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Introduction

Recent advances in nuclear medicine instrumentation have led to the
development of improved positron-imaging systems ttfiich exceed in perform-
ance the earlier systems which were limited mainly by low count rate
capability. This has led to renewed interest in positron imaging in
general, primarily because such devices offer better resolution and higher
sensitivity than conventional, mechanically collamated gamma cameras, as
well as tomographic capability which may provide additional and more
accurate information for the clinician. Rjrthermore, 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 in which longitudinal tomographic myocardial images,
produced with 81Rb as the positron-emitting label using the double camera
coincidence system described by Muehllehner (7) are compared with conven-
tional myocardial images obtained with 2O1T1 and a Searle Pho-Ganns HP
camera.

Methods
The positron imaging device used represents a refinement of the

concept first proposed by H. 0. Anger (1) and originally incorporated into
research prototypes by a number of individuals. Unlike the single-
detector, mechanically colligated gamma camera, this system localizes a
positron-emitting radioisotopa distribution by electronic coincidence
collimation of the 511 keV annihilation pairs. It has high sensitivity
(% 200 c/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
is 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 annihilation, correction for the overall
attenuation and nonuniforsn detector sensitivity may be carried out by
normalization to a transmission image. The most substantial modifications
compared with the original system were the use of graded absorbers to
reduce scattered radiation from the patient. Also, the standard 1/2 inch-
thick scintillation 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 Rio-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 radiopharnaceuticals, 2D1T1 obtained coiraier-
cially and 8XFb produced locally (4) free of 82Kb, were injected intrave-
nously in three normal healthy individuals, eleven patients with well-
documented myocardial infarcts, and two patients with non-ischemic heart
disease with normal coronary 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 201Tl did not interfere
significantly with a subsequent 81Rb scan, since the graded absorbers used
to reduce source scatter effectively prevented the low-energy 201Tl
radiation from entering the crystal. Thallium studies were always done
first. Images in four equally spaced planes of focus, spaced 3 aa apart,
were produced simultaneously in the 8lRb study, while four projections in
the anterior-posterior <AP), 30° left anterior oblique (LAO), 60° LflD, and
30° right anterior oblique (RAO) were taken with 20 Tl. All 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 Ohio |
Nuclear 150 Data System. The positron images were corrected for the marked;
radial variation of sensitivity and variation of attenuation by normal- j
ization to the corresponding tomographic transmission images made with a
68Ge-68Ga sheet source using the uniformity correction function of the ',
data system.

Results j

Using comparable doses of isotope in both examinations
(0.9-1.2 mCi of 2O1T1 and 0.8-1.6 mCi of 81Rb), pictures containing the \
same number of counts (300,000) ware produced in about 7.5 min with the •
positron camera and in about 12.5 min in the thallium studies, leading to ;
a total imaging time of 20 min for 81Rb, including the transmission image, ;

and about 60 min for the four views made with 2O1T1. j

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, '
whereas the symptoms 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 vise
in enzymes, but not in the EKG; therefore this infarct must be regarJ-d
clinically as being very small. The di.nical results are summarized in ,
Table 1. j

The group of subjects in whom incomplete studies were carried out
provided necessary data for evaluation of the various optional imaging
modes. To obtain maximum .linage resolution and contrast, only photopeak
coincidences were used. Isotope doses were limited by the ratio of
random coincidence counts to true coincidence counts, and pictures taken
at single event rates of 400,000 counts/sec leading to photopeak
coincidence rates of 700 counts/sec 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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Scintigmaphic Images with 2O1T1

30° RAO Anterior 30° LAO 60° LAO

30° RAO: Septal and inferior defect is seen dearly.
Anterior: Defect in septal and inferior regions again demonstrated.
30° LAO: Apical and inferior defect is visible.
60° LAO: No obvious defect is seen.

A-P Longitudinal Tcerographic Images with M R b
(plane separation 3 cm)

1: Superficial plane through anterior part of ventricular cavity
shows inferior and septal defect.

2,3: Two central planes show septal and inferior uptake defects in
left ventricular wall.

H: Iteepast plane demonstrates no defect.

