVG,@
Cvc, and myocardialblood flow meaâ€” ______________
surements (microsphere technique). _______
The weight of ischemic (25% flow . @. @Th ..
deprived) tissue ranged from 0.1 to
38 grams. Conclusion: At low false positive rates Uess
than 0.2) RVG and CVC are equivalent tests for ischemiawith
a sensitivityof .89 for ischemiagreater than 41 of left
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bore lead collimator. The unit is 3 cm in length, 3.5 cm
in diameter, and weighs 175 grams. The relative efficiency
of the detector for 140 keV photons is approximately 50%.
The module is placed directly on the patient's (pt) chest
in the 45Â°left anterior oblique position and is interfaced
through a miniaturized preamplifier to a multichannel
analyzer (MCA) operating in timeâ€”sequence mode . Channel in
tervals are 30 nsec for the LV and 60 macc for background
(BKG). An ECC R wave is used to trigger the MCA to recycle.
After Tcâ€”99mblood pool labeling (20 mCi), the module is
first positioned over the LV and then at a BEG region
lateral to LV. FollowingBKGâ€”correction,a stminedrelative
LV volume curve is obtained in 60 secs. LVEP measured with
the module was compared to LVEF by multicrystal camera
(firstâ€”pass)and Nal probe (gated) in 13 pts. By first
pass, LVEF averaged (*SEM) 54*4% (range, 29â€”70%)and was
abnormal (<55%) in 5/13 pta. With the module, LVEP averaged
55Â±3%(pNS)and correlatedwell with both camera (r'.O.79)
and Hal probe (r=.81) data. Endâ€”diastoliccounts/channel
prior to BKGâ€”correctionwere 32,095Â±3,402/sin.

Thus, LVEF can be assessed rapidly with a miniaturized
CdTe detectormodule affixed directly to the pts chest.
This new approach allows continuous monitoring of LV perfor
niance in ambulatory and critically ill pta, expanding the
application of radionuclide LV performance studies.

8:30-10:00 Room3040
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Tc-99m HEPATIC BINDING PROTEIN (HBP) LIGAND LIVER IMAGING,
R.C Stadalnik D.R Vera K.A Krohn, Universityof
CaliforniaDavisMedicalCenter,Sacramento,CA

Various parametersare used in evaluatingliver disease.
Currentradiopharmaceuticalsutilizefunctionof hepatic
cells (85%), Kupffercells (15%). Tc-99m sulfur collold
lacks specificity,fails to detect lesions,andoften yields
false positiveor indeterminateresults. Tc-9@u hepatobi
liaryagentshaveshorthepatocyteresidencetimes,varying
renal excretion, effected by elevated serum bilirubin.

HBP ligands are a family of compounds that bind to recep
tors found only on hepatocytemembrane. The coninonstruc
turalfeaturefortheseligandsis thepresenceof terminal
galactosylresiduesexposedupontreatmentof plasmagly
coproteinwithdesialylatingenzymeneuraminidase,or
chemicalcoupling of galactoseto protein backbone. The
formerproducesasialoglycoprotein;thelattergalactosyl
neoglycoalbumin(NGA). The molecular biologyof HBPligands
Is well characterized. After binding at hepatocytemembrane
the HBP ligand complex is transferredto hepatic lysosomes
for catabolism.

We havelabeledasialoglycoproteinsandNGAwithTc-99m.
Uptake by HBP is a high affinity process which peaks at 10
minutesin normalrabbits.Biodynamicstudiesindicatethat
labeledmetabolic productsof Tc-99m-NGAare releasedby
hepatocyteandrapidlyremovedfromthecirculationby the
kidneys (urinary bladder activity is 15% ID at 30 minutes).
No change In liver uptake kineticsor biodistributionwere
found in rabbits with an elevated serum bilirubin (7 mg%).
There is also <0.1% ID total biliary excretionat 2 hours.

The potential application in man will be to visualize
and quantitatehepaticcell function. Also, these agents
shouldbe usefulinjaundicedpatients,sincethecellular
physiologyof HBP does not involve hepaticdetoxification.

EVALUATION OF LIVER GRAFT HEMODYNAMICS.H.Creutzig
Chr.Broelsch,R.Pichlmayr,H.Hundeshagen. Medizini
ache Hochschule Hannover, West Germany

After liver transplantation (Tx) graft hemody
nainics have to be evaluated serially. We investi
gated the role of simple noninvasive isotope
techniques in this evaluation.

Liver blood flow was calculated from millimicro
spheres clearance rates and compartment analysis,
the relation of arterial to portalvenous flow
(A/P) from a Pertechnetate firstâ€”pass study.

Blood flow (ml/min.kg BW) and A/P (%)

The variation in LBF estimation was less than
12% in normals and 18% in cirrhotic patients,
while 1/4 of normals and 1/2 of cirrhotic patient
had a difference in A/P of more than 20% in two
different investigations.

Six patients with a terminal cirrhosis received
a graft. One week after Tx LBF doubled and A/P
declines to 40â€”50%. In all five episodes of acute
rejection and one delete chronic rejection con
firmed histologically there was a dramatic fall
in LBF to less than 4 ml/minkg BW and an incre
ass of A/P to near 100%, followed by a normali
zation after recovery. These noninvasive simple
methods seem to be sufficient in the evaluation
of liver graft hemodynamics.

A COMPARISONOF IN VIVO LABELED RED BLOODCELLS WITH TC
SULFURCOLLOIDIN THE DETECTIONOF ACUTEGASTROINTESTINAL
BLEEDING. R Dann A Alavi R Baum and S Baum.
University of Pennsylvania, Philadelphia, PA.

The sensitivity of the two agents was studied using a
previously described animal model.

In 21 dogs studied with Tcâ€”99mâ€”sulfur colloid, bleeding
sites were detectableat rates as low as 0.05â€”0.1nl/min,
with a total volume at the site of 0.6â€”1.2ml. In 8 dogs
studied with RBC's labeled in vivo with Tcâ€”99m,a minimun
of 30â€”60ml was necessary to detect bleeding.

The sensitivity of the RBC's is therefore at least 50
times less than Tcâ€”Sc,primarily because of the high back
ground activity. Early images (5â€”10minutes post injec
tion) will fail to demonstrate bleeding with intravascular
indicators unless the bleeding rate is 5â€”10ml/min or more,
whereas the site of bleeding is detected in this period at
very low rates with Tcâ€”SC. If the bleeding is detected
only with later imaging, the site of extravasation may be
misrepresented. Using Tcâ€”SCwe have noted patients bleed
ing from the hepatic flexure or transverse colon who would
have been diagnosedas bleeding from the sigmoid colon had
the imaging been delayed 10â€”15minutes. Gastric activity
from the in vivo labeling process will lead to false posi
tive results, as will vascular lesions, such as vanices,
or structures with significant blood volume. Finally, the
total time required to perform the study using RBC's is
unreasonably long, as frequent scans may be required for as
long as 24 hours.

The animal data reported here, as well as extensive
clinical experience, suggest that Tcâ€”SCis a superior agent
to intravascular indicators in general, and in vivo labeled
R@BC's in particular, in the detection of CI bleeding.

SCINTIGRAPHIC DETECTION OF ACUTE GASTROINTESTINAL BLEEDING
WITH Tc-99m LABELEDHEAT-DAMAGEDRED BLOODCELLS (HDRBC).
P Son Z.H Oster H.L Atkins D.F Sacker A.G Goldman
and P Richards. Brookhaven National Laboratory, Upton,
New York and SUNY at Stony Brook, New York.

Early detection of acute CI bleeding is of utmost im
portance to the clinician. Tcâ€”99msulphur colloid and Tc
99m Red Blood Cells have been successfully used for scinti
graphic detection of acute CI bleeding. Neither of the
agents are ideal due to high liver and spleen uptake with
the former and high blood background with the latter agent.
The purpose of this study was to evaluate Tcâ€”99mâ€”HDRBCfor
detection of acute CI bleeding, since damaged cells are
quickly sequestered by the spleen only. Advantages are: 1)
a somewhat slower blood clearance rate permitting a greater
accumulation at the bleeding site, 2) better visualization
of the right upper quadrant and 3) the possibility of using
less radioactivity and thereby lowering the radiation dose.

Hepatic
Normal (14) 27 .1.4.7
Cirrhotic (8) 9@ 2.1
Prae Tx (6) 45

Splenic A/P
4.3 s 2.9 28 + 8
5.4 + 2.3 58@ 6
6.3 + 3.2 â€˜80

P75Volume 21, Number 6



PROCEEDINGS OF THE 27th ANNUAL MEETING

Studieswere carried out in dogs under pentobarbital
anesthesia. One end of a catheterwas insertedinto the
femoral artery, the other end was inserted into an infusion
pump. Another catheter was led through the infusion pump
to the small intestine. Autologous RBC were labeled using
the BNL kit and heated for 10 mm. at 49.5Â°C. The bleeding
was initiatedto prime the system, then 0.06 mCi/Kg Tcâ€”99mâ€”
HDRBC was injected I.V. Sequential scintiphotos were
taken with good visualization of the bleeding site. The
slowest bleeding rate that could be detected (0.12 ml/min.)
was comparableto the slowest rates detectedwith Tcâ€”99m
sulphur colloid.

It is concludedthat Tcâ€”99mâ€”HDRBCcan be used to detect
acute GI bleeding with the advantage of significantly lower
blood and liver background activity and smaller radiation
dose.

LIVER/SPLEEN SCANS IN PATIITh1TS WITH ACUTE VIRAL PEPATITIS:
PROG@0STIC SIGNIFICANCE. A. Waxaan, J. Rakela, and A.
Redeker. Liver IMit, tMivensityof So. California,and
Cedars-Sinai Hedical Canter, Los Angeles, CA.

T1@ @nirpose of this study was to determine Tc-sulfur
colloid scan characteristics in acute viral hepatitis, anl
to relate the scan findings to prognosis in patients with
severe disease.

Sixty-tin'.. patients with acute viral hepatitis ire
studied; 41 patients with classic acute )@patitis (01), 14
patients with fulminant hepatitis whe survived (P11-5), and
9 patientswith fatal fulainanthepatitis (P11-F).

I@patic size (vertical measurement aidisy between the
lateral herder of the liver and aidporticm of the sternum)
in CMwas 17.22 cm t 2.50 (mean t SD). P11-S was 15.96 cm t
2.33, and FII-P 12,2R cc Â±2.36. P11-Fwas statistically low
er than P11-S and CII (X.OOl). The spleen size In CMwas
12.76 cm t 2.32; P11-S11,0 cm t 3.46 and PH-F 9.49 cm Â±2.SQ

The relative intensity of splenic uptake In the three
groups did not show significant differences. Ibwaver, the
proportion of increased hens marrow uptake was higher aseng
PH (57%) compared with CII (24%). In addition, 3 of 9 pa
tients with PH-P showed increased pulmonary uptake, a find
ing @thichhad not been previously reported.

1@ conclude thet the colloid scan pattern in CM is eith
en normel or demonstratesmild hepatomegaly. PH as a group
showed a decrease in liver size proportional to the degree
of severity of disease with a tendency toward mild increase
in bone marrow activity. 1@spite massive necrosis evidemt
at autopsy in FlI-F, no gross hepatic filling defects were
identified on scan. A small liver associated with a small
spleen, increased marrow and/or lung uptake wes uniformly
associated with an unfavorable prognosis.

RIGHT/LEFT (R/L) LIVER LOBE RATIO: A SENSITIVEAND
SPECIFIC CRITERION FOR CIRRHOSIS. D.P. Shreiner and
H. Barlai-Kovach. VA Medical Center and University of
Pittsburgh Medical School, Pittsburgh, PA.

Sincescansof cirrhoticliversconinonlyshowa reduc
tion in size and collold uptake of the R lobe, a quantita
tive measure of uptake of Tc-99m sulfur colloldwas made
usinga mini-computerto determinetotalcountsin regions
of InterestdefinedoverR andL lobes,andcomparingR/L
ratiosIn 51 patients(pt)withandwithoutliverdisease.
ThemeanR/Lratiofornormalpt was 2.87Â±.64(SD);and
for pt with known cirrhosiswas 1.11 i .36 (p(.0005). The
mean R/L ratio for known cirrhotic pt was also signifi
cantlydifferentfromthatin chronicalcoholicsandthat
in hepatomegaly unrelated to alcoholism (p<.0005 in each
case). Chronic alcoholicswithout proven cirrhosishad
a mean R/L ratio of 2.13 Â±.59 (p<.025comparedwith
normals); but pt with nonalcoholic hepatomegaly and pt
with hepatic metastases had R/L ratios not different from
normal(p>.2O).No falsepositivetestsoccurredin 28
nonalcoholicpt (specificity 100%), and only 2 false
negativetestsoccurredamong16 knowncirrhoticpt
(sensitivityz 87.5%). Of the alcoholicswithout proven
cirrhosis,20%hadpositivetestsandprobablyhadcirrho
sis. TheR/Lratiowasmoresensitiveforcirrhosisthan
othercriteria,e.g.earlyhepaticperfusionandspleno
megaly; and more specific than extrahepatic colloid uptake,
nonhomogeneity,hepatomegaly,liver-spleenratios,or
serum tests of hepatic dysfunction. The results show that

pt with alcoholiccirrhosishave relativelyless radio
colloiduptakein theR lobethanin theL lobe,andthat
the R/L ratio can be used as a sensitiveand highly
specificcriterionforalcoholiccirrhosis.

BREATHANALYSISAFTERINTRAVENOUSADMINISTRATIONOF C-14-
ANINOPYRINE IN LIVER DISEASE. S Pauwels A,P Geubel and
C Beckers. Dept. Nuclear Medi@Tne & Gastroenterology,
Univ. LouvainMedical School, Brussels,Belgium.

The determination of 14-CO2 in breath after oral admi
nistrationof C-l4-amlnopyrinehasbeenproposedas a quan
titativeliverfunctiontest.Inorderto shortenthepro
cedureandto avoidmisinterpretationsrelatedto variable
rates of intestinal absorption, the aminopyrine breath
test(ABT)wasperformedafterintravenousadministration
of 1.1 uCi of C-14-amlnopyrinein 21 normal controls (NC),
33 alcoholiccirrhosis (AC), 15 untreatedpostnecrotlccir
rhosis (PNC),9 primary biliary cirrhosis (PBC), 12 non
cirrhoticalcoholicliver disease (NCALD),7 chronic per
sistent hepatitis (CPH),3 untreatedchronic active hepa
titis (CAH), 10 miscellanousliver diseases (MISC).The
specificactivityof the first hr sample correctedfor
body weight and expressedas % of the injectedC-14 (SAl)
was the most accurateexpressionof breath data. In NC,
SAl was 0.86 + 0.1 (SD) % and significantlyreduced (p <
0.001) In allpatlents (0.5 + 0.3), CAH (0.16+ 0.13), AC
(0.2+ 0.15)andPNC (0.47+Th.17).Normalval@ieswerecorn
mon iiiCPH (0.86 + 0.13), NrALD (0.83 + 0.27) and PBC (0.65
+ 0.19). The resuTts obtained were repFoduclble and SAl
correlatedwith other conventionalliver function tests,
including45 mm BSP retention.ABT was the most sensitive
screeningtestforthepresenceof cirrhosisand,ineva
luating alcoholicpatients,allowed a sharp distinction
between cirrhoticand non-cirrhoticcases. In untreated
chronichepatitis,ABTprovideda reliableindexof the
activityof the disease.Our data indicatedthat intrave
nous ABT, performedover a 1 hr period, is a fast, sensi
tive and quantitativeliver functiontest.

IN VIVO QUANTITATIONOF HEPATIC STEATOSISWITH XENOPI-l33.
F.D Thomas@ S.A Blumenthal and A Singh. Upstate
Medfcal Center Syracuse NY.

We have correlated hepatic Xenon-133 uptake and washout
time with concurrent biopsy measurements of liver fat
content. In 26 studies, a 4-minute equilibration period
with Xenon-133 followed by a 10-minute washout was
recorded In 15-second frames on a Ganmia-11 computer
System. Both uptake amplitudeand washout time were
estimated: Uptake was expressedas the ratio of maximum
xenon liver counts to soft tissue background;washout was
expressedas the time required for liver counts to reach
background activity. The patients studied had
i ntra-operati ye 1iver blopsi es dun ng gastric or
intestinal bypass surgery for morbid obesity and
post-operative needle biopsies at 6-month intervals. S
fat and triglyceride assays were done on these biopsy
specimens.

Linear correlation analysis of log transformed xenon
data showed good correl ation wi th S fat: Xenon uptake vs
S fat, r@ .663,p< .001; xenon washout time vs S fat,
r - .916, p< .001. Xenon washout time also correlated
well with triglyceride assays (r â€¢.826, p@ .001). While
other clinical studies have shownreasonablygood
qualitative correlation between liver fat and xenon
uptake, wÃ©liave found an excellent quantitative prediction
of liver fat from this non-invasive procedure. The
washout time appears to have less variabilitythan uptake
measurements.

NEWQUANTITATIVETESTS FOR MEASURINGCONCENTRATIONAND
CONTRACTIONFUNCTIONSOF THE HUMANGALLBLADDERFOLLOWING
INJECTION OF Tc-99m-HIDA, C. T. Knishnamurthy, V. R. Bobb@
& E. Kingston. VA Medical Center & UOHSC, Portland, OR.

The primary function of the gallbladder (GB) is to store
and concentrate bile during fasting hour and contract and
discaarge into duodenum upon teeclingor injection of chole
cystokinin (OPâ€”CCK). The present investigation was under
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taken to measure these two functions as they occur in 12
normal subjects. After an overnight fast, each subject was
given 5 mCi of Tc-99m-HIDA intravenously. Ninety aim.
later the subject was positioned supine under a ganmia
camera fitted with a 5mm pinhole collimator and the detect
or was centered over GB. The GB images were obtained at 2
sin. intervals for 90 sin. and the data were simultaneously
acquired on 64x64 computer matrix at 1 frame/mm. At 60
sin. 40 ng/kg of OPâ€”CCKwas infused over 3 sin. period.
Two regions of interest, 1 over the GB and the other over

the liver (Bkg) were chosen with a light pen. The counts
were normalized to 100 pixels and decay corrected using
Tcâ€”99n decay factor. The net GB counts were obtained by
subtracting Bkg. counts. The first 60 sin. data were
smoothed (5 points) . The 0â€”1sin. counts were considered
to represent total GB counts. The GB showed isovolumic
reduction in counts indicating diffusion. The diffusion
index was calculated using 59â€”60sin. counts. The data ob
tamed after OPâ€”CCKwere used to calculate the ejection
fraction (EF). The mean diffusion index was 16% hr. and
the mean EF 32%.
It is concluded that the concentration and contraction

functions of the GB can be measured quantitatively & that
this new technique may aid in our understanding of the
role of GB in the pathogenesis of cholelithiasis.
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RADIOIODINATED PHOSPHONIC ACID: A NEW AGENT FOR THE STUDY
OF BONE RESORPTION. F.P Castronovo Jr â€¢H.W Strauss and
K.A McKusick. Massachusetts General Hospital, Boston, MA.

