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ike the other imaging modalities,
uclear medicine is moving along

the road towards being a discipline of
prognosis rather than diagnosis. One
way that this will be accomplished is
by the development of new radiophar
maceuticals that will take us further
from the morphologic imaging realm
which the other imagingmodalities do
so well, into the area of functional im
aging based upon the underlying bio
chemistiy. Although PET radiophar
maceuticals have dominated the field
of functional imagingbased upon bio
chemistry in the past, new, single
photon based radiopharmaceuticals
are being developed which challenge
or evenexceedPET's dominantposi
tion. One such example is the devel
opmentanduseof radiolabeledsoma
tostatin analogues not just to identify
tumor tissue, but more importantly, to
predict the sensitivity of the tumortis
sue to therapy using somatostatin it
self (1). This situation, where a them
peutic drug is converted into a
diagnostic drug, is unusual and in this
case results in a highly specialized ap
plication. A more general desire is to
develop a radiopharmaceuticalthat is
able to indicate the (biochemical)
functioning of a piece of tissue such as
the oxygen sensing iodovinyhni
sonidazole(IVM) describedby Martin
et al. in this issue (2).

The functioningof a piece of tissue
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is governed by the laws of supply and
demand. Within limits, output can in
crease so long as the demands are met
by an increase in supply of the neces
sal), nutrients. For short periods of
time, demand can exceed supply at
the cost of producing a nutrientdebt.
As the supply is reduced, the maxi
mum output is restricted and systems
must be downregulated to maintain vi
ability.Belowsomesetpoint,which
can be changed, this results in a ces
sation of output from the tissue. Fur
ther reductions in supply lead ulti
mately to cell death. When supply and
demand are coupled and the tissue is
stable, we can use perfusion, a crude
measurement of supply, to assess the
statusof the tissueon a regionalbasis.
In the case of the brain, we interpret
the demand as that required by the
expected normal neurological func
tioning. In the case of the myocar
dium, we interpretthe demand as that
required by the contractile function of
the heart. When the normal function
ing of the tissue is changed such that
we cannot interpret what the demand
is, perfusion becomes of less value
and we need instead a measure of the
potentialfor recovery (viability)of the
tissue. Such is the case in ischemic
myocardium or presentations of hiber
nating or stunned tissue (3).

The energy state of the cell is a
measureofviability: This is, however,
hard to obtain in a noninvasive man
ncr, partly becauseof the variety of
pathways the cell can use to produce
its energy. A number of radio
pharmaceuticals have been proposed

as viability markers which measure
some aspect of the energy state of the
myocardium (FDG, thallous ion,
palmitate, acetate),but all have their
deficiencies (4). Our understanding of
the informationcontent of a myocar
dial FDG image is, for instance, still
far from complete (5,6) and even the
conditions for obtaining one are still
being refined (7,8). The assessment
of viability is not, of course, only de
sirable for the myocardiumbut is rel
evant to patient managementfor all
situationswhere ischemia is a compo
nent of the disease. This includes
stroke, where delayed presentation
and progression of the insult combine
to make assessmentof intervention
options difficult,and oncology, where
treatment is reliant on differences in
metabolic rates and (undesirable) via
bility. Tissue oxygenation is an acces
sible common denominatorto the cel
lular energy equation (9) and so a
variety of methods for measuring tis
sueoxygenlevelshavebeendevel
oped (10). The potential for using ra
diopharmaceuticals based upon the
radiosensitizer, misonidazole, to de
pict hypoxic tissue in vivo noninva
sively was recognized by Chapmanin
1979 (11). The mechanism that causes
trapping in hypoxic tissue relies on the
competition between enzymatic re
duction and ensuing reoxidation by
molecular oxygen. Thus, mtroimida
zoles are not retained in well oxygen
ated tissue because of efficient reoxi
dation of the species that lead to
trapping. Nor are they retained in se
verelydamagedtissuein whichthe
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enzymes necessaiy for the initial re
duction have ceased to function.

The development and testing of ra
diolabeled nitroimidazoles as probes
of oxygen tension in tissues invivo has
occurred in both PET and SPECT,
with 18F or radioiodine-labeled com
poundsbeingmost common. The tar
get tissues have mostly been the myo
cardium or tumors, with much less
attention centered on the brain. Re
cently some of the compoundshave
been tested in humans, for instance,
FMISO in the myocardium and in tu
mors (12â€”15)and IAZA in tumors
(16).

The paper by Martin et al. in this
issue of the Journal (2) describes the
characteristics of WM, the latest of a
long line of radiohalogenated mis
onidazole derivatives, as a marker for
hypoxia. The authors describe the re
sults of studies performed in two ca
nine models, one with â€œsimpleâ€•ste
nosis and the other with a lesser
degree of stenosis coupled with in
creased demand. In using the first
model, they found increased retention
of IVM-derived radioactivity in areas
with reduced blood supply. The au
thors establish that retention is in ar
eas of viable tissue by using sonomi
crometry to show that there is a return
of contractile function in this tissue.
This goes some way towards counter
ing the criticisms of Goldstein (4) that
hypoxia localizing agents have not
been shown to predict return of func
tion. Uptake was significantly higher
in the endocardium than in the epicar
dium, despite the latter region having
lower average flows, presumably a
manifestation of the increased de
mand of endocardial tissue which
could not be met by increasing flow.
The results of the second model con
firm that increased demand in the
presenceof limited supply also pro
duces hypoxia which can be detected
using IVM. These results place IVM
firmly in the camp of compounds that
can localize in hypoxic tissue in vivo.
They further establish that the tissue
that retains IVM more than normal
tissue is viable but jeopardized. Al
though not addressed in this paper,
other studiesin vitro haveshownthat

infarcted tissue cannot retain nitroim
idazoles because trappingrequiresthe
presence of functioning reducing en
zymes.