FIG. 1 (case 5, Table 1)
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TABLE 1
Correlation of Location of Infarcts by EKG with Location of

Uptake itefects Visualized with *l!Tl Scintigraphy
and "Rb Positron Tomographyi mm TTIT HUT t~*-a*m-f«rtig~i^ii^*T-"""ff —T--

Location of Uptake Defect

Infarct

Location

by EKS

Anteix>
Septa!!

7)

|
Rcsnarks

Anterior
Septal

2)Inferior

Inferior

X
XX
XX

X

X

XX

XX
X

X
X
XX
XX

X

X
X

»"T1

"Rb
*"T1
"Rb
*"T1
"Rb

Acute

Old

Acute

XX X X X
Old Antero
Septal

Anteru
lateral

5)
Inferior

6)Kormal

XX X X

X XX
X

X

X
XX

"Rb

»>T1

"Rb

"•n
"Rb

Acute Antero
lateral
Acute
(Illustrated in

Fi*. 1)
Acute. Moderate
Enzymt Increase
Only

No Cardiac
Lesiai

Normal
• l JO,

X denotes partial involvercsnt of region.
XX denotes extensive involvement of region.

All patients with acute infarcts vrare studied 2-3 Keeks after onset
of symptoms.



radioactivity, in ths ease of haws li&i£t& 41K? prravme! ©f
substantial activity in ths? liver and ©thar mviriiy tissues J mi tea the
usable true e©Sn£i*fc*!t»& rotes ;HS indicates) «irove. Th& r.>nJ*«* eoirwsideftse
rates under the circumstances of tha fvvsciit study «gre approximately 3C&
of the total rate. inte spatial distribution of ran&R events in the
images can bo evaluated by adjusft&nt of tlsa coinsidense tine winiaws to
fee out of phase by cKsans of electronic rf%lay liises. Ibis procedure
resulted in an image forcsed only by the random coineidense events. The
spatial count distribution in this image WAS very similar to the
to a sheet source, except tJMtt thn actual source was ortrewstly
as>^rsct»*ical. The im^e:; jtfcficntttl in this jstu:iy Hive r»t been
for randtcm events.

Measurements of sysccn resolution by use of a **<&-* *C& lina source
surrounded by 20 cm of scattering materiel revealed deptlt-imJcpsndcnt
values of l«es thiw JO trm FUIH for the positron owisj^a, wt*ile the m t t
iRsasurod with a M 'T1 line souixe varied firam 9.8 mi at the coliimator
face to 11.0 wa at 10 cm frees the collfeator face in ssattcrins «ot«*wl.
This difference bstu^e;t the msusured resolutions in tit? tv» systems was
not d&wonstrablfi in t t e clinical images. The ratio of count densities
between the left lateral wall of ths Imtrt ani the adjacent left lone ***
tha anterior i^oSect£o» vem ti-tcminxH in a l l studies by u^v of a tsn»ll
arafl of interest (3§ p.tetu;^ elements contain in^ 1030 to S000 count:*)
positioned over each t^giors. The resulting values, J.23J0.35 (10 ima
for " ' T l and 2.«i9sO.SS (S& iriiggs) for ' 'Kb, were nssirly the K K » , C
surprising result' considering that tOK^rrtp»tic iiiages hnvc int^ttntly
contrast. Othsr factors cc-ntributins *» pessiMe diffa«nees in inaga
contrast in the tw» tiystcsr. arc* source scatter twitch is prt^wmt with tbs
tJallitm jaî >::ft and largely eJi«sinst«I in tha positron system, nandam
coincidence's which of ctwrss, do not a£ feet tin; s c i n t % ^ h i c Kyiitca ani
possible differences in th« radion-̂ clliidk* ttfrtdtas ratios. Tin? tttvthurBd
width of the count *krn -ity psxtfj 1c of the left cardiac bottfcr from the
h i^es t count level dawi to th* lovffl of tns left 3Uwg was the SSKSC for
the thallium imgpr* &mi for th? t t» central planss in ths towafirapJtic
iffiaigî s. Assuming that a sh-trp edge eep&rates the left lateral cardiac
vail from the left lung, the vfidih of this edge in the istffjc i s a direct
ffieasuremmt of the spatial resolution, lbs highest and iovrtst planes
apfwared to have 3»m?.#iat brosdsrr «lgcr.. Tins i s corislr.tent with the
actual situation, sinse the highest and lt*.1? .̂! planes shx* aainly tha
anterior and posterier K;»11S of t to hasi't and since th&ss structures do
not present seuch r.h?srp edges s^iinst tiic hatckgreujid activity. Both
methods appear to sho^ th% mzm anatoRticsl details of ffe hsart, l
in diffctvtnl hsiys, and na m^; <»trustMS%s could be i d i f i d