This investigation was undertaken to develop a skeletal
seeking radiopharmaceutical for the study of bone resorp
tion. A phosphonic acid derivative containing a phenyl
group[phosphonic acid (phenylâ€”methylene hydroxy) bi@j was
synthesizedaccordingto the method of Henkel and Cie.Aften
labeling with 1â€”125,studies of whole body retention (om16
mice) was measured from ininediately after injection to 100
days and expressed as 1 retained dose as a function of time:

COMPONENT I :i?ik A dav@
First 66.5 O.2d 3.465
Second 5.5 9.Od 0.077
Third 33.0 962d 0.00075

The tissue distribution studies (mice, n9) showed that
less than 2% of the dose was in the blood at 1 hour and
from 5 days to 100 days, the biological distribution re
mained essentially unchanged. At 14 days, 44% of the dose
was localized in the skeleton and 33% remained in the bone
at the termination of the study (100 days). Whole body
images in the rat were recorded up to 80 days post adam
istration which demonstrated tracer in the skeleton only.

Eighty days post 1â€”125tracer administration, a bone
fracture was induced. A zone of decreased radioactivity
was observed after 48 hours. A concomitant Tâ€”99mNDP study
showed increased bone metabolism at this site.

These data suggest that 1â€”125labeled phenyl phosphonic
acid can be used to measure chronic bone resorption, and
with a concomitant Tcâ€”99mdiphosphonate study, acute new
bone formation.

EFFECT OF STORAGE ON FIBRINOGEN. S.J. DeNardo, A-L. Jan
sholt, G.L. DeNardo, K.A. Krohn, K.M. Crawford. Department
of Nuclear Medicine, University of California, Davis, CA.
(Supported by American Cancer Society Grant PDT-94A)

Wehave used fibrinogen routinely for clinical studies
for 6 years. Purified fibrinogen from 2 donors meets din
ical requirements for a year, and the effect of storage has
not been previously well evaluated. Fibrinogen (Bltimbeck
1-2 fraction), purified by conventional methods, was stored

as lyophilizedpowder (LP) and frozen solution (FS) at
-70Â°C. Aliquots of each before and after radioiodination
with ICl were tested initially and at 3, 6, 12 and 22
nonths using isotopic (IC) and spectrophotonetric clotabil
ity (SC), Sepharose 4B colunm chromatography, acrylamide
gel electrophoresis and blood clearance in patients. Clot
tability of both storage forma were similar. SC of unla
beled lyophilized(ULP) and frozen (UFS) and IC of labeled
lyophilized(LLP)and frozen (LFS) fibrinogenwere >90%,
but decreasedto 85% by 12 sos. IC of LLP and LFS fibrino
gen (after Sephadex G-25 chromatography) decreased to 76%
by 22 sos. On coluan chromatography, the Kay and peak con
tours were similar for ULP, UFS, LLP and LFS through the
entire study with Kayapproximately 0.48. However,by 22
mos UFS had a shoulder at Kay of 0.65 to 0.8, which was 20%
of the total fibrinogen peak. Acrylamide gel electrophor
esis denonstrated no changes up to 12 sos. There was no
discernible difference in the TÂ½of the catabolic phases of
the catabolicphases of ULP, UFS, LLP and LFS.

In sumary, purified fibrinogen can be stored lyophil
Ized or frozen for at least 6 sos without discernible
changes. Subsequent changes in LP are minor, whereas FS
develops defini to chemical al terations by 22 sos . Either
storage form is probably usable in clinical studies for 12
mos and LP for 22 sos after preparation.

The localization of N-13 in the myocardium and pancreas
followinginjectionof N-13 labeledL-alanine has been
convincinglydemonstratedin human subjects. We have in
vestigated the use of a C-ll label to overcome the
difficultiesdue to the shorter half-lifeof N-13. C-li
DL-alanine was prepared using a modified one-step Strecker
synthesisreactingacetaldehydewithC-il-labeledcyanide
and amonium carbonate in the presenceof an excess of
arrinoniumhydroxide. Condensationfollowedby hydrolysis
occurred in a Parr bomb at 255Â°Cin a 13-mm run. The
alaninewas purifiedon a Rexyn 101 column in acetate
buffer at pH 4 with a 35% chemicalyield in a total time
of 35 mm in a volume of 6 ml. Results of chromatography
and NMR spectroscopy of the product matched those of
authentic alanine. Localization studies in mice appeared
rather similar to those of DL-tryptophan. However, human
studies showed virtually no localization in the heart or
pancreasandsubstantialdecarboxylationwas evidencedby
exhalation of C-il-carbon dioxide. These findings suggest
that the persistentlocalizationdescribed for N-13 aianine
in the human really represents only that of the N-l3 label.
SincethecarboxylC-illabeldoesnotappearto localize
in a similarmanner, this suggeststhat alanine loses its
amino group to some other molecule rather than the alanine
being incorporatedas such. The carbon chain of the ala
nine is presumablyconvertedto lactateor pyruvateand
rapidlymetabolizedas indicatedby the conversionto
C-il-carbondioxide. Since localizationoccurs in the
mouse pancreas, the failure of extrapolation of animal
data to humans is again illustrated.

LIPOPROTEINS AS CARRIERS FOR RADIOPHARMACEUTICALS.
R.E Counsell L.W Schappa N Korn,a@4@@
Pohland. Department of Pharmacology, The Univer
sity of Michigan Medical School, Ann Arbor, Mi.

The covalent linkage of radionuclides to car
ncr molecules has been a successful strategy in
radiopharmaceutical design. More recently, the
nonâ€”covalent incorporation of radiopharmaceut
icals into liposomes has introduced another ap
proach for the achievement of target organ spec
ificity. As an extension of this concept, stud
ies were undertaken to examine the potential of
lipoprotein complexes as a carriers system for
radiopharmaceuticals. Lipoproteins differ from
liposomes by having a hydrophobic rather than a
hydrophilic central core. l25â€”Iâ€”l9â€”Iodocholest
erol (125â€”IC) was incorporated into the matrix
of rat high density lipoportein (l25â€”ICâ€”HDL).
Except for much less radioactivity appearing in
the thyroid following administration of 125â€”IC
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HDL, there was little difference between the tis
sue distribution profiles of these agents in nor
mal rats. However, depletion of the circulating
lipoprotein levels by prior treatment with 4â€”
aminopyrazoloâ€”(3,4d)â€”pyrimidmne (4â€”APP) caused
over a fourfold increase in adrenal cortex radio
activity following l25â€”ICâ€”HDLadministration over
that observed for 125â€”IC. This finding is com
patable with the current view that the rat adre
nal contains specific receptors for HDL. The in
corporation of other hydrophobic radiopharmaceut
icals into lipoproteins is now under investiga
tion.

TRANSPLANTATIONOF MOUSETHYROIDIN SYNTHETICPOUCHES:A
NEW TECHNIQUE. H J Dworkin and S J Long. Department
of NuclearMedicine,WilliamBeaumontHospital,RoyalOak
MI.

CurrentlyavailableInformationis insufficientto de
cidewhetherthedevelopmentof hypothyroidismfollowing
radiationof thethyroidis dueprincipallyto vascular
damageor impairmentof stemcellregeneration.A trans
plantation(TPX) techniquehasthus beendevisedwhich
permitsthe radiationof thyroidtissueIndependentof
its originalvascularsupply. Isogenicmouse thyroid
TPX was carried out in which the donor thyroid is trans
plantedinto a syntheticpouch, and then implantedin
varioussitesin hypothyroidrecipientmice. It is pos
sibleto achievequantitativerecoveryof thetransplant
ed tissue for cell counting studies. Neo-natal BDF-l
mousethyroidglandswere placedinoneof twotypesof
syntheticpouches(milliporeor Uniporefiltermembranes)
transplantedunder thekidney capsule, in thespleen,
I.P.,or subcutaneouslyin hypothyroid,BDF-lrecipients,
andallowedto remainfortwoto fourweeks. Histologi
calexaminationandradioiodineuptakevalues demonstra
ted thesuccessof thepouch techniquein maintaining
functionalthyroidtissue showingneoâ€”vascularization
withbestresultsobtainedwhen thepouchtransplantwas
placedunderthekidneycapsuleof therecipient.Uptakes
l2hrs.post-I-l3ldoseI.P.inpoucheswithhistologically
identified thyroid tissue (N = 11) was 1 to 20.9% corn
paredto normalthyroidin situ(N- 24)of 1.3- 9.3%.

Establistinentof thismodelnowpermitsradiationex
posure of mouse thyroid tissue in such pouches to be car
ned outat variousdoselevelsto examineradiationef
fectson stemcellsfreeof originalvascularity.

DETERMINATION OF MICROGRAM AMOUNTS OF STANNOUS TIN IN
TECHNETIUM LABELING KITS.* G.E Meinken S.C Srivastava
and P Richards, Brookhaven National Laboratory, Upton, NY.

Reliable performance of Tcâ€”labeiingkits, most of which
contain submilligram amounts of tin as the reducing agent,
depends a great deal on the presence of unoxidized Sn(II) in
the proper chemical form at the time of addition of 99mTcO.â€”.
A simple method for determining Sn(II) in these kits is
highlydesirablebutnotavailableat thepresenttime. In
this study two methods were developed for the micro deter
mination of Sn(II) in the presence of various media of ra
diopharmaceutical interest: (i)potentiometric titration with
lodate in lN HC1; and (ii)spectrophotomePric determination
using the ?f@â€”Bluereaction. The titration procedure can be
used down to 50 @igSn(II) in 10 ml, and the spectrophoto
metric method gives reliable results with as little as 2 pg
Sn(II) per ml. Standard Sn(II) solutions were prepared by
dissolving 99.9992 pure tin wire in conc HC1 in an inert
atmosphere and diluting with water. Aliquots were titrated
with standard Ce(IV). Multiple such determinations indica
ted 3â€”6%less Sn(II) than expected based on the weight of
the Sn wire. The Sn(II) in acid was added to a stirred so
lution containing excess citrate and the pH kept to 7 with
base. Aliquots of Sn(II) citrate stock solution, in lN HC1,
were titrated in an inert atmosphere with lO@ N iodate at
70Â°Cto a potentiometnic end point using a platinum dcc
trode. For the spectrophotometric method, to Sn(II) sam
pies (4â€”25ug), 4 ml of the phosphomolybdste reagent were
added. The color was extracted with amyl alcohol, and the
absorbance measured at 725 mm. The unknowns were treated
similarly and the Sn(II) concentration was read from the
standard calibration curve. The two methods give precise
results and show substantial promise for application to
microdetermination of Sn(II) in many currently used Tc
labeling kits.

*Work done under FDAâ€”lAG#224â€”79â€”3002(FDA and DOF).

A STABLESTOCKSOLUTIONOF STANNOUSCHLORIDE. B.H Mock.
Indiana University Medical Center, Indianapolis, IN.

Stannous ion is the most coun@nly used reducing agent
for Tcâ€”99mradiopharmaceuticals, however, great care must
be taken to minimize the oxidation and/or formation of
insoluble hydroxides. Accordingly, most kits are freeze
dried and packaged under nitrogen. This paper reports a
simple inâ€”housestock solution of stannous chloride which
is easily prepared, has a shelfâ€”lifeof several months,
and is routinely used to prepare Tcâ€”99mRBC's in vitro at
labeling efficiencies in excess of 96%. SnCl2â€¢2H20is dis
solved in 4@ Nd, diluted with 3 volumes water, millipored
to remove any insoluble tin hydroxides, bubbled with nitro
gen gas for 5 mm., and autoclaved in a rubber stoppered
serum vial. The final sterile solution contains 10 mg tin
per ml of ]4@HC1.@ concentration is determined by
titration with standardized 1mM Iodine using starch T.S.

Longâ€”termstability is affected by the initial tin con
centration and the MCi normality. At tin levels less than
5 mg/mi,oxidationwas significantevenin 414HC1. At N/2
HC1 or less, a yellowish precipitate formed in a few days
even at tin levels of 40 mg/mi. Nitrogen bubbling was
found unexpectedly to increase the Sn++ concentration by
13%overthefirst20 days,whereasthenonâ€”bubbledsolu
tions declined by 6%. Over the next 2 weeks, the Sn++
levelof bothsolutionsdeclinedby only0.9â€”1.2%.A nom
inal 10 ug of Sn++ ion is easily obtained for labeling
RBC's by adding 0.1 ml of the stock solution to a 10 ml
vial of saline. If used within 30 minutes, this dilute
solution contains 10 pg Sn4+ ion in 0.1 ml of O.O1N HCl
in saline. Such concentration and acidity does not appear
to damage the RBC's when added to 4 ml of heparinized
whole blood.

WHOLE BODY AUTORADIOGRAPHY: A PROCEDURE FOR EVALUATION OF
RADIOPHARMACEUTICALS. N Venkatesh T.F Budinger and
C-T Pen@. DonnerLaboratoryandLawrenceBerkeleyLabora
tory,Universityof California,Berkeley,CA.

Thetechniqueof wholebodyautoradiographyis becoming
recognized as an important tool for studying the distribu
tionof drugs. Adaptationof thisUllbergtechniquehas
been made to facilitate the selection of new radiopharmaceu
ticalsforsinglephotonandpositronannihilationphoton
imagingstudies.Thetechniqueinvolvestheuseof a large
microtome equipped with knives 9 cm or more wide, located
ina largetop-entryfreezermaintainedat -20Â°C.Animals
as largeas 300gm ratsor individualorgansof largeani
mals(e.g.,monkeybrain)arerapidlyfrozenIn acetone-dry
ice(-70Â°C),andembeddedin a 10%solutionof carboxymethyl
cellulose in a metal mold. The block container with the era
beddedanimalis frozenandwhilefrozentheblockis cut
into halves. The cut block is mounted on the microtome
stageforsectioningand20 pm sectionsarepickedup by a
wideScotchtapeduringmicrotomecutting.Radioactivede
brisis controlledby suctioncleansingin thefreezer.
Afterfreeze-drying,thesectionis laidon photographic
film. Usingan injecteddoseof 50 pCiof C-l4and Kodak
X-Omat film, exposure for 24 to 48 hrs is adequate. Quan
titationisdoneby densitometryor graincounting.

The power of this technique of In vitro tomography is
exemplifiedby studiesin ratsof thedistributionof C-l4-
B-taurineandH-3taurine(longerexposureon specialfilm).
Remarkably high tissue concentrations were found in the
heart,kidneysandgut.

Whole body autoradiography is a flexible method whereby
new radiopharmaceuticalscan be quantitativelystudied for
biodistributionwithhighspatialresolutionas wellas for
kinetics.
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ANINO ACID COMPLEXES OF RUTHENIUMâ€”103:SYNTHESIS AND BlO
DISTRIBUTION. C.D Meyer and M.A Davis. Department of
Radiology, Joint Program in Nuclear Medicine, Harvard
Medical School and Department of Medicinal Chemistry and
Pharmacology, Northeastern University, Boston, MA 02115.

To develop a Ruâ€”97pancreatic imaging agent, asinine
ruthenium(III) complexes of carbon and nitrogenâ€”boundLâ€”
histidine, Bâ€”(4â€”pyridyl)â€”czâ€”alanmne,and Sâ€”8â€”(4â€”pynidyl
ethyl)â€”Lâ€”cysteinewere synthesized in low specific acti
vity from [Ruâ€”103]chloropentaammineruthenium(III)di
chloride by appropriate modification of literature pro
cedures. The identity of the Ruâ€”103labeled complexes was
verified by comparison of ir and uv spectra with cold Ru
samples having satisfactory elemental analyses. The bio
logic distribution of each complex was then determined in
normal mice following tail vein injection of acidified
saline solutions. All four complexes were rapidly cleared
through the kidney with 50% of the injected dose con
centrated in the urine within fifteen minutes. Minor dif
ferences In distribution were found in lung, heart, spleen,
stomach, intestine, bone and soft tissue. None of the
complexes accumulated in any major organ, but the 4â€”pyri
dylalanine complex exhibited a steadily increasing pan
creas to liver concentration ratio during the first hour,
reaching a maximum of 17.0. This is considerably higher
than coimnonly reported values of about 2.5 for [Seâ€”75]â€”
selenomethionine, making this agent a promising candidate
for further evaluation as a radiopharmaceutical for pan
creatic imaging. Rapid blood and urinary clearance In
conjunction with low uptake by normal tissue also Indicate
all four complexes are potentially useful as disease
specific radiotracers when labeled with cyclotronâ€”produced
Ruâ€”97.

RUThENIUM-97-DMSA FOR DELAYED RENAL IMAGING. Z.H Oster
P Son M.C Gil A.G Goldman D.F Sacker H.L Atkins
and P Richards. Brookhaven National Laboratory, Upton,
New York and SUNY at Stony Brook, New York.

Scintigraphic visualization of the decompensated kidneys
requires delayed imaging which is difficult to accomplish
withTcâ€”99mâ€”DMSAbecauseof itsshortphysicalhalfâ€”life.
Ruâ€”97,a pure games emitter with a TÂ½of 69.6 hrs and a
photon energy of 216 keV is suitable for delayed imaging.
The goal of this study was to label DMSA with Ru-97 and
evaluate the biological differences of some compounds in
the experimental animals.

DMSAis mixed with SnC12, dissolved in O.2N sodium
hydroxide and Ruâ€”97is added. For tinâ€”freepreparations
the same procedure is followed except the addition of
SnC12. The mixture is incubated in boiling water for Â½hr
and after cooling the pH is adjusted to 6.5.

The ratio of DMSA/Sn+2 â€”1.85 was found to give the
highestconcentrationof Ruâ€”97â€”DMSAin thekidneysas well
as theoptimalratiosforimaging.Whenno tinis added
the concentration in the kidneys and blood is lower because
of higher urinary excretion. In the animal with normal
functioning kidneys the delayed excretion is advantageous
but in renal insufficiency this factor may not be important
since the clearance may be slower because of the patho
logical process. Good quality images of the kidneys were
obtained in normal dogs and studies are in progress to
evaluate these agents in different models of kidney
pathology. We conclude that Ruâ€”97-DMSAcould facilitate
delayed imaging of the kidneys.

RU-97-DTPA: A NEW RADIOPHARNACEUTICAL FOR CISTERNOGRAPHY.
Z.H Oster P Som R.G Fairchild A.G Goldman M.C Gil
R.L Atkins D.F Sacker E.R Schachner G.E Meinken S
C Snivastava and P Richards. Brookhaven National Labora
tory, Upton, New York, and SUNY at Stony Brook, New York.

Ruâ€”97â€”DTPAwas evaluated for its possible use as a
cerebrospinal fluid imaging agent. Ruâ€”97has favorable
physical properties (decay by electron capture; y energy â€”
216 keV, 86%; TÂ½â€”2.9 d) which are very suitable for
imaging.Ruâ€”97â€”DTPAwas preparedby dissolving9 mg of
DTPA in 2 ml of O.2N NaOH, and adding Ru-97. The pH was
adjusted to 3.5 and the solution was heated in a boiling
water bath for Â½hr. It was then cooled and pH adjusted to
6.5. flogswere injected with 0.3 mCi Ruâ€”97â€”DTPAor Inâ€”ill

DTPA into the cisterns magma. The movement of the agents
was monitored with a camera interfaced to a computer or
with a dualâ€”probesystem placed over the head and bladder.
In addition, blood and urine samples were collected at
fixed intervals for 6 hours. At 24 hrs after Ruâ€”97ad
ministration, scintiphotos of the head, kidneys, and bladder
were obtained and the animals sacrificed. Residual Ruâ€”97
activity in the brain, gonads, liver, spleen, kidneys,
bladder and CSF was determined. The results show that the
kinetics and excretion of this compound are similar to
Inâ€”lllâ€”DTPA.Intracisternaly injected Ruâ€”97â€”DTPApeaked in
blood at 5â€”7nm. and the clearance showed two components
(TÂ½â€”14 mm; T1@â€”17 hrs.). Urinary excretionwas 18% at
3 hrs.and30%by 6 hrs. Highqualityimageswereobtained
both immediately and 24 hrs. after injection. We calculated
that the radiation dose for identical activities was twice
as high for Inâ€”illbecause of the lc@@zemergy electrons
emitted'. . Mo ccncltxie that Ru-97-DTPA can be used for
sttiiies of c@' dynamics with the advantage of a 1c@eer
radiationdose.

