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Introduction

Recent advances in nuclear medicine instrumentation have led to the
development of improved positron-imaging systems which exceed in perform-
ance the earlier systems which were limited mainly by low count rate
capability. This has led to rencwed interest in positron imaging in
general, primarily because such devices offer better resolution and higher
sensitivity than conventional, mechanically collimated gamma cameras, as
well as tomographic capability which may provide additional and more
accurate information for the clinician. Furthermore, the unique capa-
bilities of positrons for use in reconstructive imaging are beginning to
be exploited. In the present report, results are presented from a pre-
liminary study m which 1ong1tx.d1na1 tomogr-aphlc myocardlal images,
produced with ®'Rb as the positron-emitting label using the double camera
coincidence system described by Muehllehner (7) are conpared with conven-
tional myocard1a1 images obtained with 2°'T1 and a Searle Pho-Gamma HP
camer.

Methods

The positron imaging device used represents a refinemant of the
concept first proposed by H. 0. Anger (1) and originaliy incorporated into
research prototypes by a numbsr of individuals. Unlike the single-
detector, mechanically collimated gamma camera, this system localizes a
positron-emitting radioisotops distribution by electronic coincidence
collimation of the 511 keV annihilation pairs. It has high sensitivity
(~ 200 o/s/uCi), good resolution at all depths (better than 10 mm FWHM),
and a significantly improved count rate capability (up to 8,000
counts/second under favorable clinical conditions). In addition, since

" the image is formed by viewing the source from many angles, the technique
ig inherently tomographic and allows imaging of planes of interest at
different depths through an object. Lastly, since both 511 keV y rays of
a coincident pair travel the same total distance through an object regard-
less of the depth of the original anm_hllatlon, correction for the overall ;
attenuation and nonuniform de‘tector sensitivity may be carried out by ?
normalization to a transmission image. The most substantial modifications
comparad with the om.gmal system were the use of graded absorbers to
reduce scattered radiation from the patient. Also, the standard 1/2 :mch-
thick scintiilation crystals ware replaced by 1 inch-thick crystals to '
increase the probability that both annihilation quanta are detected in
coincidence. In addition, pulse-shortening filters and D.C.-coupled,
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low-dcad-time electronics were added to the cameras to allow higher rates
of data acquisition (8).

For the thallium images, a Searle Pho-Gamma HP camera was used with
a 20% window centered on the mercury x-rays. The high-resolution
collimator (No. 821741) used gave spatial resolution comparable to that of ;
the positron system. As radiopharmaceuticals, 2°'T1 obtained commzr-
cially and ®!Rb produced locally (4) free of ®2Rb, were injected intrave-
nously in three normal healthy individuals, eleven patients with well-
documented myocardiasl infarcts, and two patients with non-ischemic heart
disease with normal corcnary angiograms. In 7 of the subjects, it was
possible to carry out complete studies with both methods within a period
of less than 48 hours. The presence of 2°!T1 did not interfere
significantly with a subsequent ®!Rb scan, since the graded absorbers used
to reduce source scatter effectively prevented the low-energy 2°!TL
radiation from entering the crystal. Thallium studies were always done
first. Images in four equally spaced planes of focus, spaced 3 cm apart,
were produced simultaneously in the 8!Rb study, while four projections in
the antericr-posterior (AP), 30° left anterior obli?ue (LAO), 60° 1A0, and
30° right anterior oblique (RAO) were taken with 2°IT1. A1l pictures
contained 300,000 counts and were recorded in conventional analogue form
on Polaroid film and in digital form in the 120x128 matrix of an Chio
Nuclear 150 Data System. The positron images were corrected for the marked
radial variation of sensitivity and variation of attenuation by normal- :
ization to the corresponding tomographic transmission images made with a
58Ge-6%Ga sheet source using the uniformity correction function of the

data system.
Results . !
Using comparable doses of isotope in both examinations :
(0.9-1.2 mCi of 2°!T1 and 0.8-1.6 mCi of ®!Rb), pictures containing the
same number of counts (300,000) were produced in about 7.5 min with the
positron camera and in about 12.5 min in the thallium studies, leading to
& tota) jimaging time of 20 min for °!Rb, including the transmission image,
and about 60 min for the four views made with 2°)T1.

