
PET Transmutation
Historically, Einstein taught us 75 years ago (I) that matter and

energy are but different forms of the same physical entity. The
proportionality constant he derived to relate them is the velocity
oflightsquared,andtheequalitybecomesE= mc2.Thisfamous
simpleequationimpliesthat,underappropriateconditions,matter
maybe transmutedintoenergy,and viceversa.A minusculebit
of matter disappears as such by transmutation spontaneously into
any of the variousformsof energy,the manifestationsof which
makethe nucleardisintegrationsof radionuclidesusefulto us in
â€œnuclearâ€•medicine. In fact, Einstein implied in his brief paper(1)
thatproofofhistheorymightbefoundinradiumsaltswherethe
changes in mass may be sufficiently great to be demonstrable.

And even Newton is said to have commented (2) centuries be
fore Einstein upon the delight of nature in transmutations in re
spectto the changingofbodies intolight, and light into bodieswhen
heposedthequestionastowhethergrossbodiesandlightare
convertible one into the other.

Instruments and technologiesrapidly are emerging that depend
upon events thatfollow the emission of a positron, usually. The
discovery of this mode of radioactive decay was involvedcoinci
dentallywiththediscoveryofartificialradioactivitybyF.Joliot
and I. Curiein Parisin 1934(3) whentheyfoundthat phospho
rus-30 and nitrogen- I3 emitted positrons. Whenever a positron
is emitted from the nucleus of a â€œpositronemitterâ€•[@f3-nucIide]
into matter, such as tissues and organs, it very rapidly loses its
kinetic energy by repeated encounters with negative electrons until
it coalesces transiently with one of them and the positron+electron
pair then transmutes from matter into energy. Predominantly, this
energy manifests itself as two @â€˜y-quantaeach of which usually
has an energy of 511 keV, the energy equivalent to the mass of an
electron, in accordance with Einstein's equation, E = mc2.Here,
m is 9.1 X 10.28g, the mass ofeach electron, at rest. To conserve
momentum, the two @â€œy-quantaare emitted â€œback-to-backâ€•at 180
Â±0.3 degrees to each other. Obviously, then, transmutation of
matter into energy occurs; but â€œannihilationâ€•does not, for we
continue to recognize the sameentity in another physical form.
Obviously,too,the term,â€œannihilation,â€•isa misnomer,although
it has come into fairly common usage. In a consideration of the
word, transmute, in a standard dictionary (4), Gerard Piel states
. . . â€œenergy converts into matter as naturally as matter transmutes

into energy.â€•
Exploitation of the inherent â€œdirectionality,â€•usually available

incidental to emissionof the two @â€œy-quantato locate the positions
taken by accumulations of @f3-nuclidesin biomedical matter, first
was advocated and demonstrated three decades ago (5). Several
advances in the pertinent instrumentation have taken place since
then (6) and a plethora of terms have appeared to symbolize the
samephenomena.

Since the basic physical process involved is the transmutation
of a positron+electron pair predominantly into the two 51l-keV
Ã©@y@quanta,it seems appropriate that the acronym, PET, might
be adopted to serve as a suitable succinct symbolic abbreviation
for the compound term, â€œPositron+ElectronTransmutation.â€•
â€œPETcameraâ€•more realistically indicates the inherent physical
phenomena upon which the instrument depends than does â€œposi
troncamera.â€•â€œPETTomographyâ€•(6) alsomoreaptlyexpresses

the nature ofthe process, which rapidly is becoming a significant
part of nuclear biomedicine, than doesâ€œPositronEmission To
mography.â€•To be sure, the emission ofa positron is involved; but,
it is the transmutation subsequentlyof the positron+electron pair
into the @â€˜y-quantapair, which is the essential central feature of
the process that interests us.

Then, out of respect for, and our appreciation of, the intuition
of Einstein (1), as we enter the second century following his birth,
the current historian ofThe Society ofNuclear Medicine suggests
that we annihilate â€œannihilateâ€•from our terminology when we
wish to indicate the occurrence of â€œPositron+Electron Trans.
mutationâ€•by adopting the acronym, PET, to symbolize the phe
nomenon. It seemsdesirable that wewould wish to choosea sym
holism that approaches as nearly as possible to â€œwherethe action
isâ€•of the physical process we are exploiting.

In this way we will avoid the pitfalls stemming from looseter
minology, described long ago (7) ... â€œCome,let us go down, and
there make sucha babble of their languagethat they will not un
derstand one another's speech.â€•. . . Incidentally, this historian was
unable to find an earlier reference to support his point of view.

WILLIAMG. MYERS
Historian
Society of Nuclear Medicine
Ohio State University Hospitals
Columbus, Ohio
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Formatter Linearity
The recentpublication of the Nuclear Sectionof the Diagnostic,

Imaging and Therapy Systems Division of NEMA represents a
major stride toward industry uniformity with their publication,
The NEMA Standard Publication/No NU 1-1980 â€œPerformance
Measurements ofScintillation Cameras. â€œThe industry has long
needed such a set of standards for reference for the manufacture,
sale, and maintenance of scintillation cameras.