RUTHENIUM LABELED TR.ANSFERRIN--A POTENTIAL TUMOR-LOCALIZING
AGENT.* S.C Srivastava G.E Meinken P Richards,
Brookhaven National Laboratory, Upton, NY; S.M Larson Z
Grunbaum and J.S Rasey, VA Hospital, Seattle, WA.

The excellent properties of 2.9d Ruâ€”97(216 Key v, 86%),
the chemical reactivity of Ru, the antitumor activity of
several Ru coordination compounds, and the BLIP production
of Ruâ€”97,provide a unique combination for the application
of this isotope in nuclear oncology. Tumor uptake of trans
ferri@ (TF) labeled with ruthenium in the ENTâ€”6sarcoma in
BALB/c mice and other animal tumor models has been inves
tlgated in the present study. TF was labeled with Ruâ€”lO3or
Ruâ€”97as follows. To purified IF in 0.1 M sodium acetate
was added the desired amount of Ru activity and the pH ad
justed to 7. The mixture was heated at 40Â°Cfor 2 hr, and
passed over a Sephadex column to separate pure monomeric Ru
TF in â€œ@65%yield. In the ENTâ€”6sarcoma mice, tumor uptake
(% dose per g; 24 hr after i.v. injection) of Ruâ€”l03 chlo
ride (5.25) was comparable to that of Gaâ€”67citrate (7.09);
the uptake of Ruâ€”l03â€”TF(12.75) was almost twice as high.
Tumor(T) to blood(B), muscle(M), liver(L), and kidney (K)
ratios were high enough for imaging at 24â€”72hr. At 72 hr,
the ratios were as follows: Ruâ€”l03â€”TF:T/B,5.O; T/M,ll.8;
T/L,2.O; T/K,2.O. Gaâ€”67citrate: T/B,lO.7; T/M,1O.8; T/L,
0.6; T/K,O.6. The tumor concentration index (TCI) defined
as the ratio of % dose per g in tumor to % dose per g re
seining in the whole body at 72 hr for Ruâ€”TFwas 4.48 (1.57
for Ga citrate). Preliminary data in several animal tumor
models have shown similar results. Efforts to further re
duce the blood and normal tissue background of Ruâ€”TFby (i)
chemical modification, (ii) administration of chelating
agents, and (iii) using computer subtraction techniques are
being evaluated. It is concluded that Ruâ€”97â€”TFis a poten
tial tumor localizing agent that would result in improved
diagnostic performance with high information content and re
duced patient radiation dose when compared to Gaâ€”67citrate
and other agents presently in use.
*Work done under Contract EYâ€”76â€”Câ€”02â€”00l6U.S.D.O.E.

TROPOLONE: A LIPID SOLUBILIZING AGENT FOR CATIONIC
METALS. L.R Hendershott R.C Gatson J.W Fletcher
and R.M Donati. VA Medical Center and St. Louis
University, St. Louis, MO.

Lipid soluble agents which will chelate radioactive cat
ions have several potential uses In nuclear medicine. These
include uses such as brain scanning agents, labeling of
blood elements and identifying fatty Infiltration of organs
(i.e., liver). A tropoloneâ€”gaillumcomplex has been char
acterized by in vitro partition coefficients correlated
with in vivo rat distribution studies. Partition coeffiâ€”
dents were determined for gallium (Gaâ€”67citrate), Indium
(Inâ€”114mchloride) and Iron (Feâ€”59chloride) catlons corn
plexed with tropolone in chloroform/water, octanol/water
and olive oil/water two phase systems. Tropolone proved
to be highly effective In the lipid solubilization of
these metal cations. Biodistribution studies of the Gaâ€”67,
Inâ€”114and Feâ€”59complexed with tropolone demonstrated an
alteration of biodistribution when compared to appropriate
controls. Tropolone effects biodistribution of Gaâ€”67by
moving this cation into rat tissues containing a high lipid
content when compared to the appropriate control (i.e.,
Gaâ€”67citrate)at 30 mj@nutesafterintravenousinjection.
The red blood cells of the rats receiving the c@aâ€”G7tro
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polone complex contain 36% of the whole blood activity as
compared to 6% for the Gaâ€”67control. Thus, tropolone
appears to form stable complexes with Caâ€”67,Inâ€”114mand
Feâ€”59in the presence of transfernin in plasma to provide
lipid solubility for these radioactive cationic metals.

RADIOPHARNACOKINETICS, A METhODFORNUCLEARMEDICINEl@
MEASURENON-INVASIVELYThE ORGANPHARNACOKINETICSOF DRUGS.
V. Wolf and R.C. Msnaka. Radiopharmacy Program, University
of Southern California, Los Angeles, CA.

The use of the radioisoaer of a drug, chemically and bio
logically identical to the parent melecule, allows for the
nonâ€”invasivemeasure of drug distributionand kinetics at
amy organ or tissue site. We have developed methods to ac
complish such studies and wish to document the methodology
and scope of this novel technique with a specific example.

The distribution of Cisplatin, labeled with Ptâ€”195m(Wolf
and Mamaka, J Clin Resist Oncol 7, 79(1977)) was determined
in control rats; a seven state, single input, five output,
linear, time invariant, closed i@del was formulated using
computational programs based on system/identification theo
ry. Four of the five outputs can be readilymeasurednon
invasively in man (whole body, blood, kidney and bladder
content + urine) , with one output necessitating serial sam
pling. This seven state medel was predictive in rats; i.e.
the IV bolus data predicted accurately the blood and organ
levels of the drug following various infusion regimens.
Moreover, this model based on rat data was predictive of
bloodlevelsof Cisplatininpatients.Theseresultssuggest
that we might predict in a given patient the kinetics of tlmi
toxic species (probably free Cisplatin, Cole and Wolf, work
in progress) in the kidney, the critical organ. Such infor
mation sight provide us with the necessary input to develop
strategieson how to control the desired toxic or therapeu
tic levels of the drug at a given organ or tissue site.

Inasmuch as radiopharmacokinetic methods are applicable
to the study of @stany drug, they sight allow us the pre
dictionof theavailabilityof thedrugor itsactivemets
bolite at a given organ site in a given patient for any dose
regimen,and thereby assist in optimizationof cheimtherapy.

CHELATESOF RADIOMANGANESETO ASSESS KIDNEYFUNCTION.
R.W Atcher A.M Friedman G.V.S Rayudu D.A Turmer@ and
J .R Huizenga. Argonne National Laboratory, Argonne, IL,
Rush University Medical Center, Chicago, IL, and University
of Rochester, Rochester, NY.

Manganeseâ€”52mis a positronemitter with a short phys
ical half life, 21.1 minutes, that is produced in a gem
erator system from Feâ€”52.Carrier-freemanganous chloride
concentrates in organs of high metabolic activity, espe
ciallyin thekidney,enablingone to assessperfusion.
There is little redistribution in the first few hours after
i.v. administration and the major excretory route is
through the intestines. Thus it would be advantageous to
use Mnâ€”52mto assess kidney functionsince the physical
half life is on the order of the biological half time of
excretion through the kidneys. Three chelates were used to
bindthemanganeseto increasekidneyexcretion:sodium
ethylenediaminetetraacetate (EDTA), calcium sodium diethyl
enetriaminepentaacetate (DTPA) and sodium cyclohexyle'@edi
nitriloacetate (CDTA). The biodistnibution curves show
similar shape peaking at approximately 10 minutes in the
kidney. Three mice were injectedfor each data point at
5, 10,20 and30minutes.Themaximumdosepercentper
gram of tissue for the kidneys is: EDTA â€”â€”20 percent;
DTPA â€”â€”32 percent; and CDTA â€”-42 percent. The stability
of the complex is directly proportional to the excretion
through the kidneys. The increasing stability of the
chelateâ€”metal complex can be explained by the increasing
steric hindrance in the progressivelylarger melecule.

dance;14 dayphysicalhalf-life)havepromptedus to
explore the synthesis of *Snlabeled tissue-specific
agents. Ina modelsynthesis,23-TSCwas preparedin49%
yieldby reactionof Me3Sn-Liwith38-acetoxy-23-bromo-24-
nor-5cz-cholane(23-Br-ANC)at 27Â°CinTHF. The IR,MS and
NMR properties of 23-TSC were consistent with the proposed
structure. *Sn_labelmi 23-TSC was synthesized as follows
fromreactorproduced*Sn: *Sn@ *5nCl@,+ Me,,Sn-â€˜Me3*Sn_
Cl + Li + @3*SnLi + 23-Br-ANC + *Sn_23T5C. Tissue dis
tributionstudiesindicatedpronouncedadrenaluptakeof
*Sn_23_TSCin femaleFisherrats.

Daysafter
injection

Ranqeof three animals - %dose/am
AdrenalsLiverBloodOvaries37.1â€”53.54.7-5.71

.3-1 .511 .9-21.7345.8-59.51.8-2.50.8-0.810.2-11.7717.5-21.30.3-0.60.2-0.33.8-6.71421.4-22.80.5-0.60.2-0.34.7-7.1

Approximately50%of the injectedactivitywas excreted
within5 days,primarilyinthefeces. Thesedataindicate
that *5,@_23_T5Cmay represent an attractive new agent for
adrenalvisualizationin humans.

ORNLisoperatedby UnionCarbideCorporationundercon
tractW-74O5-eng-26withtheU.S.Departmentof Energy.

SIGNIFICANT ALTERATIONOF THE BIODISTRIBUTIONOF PERTEQINE
TATE WITH A CLEARINGAGENT. W.A. Pettit, R.M. Beihn, and
P.R. DeLand. Veterans Administrationand Universityof
Kentucky Medical Centers, Lexington, KY.

The biodistnibution of 9@TcO4 ha@ been significantly
altered in rats following the intravenous administration of
a nonradioactive agent , staunous tartrate . The femoral
veins of rats @recanulated to permit the administration
of 99RTc04 , followed by the clearing agent at preselected
times that ranged from 5â€”20 aim. Whole body distribution
data was collected for 90 aim with a LFOVgamea cara in
terfaced to a minicomputer. From the stored data activity
vs time curves were generated and static sequential images
obtained . The animals were sacrificed for determining the
organ distribution of radioactivity. I@diately after in
jection of stannous tartrate, stomach and thyroid deposi
tine of activity ceased while blood concentration in
creased , suggesting extraction of activity from the extra
vascular space. By 70 sin, however, blood levels of ac
tivity were lower in animals injected with stannous tar
trate than in the controlsand urinary excretionwas en
hancsd 5â€”fold. This data demenstrates that a clearing aâ€”
gent offers the potentialadvantagesof enhanced target to
background ratios while reducing total body radiation ax
posure.

8:30-10:00 Room 3038
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INSTRUMENT PERFORMANCE
AND EVALUATION

Session Chairman: C. Craig Harris
SessionCo-Chairman: RaleighJohnson

A COMPARISON OF UNIFORMITY CORRECTION SYSTEMS.
T K Lewellen H Kanimi R Murano. University of
Washington, Seattle, WA.

A comparison of the uniformity correction systems offen
ed by several games camera manufacturers has been perform
ed. The comparison involved five cameras: A General Elec
tnic Porta IIC, an Ohio Nuclear Sigma 410, a Picker DC4/
15,a 37PMTSearleZLC,anda 75PHISearleZLC. Basic
intrinsic and extrinsic performance parameters (including
energy resolution, uniformity, linearity, photopeak map,
andlinespreadfunction)weremeasuredandsubmittedto
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TIN-l17m-LABELED 23-(TRIMETHYLSTANNA)-24-NOR-5a-CHOLAN-3g-
OL (*5n23..TSC)SHOWS SIGNIFICANTADRENAL UPTAKE IN RATS.
F F Knapp Jr. T A Butler A P Callahan and K R
A&throse. Nuclear Medicine Technology Group, OakRidge
Natl5nalLaboratory(ORNL),OakRidge,TN.

Theattractivepropertiesof *Sn (159keVy in86%abun



PROCEEDINGS OF THE 27th ANNUAL MEETING

the area service organizations for review. If the camera
was not within specification, it was serviced. The corn
panison centered on contrasting individual camera perform
ance with and without the respective correction system in
operation. Particular attention was paid to the changes
in resolution, point source count density, and low contrast
detectability. Some of the cameras were also studied under
nonâ€”standardconditions such as asyimnetnic PHA windows and
gain shifted PM tubes.

The results indicate that the systems with both photo
teak map and linearity corrections are preferred over the
renormalization systems. The preference is primarily due
to the ability to see asymmetric windows in order to im
prove scatter rejection. The renormalization systems cause
some data distortion but also improve the low contrast de
tectability as compared to the uncorrected image. The re
normalization systems did not operate identically and pro
duced some interesting differences, both in low contrast
performance and the ability to tolerate asymmetric energy
windows.

AN EVALUATIONOF A LINEARITYCORRECTIONSYSTEM FOR GAMMA
CANERAS. T.K. Lewellen, H.Kanitni, R.Murano, University
of Washington, Seattle, Washington

A uniformity correction system using photopeak map and
linearity corrections has been designed by Dr. Glen Knoll,
Dept. of Nuclear Engineering, Univ. of Michigan and Medical
Data Systems. Several prototype systems were built and one
was installed on a )@S Simul computer system at the Univ.
of Washington Hospital for evaluation. The system replaces
the normal ADCboards and digitizes the energy as well as
the position signals. The photopeak map and linearity
corrections are performed real time using a fast table
look up scheme. The tables are created during a morning
calibration run on each camera using a software package
which runs under the !WS MDOS operating system. The
system selects the energy window and allows asyimnetnic
windows to be used. At this time, only single window
operation is supported. Currently, the system is being
used with an older Picker DC4/l5 and a Picker DC4/ll.

The system provides uniform flood fields without the
data distortion produced by renormalization correction
methods. The most impressive result has been the improve
ment in low contrast detectability, particularly in the
DC4/l5. This imoroveinent demonstrates the importance of
photopeak map corrections. The correction system also
corrects for regional differences in energy resolution
which proved to be an important parameter for the older
DC4/l5 used in the evaluation. The system improved the
DC4/15 energy resolution by 30% and the integral uniform
ity by a factor of 3.

COUNTRATELIMITATIONSOF ANGER SCINTILLATIONCAMERAS.
J.G Colsher and G Muehllehner. University of Pennsyl
vania, Philadelphia, PA.

The countrate capability of the Anger scintillation
camera is limited both by the decay time of the light
emitted from NaI(Tl) scintillation crystals and by the data
processing capability of analog and digital processing
electronics. Significant improvements are possible
through more sophisticated processing schemes.

Limitations due to the decay time of light can be
partially overcome by electronic pulse shortening tech
niques. A delay line method has been used to shorten
pulses to less than 200 nsec duration. During this time
about 50% of the total light is emitted and some statisti
cal information is lost. This results in decreased spatial
resolution but the countrate capability of the camera is
more than double.

Limitations due to the processing electronics can be
partially overcome by the use of serial buffers. To avoid
counting losses due to long deadtimes in the ratio correc
tion (energy normalization) circuit and display or digital
conversion circuits, it is desirable to buffer the position
information. Analysis of this problem indicates that the
use of 3 serial buffers preceeding the ratio circuit
increases the rate at which 10% count losses occur by a
factor of 7.

With the introduction of these techniques the camera

no longer behaves as a simple paralyzable system. Hence
characterizing deadtimes by methods such as the two
source technique are becoming increasingly inaccurate.

ENERGY AND ANGULAR DEPENDENT DISTORTIONS IN ANGER CAMERA
IMAGES. L. Shabason, M.T. LeFree, D.L. Kirch and B.H.
Hasegawa. Universityof ColoradoHealth Sciences Center
and VeteransAdministrationMedical Center, Denver, CO.

It is generally assumed that events recorded by Anger
camera ImagIng systems are strictly a function of the
gamma ray interactionsite. Two differentconditions
were found to yield relative translational shifts. The
first of these Is that images acquired with radionuci ides
whose photon energies differed by 80 KeV shows a transla
tionalshiftof as muchas 4 ann.Thisdiscrepancybetween
the images acquired at two energies may cause resolution
loss In dual Isotopesubtractionstudies and in multipeak
Ga-67 sclntigraphs. Since uniformity correction methods
are applied on a pixel by pixel basis, the use of a data
matrix acquired at one energy may be applicable for
Images at other energies. These energy dependent shifts
are most likelycaused by electronicartifactsand the
camera may be adjusted to mInImize these effects.

The second effect Is a posItional shiftIng as a func
tionof Incidentphotonangle. InvaryingthephotonIn
cident angle from 0 to 70 degrees the Imaged peak loca
tion was found to shift by more than 1 cm. This effect
was found to be stronglydependenton the choice of
energy window width. This effect would have Its strongest
Impacton ImagIngtechniqueswhere photonsof varying
Incident angles are simultaneously acquired such as recon
structed images from coded apertures and seven pinhole
tomography. In this case, the distortionsappear to be
dependent on geometric effects and cannot be significantly
altered by tuning.

MISALIGNMENT OF MULTIPLE PIOTOPEAK ANALYZER O(JTPITFS:
EFFECTS ON IMAGINGPERFORMANCE.D. Chapman, B. Garcia,
A. Waxman. Cedars-SinaiMedical Center, Los Angeles,CA

The purpose of this study was to de@nstrate the effects
of smitiple misaligned images on spatial distortion, new
lution, and image contrast, In particular we studied mis
al igned images generated from simultaneous output s of
caemras with multiple pulse height analyzers.

T@m of three cameras in our institutiondemonstrated
multiple misaligned edge packing on intrinsic Ga-67 point
source floods. This indicates the camera response is
spatially distorted wlmn using multiple photopeak analyzers.

One of these cameras @es used to Image a 1Iine-I@iley bar
pattern, a Rollo phantom, and to measure the FI@IMand FWTP
at different crystal locations.@ compared images from
multiple pulse height analyzers vs. simulated images of
perfect alignment obtained by summing the outputs from the
three major phetopeaks of C,a-67 one at a time using the
same analyzer. The results are as follows: 1) loss of
resolution indicated b@rdegradation of the EMIMand the
Hine-Duleybarpatternimages,2) lossof contrastmdi
cated by degradation of the FWII4, iline-Duley bar patterns
and the Rollo pim.ntoa iges, 3) the degree of resolution
and contrast degradation is spatially variant (x-y
dependent).

With the increaseduse of multiple pulse height analyzer
cameras to image multiple photopeak radionuclides such as
In-ill, Tl-201, and Ga-67, it is important to check the
image alignment of multiple analyzer outpits periodically.
It is not acceptable to pay for increased count densities
with degradationof image quality.

