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Preface

NEW CONCEPTS IN CARDIAC IMAGING 1987 (NCCI) extends the philosophy of
. the first two volumes in this annual series by providing critical reviews of selected
but timely topics thematically related to clinical cardiac imaging. Reviews cover the
four types of cardiac imaging modalities: ultrasound, radionuclide, x-ray, and mag-
netic. Written by acknowledged experts, these reviews are designed to explain
clearly and critically selected aspects of the science and advances in the technology.

The lead article for this year’s volume is “The Practicality and Operation of PET”
‘by Terry Jones. This contribution places PET technology in practical perspective and
speculates on the future. While enormous potential for PET exists, its widespread
applications are limited by cost and other resources (space, personnel, etc.). Nev-
ertheless, major industrial organizations are now becoming involved and a wide
variety of clinical applications for PET are being established in the cardiology liter-
ature. It appears that within the next decade PET imaging will be widely available.
Dr. Jones’ analysis is truly worth reading since it is an exposé of things to come.

Each of the four sections of this NCCI volume opens with an overview confcumng,.p i
editorial perspectives about the articles. The topics covered in Part 1, Ultrasound "
Methods, include evaluation of heart function during exercise, contrast echocardiog-
raphy, and detection of cardiac masses. Part 2 presents reviews of radionuclide
methods and utility of measurements to assess left ventricular diastolic function, plate-
let imaging, PET for assessment of myocardial perfusion, and PET relative to other
methods to detect myocardial ischemia. Articles in the section on x-ray imaging
techniques address the diagnostic role of digital subtraction angiography and cine-
CT (in congenital heart disease). This year’s section on magnetic methods includes
the following issues: high speed NMR imaging, NMR contrast agents, application of
NMR imaging to evaluation of left ventricular functien, and the potential hazards of
NMR methods.

There is little doubt that great strides continue in cardiac imaging, and NCC! is
intended to help you keep abreast of ‘these developments. For example, the trend
toward an entirely noninvasive diagnostic examination, ultimately reserving cardiac
- catheterization for therapy, will be addressed specifically in the 1988 volume with
a specml section on noninvasive angiography.

The Editorial Board hopes that you will enjoy and learn from the NEW CON-
CEPTS IN CARDIAC IMAGING series of critical reviews. We welcome your com-
ments and suggestions.

GERALD M. PoHosT, M.D.
EDITOR-IN-CHIEF
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PLATE 1 (Fig 12, C, Panidis Chapter).—Autopsy specimen showing a
thrombosed vegetation involving the septal leaflet of the tricuspid valve.
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The Practicality and
Operation of PET

TERRY JONES, Ph.D.

Medical Res;aarch Council, Cyclotron Unit, Hammersmith Hospital, London

POSITRON EMISSION TOMOGRAPHY (PET) represents the most ad-
vanced means for noninvasively investigating regional tissue
function. The tomographs themselves can provide quon'mohve
data on the uptake and transit of tracers within tissues.'®
Shon‘ Ilvedé positron-emitting radioisotopes, such as '°O, "N,

"'C, and '°F, offer suitable labels for biologic molecules. Effi-
cient chemical synthetic methods have been developed to label
a range of chemical compounds so that usable amounts of
tracer material can be made despite the rapid decay of the
radionuclides.'? Positron emission tomography represents two
components of accuracy for in vivo tracer studies. Natural bio-
logic molecules can be labeled and their regional tissue con-
centrations measured. This enables tracer kinetic models to be
defined, based on the known tfissue compartmentation of bio-
chemical compounds. The recorded quantitative scan data can
then be processed through these models to obtain values for
the biochemical, physiologic, or pharmacologic func‘non of the
tissue being fraced.