It appeared feasible to define perfusion defects in the anterior,
lateral, apical, inferior, septal, and posterior regions of the heart.
Six of the seven patients had well-defined clinical myocardial infarcts,
vwhereas the symptcms in one patient proved to be unrelated to cardiac
pathology. A typical example of a comparison of the two studies is shown
in Fig. 1. In both examinations, the results matched quite well, and were
in agreement with the clinical findings in six cases (5 infarcts, 1 non-
infarct patient). In one case. neither method demonstrated any uptake
defect. In this patient infarction was diagnosed only by a moderate :‘ise
in enzymes, but not in the EKG; therefore this infarcet must be regar..d
clinically as being very small. The clinical results are summarized in )
Table 1.

The group of subjects in whom incomplete studies were carried out
provided necessary date for evaluvation of the various coptional imaging
modes. To obtain maxiinm image resolution and contrast, only photcpeak
coincidonces were used. Isotope doses were limited by the ratio of
randon coincidence counts to true coincidence counts, and pictures taken
atl single evenlt rates of 400,000 counts/sec leading to photopeak
coincidence rates of 700 counts/sce seemed to be optimal in terms of the
appearance of the image and the imaging time. Although the positron
system is capable of high coincidence count rates in the absence of much
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Scintigraphic Images with 2°'TL
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30° RAO Anterior 30° 60° 1LAD
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30° RAD: Septal and inferior defect is seen clearly.
Anterior: Defect in septal and inferior regions again demonstrated.

30° 1AO: Apical and inferior defect is visible.
60° LAO: No obvious defect is seen.

A-P longitudinal Tomographic Images with *!Rb
(plane separation 3 cm)
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1: Superficial plans through anterior part of ventricular cavity

shows inferior and septal dafect.
2,3: Two central planes show septal and inferior uptake defects in

left ventricular wall.
4: Deepast plane demonstrates no defect.

3 L

FIG. 1 (case 5, Table 1)
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TABLY 1
Correlation of Location of Infarcts by EXG with Location of :
Uptake D2fects Yisuslized with ?*'T1 Scintigraphy ‘
and *'Rb Positron Tomography
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Llocation of Uptake Dafect
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Infarct § ] §
- REREEE Remarks f
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1) 2 201 !
Anterior iy
Septal X Acute !
X e .‘Rg ;
201 :
2 Inferior ™ X X Il 0d i
X $1ph :
, 2 '
S)Infcrior XXX XK X T Acute
X W X '
")Antem 201 01ad Antero
Septal X X X X Septal
Antero "gy Acute Antero
Lateral X X X X _lateral
5) » X i Acute
Inferior (Illustrated in
£ XX S$Iph Fig. 1)
6) LAl v Acute. Moderate .
. o e
s1gp Only
281 :
Dy Cardiac T Normal ;
Lesion ™ Angiogram

X denotes partial involvanent of region.
XX denotes extensive involvement of region.
All patients with acute infarcts uare studied 2-3 wveeks after onset
of symptons.
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extrancous rodienctivity, in the case of lwart drupes e peesonce of
substantial activity in the liver and othme mardy tissues Yimited ti
usable true coineidense rates as Imdicated) above,  The Tondon coinsidense
rates wier the ciraumssiances of the prestenl stuwdy wire aparoximately 304
of the total rate. The spatial distribution of randon cvents in the
innges can be cvaluated by adjustaant of tle coincidense time windows to
b out of phase by reans of clectvonic dalay linss. ‘This G
resulted in an image formed only by the random coincidenze wvents. The
spatial count distribution in this imoge was very similar to the responsz
to a shoeot sourcs, except vhen the actual somce was extrancly
asymaotrdcal. The images presonted in this stuly have mot bzen comectod
for random events.

Moasurcments of systen resolution by use of a *%Ge-*Ca 1in: sowce
surrounded by 20 cm of scattering material revoalnd depth-indepandont
values of lecs than 10 um P52 for the positron cancra, while the P
measured with a 2*'T1 line source varicd from 9.8 me at the coliimator

face to 14.0 i at 10 o from the collimator face in scattering material.