THE NOISE-EQUIVALENYBANDPASSAS A MEASUREOF SPATIAL RESO
LUTION FOR GAMMACAMERAS.D.W Shosa and L Kaufman.
University of California, San Francisco, San Francisco, CA

The noise-equivalentbandpass is related to integralsof
the squares of the system spread function and modulation
transfer function. For components of a system spread func
tion which can be characterized by a single parameter, an
effective width can be extracted from the bandpass. This
width can be used to characterize the spatial resolution of
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the system in a manner similar to the use of TWIN. Results
of this investigation have shown that bandpass measurements
can be used to accurately predict the contrast modulation
of small signals. This approach has the advantage of being
applicable to distinctly nonâ€”Gaussian spread functions.
It is also an advantage that bandpass measurements can be
accurately obtained from sparsely sampled noisy data. The
measurements are thus obtained quickly and without sophis
ticated sampling equipment.

RELATIVE AND ABSOLUTE UPTAKE MEASUREMENTS WITh THE GAMMA
CAMERA:AN ASSESSMENTOF ERRORS. L.P Clarke and A
Serafini. University of Miami, Fla.

The important response parameters for ganinacameras fcs'
most measurements, are their sensitivity, uniformity and
spatial resolution. Standard methods are used to verify
then. Camerasare also used to makerelative or absolute
uptake measurements in nuclear cardiology, nephmloqj@,
gastric emptying and adrenal studies. The important re
sponse parameteris the ability to faithfullyrelate the
integratedcount within a region of Interest (ROT) over
the organ to its activity. The problems associated with
photon attenuationand selectionof backgroundareas have
been assessed. However, the systematicerrors associated
with selectingsmall ROI that enclose the image of an organ
have not been studied in detail. Calibration measurements
thatspecificallyincludebothlargeandsmallROl'swere
performed to determine the cameras response to cylindrical
sources of varying size (3â€”6chil)and source depth in
scattering medium(5-20cm). Data were taken with stan
dard collimators for photon energies of 140 and 364 KeV.
Assumptionsusually madein estimating source size was
evaluated. Data @recompared to that of the rectilinear
scanner designed for absolutemeasurements.

Results demonstrated that larger systematic errors are
encounteredwithsmallROT's. Greatercorrectionsfor
sourcesizeanddepthwererequired.Thesewereinterde
pendent and not unique. Thus, for example, errors In
absolute measurements were greater than@ 40%for small
sources of 364 KeVphotons. Muchlarger ROPs, not
feasiblefor clinicalstudies,were requiredto reduce this
error range. Data has equal significance for tomographic
imagingsystems.

INTERNAL MAMMARYLYMPHOSCINTIGRAPHY USING BILATERAL
COLLIMATOR: MEASUREMENT OF THE DEPTH OF THE LYMPH NODE.
E Ohtake M ho H Toyama M Noguchi S Kawa@uchi,

Geriatric Hospital, Tokyo, Japan.

The purpose of this study is to evaluate the method to
measure the depth of internal mammary lymph nodes using the
bilateral collimator originally designed for cardiac study.

The lymphoscintigram was obtained 4 hours after
bilateral subcostal injection of Tcâ€”99msulfur colloid and
the image was made by Searle Pho/Gamma LFOV scintillation
camera with a bilateral collimator consisting of two arrays
slantingÂ±30 degrees. At that time, the collimatorwas
set to image the lymph node in the dual fields and Coâ€”57
markers with 5 cm interval were placed along the centerline
of the two slant arrays at the surface of the body to
measure the ratio of minification.

The distance (D) from the image (crystal) plane to the
lymph node can be expressed by the equation:

D â€” @L.cot3O'@.O.866L

where L is the interval of dual images of the same lymph
node calibrated into the real length by using the
minification factor. The real depth from the surface of
the collimator to the lymph node is obtained by subtracting
the distance (T) between the Image plane and the surface
of the collimator from D. For the calculation of T, the
same equationwas applied by placing Coâ€”Simarkers on the
surface of the collimator.

By this method, we could easily estimate the depth of
the internal m@tary lymph node with satisfactory accuracy.
This method may facilitate the effective postoperative
irradiation of the internal mammary lymph nodes for the
patients with breast cancer.

10:30-12:00 Room 2043

CLINICAL

This model rigorously takes into account Tlâ€”redistnibu
tion on the basis of bloodâ€”tissue concentration gradients
and differing clearance rates and thus may be useful in
the study of fl transport in normal and insulted inyocardium.

INCREASEDSENSITIVITY OF Tl-20l KINETIC IMAGINGFOR DE
TECTING ACUTE PERFUSION DEFECTS IN MYOCARDIUM. R.M. Beihn,
M.R. Jones, M.W. Vannier, J.D. Slack, H.C. Henley, and F.H.
DeLand. Veterans Administration and University of Kiatucky
Medical Centers , Lexington , KY.

Since redistribution of Thalliuaâ€”201 may limit the see
sitivityof myocardialperfusionscintigraphyin detecting
transientinyocardialperfusionabnormalities,a new tech
nique to analyze the idiate deposition kinetics of Ti
201 was developed. By ans of computer processing sepa
rate rate constants (k) for myocardialdepositionof Ti
201 are determined following the Ti-201 injection. The k
values are derived for each pixel of a 64x64 computer ma
trix by exponential least squares analysis . Ten dogs were
chronically instronsnted with circumflex artery occiuders
and flow probes, LV pressure transducers, and ultrasonic
segment length crystal.. While graded occlusions were
imposed and blood flow was reduced, Tlâ€”201 was injected
followedby one aim of kinetic data accumulation. The oc
clusions were then discontinued and one additional minute
of data was collected. Serial static images were performed
from 0.5 to 30 minutes. In 15/16 studies k values for Tl
201 accimeilationin the distributionof the circumflexar
tory were reduced during partial occlusion (â€”15.75Â±8.7
xlO4sac1 to â€”70.31Â±19.34 niO4secl) and in 16/16
studiesk values increasedwhen the occlusionwas released
(to 43.13Â±13.30xlO4eecl). An abnormal static image oc
curved in only 1 of 16 studies. Analysis of kinetic data
from Tlâ€”20l imaging appears more sensitive for the de
tectionof acute alterationsin myocardialperfusion than
routine static scintigraphy.

H Murata K Chiba and H Yamada. Tokyo Metropolitan
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THALLIUM-201 IMAGING
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A KINETIC W@DELOF 2OlTl-TRANSPORT IN ThE MYOCARDIUM.N.M.
Alpert J Newell J Ingwall R Okada H.W Strauss and
G.M Pohost. Massachusetts General Hospital, Boston, MA.

To understand the factors controlling the rate of uptake
and loss of thallium in the myocardium, a model of Tl
kinetics has been developed. The parameters of the model
are the cellular input and output rates (Ki and Kj) , the
ratio of interstitial (V1) to extravascular volume (Vl+V2)
and the blood Tl concentration (CB). The myocardial Tl
concentration is given by C(t) KIV1(Vl+V2)4 EXP (â€”K@t)
tCB(S)E7J@(}@S)dS The model was tested in (1) a cultured

fetal mouse heart preparation (CFMP) and (2) an open chest
canine preparation (OCcP). Figure 1 compares the measured
Tl uptake and the model predictionin CFMP; while, Figure
2 showsthemeasuredcountrateandmodelpredictionforan
occ@. Studies in the CFMPhave shown that Ko varies linear
ly with I LDH lost in ischernicâ€”likeinsults (Ky.â€”O.O5+O.OSX
1 LDH LOST, Râ€”O.95), whereas, Ki remains constant.
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ARE CORONARYCOLLATERALS PROTECTIVE?
D.D Watson B.C Berger G.A Beller C.D Testes.
University of VA, Charlottesville, VA.

The ability of collateralvessels to restore adequate
coronary reserve capacity in patients with coronary artery
disease is a continuing question. Sequential thalliumâ€”201
(Tl) myocardial imaging was employed to evaluate the effect
of collaterals on regional myocardial blood flow at rest
and following exercise stress. Sixtyâ€”twopatients with
significant coronary artery disease had postâ€”exerciseTl
studies and 35 other patients were studied during rest.
Delayed redistribution images were obtained in all cases
and the images divided into 6 segments and interpreted
using computer assisted quantitative analysis. All
patients had coronary angiograms. A total of 464 segments
were in regions perfused by stenotic vessels of which 172
segments were supplied partially or totally by collateral
flow. In the resting studies, Tl perfusion defects were
observed somewhat less frequently (401) when collaterals
were present than when they were absent (56%). During
exercise stress, Tl defects were observed far more fre
quently (78%) in myocandial segments supplied by collateral
vessels than in those without collateral flow (45%). These
data excluded all segments with corresponding Q waves where
Tl defects were presumed to indicate myocardial scars. We
conclude that the collateral vessels may have offered some
augmentation of blood flow during the resting state but
failed to restore the coronary reserve capacity as mdi
cated by the high prevalence of stressâ€”inducedperfusion
defects observed in myocardial segments which were viable
but to which collateral blood flow was observed. In fact,
the presence of collateral flow appears to be an indicator
that there is a significant pressure gradient across the
lesion in the native vessel.

THALLIUMSTRESS TEST RESULTSANDVENTRICULARARRHYTHHIAS.
P.C Voukydis K.A McKusick M Moore S.A Forwand L.M
Zir M Johnson and H.W Strauss. Mount Auburn and Massa
chusetts General Hospitals, Cambridge and Boston, MA

To determine the relationship between ventricular ectopic
activity (VEA) and findings from T1-2O1 stress testing
(T1ST) 95 patients (pt) undergoing T1ST had continuous
recording of their electrocardiogram during exercise and
then a Holter monitor between the stress and redistribu
tion image. The Tl scintiscans were recorded for 400 K on
triple lens Polaroid film and on transparency film at two
intensity levels. The images were examined for presence
of myocardial scar (5), myocardial â€œischemiaâ€•(I), left
ventricular dysfunc@ion (F) and rapid relative regional
Thallium washout (R WO), the latter defined as a normal
area on the stress scan which demonstrates a definite de
crease or thinning of Tl-201 concentration in the delayed
image, relative to adjacent areas. The findings were
correlated to various exercise parameters and occurrence
of VEA. Pt with normal scans were less likely to have VEA
and Pt with F more likely to have VEA than the entire group.
Pt with S in co@bination with other abnormal findings,
i.e., I, F or R WO (but not with S alone) were more likely
to have VEA during H@lter monitoring than the entire group.
Similarly, Pt with R WO in combination wish other abnormal
findings, i.e., S, I or F (but not with R WO alone) were
more likely to have VEA during Holter monitoring than the
entire group. Pt with I had more VEA during exercise com
pared to the entire group. Occurrence of ST-segment
depression or angina during exercise and failure to
achieve 85% of expected maximal heart rate did not predict
the presence of VEA during exercise or Holter monitoring.
Thus, attributes of Tl scanning correlated with VEA, but
attributes of the exercise electrocardiogram did not.

NONINVASIVE ASSESSMENT OF EXTENT AND LOCATION OF CORONARY
ARTERY STENOSIS BY COMBINED EXERCISE THALLIUM-2O1 AND EXER
CISE GATED EQUILIBRIUM CARDIAC BLOOD POOL SCINTIGRAPHY.
N Weinstein U Elkayam 0 Berman J Maddahi H Stani

loff N Freeman H J C @an J Forrester.@andA Waxman
Cedars-SinaiMedicat @enter Los Angeles CA.

fordetectionof coronaryartery(CA)disease(D),little
is known about the combination(T1+Tc) in evaluationof the
extent and location of CAD. Ex Tl and Ex Tc were performed
in 54 pts with CAD b5O% stenosis). Left anterior desend
ing(LAD)D was presentin44 pts,circumflex(Cx)Din 33,
and right coronary (RCA)D in 22. Forty-twopts had multi
ple vessel ( Ã·)D and 9 had single vessel (SV)D. On Tl , an
tenor (ANT) and septal (SEP) defectswere consideredposi
tive (+) for LAD, posterolateral(PL) defects + for Cx,
and Inferior (Inf) defects + for RCA D. On LAO Tc, per
formed during sitting ergometry, SEP abnormality (abni) was
+ for LAD, PL abni + for Cx and RCA was not evaluated. In
addition, the ability of Tl+Tc to detect inferoposterior
CAD was assessed by considering the Cx and RCA as one major
vasculardistribution.

LAD Cx RCA Cx and/or RCA
Tl (90) @7(lOO) @T(58) 65(loo)

Sens(Spec) Tc 82(70) 61(84) 50(83)
Percent Tl+Tc 89(70) 66(84) 63(58) 83(83)
sens=sensitivity;spec=specificity

MVD was correctly predicted by Tl+Tc in 74% and SVD by
Tl+Tc in 67%. Thus, the combination of Ex Tl + Ex Tc ap
pearsto improvesensitivityin localizingCADwithmild
reductionin specificity. In addition,combinedTl + Tc
may improvetheevaluationof theextentof CAD.

CARDIOVASCULARABNORMALITIES IN PATIENTS WITh STRESS
THALLIUMPERFUSIONDEFECTSANDNORMALCORONARYARTERIES.
L.S Goodenday R.F Leighton A.D Nelson L.T Andrews
N.E Wheeler. Medical College of Ohio, Toledo, OH.

Determinations of the sensitivity and specificity of
stress thallium scmntigraphy (STS) are usually based on the
findings of coronary angiognaphy. We examined other cardio
vascular characteristics of 14 patients who had abnormal
STS and angiographically normal coronary arteries compared
to 15 patients who had normal STS with angiographically
normal coronary arteries and normal left ventricular func
tion. STS were analyzed by a quantitative computer techni
que previously found to have a diagnostic accuracy of 95.5%
for coronary artery disease. Significant differences were
found in resting systolic pressure (BPâ€”R),maximum exercise
systolic pressure (BPâ€”Max)and left ventricular ejection
fraction (EF) between the two patient groups:

Abnormal STS Normal STS
BPâ€”R 135 122
BPâ€”Max195 170
EF 0.62 0.69

Ischemic electrocardiographic responses occurred in 4 pa
tients with abnormal STS and no patients with normal STS.
Subsequent resting thallium scmntigrams obtained in 13 pa
tients with abnormal STS were normal in 6, but 7 had per
sistent defects in the same location as the defects on STS.

Patients with abnormal STS and angiognaphically normal
coronary arteries tend to be more hypertensive and have
relatively diminished left ventricular function compared to
patients with normal STS. Thus the abnormal STS in such pa
tients should not be considered â€œfalsepositivesâ€•.

DETECTIONANDFOLLOW-UPOF MYOCARDIALSARCOID INVOLVEMENT
BY TL-2O1: PRELIMINARYREPORT. S.L Gottlieb N.E Siegel
J Caldwell O.P Sharma J.K Siensen and L.J Haywood.
LAC-USC Medical Center, Los Angeles, CA

The purpose of this study is to evaluate the feasibility
of using Tl-2O1 myocardial scanning to detect myocardial
sarcoid granulomas , evaluate their response to therapy
and correlate right ventricular abnormalities with pulmon
any involvement.

Thirty patients with histologicdiagnosisof sarcoid
had resting Tl-2O1 scans performed in 3 projections.
Patients with focal defects also had stress thallium scans.
Multiple follow-up scans, up to 1.5 years were performed
on patientswith focal disease. Right ventricularTl-2Ol
uptake,pulmonary function tests, chest x-ray and ECG were
also evaluated.

Of 30 patients with systemic sarcoid, 4 (13%) had focal
defects at rest; 3 were exercised and the defects decreas
ed in size-. Nine patients had increased right ventricular
uptake of the tracer at rest. Thus 11 of 30 or 47% of

0.025
0.001
0.025

Althoughexercise (Ex) Tl-2O1 (Tl) and Ex multiple gated
equilibrium scintigraphy with Tc-99m-RBC's (Tc) are useful
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the patients had abnormal resting scans. One patient with
multiple follow-upscans showed resolutionafter initial
therapy with subsequent recurrence, while the other demon
strattd no effect from the steroidal therapy. Approximate
ly 90% of patients with abnormal right ventricular i@take
had stage ii or III chest x-rays and all patientswith
fnal defectshad severe restrictiveor obstructiveand no
strictive pulmonary disease.

This preliminarydata suggests focal LV defectswith
non-ischeaicstress responses,can be demonstratedand
probably represent ayocardial sarcoid; that RV uptake
appears to correlate with severity of pulmonary disease
and that serial thallium scans may be useful in monitoring
lesion progressionor response.

10:30-12:00
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seen on Cr aily after cxntrast enhanoanent. tt@ 1
infarctwes not seen on CT,

A gelfoem @rbo1uawee Introduced into tbe liver of ta@
cbgs. The SC scan of each animal sl@ed a airrespcriding
defect. Ultrasc*ind and Cr did mot sI@e any abmonnality.
Â¶ltbePYP scans @me48â€”72Ixs.irsafter angiographyslz@ed
areas of iix:reased uptake corresponding to the area of
each erbolus. It is hypothesiznd that tbe st@oess of FIP
imaging in tbe liver, bet mot in the spleen duri@ the
tinim frimna of this expeniiem@tis dua to the dual blood
st@Ã§@lyof e@ li@er.

Non-invasive infarct imaging of tie spleen of &gs
sIx@rt1yafter enbolization is best @,mawith SC scans.
Cciifinnation of the mature of a liver @fect may be c?cme
with a PYP scan.

COMPARATIVE STUDY OF MPH BY RN CISTERNOGRAPHY AND CT SCAN
IN THE AGED. Shinichiro Kawaguchi@Masahiro Iio,liajlme
Munata.Kazuo Chiba.Hideo Yamada@Maiahiro Noguchi,EiIi
Ohtake. Tokyo Metropolitan Geriatric Hospital,Tokyo,Japan

In the aged cases, RN cisternography revealed with high
incidence the existence of continuous ventricular reflux(
VR) of the label, suggestingnormal pressurehydrocephalus
(MPH). On the other hand brain CT scan of the geriatric
cases frequently show peniventnicular lucency(PVL) with &
witheut ventricular dilatation(VD). Since PVL is sometimes
referred as the evidence of hydrocephalus, in this study,
RN cisternography& CT scan were simultaneouslyperformed
on the geriatriccases with & without NPH and relationship
between YE, VU and PVL were examined â€¢Materials were 67
clinically suspected NPH cases, with 31 males & 36 females.
Ages were 13 to 86 with average of 68.5 years old. In RN
scan, presenceof VR, CSF pressure & C24/C6 ratio as index
of CSF circulation were evaluated. CT scan was performed by
GE CT/T scanner,with 5 me slices along the c@iline. In CT
scan, ventricle/cerebrumratio was measured as an index of
ventricular size. Presence of PVL was diagnosed in the
slice involving pineal body. The results were as follows:
RN study revealedVR(+) in 36(group1), (+) in 7(group 2)
and (â€”)in24 cases(group3). Then, results of CT scan were
analysed according to the RN study. V/C index were 0.30+
0.05 in group 1 and 0.29+0.06 in group 3. PVL was found in
54% in group 1, 38% in group 3. C@,L/C6ratio was 1.28+0.61
in group 1, 1.58+0.89 in group 3.tSF pressure was 108Â±38
5151190in group 1,116+67 H@O in group 3.