In cardiologic conditions, disturbances in regional tissue
function occur both in the myocardium itself and in other vital
and peripheral areas of the body. In view of the difficulty of
investigating these tissue function disturbances, and the de-
gree of pathophysiologic ignorance that exists, PET offers a rel-
evant tool for investigative cardiology. However, to date, com=
paratively few groups have explored the use of PET in
cardiology or, for that matter, in other areas of medicine. The
proponents of this advanced methodology are motivated by
the potential contribution it can make to furthering knowledge
of focal human disease and its treatment. This motivation, on
occasion, is blunted by the less-than-enthusiastic response and,

I\
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2 T. Jones

mdeed lack of interest exhibited by the medical community at
|orge Why is there a “turn off” from PET, and could there be
“turn on”? Is it that clinicians do not thlnk in terms of re-
gionol tissue function, despite the educational grounding most
have in scientific subjects? Or is it that the technical and logis-
tic aspects of this speciality are barriers to acceptance and in-
terest? This chapter places these technical aspects in their prac-
tical perspective. My aim is to encourage clinical cardiologists
to ‘ask questions abowt PET methodology and to extend their
currently modest involvement in this area of investigation.

THE PERCEPTION OF PET BY THE CLINICAL
COMMUNITY

This journal is concerned with cardiac imaging. Let us then
examine what image the cardiologist and the medical com-
munity at large have of PET and its application. It is seen as a
logistically complex and expensive methodology whose use is
confined to a few centers, which, through the drive of some
individuals, have gathered funds to explore the application of
PET. The need for.a qyc'ojron, radiochemistry skills and labo-
ratories, expensive PET scanners, in addition to the expertise
required to interpret T%e recorded data, tend to extinguish
sparks-of clinical interest. Also, the spatial definition of PET
images, although represe tative of tissue function, are not like
the crisp anotomnccxip %yﬁered by x-ray, computed tomog-
raphy, and nuclear | ma' netic resonance imaging. This superfi-
cial inspection of PET ind the “complexity shock” are barriers
to the recognitionsthat functional reselution is being offered.
The fact that a PET scan could represent the state of the tissue’s
sponse o freatment is often ‘not reflected
upon. Up until now, it has been inappropriate for clinicians to
order a PET scan, since applications have required a close in-
volvement with 1he proce ss of data collection and analysis: It
is this commitment that is the key to advancing the field and
leveling the barriers before if.

At present, the actu@xgumber of cardiac PET studies being
undertaken is very small, and some are analyzed and as-
sessed outside of mainstream cardiology. The PET enthusnasts
are dispersed internationally, and the “critical mass” of inves-
tigators needed to advance areas of application has yet fo be

2

created. Nevertheless he investigative tools now exist, and so
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-do the clinical cardiologic questions. Addifiono“y, medical doc-
tors, having a better-than-ever grounding in basic sciences,
should in principle, be appreciative of what PET has to offer.
From the outset, the question is not, “will this area ever be
accepted?” but “when?” Let us then look at the “turn offs” that
are associated with this specialty.

LOGISTIC HURDLES IN PET

The principal indigestible aspect is the technology necessary
to implement PET scanning. On closer examination, it is seen
that much of this technology is rapidly becoming 'streamlined.
A cyclotron, that is, a charged particle acgelerator, is needed to
produce the short-lived positron-emitting tracers. General med-
ical’ use of such equipment may seem® impractical. However,
linear accelerators of electrons (Linacs) are used extensively for
supervoltage radiotherapy of human cancers. These sources of
intense radiation, like cyclotrons, also have to be shielded.
There is currently a move to provide cyclotrons suitable for hos-
pials which are as practical as therapy Linacs. There are now
six commercial manufacturers (three in Japan) of baby cyclo-
trons, tailored for hespital PET studies. The labeling of tracer
compounds with the short-lived isotopes is also seen as being
formidable. Shielded hot cells are needed, and so are remotely
controlled, novel radiosynthetic processes and efficient quality
control procedures. This challenge has been taken up, and spe-
cific routes for synthesis have been 1den’nf1ed that offer a
whole range of labeled comlpounds For example, the
method based on the use of ''CHjl is able, in prmcnple fo
label some 15% of the drugs in the phormocopoela with ''C
within_a synthetic time of 40-60 minutes. By adopting stan-
. dard methods, labeling with short-lived isotopes could become
“more widespread than at present.