This difference batuzen the mzazured resolutions in the two systems was
not domonstrable in the clinical images. The ratio of count densities
between the left lateral well of the heart and the odjacent left lung in
the antocior projection were detormined in all studics by use of a smill
arca of interest (35 picture cloments containing 1000 to 5000 counts)
positionzd over ecach region. The resulting values, 2.23:0,35 (10 imapes)
for 2%3T) and 2.u920.55 (55 irages) for *'Rb, vore marly ik sawo, &

Swcrhb e A

e e

B T

e

o v

surprising result considening that torographic imofes hwve interently low

contrast. Other factors contributing to possible difforences in dmage
contrast in the twd systons are source scatter which is prosont with the
thalliwn S and Jargely eliminated in the pocitron systom, ramion
coincidences vhich of eaurse, do not alfcet the scintigraphic systes and
possible differcnces in the radiomsclids uptade raties. The masured
width of the count denzity profile of tiv left cardise boudor From Ux:
highest count level dovn to the lowel of the 1oft lung was the sane for
the thallium jmagas ond for the tws ceatrel planes in the tomographic
images.  Assuning that a sharp odge scparates the left lateral cardiac
wall fiom the left Jung, the vidth of this odge in the image is a direct
reasunsnent of the spatial resolution. The highest and lowsst planss
appeared to have ooenxvhat broader odpes. This is consistent with the
actual situation, since the highast and lounst plances show xainly the
anterior and pasterior walls of the hemt and sinco thoess structures do
not present such shirp edges against tie backpround activity. Both

mathods appoor to show the sane anatomical details of fhe heart, althoush 1

in different ways, and no ney struetvees could bo identificd.

The sommeiunt saoller ficld of vite of the pocitron cxrora and itk
increasesd seasitivity at the conter of the field of view rasults in cub-

stantially greater count density (60%) in the contral region of the dmage -

as compared to the thalliwn irapges containing the same total mam:oe of
caunts. This improves the quslity of the mwocardiol imyges substantislly
when the heart is progoly coentersst.

Dismussion

Thalliue=201 i chnizn as a Pasis for comparison hooause this
recently available agent epurars to give the baat myooandial dmagas at
the prosent Limz (2,5,9,11,12,13).  Ruebidius-bl was selcotod as the
positron surce beeause of irs good myoowinl localization amd its 4.7 h
mlf-life, vhick mkes it potoatially avoilable to users without
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m’ocmclmn farilitices, Both egents actl as potassiwe amalogues and shoulsd,
in consequzien, be taken up by the ayocardial cells in proportion to thz
local parfusion. PRocont enim:l studies in mice (12) revesl a sonevtat
h:g,hnr spaeific concontrution of 2% in the myosardium cumpared with

Rubidiun-81 is not a pure positron emitler; it has strong peals
446 keV (0.23 por dxsu-tnzmaxm) and at 190 keV (0.64 per dxsmtegmtmn
from the daughter product, $¥igr) as well as the annihilation radiation at
511 keV (0.61 phstons por dzsmtomtion) In addition, gamma rays
batween 24 keV and 1.178 12V are emitted (total 0.35 per dxsmtegmtlm
(6)). Fortunately, only 7% of the 446 keV radiation is in coincidence
with the annihilation m-:«mt:sm, of vhich a s:gmf:.cmt {fraction is
eliminated by the encrpy windows., The non-coinzident 190 keV peak is
atterwated to a large dogree by the graded abw.whors. These extraneous
gamma photons contribiate to both the single event and randon coincidence

rates.
The viole body abzoried dose is approximately 200 m rad/mCi {10} for
007 and 100 m rad/eCi for YIRb (W). ;

In general, it appears in the present study that the imiges obtained
with the positron cancre s"ste'a are comparable to those obtained the
conventional system with ?°!Ti, as judged subjectively (Fig. 1). The
principul differcnce is the time required to carry out the entire imaging
procadure. The fact that all tamgmphxc p)ams are obtained simul- )
tancously with the 1».-11.*::'1 systom is the ".mcxpal factor in this
differencs, since the various views with 2*'T1 must be obtained
smuemiauy. There are additional potentml gains in the use of the
positron systen in that the d*rxtal collcction of the dxzta in the list
mode pormits complote flexibility in sclection of the location of the
planes of fotus, since they can be reconstructed by simple computer !
teclmaqams instead of amalogue methods. In fact, the low contrast j
inherent in the tomopraphic imgc presentation, combined with the radial
variation in snn.,:\nvh, » Fakes unprocessed analogue images almost
unusable. Further, it appzars possible, with the digital technique, to
alter the inclination of the planes to the axis of the system if this is
desiruble.