To conclude, 11PMdiagnosed with ventricular reflux of
RN study is not specificallyrepresentedby static CT study
. Neither periventricular lucency nor ventricular

dilatation relate with ventricular reflux in NPH cases of
the aged.

CO@1PAlUSONOF i:i@@i:@i:@ACI:@C.lrrILl:INC Tcâ€”q@hrr@:o@r:A'I'bs,
Tcâ€”99m PE:lrrI:C!1Y1;1ATI, AN!) CO@â€˜i'IJTIU'@1i)OCI'AP:rv .
SCI1AL't@hCKI@fl,it.;:. 1@U@T@ U.t). flICI1'!fl@I). @â€˜AflCâ€”In@iana
iJnivcrsity School oT@itIThiiie, Indiana:olis, i@.

Couputctl tornoÃ§raphy ((T) , Tcâ€”9q;@Phosphates (P1')S)
and Tc-@9r.@Pcrtcchnctatc (Tc04) brain scans in the oval
nation of stroke (CV,\) and other disease @roccsses and
the relative uptaLe of PIIOS and Tcfl4 ::erc conpared.

A retros@)ective review was made of' 110 consecutive
7atients. 01. these,@ had a clinical dia@nosis of CVA;
@:liilc 15 hal no known intracranial lesions. T@:crc was no
significant diffcrencc 1)CtnCeII (;@1',PUOS and Tc04 in de
tocting CVA. (j= .

In C@'@\,the â€˜Ic)'l and 1UU@ iua@es have a definite tii.ic
course. Ilefore 6 days 47@ of the Tcfl.1 scans @â€˜erepositive
but rose to 32@ het:@ecn 6 (lays to 1 hiontlis, and fell to
29'@ afterwards. PHOS scans @:ithin 1 wee!: after the CVA
visualized 67'@. Between 1 week and 1 month, 8l@ t@cre
better visualized with I'iV)@. After 2 months, only
were better visualizel, but â€˜15@were seen. After S montis
none were visible.

Ten patients had a diagnosis of tumor and all nero as
well or letter visualizednit):Tc04. Seven paticTitshad
other diagnoses. The hypothesis that if a lesion is seci:
with greater intensity on P!0S than on Tc04 it is a CVA
and not a tumor was true (p â€ .̃ 001) if evaluated nithin 4
weeks. After 6 weeks, the difference is no lonrer sta
tistically sifoificant. (p .10)

THE JOURNAL OF NUCLEAR MEDICINEP84

Room 3040

A COMPARISONOF RADIONUCLIDELIVER/SPLEENSCAMSANDULTRA
SOUND FOR SPLENIC TRAUMA: A PROSPECTIVE STUDY. .T.W.
Froelich, G.W. Winzeiberg, J. Simmons, LW. Strauss, 3.5,
Binghme and K.A. Mclusick, Massachusetts General Hospital,
Boston, MA.

To conpare radionuclide liver/spleen scans with ultra
sound for the evaluation of splenic trauma a prospective
investigationwas undertaken in 20 sequentialpatientswith
abdominal and chest trauma, The studies were analyzed by
a staff ultrasonographerand a staff nuclearmedicine phy
sician without benefit of clinical information or results
of other studies â€¢Ultrasound studies were inadequate in 6
(30%)cases of injury to the left upper quadrant (i.e.,
chest tube, subcutaneous hmeatona and rib fractures) , Four
studies were abnormal , 10 were normal with 100% agreement
between the radionuclide studies and ultrasound â€¢In the 4
patients with abnormal studies, 1 had a lacerated spleen re@
moved ; 2@ had repeat radionuclide studies with resolution of
the abnormalities; and one had me followâ€”up studies but was
clinicallystable 1 month later. Of the 6 patientswho had
technically inadequate studies could not have ultrasound,
all were normal on radionuclide scan. The 16 patients who
did not undergo further radionuclide evaluation were fol
loved for 2â€”8weeks and remained clinically stable, One
patient had a normal radionuclide spleen scan, but the liven
showed a subcapsular hematoma. Ultrasound of the spleen
was normal. However, subsequent ultrasound of the liver
also demonstrated a hematoma.

This study suggeststhat when ultrasoundof the spleen
can be performed,it is a sensitivemethod of detecting
splenic trauma; however, 302 of patients traumamay not be
evaluated by ultrasound, and therefore, radionuclide scan
ning remains the single procedureof choice for evaluation
of spleen and liver trauma.

Cc14,t7l@Iz@ 1tt@V@APflY, ULTRAScLt@D,TE@tlETfl.t4â€”9@n
@ AM@&ixz@coiz.omS@NS@ri@i@@eorizr.*

L@ SPT.@J AMD LIVER. LA Harolds F c@,rrea-Paz

C.M CoWan G.R Novak ars@R.B c@ove, Vaz@zbilt
Lb@iversityHo@@@@ital,Nas@iUe, @.

I4iltiple modalities were timed th in@ge tt@ liver and
@].eenof &igs after erbolization.

)t@ngzel &gs had mo@l baselime scans after a@ninia
tening tedvietiun-99m @rcÃ§@s@I@ate(PYP)and sulfur
cxiloid (SC) . Usir@ selective ontl@tenizaticn, a gelfoan
emtoltim wee timed to create a mne].l (s) , medium Cm)or
large (1) sized-Infarctin the spleen of eath of three
ck@gs. Periodic imageswith FTP up@ three @ksafter
the ettolizationsI@d mo imoreaseduptake in the spleen.

@ SC scame rboi@ the infarctsas @fects.Ultrasc@.mwl
imageswere rxitrml.â€˜thes infarct @as seen on cxsrpit
enized tc@@cgra@@Iiy(Cr) as a l@i @nsity aroabo@th before
r:@eafter &,@trast @niniztrat!cn. @en inferct wee



CONCLUSIONS: 1.) There was no statistical difference
in CVA visualizationby CT. PIIOSor Tc04. 2.) CVA can
be differentiated from tumor by increased uptake of PHOS
if done before 4 weeks.
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to the stepping motor. A belt drive connects the motor
drive to a recirculatingball nut and screw which moves the
piston Insideof a machined Lexan barrel. A Belloframrol
ling diaphragmaround the piston allows extremely low fric
tion. The entire pumping system is mounted on FR-4 glass
epoxy for electrical isolation from the patient.

The primaryand secondarylead shieldingarrangemental
lows reloadingwith fresh Sr-82 by transportingonly the
columnwithlt@primaryshielding.The pumpingsystem,
electroniccontrolsand secondaryshieldingremain at the
clinical site.

Electrocardiogramgated myocardialstudies have been
done with this new system containing 150 mCi Sr-82.

DEVELOPMENTOF A GALLIUM-68GENERATORON ALUMINA.
w.W Laype and M.A Davis. Departmentof Radiology,
Joint Program in Nuclear Medicine, Harvard Medical School,
Boston, MA.

The availabilityof annihilationcoincidencedetection
devices has increasedinterest in the productionof short
lived positron emittingradioisotopes. Most biological
positron emitters (Câ€”il,Nâ€”l3,0â€”15,Fâ€”18)are cyclotron
produced, and because of their short halfâ€”lives,available
only to large hospitals and research centers in the prox
imity of the producingcyclotrons. If more widespread
use is to occur, generator systems must be developed to
furnish sources of such radionuclides. To this end we
have developed a generator system which produces Ga-68 in
a more versatile form than the generator currently avail
able from which Ga-68 is eluted as the EDTA complex.

Chemical separation of Gaâ€”68 from Geâ€”68 using ad
sorption chromatography on Woela basic super 1 alumina
has been achieved using 0. iN NaOH as eluent. Typical
elution yields are 50â€”651.Geâ€”68breakthrough varies
from an initial value of 2.7z iO@ decreasing to a
constant value of 2.5 Â±O.4xlO after the first 100
elutions. (Four humdr@d elutions with O.1N NaOH were
performed.)

After the first three elutions the aluminum break
through averages 13Oâ€”15O@ig/ml.Storage of the alumina
columns in O.1N NaHCO3 between elutions decreases the
aluminum breakthrough by 40-50%.

LEAD-2ll : A SHORT-LIVED, GENERATOR-PRODUCEDALPHA AND BETA
UMITFINGRADIONUCLIDESUITABLEFORThERAPEUTICUSE.
R.W Atcher A.M Friedman R.P Spencer J.R Huizenga.
Argonne National Laboratory, Argonne, IL, University of
Connecticut 4lealth Center, Farmington, CT, and University
of Rochester, Rochester, NY.

A generator system has been developed to separate Pbâ€”2ll
which has a 36.1 minute half life from its grandparent
Raâ€”223which has an 11.3 day half life and is naturally
occuring. Pbâ€”2lldecays through two shortâ€”liveddaughter@
to stable Pbâ€”2O7by the emission of two beta particles
(1.36had 1.43 MeV maximum) and an alpha particle (6.62
MeV). Photon emission is principally a 351 keV gamea ray
(13 % abundance)which is suitablefor imagingbut is in
low enough abundance to avoid excessive dose far from the
target. Raâ€”223is coâ€”precipitatedwith barium stearate and
is placed in a vacuum manifold. The system is pumped to a
vacuum of 50 microns (Hg) or less and a collection tube is
cooled to liquid nitrogen temperatures. The intermediate
radon daughter which has a 4 second half life is distilled
from the radium stearate and the Pbâ€”2llallowed to grow in.
The stability of the vacuum is good if the collection tube
is kept cold. An acetate buffer (pH 5) is frozen into the
tube to prevent Pbâ€”2l1 from reacting with the vessel walls.
Breakthrough is very low, typically less than one part per
million, and is easily detected by gamea ray spectroscopy.
Yield is 10 percent and is linear in the range of 0. 5 to
10 mCi. Thus millicuries of Pbâ€”21l could be obtained from
a generator containing tens of millicunies of Raâ€”223,
Integrated dose for Pbâ€”21land daughters is 1.4 x 10â€•Rads/
gram/mCi. A number of compounds can be used to insure
that the lead and daughters are chemically unreactive and
unlikely to leave the treatment site.

USE OF ELECTRON LINEAR ACCELERATOR FOR PRODUCTION OF
CLINICALLY-USEFUL AMOUNTSOF POSITRON EMITTING RADIO

INVITED SPEAKER
AIdo N. Serafini, University of Miami School of

Medicine, Miami, FL
IMPACTOFREALTIMEECHOCARDIOGRAPHY
ONCARDIOVASCULARNUCLEARMEDICINE

Invited by the Council of Correlated Imaging
Modalities

Room 3039

RADIOPHARMACEUTICALCHEMISTRY

RADIONUCLIDE PRODUCTION AND
AND GENERATORS

SessionChairman:Harold A. O'Brien
SessionCo-Chairman: RoyS.Tilbury

A NEW TARGET FOR THE PREPARATION OF F-l8 HF WITH
NO ADDED CARRIER. J.R. Dahl, R.E. Bigler, B.
Schntall, R. Lee, Memorial Sloan-Kettering Cancer
Center, New York, NY.

Ni is the material usually selected for
construction of targets to contain neon for
irradiation with deuterons to produce F-lB for
subsequent use in anhydrous labelling procedures.
The choice of Ni is based on available data
regarding safe handling of fluorine and protec
tion of apparatus against corrosion by passiva
tion through reaction with fluorine to form a
nickel fluoride coat. Passivation with fluorine
of a target for producing no carrier added F-lB
is unacceptable because the millimolar amounts
of F-l9 may cause isotope dilution. The extreme
reactivity makes it difficult to recover fluorine
from the target. A study was performed to
determine which metal allows the easiest recovery
of the F-l8 with a given purge gas. Preliminary
experiments showed that Cu readily released F-l8
to a 10% hydrogen in helium purge gas. A target
chamber was constructed entirely of Cu. Repro
ducible yields of 3 mCi F-l8 (End of Bombardment)
per microamp after a 1 hr. bombardment were
obtained by collecting the F-l8 from the purge
gas on dry KOH in a Cu vessel. The target was
heated to 310 degrees C. during purge. This is
75% of the total activity in the target chamber
and target gas after bombardment.

PRECISIONFLOW-CONTROLLEDRb-82 GENERATORFOR BOLUS AND
CONSTANT INFUSION. Y Yano J Cahoon and T F Budinger.
Donner Laboratoryand LawrenceBerkeleyLaboratory,
Universityof California,Berkeley,CA.

When Rb-82 is infused intravenouslyunder precise flow
controlat ratesof 2 ml/minforconstantinfusion(CI),
75 mi/mm for bolus infusion (BI), or at exponentialinfu
sion rates (ET), organ flow x extractioncan be ascertained.

We have developeda unique flow rate controllerand
large volume (150 ml) reservoirpumping system for delivery
of a sterile solutionof 75 sec Rb-82 in saline from an
alumina column Sr-82 generatorunder extremesof either
slow or fast elution rates and operatingpressuresof 100
p.s.i. or more.

A steppingmotor drive with a wide speed range Is inter
facedto a microprocessorwhichreadsflowrateandquantityofeluantinjected.Thumb-wheelswitchesonthecon
trolpanelaresetto predeterminedvaluesforCI,BI,or
El studies. The flow rate is a function of pulse rate sent

Volume 21, Number 6
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NUCLIDES. H.V Piltingsrud. FDA, Nuclear Medicine
Laboratory & Eugene L. Saenger Radioisotope Laboratory,
University of Cincinnati, Cincinnati, OH.

To date, the availability of the very shortâ€”livedposi
tron emitting radionuclides Câ€”ll,0â€”15and Nâ€”l3has been
primarilyconfined to those facilitiesthat are fortunate
enough to have cyclotrons. This paper describes our ex
perience in the use of an electron linear accelerator,
similar to some coemercial radiotherapy accelerators, for
the productionof Câ€”lland 0â€”15by use of y,n reactions
using high energy, high intensity Bremsstrahlung radiation
produced by the accelerator. Equipment used consists of
a 3Oâ€”MeVelectron linear acceleratorhaving a maximum
beam current of approximately 200 u.k and both primary and
secondary target systems designed specifically for nuclear
medicine applications. Continuousâ€”flowproductionrates
of 0â€”15 experienced to date have been approximately 250
uCi/L Helium/pAbeam current at flow rates of approxi
mately 1 L/min helium using a 20â€”cmH2O target path
length. Use of this material for laboratory imaging
experiments will be described. Plans for further target
development will be presented. At this time, it appears
that a practical production means exists for producing
clinicallyâ€”usefulamounts of certain positronâ€”emitting
radionuclidesusing electron linear accelerators.

SMALLACCELERATORSYNTHESISOF MNâ€”5lFOR MYOCARDIALIMAGING.
M.E. Daube, R.D. Hichwa and R.J. Nickles, Radiology Dept.,
University of Wisconsin, Madison, WI.

The mitochondrial concentration of manganese results in
marked myocardial uptake of such radiotracers as Mnâ€”54and
Mnâ€”52m,eluted from an 8â€”hourFeâ€”52generator. The latter
invites positron imaging, in spite of the contamination by
the 1433 keV games in single photon and even coincidence
devices. The pure positron decay of the 46â€”mmMnâ€”Slavoids
this problem, but must be made de @iovoon a nearby acceler
ator. Only the deuteron irradiation of Crâ€”SOproves suit
able for the UW EN tandem Van de Graaf, with the low yield
at 10 Hey dictating 95% enrichment of the chromium sesqui
oxide target material. The cost of the separated isotope
is offset by scaling down the target (2 mm) and beam (1 em)
diameters, while maintaining a thick target to the bean.
The few milligrams of irradiated oxide are dissolved in
fused sodium hydroxide:sodium peroxide. This melt is then
dissolved in water, acidified with HC1, and the supernatent
passed through an AGlxlO anion exchange column. The dichro
mate is trapped for subsequent recovery, while the divalent
(noâ€”carrierâ€”added)Mnâ€”5lis eluted with water. Millipore
filtration, pH adjustment and dilution to isotonicity fol
low. Halfâ€”lifeand Ge(Li) analysis confirm the Mnâ€”Slradib
nuclidicpurity99.9% at the time of injection.Synthetic
runs with Mnâ€”carrierverify the radiochemical form. The
forty minute synthesis results in 2 mCi/uA at injection,
with a decayâ€”correctedyield in excess of 90%.

Four plane laminographic imaging of normal subjects
shows encouraging myocardial delineation. Sequential
studies confirm the rapid uptake and stability of the Mn
localization. Basic work into the subcellular mechanism of
manganese uptake will identify the proper role for Mnâ€”5l
in the study of regional myocardial metabolism.
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HUMAN DOSIMETRY OF IN-ill GR.ANULOCYTES. L .E. Williams
L Foratrom B.J Weiblen J McCullough and M.K Loken.
University of Minnesota Hospitals, Minneapolis, ?54.

followed serially with blood sampling and posterior
projection gamsa camera imaging for 2Oh. A human liver
phantom was used to correct for tissue attenuation of
liver and spleen emissions. Mean fractional uptakes at
20h postâ€”injectionwere 34, 25, 27, 8 and 6 percent for
blood, spleen, liver, lungs and bone. The blood halfâ€”time
was 5.0@ l.6h. No biological clearance was seen in
organs other than blood. Using the above 5 organs as
sources, the radiation doses were as follows:

TARGET ORGAN DOSE/n@i of Inâ€”lllâ€”Granulocytes
Stomach Wall 1.0 rad
Liver 3.8
Lungs 1.5
Red Marrow 0.65
Ovaries 0.14
Spleen 23.4
Testes 0.029
Whole Body 0.45

We conclude that the spleen is the critical organ in
normal humans receiving their own granulocytes labeled
with Inâ€”lll. Splenic and hepatic uptake are, however,
approximately 25% each.

RADIATION DOSIMETRY OF Sn-ll7m LABELED 23-(TRINETHYL
STANNA)â€”24â€”NOR-5a-CHOLANâ€”38â€”OL(Sn-ll7mâ€”23-TSC): A POTEN
TIAL ADRENAL IMAGING AGENT. J.L Coffey and F.F Knapp Jr.
Oak Ridge Associated Universities (ORAU) and Nuclear
Medicine Technology Group, Oak Ridge National Laboratory
(ORNL), Oak Ridge, TN.

Tissue distribution studies in rats with Snâ€”ll7mâ€”23â€”TSC
indicate that this agent has potential as an adrenal in
aging agent. Tinâ€”lllmdecays by isomerictransitionto
stable Snâ€”117with a halfâ€”lifeof 14 days. The l59â€”keV
gamsa (86% abundance) and the stability of 23â€”TSCare
desirable properties for a radiopharmaceutical. Using the
MIRD technique and data from studies in rats, we have
estimated the radiation dose in humans from the Snâ€”ll7m
23â€”TSC.A total body retention study in rats indicated a
single exponential elimination component with a 4.2 day
half-time. Maximum adrenal uptake in rats was about 50%
dose/g and occurred between 1 and 3 days after injection.
This would correspond to an uptake of approximately 2.2%
of the injected dose in the human adrenals. The critical
organ for dosimetry is the adrenals which would receive a
dose of about 83 rad/mCi (2.2 cGy/MBq). The ovaries would
receive a dose of about 4.4 rad/mCi (0.12 cGy/MBq). These
doses are less than those calculated from rat data for
NPâ€”59which is currently being used for adrenal studies
(140 rad/mCi to the adrenals). The dose per detectable
photon is also much less for Snâ€”ll7mâ€”23â€”TSC,2.9 rad/
million detectable photons as opposed to 18 rad per
million detectable photons for Iâ€”l31â€”NPâ€”59.
(Research at ORAU sponsored by DOE contract EYâ€”76â€”Câ€”O5â€”
0033 and also by Interagency Agreement No. FDA 224â€”75â€”3016,
DOE 40â€”286â€”71.ORNL is operated by Union Carbide
Corporation under contract Wâ€”74OSâ€”eng-26with the U.S.
Department of Energy.)

