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Science Behind Clinical PET

WilliamJ. Maclntyre
Raymundo T. Go

Sebastian A. Cook

Cleveland Clinic Foundation

Cleveland, Ohio

TO THE EDITOR: Fischman and Strauss (1) have made an
extremely important contribution to the subject of clinical PET.
Their editorial is clear, concise and informative. They have
furthermore addressed the issues up front.

The authors are correct in pointing out that it appears that
nuclear physicians writing or talking about clinical PET are
opponents or proponents. This unfortunate difference of philos
ophies is not with PET, but rather with the clinical application
ofPET at this periodoftime wherecost/efficiencyconsiderations
dominate the opinion of nonphysicians about medical practice.
Yet, nobody in nuclear medicine would disagree with the prop
osition, as correctly stated in the editorial, that PET is a unique
modality in which our field can grow.

A most critical section in the editorial relates to a discussion
on the additional value of PET when compared with SPECT. Of
the 57 lines devoted to this section, 40 (= 70%) discuss nuclear
cardiology issues. In consideration of myocardial perfusion im
aging,the conclusionis that the jury is still out. I agreewith the
authors that the work of Gould has been enthusiastically per
formed. However, a key question in perfusion imaging still re
mains: given a patient with CAD, how is the decision made as to
whom should be offered SPECT investigation and whom should
be given a PET study? Consider the radioisotopes that are avail
able: 20@fl,99mTc..hexamibi,99mTc..te@roxime,82Rb, â€˜3N-ammo
nia, 62Cu-PTSM and@ @O.Detectors available are planar Anger
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Does PET Offer Little Additional Value when
Compared with SPECT?

TO THE EDITOR: It is rather embarrassing to write to the
editors criticizing the article that the editors themselves have
written, but in this case it probably should be done. We are
referring to the commentary by Fischman and Strauss (1) con
cerning the comparison of PET and SPECT.

In their discussion of comparative myocardial perfusion stud
ies with 82RbPET and 20'Tl SPECT, the authors fault the corn
parative study of Go et al. (2), which shows significantly higher
sensitivity and accuracy with 82Rb PET, by stating that, unfor
tunately, the 20'Tl SPECT studies were done by stress/redistri
bution rather than by stress/reinjection. The implication was that
the SPECT sensitivity would be higher ifthe redistribution study
were done with 201'flreinjection.

This statement is, ofcourse, nonsense. Sensitivity of detection
of coronary artery disease (CAD) is based entirely on the stress
study and has nothing to do with the redistribution, reinjection
or rest study. The latter measurement is performed to distinguish
ischemia from scar, not normal subjects from abnormal subjects.
In their own paper (3), in which the authors quote the â€œhigher
sensitivityâ€•ofthe reinjection method, this higher sensitivity refers
to thesensitivityin distinguishingischemiafromscarnot higher
sensitivity in identifying CAD.

In the authors' last sentence of that paragraph, they conclude
that in the case for PET versus SPECT for myocardial perfusion,
â€œthejury is still outâ€•(1). The phase â€œonlyif the prosecutors are
still confusedâ€•could be added.

The authors' views on the value of PET imaging for determin
ing myocardial viability are also somewhat cavalier. Although the
reports of Bonow et al. (4) and Tamaki et al. (5) were quoted, no
mention was made of the work of Brunken et al. (6), where in
twelve patients 58% of the segments with a fixed 201Tluptake
showed myocardial glucose utilization, or Cook et al. (7), who
reported that of 33 patients with fixed defects determined by a
true resting 82Rb myocardial perfusion procedure, nine patients
(27%)demonstratedviablemyocardiumwith ISf@T@f@@Of course,
the work of Brunken Ctal. was done with 4-hr thallium redistri
bution so that some portion of the 58% could well be ischemic.
Even if the reduction due to ischernia would be expected to be
31 % of the fixed defect segments (3), myocardial glucose utiliza
tion would still be present in 28% of the remaining persistent
segments.

Although no claims were made for identifying â€œallâ€•viable
regions, the superiority of FDG PET over any potassium analog
reinjection or rest study appears well established. It is not clear
how much additional work is necessary to convince the Com
mittee on Advanced Cardiac Imaging and Technology of the

Council on Clinical Cardiology of the American Heart Associa
tion (8) that these PET results are more than â€œtantalizingâ€•(1).
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camera, one or three-detector SPECT systems, PET cameras with
no rings or with four or eight rings and septa present or absent
(for optimized three-dimensional sampling). Finally, the interven
tion can be exercise, dipyridamole, adenosine or dobutamine. In
this multidimensional decision matrix, there is indeed a pressing
need for narrowing the duties of the jury!