TJH* som^iat jinollcr field of vi«; of t ie f^sittvKt cxr^na oncf i t«
incrass^d sc«tsitivity at th% center of the field of vira* results in sub-
stantially f^@»ter count density (GOD in tha caitral region of ths iis^e
m centred to tim thallk^n ir^&s containing tha sam total »«wJ;ir of
counts. This i/nptwej? tht quality of tits fisyot«trdiul inajv^s substantially
Whsn the hssart i s prO|iss»ly d

Hial]ito>?01 waw ch^^n as «i femis foi* tsesptrison l«3C3ttr« this
recctntly avdiltikSe agent a^sars tt» givo thff l»i?3t uryoeca\Urtl iMDg^ at
the present tins (M»S>9tlitl?v13). Rsbidiir«-6Ji WJS .selected as tltu
positron sc«troe l>.se.wji« of i t s good iayoa«\Si»il localisation andl i t s U
half-life, which wKcrs i t potcnt&illy available to Una's without
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production f&ciliiJ<w. Bath agents set as potassium analogues and shoald, •
in constiqusitce, bs taW:t\ up by the a.yo:»rdii*l cells in proportion to ths j
local psrfusion. Jteecnt «tnii&;l studies in mice (2?) reveal a sotnsr»£iat S
higher specific eancttntratiori of *9IT1 in ths myocardium cccnpared with i§ lRb. I

RubiditKirSl is not it jure positron emitter; it has strong peaks at \
•I'I6 kcV (0.23 per disintegration) and at 190 keV (0.6>i per disintegration
from tits daughter product, *>K'Kf) as well as the annihilation radiation at
511 key (0.C1 p?ntons par disintegration). In addition, g»ra» rays
bstwsen 2'iH keV and 1.176 t'zV are emitted (total 0.35 per disintegration
(6)). Fortunately, only 7% of the <m6 keV radiation is in coincidence
with the annihilation radiation, of Which a significant fraction is
eliminated by the energy windows. The non-cofesident 190 keV peak is
attenuated to a large degree by the graded absvrbcrs. These extraneous
ifitrsKX ptotons contribjte to both the single event and randan coincidence
rates.

The v^olc body afcorbsd dose is approximately 200 m rad/mCi (10) for
*#IT1 en$ 100 in rad/»r£i for §1Rb (•*). j

In general, it appears in the present study that the iauges obtained
with the positron carcsra system are comparable to those obtained the
conventional system with " 2 T i , as judged subjectively (Fig. 1). The
principal difference is ihs time required to carry out the entire imaging
procedure. The fact thitt all tocrpfjraphic planes are obtained simul-
taneously with ths p:citra"i system is the principal factor in this
difference, since the various views with '"Tl must be obtained
sequentially, There are additional potential gains in the use of the
positron system in that ths digital collection of the data in the list
m«te permits cong>let« flexibility in selection of the location of the
fslflmv; of focus, since they can be reconstructed by simple computer
techniques insicsd of analogue methods. In fact, the low contrast
inherent .in the- temagrophie icage presentation, combined with the radial
variation in sensitivity, mikes unprocessed analogue images almost
unusable*. Further-, it appears possible, with the digital technique, to
alter- ths inclination of ths planes to the axis of the system if this is
desirable.