In the measurement of the local cerebral metabolic rate
for glucose (LQ4Rglu) with F-l8-2-fluoro-2-deoxyglucose
(FDG) and positron emission tomography the critical organ
is the bladder wall. When the human bladder wall dose is
calculated using the animal biodistribution data of
Gallagheret al (J Mud Med 18:990, 1977) and the MIRD â€˜S'
tables, an overestimate is obtained.

To provide a more realistic estimate of the human blad
der wall dose, bladder uptake of F-18 was monitored for
two hours with an external probe in ten humans during
LCMRg1u determinations with the FDG technique of Reivich
et al (Circ Res 44:127, 1979). This time course, together
with the urine volume and activity, was used to calculate
the cumulated activity for each of the ten subjects.
Additional F-l8 bladder uptake was monitored between two
aâ€•dfour hqi:r@ in two subjects. The mean dose Â±s.F. was

HUMAN RADIATIONDOSIMETRYOF F-l8-2-FLUORO-2-DEOXYGLUCOSE
TO THE CRITICALORGAN. S.C Jones A Alavi D Christman,

Room2048 @â€¢Montanez,J. Fowler,A. Wolf, and M. Reivich. Univer
sity of Pennsylvania,PMladelpMa, PA and Brookhaven
National Laboratory, Upton, NY.

The study was undertakento determinethe normal human
dosimetry of granulocytes labeled with Inâ€”ill.Six
adulis were given O.1n@i of the radiopharmaceutical and

P86 THE JOURNAL OF NUCLEAR MEDICINE



PROCEEDINGS OF THE 27th ANNUAL MEETING

435 Â±76 mrad/mCi.
The amount of activityneeded to provide a statistically

meaningful reconstruction for LCMRg1u determinations with
the PETT III results in a criticalorgan dose of 2 rads.
This measurement sets a limit on the amount of activity
that can be injected in the quest for increased spatial
resolutionand eliminatesany assumptionsin using animal
biodistribution data for human dosimetry calculations.

Supported by NIH 14867-01.

Tc-99m HIDA DOSIMETRY IN PATIENTS WITh VARIOUS HEPATIC DIS
ORDERS. R.K Wu J Reilley G Applegate@ L.S Malmud.
Temple University Hospital, Philadelphia, PA.

The purpose of this study was to estimate the radiation
burden from Tc-99uaHIDA in patientswith a variety of
hepatocystic disorders. The pharmacodynamics of the HIDA
agents indicates that HIDA competes with bilirubin, and
that the dosimetry to various organs, especially the gall
bladder, will depend upon 2 factors: 1, the percent of
the administereddose that enters the liver, and 2, the
degree of cystic duct or cornea duct obstruction. A van
sty of patients was studied using a g@a camera on lime to
a digital computer. Areas of interest were outlined over
the liven, gallbladder, kidney, small intestine, head
(eyes),and a patch of known activityon the skin surface.

Timed activity curves wars generated and the rats of
uptake and clearance used as the basis for dosimetry cal
culations using the nonfeedback catenary compartment modal
of Bernard and Hayes.

In conclusion,the target organ for Tcâ€”9@HIM in
normal subjects is the gallbladder which receives 0.3 red
per millicunies a@sinistersd. In complete obstruction of
the coemon duct, the target organ is the urinary bladder
which receives 0. 23 reds per aillicunie administered.
In acute cystic duct obstruction,the target organ is the
upper large intestine which receives 0. 3 red per miii
cunies administered. Our results indicate that the
radiation doss to the gallbladder is considerably less
than that previously reported.

DOSIMETRYOF Tc-99m-HIDA BASEDON QUANTITATIVEDATAIN
NORMALSUBJECTS. P. H. Brown, C. T. Knishnamunthy, V.R.
Bobba, E. Kingston. VANC 6 UOIISC, Portland, OR.

Radiationdose has been calculatedin 10 normal human
subjects. After an overnight fast, 3 .@i of Tc-99m HIDA
(Medi-Physics) was injected and serial gsema camera and
computer images were obtained at 1 win . intervals for 60
aim. with additional images at 3 6 24 hrs . Periodic blood
and urine samples were obtained for 24 hours . The radia
tion source organs are blood, kidney, bladder, liver, gall
bladder (GB) , small intestine (SI) , upper and lower large
intestine CULT@ LLI). The blood data were analyzedby a
3 componentexponentialfit. Urinary bladder excretion
biologicalhalf-life (tÂ½)was 2 hr. with activity in the
bladder extrapolated to 7%at time zero . ICidney cumulated
activity is taken equal to that of the bladder. By plac
ing a computer region of interest over the liver, GB, and
SI, the remaining 93% of activity was found to leave the
liver at tÂ½of 43 mm. with 52% going to GB while 41% goes
directly to SI. The @BtÂ½was measured as 4 hr. based on
a pinhole collimatordeterminationof GB ejection fraction
of 65% followinga fatty meal ( 8 oz/lOkg)and an assumed
6 hr. meal schedule. The SI, ULI, LLI t1swere 2.8,9.0,
17 hr. from published data. The GB is a 50 ml ellipsoid,
10 gm. wall.

The Rad/@i are: GB-l,l, ULI-O.35, LLI-O.24,SI-O.l9,
liver-O.09,ovaries-O.O7,kidney-0.O6,bladder-O.O5,teste,.
0.005, marrÃ´w-0O3,total body -0.02. The GB critical
organ dose is lower than manufacturer â€˜scalculated dose
based on animal data, but higher than other published data
(S*4 Ann. Mtg. 1979) which assumed that the GB was not a
source organ. Humandosimetry should be based on quanti
tative human data with proper biological modeling.

10:30-12:00 Room 3038
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INSTRUMENTATION

CLINICAL EMISSION TOMOGRAPHY

SessionChairman: Michael Flynn
SessionCo-Chairman:JamesCarison

TQ4OGRAPIIIC THYROID SCINTIGRAPHY: COMPARISON WITH STAN
DAmo PINHOLE IMAGING. W.W Resinger E.A Rose J.W Keyes
Jr , K.F Koral W.L Rogers T.J Brady R.C Kline J.C
Sisson J.H Thrall, University of Michigan Medical Center,
Ann Arbor, MI.

A prospective study ums tndertaken to evaluate the hy
pothesis that coded aperture tomography of the thyroid of
fers significant advantages over conventional pinhole ma
ging.

Following 10 n@i of Tc-99m pertechnetate, 200,000 count
pinhole images were obtained in the anterior, HAD and LAO
projections in 136 consecutive patients. Immediately after

S coded apert@e imaging ums carried out in the enter

ior projection using the same camera. Total coded aperture
acquisition time was twice the time required for the enter
ior pinhole image . Four coronal sections through the thy
roid were then reconstructed by computer. All images were
redisplayed and photographed on transparency film from a
high quality video display under txiiform conditions. Pin
bole and coded aperture images were then read separately
by five observers.

Final analysis wes based on readings from 113 pairs of
studies. ROC analysis revealed that three readers per
formed better with the tomograms. There was virtually no
difference for the other t@. The tomograms were also
noted to offer edditional edvantages including accurate
size representation of the gland at all depths and red@ed
total imaging time â€¢ The major disadvantage to tomography
was the t@ hour processing time required for computer
reconstruction of the data.

If the computer processing times for coded aperture
tomograms can be reduced, the techniqi@ offers sufficient
advantage over conventional pinhole imaging to warrant its
routine use.

APPLICATION OF MULTIPLE PINHOLE EMISSION RADIONUCLIDE TOMO
GRAPHY TO IMAGING OF THE BRAIN AND THYROID. R.B. GROVE*, A
RODEWALD R.L BELL H.J DeBLANC JR., PARK VIEW HOSPITAL,
NASHVILLE, TN. â€”â€”Multiplepinhole emission tonographic
imaging techniques are currently being applied to cardiac
imagingandshowpromiseforimprovementof myocardialper
fusion and equilibrium gated blood pool studies. The pur
pose of this study was to evaluate the feasibility and
utility of this technique in brain and thyroid imaging. A
7 pinhole collimator having 5.5 innpinhole apertures and a
13 cm field of view at 12 cm from the collimator surface
was used in conjunction with a widefield camera. Axial
fullâ€”widthâ€”halfâ€”maximum(FWHM) resolution was approximately
1.0 cm in a parallel plane 12 cm from the collimator face.
Zâ€”axisFWHM resolution was approximately 1.5 cm at this
distance. After definition of the appropriate procedures
for use of this system for cerebral and thyroid studies in
normals, patients with cerebral and thyroid lesions were
successfully imaged. Using'2O mCi Tcâ€”99mDTPA for brain
scans and 5 mCi Tcâ€”99mpertechnetate for thyroid studies,
images of 750K were obtained in 2â€”5sin. Tomographic recon
struction time is currently 90â€”120sec. Small cerebral
metastatic lesions were clearly delineated. The presence
or absence of recurrent intracerebral tumor in patients
with activity in skull flaps was more readily apparent on
tomographic studies than on standard brain scans. Tomo
grams definitely demonstrated cold thyroid lesions of 1 cm
which were poorly seen on standard pinhole images. Results
suggest that for certain clinical problems, pinhole tomo
graphy has advantages over standard techniques for brain
and thyroid imaging.

THE USE OF SEVEN-PINHOLE TOMOGRAPHYIN LIVER IMAGING â€”A
pliA@n'oM AND CLIUICAL EVALUATION. V.A Brookeman A.J.W.
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Hilson M.N Maipoy. Guy's Hospital, London, UK.

Seven-pinhole emission tomography has been applied to
liver phantoms and patient studies to determine its
feasibility and possible role in clinical liver scinti
graphy. A set of 3 anthropomorphic liver phantoms, 1
normal and 2 abnormal containing lesions of 1, 2, and 3
cm diameter (1) , surrounded by scattering material
(rubber torso) was employed. Only part of the liver may

be imaged at one time and each phantom was imaged ante
rioniy with the tomocollimator placed in turn over the
right and left lobes and porta hepatis at different dis
tances from the torso surface from 0 to 6 cm at 1 om
intervals. With tomographic reconstruction, the 2 and 3
cm lesions were clearly resolved, and possibly the 1 cm
lesion, more clearly than with planar emission imaging.
However the software did not reconstruct a normal right
lobe to a uniform distribution but produced a central
dip. Tomographic imaging was performed on 34 patients
also having routine planar emission liver studies. The
tomocollimator was positioned anteriorly over the equi
vocal area where possible and 10 sections were recon
structed. Lesions not visible on the planar emission
study were seen and we were able also to distinguish
between the normal and abnormal porta hepatis . We con
dude that seven-hole tomographic imaging is of value in
liver scintigraphy particularly as an adjunct to planar
emission imaging in equivocal studies.

1. MOULD HF: A liver phantom for evaluating camera and
scanner performance in clinical practice . Br J Radiol
44: 810â€”811,1971.

CONTRIBUTIONSOF THE SEVENPIN HOLECOLLIMATORTO CISTERNO
GRAPH!. F.M. DeLand, E.E. Kim, P.A. Doastad, S.L. Magoun.
Veterans Administration and University of Kentucky Medical
Centers. Lexington,KY.

A series of patientswith clinicaldiagnosisof
cerebral atrophy were examined by routine imaging, tome
graphic radionuclideimagingwith a 7 pin hole collimator,
and transmissioncomputerizedtomography. To enter the
study routine imaging had to show: (1) evidence of
transient ventricular penetration by the radiotracer in the
6 hr examination,(2) no ventricularretentionat 24 hr,
and (3) delayed flow of the nadiotracerover the cerebral
convexitiesat 24 hr. Comparativeanalysisof the data
was limited to the 24 hr examination. Imageswere ob
tamed in routine standardprojections (2â€”D)and in 1 cm
tomographic slices with the 7 pin hole collimator. A num
her of differences were observed between the 2â€”Dand the
tomographic images. Although in cerebral atrophy, routine
anterior,posterior,and vertex projectionsare usually
relatively syemetnical, tomography demonstrated frequent
asyetnies. Major differences observed were asyetry
of flow beneath the frontal lobes and asyetnical and
fractionatedflow through the sylvian cisterns. Although
ventricular penetration was not present on the routine
images, ventricular radioactivity was observed in the
tomographic images and again was asyetrical and frac
tionated. These results indicate that: (1) the collec
tion of data by routine camera imagingof cistennognams
masks relatively marked asy@tries and fractionationa
of flow in the cisterns and lateral ventricles, (2) ob
scures aidâ€”linestructures such as dilated 3rd ventricles,
and (3) tomography provides a more accurate and sensitive
depiction of CS? flow.

A NEWQUALITYCONTROLPHANTOMFORGATEDACQUISITIONSYSTEMS
R.R Price F.D RolloL R Steckley N Born@ J.A Patton
J@!@JErickson and J.J@ VanderbiltMedical Center

and VA Medical Center, Nashville, TN 37232.

The traditionalvalidationof a multiple gated
acquisition system requires complex correlation of
radionuclide and contrast ventniculography. A simple
dynamic cardiac phantom has been constructed which provides
the capability of performing quality control testing of
system hardware and software for ejection fraction and wall
motion. The phantom consists of two chambers shaped as
ellipsiods of revolution stacked vertically to simulate the
left ventricle and atrium. When rotated, the chambers
exhibit wall motion in phase with the rotational(cardiac)

cycle. The chambers are rotated by means of a variable
speed D.C. motor capable of providing an adjustable heart
rate ranging from approximately 20â€”200beats per minute.
An EGG trigger pulse is generated for each rotation. The
actual amount of wall motion for each ellipsoid at any
phase of the cycle is determined by the heart rate and
image framing rate. Ejection fraction is controlledby a
series of calibratedattenuatorson the systolicsurfaces
of the chambers. A flood source with paraffin attenuators
provides a realisticrepresentationof penicardiac
background activity.

This phantom is mechanically simple and easy to use, yet
provides an assessment of the three major parameters of
gated acquisition: heart rate, ejection fraction, and
wall motion. Thus, it is ideally suited for quality
control and comparative evaluation of gated acquisition
systems.

THE NUCLEAR STEThOSCOPE - EXPERIENCE WITh A COMMERCIAL
VERSION. J.J Steinbach. Veterans Administration
Medical Center, Buffalo, NY.

Ejection fraction (EF) was determined using a conner
cial version of the nuclear stethoscope and compared with
scintillation camera and angiographic EF studies. Thirty
five patients with suspected coronary artery disease on
whom gated camera EF was done were subsequently examined
by the nuclear stethoscope. EF values were obtained using
the beat by beat (BB) and gated modes. Each patient was
studied by one or more investigators (1â€”6).One hundred
ten investigatorâ€”patientmeasurements (each â€”mean of 20
values) were obtained for the BB mode and 87 for the
gated mode. Nineteen of the 35 patients had recent angio
graphic studies.

Analysis of variance of within observer and between
observer variability showed that between observer vane
bility was significantly greater (p<O.OO1) from that of
within observer. The estimated observer variance was 102
(S0-lO.l, CV of meanâ€”22%)for the BB mode and 209 (SD
14.4, Cv of meanâ€”24%) for the gated mode.

Comparison of gated camera EF with angiographic values
revealed a correlation coefficient of 0.83 (yâ€”intercept
â€”5).Comparisonof the gated camera studieswith the
nuclear stethoscope studies revealed a correlation co
efficient of 0.61 for the BB mode and 0.59 for the gated
mode. Comparison of the angiographic EF with the nuclear
stethoscope revealed a correlation coefficient of 0.59
for the BB mode and 0.52 for the gated mode.

Observer variance might be experience related. In our
hand, this instrument did not lend itself for immediate
clinical application.

MONITORING LEFT VENTRICULAR FUNCTION WITH INDIUN-113m AND
A CARDIAC PROBE. S.C Llu H.N Wa9ner Jr. Z.J Chen
andS.H Wang. ChineseAcademyofliedicalSciences,FuWel
Hospital,Peking, China, and Johns Hopkins Medical Institu
tions, Baltimore,MD.

Left ventricular ejection fraction was monitored with a
cardiac probe (nuclearstethoscope)in 68 studies of 22
normalsubjectsand24 patientswithheartdisease(7with
CHD; 13 with congestive cardlomyopathy; 4 other). In 20
normal persons,technetium-99mRBC's were comparedwith
lndium-113m(pH3.0)whichbindsto transferrinafterin
travenousinjection. With Tc-99m, average EF was 0.57 Â±
0.07 (1 s.d.); with In-ll3m, average EF was 0.55 + 0.08 (no
significantdifference). Sequentialmeasurementson dif
ferent days revealedgood reproducibility(coefficientsof
variation @rebetween 1.4 and 7.5% with Tc-99m and between
3.4 and 5.4% with In-ll3m;average difference4.8%). The
average LVEF in normal personswas 0.60 + 0.10; in CHD.
0.34 + 0.13; in congestivecardiomyopathy.0.37 Â±0.11.
With isometric hand grip exercise, there was no significant
difference In the response of EF between normal persons and
patients with cardiac disease. Weconclude: (1) that In
ll3m bound to transferrin can be used to monitor left yen
tricularfunctionwith the cardiac probe; (2) EF can be
measuredwithgoodreproducibility;(3)isometrichandgrip
exercisemay be inadequatestress for detectionof cardiac
disease; (4) the cardiac probe and In-ll3mtransferrincan
be used to evaluate the left ventricularresponse to van
ousdrugs,Includingknownbetaadrenergicstimulatingand
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blockingagents as well as Chinese traditionalherbalmedi
cines. The use of In-113mwith the cardiac probe is impor
tantbecausethisagentismoreavailablethanTc-99min
devel opi ng countni es.

DETERMINATION OF LEFT VENTRICULAR EJECTION FRACTION
EMPLOYING A NON-COMPUTERIZED CARDIAC MODULE. F.S Prato
K Wilkins L Reese, St. Joseph's Hospital and University
of Western Ontario, London, Ontario, Canada.

The cardiacmodule (CM),an inexpensivenonâ€”computer
ized Anger camera accessory, was evaluated for its
determination of left ventricular ejection fraction (LVEF)
and left ventricular wall motion (WM). Twentyâ€”nine
subjects were compared to established first pass (FP) and
gated blood pool techniques (GBP).

For assessment of WM, gated images of the heart in both
left and right anterior oblique projections were produced
by the GM. As tested these were not found to be useful.

Two gated modes of operation of the @Mwere used in the
determination of LVEP. In the automatic mode (CMA), left
ventricular background is automatically sampled within an
anulus around the left ventricle. In the manual mode
(054), background is sampled over the left lung. Each
determination took about 5 minutes. The OS( was superior
to the GMA in reproducibilityCr 0.92 comparedto
r â€”0.85) and intertechniquecomparisonsto GBP (r 0.85
compared to r â€”0.78) even though it was expected, because
of design, that the OfA would have been superior.