No images are presented in this pa
per, so it remains to be seen if the
selective retention of IVM is sufficient
for this purpose. When FMISO was
used in similar canine models, both
Shelton et al. (12) and Martin et al.
(13) found that images of the ischemic/
hypoxic tissue in the myocardium are
not easy to obtain, especially soon af
ter injection. The myocardium ap
pears to be a more difficulttargetthan
tumors because good images of tu
mors have been obtained using
FMISO (14,15) or IAZA (16) at 1â€”2hr
postinjection. Part of the problem is
generic to the current group of ni
troimidazoles and is a result of having
to wait for the radioactivity delivered
to the normal myocardial tissue to
clear to sufficiently low levels, a pro
cess which takes a few hours. Be
cause there is little or no retention of
radioactivity in the normalmyocardial
tissue, reading the nitroimidazole im
ages does have the problem of accu
rately placing the defect within the
myocardium. This is similar to the
problemsof pyrophospateor antimy
osin imagingbut is perhaps more crit
ical, because with mtroimidazoles one
is tryingto identifyviable tissue which
may change and therefore need to be
followed for some time rather than
dead tissue, identffied by infarct-avid
agents, which does not change. Shel
ton et al. (12) developedan imagema
nipulation technique using indepen
denfly measured regional blood flow
to improve their images.

The extended time necessaiy to ac
quire the desired images is a limitation
pointed out by Goldstein (4) which
precludes the use of FMISO in the
acutecardiac ischemiapatient. A cy
clotron-derived radiolabel generally
makes this difficult, and so a techne
tium-labeled agent is desirable [some
progress has been made in this direc
tion (17)]. Thus, none of these agents
is ideal for the management of the
acute ischemia patient, however, the
long residence time in hypoxic tissue
of nitroimidazoles does give one the

options of injecting before interven
tions are started and imaging later,
similar to protocols proposed for
MIBI. For these purposes, the longer
lived radioiodine-labeled IVM or
IAZA and technetium compounds
have some advantages over the â€˜8F-
labeled compounds.

What then is the importanceof the
paper by Martinet a!.? First, the de
velopment of new single-photon ra
diopharmaceuticals is the life-blood of
clinical nuclear medicine. Recent
commentaries on the future of nuclear
medicine in this journal (18â€”21)have
concentrated too much on training,
manpower and political issues and
have omitted the need for new radio
pharmaceuticals as factors of impor
tance. Without new agents, the future
of the field is bleak, as progresswill be
dependent upon extracting new life
from existing agents. There is no
doubt that this can be done. The use
of the thallous ion to measure tumor
viability is a good example (22). There
is, however, a limit to the extractable
net worth yet to be discoveredin cx
isting agents. Nitroimidazoles may
constitute a new marketable class of
compounds that can help nuclear
medicine do what no other imaging
modality can do and thus attractmore
practitioners (notjust physicians)into
the field. New classesof compounds
take tremendous time and effort to
identify and market, and the develop
ment of IVM and LAZA represents
steps along the way.

Second, the development of IVM,
LAZA and technetium-labeled nitro
imidazoles clearly demonstratesthat
SPEC].' has a role to play in the as
sessment of viability in the same way
that the radioiodine-labeled receptor
binders such as CIT (23) and soma
tostatin analogues (1) have shown that
PET does not have sole ownership of
the measurement (quantitative or
qualitative) of receptors in vivo.

Third, the development of the ra
dioiodine-labelednitroimidazoles has
taken significant time and effort by a
number of groups. The two com
pounds that have progressedthe far
thest do not have the samecharacter
istics (24) and further development is
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planned. Conversion to technetium
labeled compoundsis occurring, but
marketing will not come quickly nor
inexpensively because of the tremen
dous effort it takes to develop new
classes of compounds.

Finally, the development of viabil
ity indicating compounds will exercise
the minds of the regulators and the
regulated as to how to design clinical
trials that will show not only efficacy
(Do the compounds allow the predic
tion of viability?) but also, given this
new economicclimate, efficiency (Do
the compoundsprovide a prediction
of viability by nuclear medicine pro
cedureslessexpensivethanother (im
aging) modalities?) These two yard
sticks of efficacy and efficiency are
now being asked of nuclear medicine.
Therefore, new radiopharmaceuticals
are one of the major factors in deter
mining the future viability of nuclear
medicine.

AdthnD.Nunn
Brirtol-Myers Squibb Pharmaceutical

Research Institute
New B,WISWiC/Ã§New Je,rey
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