Workers in the field realize that spatial resolution, field-flood
uniformity, and spatial linearity are important parametersfor the
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byapaperinthesameissue(2).Intheircomputersimulationthese
authors assumedthree RR intervals, eachof them corresponding
to a complete sinusoidal contraction. This model differs from re
ality bysimulatingthe behaviorofa heart adapting to an eventthat
hasnot yet occurred. In truth, the heart doesnot know that an ES
will follow.
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Reply
Thecommentsby Dr.Gorison myteachingeditorialon ECG

gating are interesting and most appreciated. He proposes a
mechanism for partial compensation of the errors contributed by
the collection of irregular cycle lengths in the composite ventricular
volume curve. As discussed in my paper, there are several mech
anisms for correcting data obtained from nonuniform cycle lengths,
but usuallythey require list-modeacquisitionand subsequentdata
framing. Most nuclear medicine computer systems do not include
mechanisms for correction of irregular cycle lengths in their car
diac protocols.Dr. Goris states that I â€œcomplainâ€•that commercial
systems today reject cycles following the initiating irregular cycle
(which is accepted). This is the case, and even if the contraction
phasesof this cycle are normal, the addition of this data to the
composite cycle distorts the curve shape and causes inaccuracies
in the calculation of the ejection fraction. In the paper by Brash,
et al. that Dr.Gorisreferencestheseerrorsare emphasized(I).
In fact, Brash et al. state several times that the ectopic beats and
the postectopic accentuated beat must be excluded from the
analysis in order to avoid errors in the shape of the volumecurve
and the valueof the ejectionfraction.Dr. Gorissuggeststhat
â€œcorrectioncan easily be made by recording the number of average
cyclessampledineach intervaland normalizingon this basis.â€•This
position assumes that the ventricular contraction up to the be
ginning of the extra systole is completely normal with respectto
its time distribution, and it also assumes that there is never an in
itiating irregular cycle that is longer than the the selected R-to-R
range. In the contextof R-wavegating irregular beats relate to the
time interval of the R-to-R interval and not to the characteristics
of the muscular contraction itself. The computer measures only
the R-to-R interval,and thereforerejectionor acceptanceof a beat
is based only on this time measurement. It appears that the concept
proposed by Dr. Goris that â€œtheheart does not know when an extra
systolewillfollowâ€•is true, and hiscorrectionschemewouldbevalid
in the mostcommoncircumstancesof irregularcyclelengths,i.e.,
premature ventricular contraction, but not as a universalsolution
to the problem.

PAUL H. MURPHY
Baylor College of Medicine
St. Luke's Episcopal-TexasChildren's Hospital
Houston,Texas
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FiG. 1. Exampleof our most severe formatter nonlinearity.Co-57
field flood with 10-cm (outer diameter) disc. Single-image format
and 1 mIllion counts/image. Camera linearity was within specifi
cations. (A) Disc in center has no distortion. (B) Disc in periphery
has distortion in x-axis. Whenpositionedin other peripheralareas,
this distortion changed and in some places affected y-axis lin
earity.

evaluation of the performance of quality imaging in the clinical
setting. It is essential when viewingan imaging system, however,
not to lookonlyat the detector. The image formatter is one of the
critical elements in the total imaging system and when evaluation
of the hardcopy deviceis excluded,any discussionof camera per
formance is deficient.

Recently we were reminded of this fact when at each of our in
stitutions several of our vendors' image formatters, when carefully
evaluated, showed a 7-25% distortion on the peripheral, yet useful,
fieldofview (Fig. 1). A detectorlinearity of Â±1%isquicklyover
shadowed by a formatter nonlinearity of 10%. As far as we could
determine, most manufacturers have no specifications for for
matter linearity. It is important that the industry recognize this
shortcoming and establish strict manufacturing, sales, and
maintenance specifications for all hardcopy devices. With this
moreencompassinginformationthenuclearmedicinelaboratories
will havea methodfor theevaluationofimaging systemsasa whole
rather than for the detector alone.

MANUELL. BROWN
WILLIAM L. DUNN
MayoClinic
Rochester, Minnesota

MICHAELTUSCAN
University of MichiganHospital
Ann Arbor, Michigan

Re:ECGGating:Doesit AdequatelyMonitor
VentricularContraction?

InhiseditorialonECGgating(1), P.H.Murphycomplainsthat
â€œ. . . commercial systems today reject cycles following the one ir

regular beat.â€•Which â€œisordinarily accepted.â€•The implication
is obviously that the contraction that precedes the extra systole
(ES) isabnormal.Thiswouldbe the case,however,onlyifthe heart
itself knew that an ES would follow.

Actually,iftheaveragecycleis16&andiftheESoccursatthe
time ni@T<16i@T,all the data collected between 0 and n@Tare
those of an average but interrupted cycle. No data are obtained
for that beat during the interval n@Tto 16@T.The net result is
an undersampling in the later intervals but not an error in the
earlier intervals.

Correction can easily be made by recording the number of av
eragecyclessampledin eachinterval and normalizingon this basis.
No blurring should result. A clue to the apparent confusion is given
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