Computer simulationindicatedthat the reproducibility
and hence the intertechnique comparisons could not be
improved for the OfA unless repeat determinations of LVEF
were averaged,and/or backgroundselectionwas altered so
that background counts were increased . Preliminary
experimentsindicatedthat results can be improvedin this
way.

For acceptable results from the GM multiple determine
tions of LVEF must be averaged, and the background
critically selected.

2:00-3:30

CLINICAL

ADVANCES INCARDIAC
RADIOPHARMACEUTICALS

Session Chairman: Leonard B. Holman
Session Co-Chairman: Bertram Pitt

IN-lll LABELED AUTOLOCOUS LEUKOCYTES (IN-WBC) FOR IMAGING
INFLAMMATORY RESPONSE TO ACUTE MYOCARDIAL INFARCTION (MI)
IN MAN. R.A. Davies, M.L. Thakur, H.J. Bergen, F. Wackers,
A. Gottschalk and B. Zaret. Yale University, New Haven, CT

The feasibility of imaging the inflammatory response to
transmural MI using Inâ€”WBCwas studied in 36 patients (pts).
Six of these received 500 pCi Inâ€”WBCat 0â€”24hrs, 12 at 24-
48 hrs, 12 at 49â€”72hrs, 4 at 73â€”96hrs and 2 at 92â€”112hrs
after onset of MI. Cardiac imaging was pcrformed 24 hrs
later. Positive images (+) were obtained in 6/6, 8/12,
6/12, 1/4 and 0/2 in the respective temporally defined
patient groups (21 (+) and 15 (â€”)).Six pts with MI receiv
ing free Inâ€”illoxine and 6 with stable coronary artery
disease receiving Inâ€”WBCserved as controls and gave nega
tive (â€”)images. The in vitro Inâ€”WBCadherence and phago
cytosis studied in 8 and 10 pts respectively was similar
in pts with (+) or (â€”)images. Peak serum creatine kinase
averaged 1030 + 121 i.u./i in pta with (+) images vs 725
Â±87i.u./l in (â€”)images(insignificant difference). In
pta with (+) images 14 had anterior and 7 had inferior MI
compared to 5 anterior and 10 inferior in pts with (â€”)
images. 15/21 (+) vs 7/15 (â€”)received lidocaine or pro
cainamide and 14/21 (+) vs 4/15 (â€”)received indomethacin
or aspirin. Pts with (+) images were younger (53@ 2 yr
vs 65 Â±3 yr. P(O.O5) and received Inâ€”WBCearlier (43@
4 vs 63 Â±7 hr, P <0.05) following MI than those with (â€”)
images.

The data indicate that Inâ€”WBChas potential for imaging

the Inflammatory response to MI. The presence of a (+)
image correlated with both the age of the MI and the age of
the patient. Factors resulting in (â€”)images are not corn
pletely understood at this time.

INDIUMâ€”illâ€”PLATELETS FOR TIlE INVESTTCATTON OF STERILE EN
DOCARDITIS ASSOCIATED WITH FOREIGN INTRACARDIAC SURFACES:
WORKâ€”INâ€”PROGRESS.S.D Sarkar J.B Parraâ€”Campos,@R Bower.
wayne County General Hospital, Vestland, MI.

Platelets are involved in the formation of nonâ€”bacterial
thrombotic vepetations associated with substitute heart
valves or with indwelling cardiac catheters. We investiga
ted the use of Inâ€”lllâ€”plateletsfor imaging these vegeta
tions and for platelet survival studies in a dog model.
Cardiac vegetations were produced by placing a polypropy
lane catheter under sterile conditions in the left or
right side of the heart through an incision in the left
carotid or jugular vessels, respectively. Autologous plate
lets labeled with 200â€”350microcuries of Inâ€”lilâ€”oxineby
the â€œbuttonâ€”plasmaâ€•method, were injected IV at 3 or 24 hr
after catheterization. Scintiphotos, obtained at 24â€”48hr
after tracer, were compared with autopsy findings. Heart
lesions from 2 randomly selected dogs were sent for histo
pathology and bacterial culture, respectively. Platelet
survival was studied in 4 normal dogs, 4 with left heart
catheterand 3 controlswith ligated left carotid.

All endocardial and/or valvular lesions were imaged in
7/7 dogs. Mean radioactivity concentration in vegetations
from 2 dogs, 24 hr after tracer and 27 hr after catheteri
zation, was 79 and 406 times greater than in blood and myo
cardium, respectively.Microscopicexaminationshoved
bland thrombusand culture at 1 day after catheterization
showed no growth.Mean half life of plateletsin normals,
l.l5*O.28(1SD), was similar to that in controls(l.19Â±0.15),
but longer(p less than 0.01) than that in dogs with left
heart catheters(O.78Â±O.14).The results suggest that this
approachmay provide a suitablemeans of studying the pa
thogenesisof heart vegetationsdue to foreign surfaces.

At 24 hours after implantation of Bjorkâ€”Shileymitral
prosthesis in five dogs, in vivo images were obtained with
a gamma camera after intravenous administration (0.5â€”0.6
mCi) one hour postoperatively of autologous Indiumâ€”ill
labeled platelets. The site of platelet deposition in the
Dacron (D) ring and peripheral damaged tissue (Per Tis) is
clearly delineated in the scintiphoto. In vitro biodistri
bution (I injected dose) of the five implanted and seven
normal dogs performed with a ganunacounterwas tabulated
below:

Blood (%) Kidneys(%) D Ring(%) Per Tis(%)
Normal 45.1 Â±10.6 0.7 Â±0.4 â€”â€”â€”
(n=7)
Implanted 28.5 Â± 6.8 1.6 Â±0.6 0.3 Â±0.1 0.2 Â±0.1
(n=5)
The strut and pyrolytic carbonâ€”coateddisc retained only
(.0033 Â±.0004)% and (.0031 Â±.0003)% respectively.

There was a 2.3â€”foldincrease of labeled platelets in
kidneys of implanted dogs due to renal trapping of micro
embolism. Also, threeâ€”to fivefold increase in ratios of
lung, brain, cardiac, and skeletal muscle to blood mdi
cates that internal organs and whole body work as filter
for microembolism generated by cardiovascular surgery and
use of heartâ€”lungmachine. Twenty percent of the adminis
tered platelets are consumed in surgical repair of damaged
tissue. Indiumâ€”illâ€”labeledplatelets thus provide a sen
sitive marker for noninvasive imaging of Bjorkâ€”Shiley
mitral prosthesis, thromboenibolism after implantation of
prosthetic device, and in vitro quantitation of surgical
consumption.

N-13 AMMONIAAS AN INDICATOR OF FLOW: FACTORS INFLUENCING
ITS UPTAKE AND RETENTION IN MYOCARDIUM . H . Schelbert, N
Phelps H Huang E Hoffman C Selin H Hansen D Kuhl.
UCLA School of Medicine,Los Angeles,CA.

Room 2043 NONINVASIVERADIOISOÃ§OPICTECHNIQUEFORDETECTIONOFPLATE
LET DEPOSITION IN BJORKâ€”SHILEYMITRAL PROSTHESIS AND RENAL
EMBOLISM IN DOGS. M. K. Dewanjee, M. P. Kaye, V. Fuster,
Mayo Clinic and Mayo Foundation, Rochester, MN.
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Previously we characterized N-13 ammonia (NA) as an in
dicator of myocardial blood flow (F) suitable for positron
tomography. In this study we examined the effects of
changes in F, the cardiac hemodynamic and metabolic state
and in plasma pH on the extraction fraction CE) and clear
ance-time (1) of NA in myocardium. In 155 studies in 35
dogs NA was injected into the circumflex coronary artery.
E and T were determined from the peak and slope of the res
idue function of the myocardial time-activity curve record
ed with a scintillation probe. During its initial capil
lary transit NA was nearly 100% extracted followed by F
related back diffusion that competed with metabolic trap
ping. E is the ratio of NA retainedin myocardiumto to
tal injected NA. At F of O.8m1/min/gm, E averaged 0.87Â±
0.05 SD and T 4.8Â±0.6hrs. Both were inversely related to
F by E = -0.607 exp(-125/F) and T = 358 exp(-O.00027 x F).
Cardiac work, heart rate, propranolol, isoproterenol and
changes in glucose uptake had no effect on E and T. High
plasma pH (7.46 - 7.66) did not affect E and T but E fell
by 16% (p<O.Ol) at low plasma pH (7.03 to 7.12). Gluten
inc synthetase inhibition by methionine sulfoximine de
pressed E indicating that NA is fixed in myocardium by am
ination of glutamate to glutainine. Thus, metabolic trap
ping is important for fixation of NA in myocardium but over
a wide range of conditions it is not affected by changes in
cardiac metabolism and function. We conclude that T and E
of NA are mainly related to F. The near linear relation
ship between E x F and F at physiologic F's confirms the
suitability of NA as a flow indicator.

METABOLIC CHANGES IN ACUTE REGIONAL MYOCARDIAL ISCHEMIA
DETERMINED BY F-18 DEOXYGLUCOSE (FDG) AND C-il PALMITATE
(CPA) AND POSITRON EMISSION TOMOGRAPHY. H Schelbert
M Phelps E Hoffman G Robinson H Hansen C Selin
and D kuhl. UCLA School of Medicine, Los Angeles, CA.

In acute inyocardial ischemia glycolysis is known to in
crease while 8-oxidation of free fatty acids (FFA) de
dines. The potential of positron emission tomography
(PCT) to noninvasively demonstrate these changes was stud
ied in 9 dogs. Ischemia was induced by stenosing the an
tenor descending coronary (LAD) and atrial pacing. Oxy
gen (0), glucose (GLU) and FFA consumption and lactic cx
traction in LAD myocardium were determined from the A-V
differences and blood flow (MBF) measured by microspheres.
To compareMBF to metabolismby PCT, ischemiawas induced
twice: For PCT imaging of 1) MBF with N-l3 ammonia; and
2) local GLU or FFA uptake with FDG or CPA. With pacing,
NSF in LAD myocardium fell by 20.3% (ns), consumption of
0 by 30.2% (ns), and of FFA by 62.8% (p<.Ol). GLU uptake
increased by 63.8% (p<O.OS). Lactic acid extraction fell
by 88.3% (p<O.Ol). On the PCT images,MBF and FDG or CPA
concentrations fell in LAD myocardium; CPA concentrations
matched NSF while FDG concentrations were in excess of
MBF. Using in vitro tissue counting, FDG and CPA concen
trations were linearly related to MBF. However, at MBF
< 3 to 6m1/min/gm the Jinear relationship was maintained
for CPA while FOG concentrations were in excess of MBF.
Thus, FFA uptake in ischemia is proportional to MBF, while
GLU uptake increases above MBF. PCT clearly delineated
these regional changes in FFA and GLU metabolism. We con
dude that PCT may permit noninvasive characterization of
metabolic changes associated with acute myocardial ischem
ia.

ThE METABOLISM OF u-Iâ€” I23-HEPTADECANOIC ACID IN PATIENTS
WITH HEART DISEASE. A Hock1 Ch Freundlieb K Vyska
B LÃ¶sse R Erbel L.E Feinendegen. Institute of Medicine,
Nuclear Research Center JÃ¼lich, FR Germany.

Previous studies have demonstrated the suitability of
wâ€”Iâ€”123â€”heptadecanoicacid (IHA) for myocardial metabolic
studies [I]. The present paper reports data obtained in pa
tients with congestive cardiomyopathy (COcM) and coronary
artery disease (CAD). In 35 patients suffering from CAD
examined at rest the ischemic areas could be recognized in
IRA scintigrams as activity accumulation defects. According
to the observed rate of fatty acid turnover determined in
dynamic studies with IHA, these patients could be subdi
vided in two groups. In the first group in ischemic areas
prolonged half times of lilAelimination (30â€”70mm) were
detected. In the second group in the ischernic areas normal

or slightly shortened half times of IRA elimination (18â€”29
mm) were observed. During exercise, in ischemic regions,
accumulation defects were accentuated and half times of IHA
elimination significantly prolonged. In normal areas no
changes of half times of IHA elimination were detected.
Following coronary dilatation in patients with normal or
slightly shortened half times of IRA elimination, the accu
mulation defects disappeared. In patients with COCM there
were areas with diminished IRA accumulation as veil as
areas with significantly shortened half times of lilAdm1â€”
nation (7â€”11mm). No correlation between the localization
of accumulation defects and areas of shortened half times
of lilAelimination was observed in the case of COOl.

IHA seems to provide clinically valuable information
about myocardial metabolism.

[I] K. Vyska et al. J. Nucl. Med. 20: 650 (1979) (abstr.)

LOCALIZATION OF ANTIMITOCHONDRIAL ANTIBODY IN EXPERIMENTAL
CANINE MYOCARDIAL INFARCTS. P.V Kulkarni R.W Parkey
L.M Buja S.E Lewis E Eigenbrodt M.J Stone F.J
Bonte and J.T Willerson. U. Texas Health Science Center
at Dallas, Texas.

Alterations in cell and subcellular membrane integrity
occur during evolving ischemic myocardial injury. We
tested the hypothesis that an antibody against human liver
mitochondria [antimitochondrial antibody (AMA) developing
in a patient with primary biliary cirrhosis (PBC)) could
identify altered cell membrane integrity in experimental
canine myocardial infarcts (MI). Twelve dogs had proximal
LAD coronary artery ligations for 1 hour followed by IV
injection of 2 ng of Iâ€”l3l(Fab')2fragments from either a
control human IgG (6 dogs) or an AMA IgG (6 dogs). The
animals were sacrificed 5 days later and tissue obtained
from ischemic (I) and nonischemic LV for analysis. The
1â€”131(Fab')2 AMA IgG concentrated maximally in the cen
tral I endocardiura (endo) (mean value above normal tissue
levels of 9.2Â±3.5, (S.D) vs. 4.6Â±3.3 for control (Fab')2
IgG, (p<O.O5)]. There was also twofold greater AMA (Fab')2
In the central i epicardium (epi) and the I periphery endo
and epi. Iminunofluorescence microscopy using intact IgG
demonstrated granular subcellular localization of AMA in
both normal and I canine myocardium; control IgG failed
to localize in either. Thus, an AMA concentrates in ir
reversibly damaged myocardium after experimental canine
MI. Presumably, this occurs because of altered cell mem
brane integrity and exposure of mitochondrial membranes
to the AMA.

HEART IMAGING WITH AN 123I-NORA.DRENALINE STORAGE ANALOG.
D.M.Wieland L.E Brown@ K.C Worthington W.L Rogerg@
D.P Swanson@W.H Beierwaltes and D.D Marsh. University
of Michigan Hospital, Ann Arbor, MI.

Despite the physiological importance of noradrenaline as
an adrenergic transmitter, no radiopharmaceutical exists
that can assess catecholamine hormone accumulation and
turnover in peripheral tissue. We report the evaluation of
a â€œnonâ€”metabolizeableâ€• radioiodinated aralkylguanidine that
shares the same uptake and storage mechanism as noradren
aline in adrenergic nerves.

Tissueâ€”distributionstudies of Iâ€”l25â€”metaâ€”iodobenzyl
guanidine (tnâ€”IBG)reveal high and selective uptake in the
heart of the rat, dog and rhesus monkey. Peak heart con
centrations and heartâ€”toâ€”bloodratios are similar to those
obtained with thalliumâ€”2Ol. Other organs with rich adre
nergic innervation, such as spleen and adrenal medulla,
also show high uptake and retention. The compound does not
significantly penetrate the bloodâ€”brainbarrier.

The mechanism of heart localization of Iâ€”l25â€”mâ€”IBGwas
probed pharmacologically. Pretreatment of rats with dâ€”
amphetamine, a compound known to both release and inhibit
the uptake of noradrenaline by nerve cells, lowers the
heart concentration of Iâ€”l25â€”mâ€”IBGby 35â€”50%.Similar
treatment with reserpine, a drug that selectively blocks
vesicular uptake in the neurons, lowers the heart accumula
tion by 3Oâ€”5OZ.These blocking studies suggest that the
heart retention is mainly due to specific uptake in the
adrenergic neurons where it is partially trapped in the
noradrenaline storage vesicles.

Two dogs, each injected with 5 mCi of Iâ€”l23â€”mâ€”IBG,gave
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excellent tomographic heart images from 5 atm. to 4 Hr.
using a wide fieldâ€”ofâ€”view gamma camera with a 7 pinhole
collimator.

2:00-3:30

INSTRUMENTATION

GENERAL I

SessionChairman: PaulMurphy
Session Co-Chairman: Thomas Lewellen

EXTENDED AREA EMISSION TOMOGRAPHY USING A CONVENTIONAL
CAMERA SYSTEM. K.W Logan K.A Mickey and R.R Hurst.
Veterans Administration Hospital and University of
Missouri, Columbia, MO.

With the introduction of the 7 pinâ€”holecollimator near
practical emission tomography (ET) became a clinical real
ity for many laboratories. Although its cost is not cx
cessive its present usefulness has been limited to small
organs and it requires a computer for image reconstruction.
A method to further extend the practical use of ET employ
ing conventional standard field of view camera systems
that will image any size organ and not require computer
reconstruction of the ET image is under development in our
laboratory. Tne approach requires the adaptation of
several small and inexpensive accessories to a standard
scintillation camera with whole body imaging table, multi
imager and a commercial converging collimator (Nise, Inc.,
Cernitos, CA). Conversion from the ET to the conventional
imaging mode only requires changing of the collimator.
The tomographic effect is created by changing relative
source and camera positions from the movement of the table.
A series of phantom studies have shown excellent tome
graphic plane separation to depths of 10 centimeters. Im
age contrast and inâ€”planeresolution has been shown to
exceed that of 7 pinâ€”holetomographics in several in
stances. These results lead us to conclude that this
method of ET may be the most practical yet to image any
body organ or the whole body.

RECENT IMPROVEMENTS IN LONGITUDINAL SECTION TOMOGRAPHY.
.J.A Patton R.R PriceL D.R Pickens and F.D Rollo,
Vanderbilt University Medical Center, Nashville, TN.

A new improved version of the Searle Pho/Con
tomographic scanner has recently been announced. This new
system (model 192) has mere photomulitplier tubes (19 vs.
7), larger crystal diameter (9.3â€•vs. 8.5â€•),thinner
crystal (Â½â€•vs. 1â€•), improved electronics (LFOV vs. Pho/
Gamma IV),better intrinsic resolution (6.5mm vs. l5unn
WISH), and improved collimation. Line spread functions
and modulation transfer functions demonstrate the superior
imaging capabilities of the new system. The spatial
resolution vs. distance characteristics of the new scanner
are slightly superior to that of a stateâ€”ofâ€”theâ€”artLFOV
camera with a high resolution collimator. The old model
Pho/Con had the depth responsecharacteristicsof a
rectilinear scanner with a focussed collimator due to the
coupling of a high resolution collimator with a poor
intrinsic resolution camera. The new model has the depth
response characteristics of a camera with a converging
collimator due to the improvement in intrinsic resolution
of the camera to match that of the collimator. Plane
source sensitivity measurements show the new Pho/Con with
the high resolution collimator to have approximately the
same sensitivity as the old version with allâ€”purpose
collimator; however, the camera is still 2.4 times as
sensitive as the scammer. Clinical images demonstrate
significant improvement in image quality over the previous
model and provide spatial resolution comparable to that of
the large field camera with the added benefits of
tomography. A specific improvement in our department has
been achieved in the areas of total body hone and tumor
imaging, where we have been able to maintain resolution and
obtain tomographic information while reducing study times.