Because of my NIH-sponsored research results, I have taken
great pains to explore the science behind the detection of viable
myocardium with FDG. We have published an editorial that
addressesthis matterdirectlyand concludeswithseveralscientific
reservationson cardiacFDG studies(2). Ofsignificance,Gropler
and Bergmann (3) and Lear(4) have recently published editorials
in JNM in which other reservations are voiced. Without being
redundant, our consensus is that FDG does not yet pass scientific
tests for being the gold standard for myocardial viability. At the
recent meetings of the American Heart Association, Pohost con
cluded that SPECT scintigraphy is most costeffective for detection
of myocardialviability.Among the agents for this purpose are
2Â°'Tl,99mTc..hexamibiand 99mTc..te@roxime. If FDG is to corn
pete with SPECT scintigraphy,multicenter trials of the type
recommended by the AHA (5) are needed to identify the subsets
of CAD patients requiring FDG studies. Incidentally, echocar
diography with dobutamine is another competing modality since
it can also give viability information.

In a previous letter in this Journal, I stated that I disagreed
with the position of the SNM and the ACNP that PET radio
nuclides should be exempt from efficacy appraisal by the Food
and Drug Administration (FDA). If that were the case, then
reimbursement,as discussedin the editorial,would be the only
way for efficacytestingoutside of the jurisdiction of FDA. That
would be unfair to other radiopharmaceuticals,such as mono
clonal antibodies, none of which have been approved for human
use.Also,it isobviousthat trialsafterreimbursementbut without
the FDA clinical phases process, might be biased since a $5
million PET investment is a strong incentive for obtaining posi
tive results.

I thinkit is timefornuclearcardiologiststo facethechallenge
and jointly establish the clinical utility ofdifferent modalities for
assessing myocardial perfusion and viability.
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REPLY: The dichotomy of opinion of McIntyre et al. and
Bianco about our editorial (1) highlights the need for a well

defined comparison ofthese radionuclide imaging modalities. We
would like to thank Maclntyre et al. for pointing out an error in
our editorial: only initial images are required for the detection of
coronary artery disease with myocardial perfusion imaging.

It is clear from their comments that Maclntyre et al. are PET
enthusiasts, convinced of the superiority of PET for cardiac
applications. Based on theoretical considerations, review of the
literatureand our own personalexperience,wetend to agreewith
them.However,it seemsprudenttowithholdourunconditional
endorsement of cardiac PET for clinical decision making until
irrefutable data on a large number of patients are available.

Although measurements of resolution, statistical reliability and
lack of attenuation artifacts suggest that PET based myocardial
perfusion studies are superior to single-photon methods, the
clinical community needs to know whether these technical ad
vantages benefit patient care.

An area where PET could make a major contribution to
nuclearcardiology is in differentiatingareas ofischemic but viable
myocardiurn from scar. Although we did not cite many references
in this area, our discussion made the point that the quantity of
supporting data for the utility PET for making this distinction is

not overwhelming. Bianco is less enthusiastic about the future of
clinicalcardiac PET. He questionsthe use of 8pJ( as a â€œgold
standardâ€•for evaluating myocardial viability and suggests that a
large multicenter trial will be required to define those clinical
situations where PET studies are required. Overall, we agree that
only the objective scientific observations of a multicenter trial
can establish the clinical utility of PET.

Manyquestionsremain about the use of FDG for quantifying
myocardial viability. Should these studies be performed under
fasting or glucose-loaded conditions? Ifglucose-loaded, should it
be after a single bolus or under controlled â€œclampâ€•conditions?
These questions suggest that an alternative to metabolic imaging
should be sought. A quantitative myocardial perfusion study may
provide information about viability. In this regard, we would like
to mention the results of a recent study performed in our labo
ratory by Gewirtz (2). In a group of 28 patients with previous
myocardial infarction, we compared the results of quantitative
blood flow studies with â€˜3NH3to â€˜8fl)(studies (with glucose
loading) for detecting viable myocardium. In this group of sub
jects, myocardial blood flow in regions of previous infarction
(MI)wassignificantlylowerthan in zonesofnormal myocardium
(NZ): 0.33 Â±0.24 versus 1.02 Â±0.48 ml/min/g, p < 0.01 . Border
zone regions(BZ)showedintermediatereductions in flow:0.68
Â±0.34 ml/minâ€•g (p < 0.01 versus MI and NZ). Mismatches of

flowand FDG occurredin only sixzones(fivepatients)of which
five (4 BZ, 1 MI) had flows of greater than 0.40 (0.65 Â±0.08).
Perfusion and FDG accumulation were well correlated in MI
zones. This study suggeststhat in patients with previous MI,
viable myocardium is unlikely to be present in areas in which
flow is < 0.40 ml/min/g.

To end the speculation about PET, we need to work with
funding agencies to organize and perform a multicenter trial to
define the clinical utility of PET imaging procedures.
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