- The PET scanners themselves are expensive. This is due not
least to the limited commercial market and because the under-

lying technology is still being improved upon and hence has
" required developmental capital. Nevertheless, much effort
‘from industry and the universities is being channeled into per-
fecting the spatial resolution, sensitivity, and cost effectiveness
of PET scdnners. There are currently at least six companies
manufactunng PET scanners together with computer packages
for image processnng It is predlcted that, within a few years,
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machines with the theoretical limit of 2-3-mm resolution will
be commercially available. At present, 5-6-mm machines are
in use, and already they are making convincing impressions
on those who thought, because of their experience with the
earlier generation of scanners, that PET meant blurred images.
Also, the first PET scanners recorded just one transaxial plane
of data at a time so that complete surveys of the myocardium
were achieved with difficulty. The current multiplane scanners
overcome this problem and provide the overall functional
landscape of the organs.

The full scope of PET as a means for studying a wide range
of tracers has yet to fully express itself. At present, few PET
tracer procedures are sufficiently perfected to provide quanti-
tative measurement of a specific entity of tissue function. Es-
tablished measurements include blood flow, oxygen, glucose,
and fatty acid utilization, amino acid transport, and some re-
ceptor binding studies. The study of receptor binding is attract-
ing much interest, since’the inherent sensitivity of PET is unri-
valed for such in vivo measurements. Methods have also been
established for measuring certain components of tissue func-
tion—in particular, energy supply and metabolism. The chief
growth of the PET methodology lies in the creation of new,
accurate procedures. To implement the existing. technlques,
care is needed in the recording and analysis of data, but an
investigative clinical laboratory is well able to do this. A cost
analysis of PET for clinical use has been reported.'’

CARDIOLOGIC EXPERIENCE OF PET

Seven or eight of the current PET groups hove undertaken
cardiologic studies. While not all of the same depth, the prac-
ticality of these studles has been illustrated. Interest has cen-
tered on the use, of ?Rb to study transit changes in myocardial -
perfusion.> ¢ 2% 2 4 Tissue energy metabolism methods, involv--
ing glucose cmd fatty acid utilization, have been introduced.
Interesting and new information has been obtained about -
patients with . angina, myocardial infarction, and cardio--
myopathies. It is not one of the aims of this paper fo dis-’
cuss fhe SI%mflconce of these fmdln%s (5ecommended re- .
views,’ % clinical papers, b bindeos e 5 9
‘and reports]'7’ '7:32. covering these studies are named in the
chapter references) Porollel PET pulmonory studies have also
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been reported, lncludlng the measurement g‘f)_reglonol extra-
vascular Iung water in cardiac pomen’rs S

‘THE FUTURE SCOPE FOR PET CARDIOLOGY
-STUDIES = -

Most of the PET cardiology work to date has ;en'rered on en-
ergy supply and utilization within the myocardium. Neverthe-
less, study of the functional state of other organs will be
needed in order to assess how %his relates overall to the cardiac
conditions. It is clear, for example, that renal perfusion is often
central to cardiac work and output in hypertensive states. Also,
PET receptor ligand studies of the myocardium will become of
interest. Methods have olrecdy been reported for muscarinic
receptor measurements.’” The interest in examining B-adren-
ergic receptors is focused on. 'rhe foct that their density is re-
duced in the failing heart.* '* '%*% Investigation of dopamine-
receptor function' in organs such as the kldney bear direct rel-
evance to a treatment aimed at improving cardiac function.'®
The extensive amount of cardiac bypass surgery currently
being undertaken stimulates the need to study the functional
consequences of these procedures on organs other than the
heart.

CONCLUSION

The introduction of positron emission tomography into car-
diology is occurring slowly, but surely. The lack of expected
enthusiasm from cardiologists stems mainly from what they
perceive as being unsurmountable logistic difficulties. As this’
speciality matures, it is clear that the logistics can now be cir-
cumvented, and the new generation of PET scanners offer not”
only functional information on tissue function but spatial infor-
mation that is comparable with other imaging modalities. This
investigative tool needs to be explored, to add to man’s knowl-
edge of cardiac diseases and their treatments. It would be ap-
propriate for more academic departments of cardiology to ask=
questions about cardiac disease using PET methodology. This
would certainly place the results into the context of advanced
clinieal practice. There continues to be a search for an objective
and direct means of assessing clinical treatment. Positron emis-
sion tomography offers this, but to exploit the opportunity, clin-
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ical investigators will need to orientate their thinking in terms.
of focal tissue biochemistry, physiology, and pharmacology.

15:
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