LONGITUDINAL AND TRANSVERSE SECTION SCANNING WITh THE
SEARLE PHO/CONâ€”l92. D.R. Pickens, R.R. Price, J.J.
Erickson, J.A. Patton, and F.D. Rollo, Vanderbilt Medical
Center, Nashville, TN.

R 3038 A Searle PHO/CONâ€”l92Multiplane Imager has been
oom interfacedto a PDPâ€”ll/34minicomputerin our laboratory.

Programs have been developed to collect and process scan
data with this system. Computer reconstruction by
backprojection of the list mode data collected during the
scans produces longitudinal planes at any level and
separation. Transverse planes are also produced by
backprojection. Images can be produced in the following
formats: 64 X 64, 128 X 128, and 400 X 256 pixels.
Several images can be formed simultaneously. Post
reconstruction image processing is used to decrease
background noise and increase contrast. Nultiplane
simultaneous deconvolution methods for removal of offâ€”plane
contributions on longitudinal planes are being
investigated. Preliminary results are encouraging.

Both phantom and patient studies have been performed.
Longitudinal and transverse sections are presented for
Tcâ€”99mphantom studies and Tlâ€”201myocardial scans.
Longitudinal images are shown for Tcâ€”99mbone scans and
Gaâ€”67whole body scans.

These computer processed images demonstrate the
capabilities of the digital data collection and processing
system. We believe that the advantages of this system are:
1) any plane can be reconstructedat any time following
data collection; 2) transverse images can be producedâ€”â€”a
reconstruction mode not possible otherwise; 3) post
reconstruction deblurring and filtering can be performed.

HIGH PRESSURE , MEJLTIWIRE PROPORTIONAL CHAMBERFOR CARDIAC
IMAGING. R.E Zimmerman F.H Fahey R.E Burns. Harvard
Medical School and Xentronics, Inc., Boston, MA.

A 10 Atm. Xenonâ€”filled multiwire proportional chamber
has been constructed for use in cardiac imaging for the
energy range 50â€”100keV. The chamber consists of an anode
with two cathode wire planes and a drift region. Position
signals are obtained from the cathode planes using the in
tegral delay line method. The drift region extends 2.2 cm
either side of the anode-cathode plane resulting in a total
chamber thickness of 5 cm. Passive getters are used to
purify the gas in the sealed chamber. Energy signals can
be obtained from the anode or from the summed cathode sig
nals. The total outside dimensions are 40 cm diameter by
25 cm thick. The field of view is 17 cm.

The intrinsic spatial resolution is < 2 ma (PWHM) over
the energy range of interest. Energy resolution is at pre
sent 30â€”40%FWHM at 60 keV and will improve with the add
ition of more purifiers. Sensitivity was measured relative
to an Anger camera with a 6 mm thick crystal over the en
ergy range of 60â€”81keV and was consistent with calculated
values which took into account the 2.5 ma thick entrance
window and the 5 cm thick interaction region, i.e., approx
imately 70% of the Anger camera sensitivity. Sensitivity
and resolution are very dependent on pulse height analyzer
settings since escape peaks are very prominent.

It is expected that this camera will prove very useful
in the performance of cardiac imaging studies with present
and new low energy isotopes such as Taâ€”l78,Xeâ€”l33,Irâ€”l9lm
and Tlâ€”2Ol.

A GERMANIUMEMISSION CAMERAWITH PARALLEL PLATE
COLLIMATION. M.M Uric W Mauderli L.T Fitzgerald
C.M.Williams. University of Florida, Gainesville, FL.

A unique collimator-detector geometry has been
employed to obtain better spatial and energy resolution
than existing gansna cameras. A high purity germanium
detector is divided into 30 parallel independent channels
(1.5 mmwide) which are positioned behind parallel
collimating plates (40 mm high) . Activity distributions
are mathematically reconstructed from data measured at
various angular orientations. Both hot spot resolution
and cold lesion detection capabilities of this device
are superior to that of present gauzes cameras with high
resolution collimators. Bar phantom resolution at the
face is 3 nanand 6 nunat 10 cm depth. Cold lesions at
least 0.5 cm smaller in diameter are imaged with excel
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lent size correlation. Both the geometry and the energy
resolution (3.5 keV FWHMfor Tc-99m) contribute to
these improvements, the clinical significance of which
is demonstrated in rat images. Imaging times are
comparable, indicating satisfactory sensitivity.

A DISCONTINUOUSMOSAIC CADMIUM TELLURIDEARRAY DETECTOR
J. Lazewatsky, R. Moore, N. Alpert, G. Entine*, H.W. Strauss
Mass. General Hospital, Boston, MA, *R.M.D. Corporation,
Watertown, MA.

The determination of cardiac function with radio
nuclides requires that the left ventricle be adequately
sampled, and that there be little change in sensitivity
as the heart moves toward or away from the detector. The
measurement can be made either with a small detector and a
single long bore collimator to achieve the required field
size and to limit the effects of change in cardiac position,
or with a parallel hole collimator with a field size com
parable to that of the heart.

For patient safety and convenience the nuclear detec
tor to measure cardiac function during normal daily
activitiesshould employ low voltage, have a high degree
of reliability,and should be of small size and minimal
weight. A multicrystaldiscontinuousmosaic detectorwas
made of 7-l6imndiameterCdTe crystalspackaged in a 10cm
diameter can lined with 2mm lead for side and back shield
ing, and containing a 3.5mm long triangular hole parallel
hole collimatorwhich weighs 220 grams@
The detectoruniformityfor a point source at 10cm is Â±50%,
but is less than 10% but when a 2cm source is sampled. By
connectingthe CdTe crystals in parallel,there was a 7-
fold increase in noise, with a 3-fold increase in signal
(totalâ€”noise) , compared to the value expected by summing
the results of individualarray elements. These data sug
gest that the signals from each detectormust be sampled
and processedprior to suation. A preliminarystudy
utilizing a beating heart phantom indicate that the array
response is linearwith changes in volume. We expect this
array will be useful in ambulatorycardiac functiontests.

THE EFFICACY OP HIGH CONTRAST FILM COPYING FOR Tlâ€”2Ol HYO
CARDIAL IMAGE PROC1@SSING. N.M Park B.E Oppenheim
R.W Burt A.R Siddigui H.N Wellman C.R Appledorn and
S Lewis. Indiana University School of Medicine, Indiana
polio, IN.

Various methods for enhancing Tlâ€”2Olmyocardial images
have been describedin the literature. Most of them use
some sort of computer processing which may not be available
to many hospitals. This investigation was undertaken to
evaluate the efficacyof high contrast film copying for en
hancing contrast in analog Tlâ€”20lmyocardial images.

Stress and rest images of 47 patients with coronary ar
tery disease and 19 patients with normal coronary arteries
as determined by coronary angiography were studied. Five
blinded observers interpreted each patient's study presen
ted in 4 different displays: (1) original analog (unpro
ceased) images, (2) computer processed images, (3) high
contrast copies of analog images and (4) analog plus com
puter images. Computer processinginvolvedbackgroundcut
off at 5 standard deviations below the maximum value in the
image. Results were analyzed by constructing ROC curves.

Results disclosed (1) a higher rate of correct diagnosis
was realized with copy films than with analog images alone
by 4 out of 5 observers, and (2) the average score for the
computer processed images was slightly better than for the
copy films although 2 out of 5 readers did better with copy
films. For a false positive rate of 25% the average true
positive rates were 56% for the analog images, 67% for the
copy films, 68% for the computer processed images and 72%
for the combination of analog computer images.

Thus Tlâ€”2Olimage processing, either by computer or by
high contrast film copying, gave essentially equivalent re
sults surpassing results obtained with unprocessed images.

SPATIAL RESOLUTIONFOR Tl-201 AS A FUNCTIONOF WINDOW WIDTH.
H.H Hines E.C Glass G.L DeNardo, University of
California,Davis Medical Center, Sacramento,CA

The K x-rays (70, 80 keV) of T1-20l are used to image
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themyocardium.Ifa widewindowis used,spatialresolu
tionmaydecreasebecausescatteredphotonsfromthehigher
energy photons from Tl or from radlocontaminates. We
studied the relationshipbetween spatial resolutionand
Imaging time for different window widths. FWHM and FWN-lO%
were determined from line spread functions acquired from a
37 PM camera (O.25'crystal, LEAP collimator). The line
source,a 1 mm IDtubefilledwithTl-2Ol,was placedat
mid depth in a water bath 10 cm deep. The results are:

Window(%) Time(mm) FWHM(mm) FWN-lO%(sin)
10 10.0 8.0 16.3
15 7.4 8.5 17.4
20 5.7 8.9 18.1
25 5.1 9.6 20.7
30 4.6 10.0 24.0
35 4.3 10.3 26.5
40 3.9 10.7 27.3

To assessobserverresponseto effectsof windowwidths
on resolution, observers ranked 300Kimagesof a Rollo
phantom containing Ti -201 and separated from the collimator
by 2.5 cm of water. 11/12 observers ranked the 20% window
Image(WI)first,11/12the25%WI second,8/12the30%WI
third and 8/12 the 40% WI fourth.

In conclusion,window widths of 15-20% providean opti
mal compromisebetween Imagingtime and spatial resolution
for conventionalTi Imaging. Wider windows noticably
decrease resolution while yielding only modest decreases
in imagingtimes.

4:00-5:30 Room 2048
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REMOTE SYSTEMS FOR CHEMISTRY USING LARGE AMOUNTS OF CYCLO
IRON PRODUCEDRADIONUCLIDES. J.R Barrio G.D Robinson
and A Najafi. UCLA School of Medic[ne,Los Angeles, CA.

A reliable approach to designing systems for chemical
processingof cyclotrontargets and for the synthesisof
organiccompoundswithshort-livedradionuclideshasbeen
developed.

The processes, although some times complex, are broken
down into the requirednumber of unit operations(e.g.,add
Ing reagents,removingsolvent,extraction,chromatography,
etc). These simple unit operationsare performedon a re
mote,semiautomatedbasiswherestandardlaboratoryglass
ware and equipmentare normallyused in conjunctionwith
solenoidvalves.

Chemist interactionis entirely remote and involves
additionof reagents,transferof fluids by applicationof
pressureor vacuum, and the initiationof each operation
by actuating the appropriate switch or combination of
switches.

This approach has been applied to designingsystems
which are now being used for target processingand pre
parationof theZn-62/Cu-62generator(20mCi),synthesis
of F-l8 labeled 2-deoxy-2-fluoro-D-glucose(two runs/day,
yield= 20-25mCi/run),andsynthesisof C-lllabeled
palmiticacid (multipleruns/day,25-30 mCi/run).

Advantagesof this approach include:very low cost,
rapidreconfigurationto accomodatenewor revisedsyn
theses, reduced radiationexposure to the chemist (< 1 mR/
run),andhighlyreliable,routineproductionof largemCi
amountsof clinicallyusefulradiopharmaceuticals.
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Accordingly, for nuclear medicine instruments, we propose
the use of instructional modules which provide handsâ€”on
familiarization of instrument performance characteristics
and quality control. Through a series of laboratory
sessions, the resident is provided an inâ€”sightinto each
instrument, its capabilities and limitations, and the
value of quality control testing. Each experiment is
written to challenge the resident in clinical significance
of his observations and measurements.

CHILLINGâ€”AN EFFECTIVE WAY OF REDUCING VOLATILITY OF
THERAPEUTIC IODINE SOLUTIONS. L.W Grossman, FDA, Nuclear
Medicine Laboratory, and C.C Williams, University of
Cincinnati, Cincinnati, OH.

Refrigeration is a wellâ€”knownway to reduce the vapor
pressure of volatile substances. A lead pig has been de
veloped for 1â€”131therapy administrations which not only
provides shielding, but cools the solution to just above
0Â°Cand maintains it there for severalminutes. Recent re
formulations have greatly reduced therapeutic 1â€”131vola
tility. Even so, measurements of a 90â€”mCibottle of thera
py solution found 5 pCi volatilized in the first 5 mm
after opening and another 5 @iCiin the next 15 mm. These
measurements were obtained using a specially built low
volume air sampler which collected all the radioiodine
emitted in a TEDA (1,4 diazabicyclo octane) impregnated
charcoal cartridge. A recent NRC guideline uses thyroid
burdens of .04 ijCiand .14 @iCias action points, the latter
being an absolute upper limit beyond which immediate cor
rective action is required. These action limits are a
small fraction of the total radioiodine that might be vola
tilized during preparation and administration of a therapy
dose. Measurements made at room temperature (25Â°C)and
near 0Â°Cindicate that volatility was reduced a factor of
5 by the cooling. A special lead pig, the size of a l2â€”oz.
beverage can, was built to perform the same function as an
ice bath. The inside diameter of the pig was chosen to
provide a squeeze fit to plastic bottles for thermal cou
pling. For glass bottles, a small amount of mineral oil
provides good coupling. The pig requires no special prep
aration before use, other than storage in a freezer. It
has the added advantages of being easy to clean in the
event of a spill, and it serves as an effective radiation
shield.

GAMMA CAMERA ACCEPTANCE TESTING,
RECOMMENDATIONSOF THE AAPM. A V Wegst. University
of Kansas Medical Center, Kansas City, KS.

The Nuclear Medicine Committee of the American Associa
tion of Physicists in Medicir@ has developed a protocol for
acceptance testing of gamma cameras. The protocol is published
as a report by the Association, written for analog gamma
camera-imaging systems, and can be performed with a minimum
of test phantoms and sources.

The protocol details methods for physical inspection, uni
formity testing, spatial resolution and distortion, energy resolu
tion (optional), temporal resolution, multiple window spatial
registration, point source sensitivity over the field of view,
collimator testing and integrity of camera head shielding. Each
test which provides a numerical value comparible to, but not
identical to, the specifications outlined by the National Elec
trical Manufacturer's Association document on performance
measurements standards for scintillation cameras, is clearly
indicated. The exact NEMA specifications cannot be duplicated
because of specialized equipment requirements.

Acceptance testing of gamma cameras should be performed
immediately upon clinical readiness of a new system and should
establish whether or not the camera is performing according to
manufacturer's specifications, provide an @ptirnum baseline for
quality control measurements and inform the user of the
operating limitations of the system.

The protocol will be briefly described.

HOC REVIEW: WHICH CURVE IS BETTER? A . B . Ashare.
St. Elizabeth's Hospital, Boston, MA.

After ROC (receiver operating characteristic) curves are

INSTRUMENTAL SPECIFICATIONS FOR HIGH-RESOLUTION POSITRON
TOMOGRAPHS. J A McIntyre. Texas A&M University,
College Station,TX.

The spacing, d, and width, w, of the gamma ray detec
tors in a positron tomograph determine the spatial reso
lution of the reconstructedimage producedby the tomo
graph. With the positron range data of Derenzo now
available, a calculation has been made of the effect of d
andw on theimageof a pointsourceof positrons.In
addition to the source spread introducedby the positron
range, the effect of the misalignment of the two annihi
lation ganina rays was also incorporated into the point
spread-functionf(r) of the positronsource. A Ga-68
source was used for the analysis since the positron range
for Ga-68 is greater than that for the importantisotopes,
C-li, N-l3, 0-15, and F-l8. The FWHMof the point-spread
function f(r) was found to be 3.1 sin.

Reasonably acceptable reconstructions of f(r) were ob
tamed ford andw equalto 2 m. If d was increasedto
4 sin, the FWHM of f(r) increased by 60% and a 10% â€œalias
Ingâ€•negative Intensity was generated in the tail of the
reconstructed distribution. The sampling distance d
should thus not be larger than 2 sinfor sourceswith in
tensity variations occurring in distances of less than
about 3 n,n.

While a width w of 2 m is also preferable, a width of
4 m introduces only an additional 20% in the FWHM of
f(r). However,8 sinwidedetectorsincreasetheFWHMby
80%. Since detectors wider than 4 sinshould therefore
notbe used,theintroductionof a â€œwobbleâ€•is notre
quired to obtain the necessary2 m sampling distance.

EFFICIENCY CONSIDERATIONS FOR Xe-l33 CHARCOAL TRAPS.
L.W Grossman R.J Van Tuinen and J.G Kereiakes. FDA,
Nuclear Medicine Laboratory and Eugene L. Saenger Radio
isotope Laboratory, University of Cincinnati College of
Medicine, Cincinnati, OH.

Adsorption into activated charcoal beds has become the
preferredmethod for disposalof Xeâ€”l33.The kinetics of
these devices have been poorly understood. Consequently,
there has been a great deal of confusion about expected
efficiencies, as well as optimal use. An expression has
been developed for calculating trapping efficiency for any
given trap using information about caseload, air volume
per study, charcoal mass and charcoal dynamic adsorption
coefficient. Substantial deviation of an observed effi
ciency from the calculated value provides an indication
that corrective maintenance, such as charcoal replacement,
is required. An effective dynamic adsorption coefficient
can be calculatedfrom the observed trap efficiency. A
decline in the value of this coefficient with age is a
sign of inadequateprotectionof the charcoal from mois
ture or other contaminants.

A survey of efficiencyand maintenanceof activated
charcoal traps in fourteenhospitalsunderlinedthe need
for a clear understanding of trapping kinetics. Seven of
the fourteen routinely monitored trap exhaust. Of the
seven that performedno monitoring,two used traps that
were found to be defective. Of the monitoredunits, one
had a measured efficiency of about 85%. This had been
tolerated under the assumption that the trap was working
at its design limit until, the calculatedefficiencywas
found to be much higher. Additionally,eight of the
fourteen hospitals failed to maintain dessicant material
needed to protect the charcoal from moisture.

NUCLEARMEDICINEINSTRUMENTS: LABORATORYTRAININGOF
RESIDENT PHYSICIANS. R.J Van Tuinen L.W Grossman and
J.G Kereiakes. FDA, Nuclear Medicine Laboratory and
Eugene L. Saenger Radioisotope Laboratory, University of
Cincinnati College of Medicine, Cincinnati, OH.@J@

The application of radiologic physics concepts should
provide a bridge between the interpretation of data fur
nished by equipment and the nuclear medicine physician's
understandingand control of the process by which the data
are obtained. While the topical scope of radiologic
physics training in the nuclear medicine residency program
is well defined, didactic programs often fail to high
light the clinical significance of physical concepts.
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obtained for two differentproceduresor twe image
processing techniques, the investigator is then beset with
the problem of determiningwhich curve describesthe
better performance. If there are differences between the
curves, how can one determine that these differences are
meaningful? No fully satisfactory statistical technique
has been developed as yet to test the significance of
apparentdifferencesbetween measured ROC curves.However,
several techniques have been used in an attempt to compare
ROC curves from two different procedures. One approach is
to select a specific value of the false positive fraction
(PPF) in the â€œuseableâ€• portion of the curves, and to

compare the values for the true positive fraction at that
FPF for each of the ROC curves. Another approach is to
examine the difference in the areas under each ROC curve;
this has the advantage of using the entire curve rather
than a selected point. A third technique is to use the
d' measure; this is obtained by replottingthe ROC data
on double probability graph paper and then measuring the
difference between the curves along the negative diagonal.
None of these techniquesare totally satisfactory,but
they can provide some insight into the question: which
ROC curve, and therefore which imaging technique, is
better?
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