An .KJditional and nsuch sore exciting capability which appears
possible is ths application of the reconstruction method of Chang,
f&Danald, and P&'ez-ltenSez (3) which, in essence, removes the out-of-fecus
data fkxsca the tctHMt-aphic planes of interest. This should result in
imif.es with much htfthk* contrast and lead to full realization of the
intrinsically superior resolution of the positron imaging node. ;

IVora tha piXT<ent conpsrative study, it can be concluded that the .'
digital tcmo^Citfhic images obtained with tins positron coincidence imaging'
dsvijcc in a clinical situation arc equivalent to pictures taken with con-
ventional pciniigwiphic methods, but require a sltorter imaging time. The
infortivUion derived appears comparable in quality and content. Iran the
point of technical |x»t\fcnTy?r;e, even at this early stage tlx? new system

a w potentjally suparior to conventiojwl nuclear imaging techniques,
it tippr'iirs oisily sdapt-nble to flexible digital manipulations,

iS quantitative reconstruction. ;
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ABSTRACT

In a preliminary study, th-3 delineation of inyocardial infarctions
using tliallium-201 with a conventional gamma camsra has been compared
with the results obtained with a tcfiwgraphic positron camera using
rubidium-81. Six patients with docursented myocardial infarets ware
studied with both methods, collecting 300,000 counts per iiM£C. Tha
four projc 'tions obtained scxiuentielly vath thallium required about
60 minutes. Four tomographic planes recorded simultaneously with the
positron system required about ?0 stinutcs imaging time. Tits .image
quality vas appix»:imately ths sams for- both systems, vMch demonstrated
the lesions well, 'fin? positron systems thup ar"oars to bs suparior in
parfonratxse and in connection with digital nethous is capable of
flexible extension to any numbsr of sinsul^ineous planes of focus and to
reconr-tructive imaging.



ABSTRAKT

Im Rahman einer ers ten Untersuchung wurden konvantionelle
^%>cardscintignamne mit Tcxioscintigrcnraen verglichen, welche mit einesn
neuentwickeltcn Fositronkamsrasysteni aufgenociixan wurden. Sechs
Patienten mit nadigci/iescip.osn Mcrzinfarkt wurden nd.t beiden KethcxleR
untersucht. Vier aufeinnnder'folgende Bilder von je 300 000 counts
bsnotigten mit 20 lTl ttngcfahi* cina Stun^e Aufnahmszeit, wahrend die
siimiltcine AufzeichHung von vier tcxograpnischen Schichten ungefahr
20 Milnuton daucrte. Die Bildqualitat bai bsiden Verfahre erwies sich
als otwu gleichwertig und bside Techniken zcigten vorliandene
HerzmuskcllaeGionen sehr gut. Die Positronkam-:ra weist demzufblge eine
het̂ vor'irvigende tochidsche L^istuiigsfahigkeit auf und bietet in
Verbindung mit digitaler Datcnvcrarbsitung die f^glicWceit zur
Bildrekonstruktion und der B&stijiaiung von flexiblen tonpgiviphischen
Ebsnen in baliebiger Anzahl dufch das Objekt.



ABRECE

Lors d'uns etude pccligdnaire sur la dsliii&ition de l ' infcirctus
du myocarde, on a compare les rSsul ta ts obtenus par l'emploi du
Ihallium 201 e t d'une garrcna cansera conventionnalle avec ceux obtenus
par l e Rubidium 81 e t une positron canem tonqgrviphiqua. On a ctudid
par l e s deux nvSthodes, 6 pat ients so»ffr.-uvt d'infcirctus du nyocarda
oaracter ises . En prenant 300 000 paints par images avec l e Thnlliusi
l e s U projections obtenues en sequence ont p r i s environ SO ran. Les
H plans tomographiquas enregistrcia sl.ivjltanSr.ent avec l e sj'Stfeno! du
posiiron demandant environ 20 min pour la pr ise d'iirage. La qual i te
de I 1 image es t t r e s comparable pour les deux systfsna.1;, qui dans l e s
deux cas font b.;^n appnraitrc les Idsiona. Ccpenderct l c sysliares du
positron senible avoir des perfOiTOanoes suparirut'as e t , couple evee des
m^thodes d ig i t a l e s , e s t capable d'extensiuns f lexibles a n'impDrte qusl
nombrc de plans focaus suaultanes e t a la reconstruction d1images.