An add..tmml and much more exciting capaluhty which appears
possible is the application of the reconstruction method of Chang, :
FebDonadd, and Pevez-tiomdez (3) w‘:mh, in essence, removes the out-of-focus
data frem the toeographic planes of interest. This should resplt in
images with much higher contrast and lead to full realization of the
intrinsically supardor resolution of the positron imaging mode. :

Irom the present cosparative study, it can be concluded that the ‘
digita) torraf.sg;\m‘uc :maae obtainad with this pos;tmn coincidence imaging '
davice in a Qlinical situation are equwa‘.lmt to p:.ctm\:.'s taken with con-
ventional scintigoaphic mathods, but reguire a shorter imaging time. The
information derived appeara comparable in quahty and content. From the
point of technical performance, even at this carly stage 'the new system
appainrs potentially superior to conventional nuclear imaging techniques,
and it Apprars msxly adaptable to flexiblc digital manipulations,
including quantitative ro 'ﬁ"tructlon.
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ABSTRACT

In a preliminary study, the delinzation of myocardial infarctions
using thallium-201 with a conventicnal gamra camzra has bzen comparzd
with the results obtained with a tomographic positron camera using
rubidium-81. Six patients with docurented myocardial infarcts were
studied with both methods, collecting 300,000 counts por image. The
four proje tions obtained sequontially with thallium required about
60 minutes. Four tomographic planes recorded simultancously with the
positron system required about ?0 mirutes imaging time. The image
quality vas approximately the same for both systems, vhich demonstrated
the lesions well. The positron systam thus as~ears to b2 superior in
parformance and in connection with digital methous is capable of
flexible extension to any mumbar of simuilimneous plancs of focus and to
reconciructive imaging.



ABSTRAKT

Im Rahmen einer ersten Untersuchung wurden koriventionelle 2%!T1
Hocardscintigramme mit Tomoscintigremnen verglichen, welche mit eirem
neuentwickelten Positronkamzrasystem aufgenommnen wirden. Sechs
Patienten mit nachgewiessnom Herzinfarkt warden mit beiden Methoden
untersucht. Vier aufeinanderfolgende Bilder von je 300 000 counts
bendtigten mit 2°!T1 ungefdhr eine Stunde Aufnohmezeit, wihrend die
simuitanz Aufzeichnung von vier temographischzn Schichten ungefihr
20 Mimuten dauerte. Die Bildgualitdt bai bziden Verfahre erwies sich
als ctwa pleichwertig und beide Technikan zeigten vorhandene
Herzmuskellaesionen sehr put. Die Positronkamcra weist demzufolge eine
hervorragende technische leistungsfihigkeit auf und bietet in
Verbindung mit digitaler Datenverarhbeitung die Miglichkeit zur
Bildrekonstruktion und der Eestimmung von flexiblen tomographischen
Ebsnen in beliebiger Anzahl durch das Objekt.
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ABRE

Lors d'une étude préliminaire sur la dflinfation de 1'infarctus
du nyocarde, on a comparé les résultats obltenus par 1l'emploi da
Thalliwn 201 ot d'une gemrna camfra conventionnelle aver ceux obtenus
par ie Rubidium 81 et uae positron camfra tomographiquz. On a Stuldié
par les deux mithodes, b patients souffrant d'infarctus du myccayrde
caracterisés. En prenant 300 000 points par images avec le Thallium
les b4 projections obtemuies en céquence ont pris cnviron 60 min. Les
4 plans tomographiques enregistrés simltanSrznt avee le systéns du
posi tron demandent environ 20 min pour la prise d'image. La qualitd
de 1'image est trds comparable pour les deux systimes, qui dans les
deux cas font b’~n apparaitre les 1dsions. Cependent le systtimz du
positron semble avoir des perfomances supfricuras ct, couplé avec dcs
méthodes digitales, est capadle d'extensivns flexibles & n'importe quzl
nombre de plans focaus simultanés et a la reconstruction d'images.



