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M ore than a decade after the
introduction of commercial

rotating camera SPECT systems it ap
pears that we are still on the toe of the
learning curve for this technology. It
is a continuing source of amazement
that this technique can harbor so
many surprises and run so perversely
counter to our experience with planar
imaging and our hard won intuitions.

Early in our experience with
SPECT as a clinical tool, it was
learned that the method was techni
cally demanding and fraught with po
tential traps for the careless practi
tioner. Statistical noise, which we had
learned to deal with as a simple Pois
son function that could be easily
understood and managed, suddenly
loomed as a monster in a new embod
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iment. The demands for counts sky
rocketed (1 ) and noise in these com
puter-reconstructed images took on a
new guise, which sometimes looked
disturbingly like real structure. To
deal with the noise chimera, we
learned we could tailor the filters used
in â€œfilteredbackprojectionâ€• to suit the
specific imaging situation. Of course,
in so doing, we could also erase real
structure and obscure real informa
tion.

Artifacts loomed out ofthe mists of
inexperience (2). Camera perform
ance suddenly became critically im
portant. Camera field nonuniformi
tiesthat werenot only tolerablebut
invisible in conventional imaging sit
uations suddenly proved to be intol
erable for SPECT (3,4). The demands
for quality control on SPECT equip
ment ballooned to a point where some
practioners stated, â€œWecan't be both
ered doing that sort of thing.â€•After
all, spending an hour or more per

camera just doing field floods was
time wasted and money down the
drain. Wasn't it?

Considering the problems with sta
tistical noise that have been empha
sized with SPECT, it comes as a real
shock to discover that the optimum
choice of collimators for SPECT is
almost always in favor of higher res
olution and lower sensitivity. As coun
terintuitive as this seems, the truth of
thisfactissupportedbymathematical
modeling (5), simulation experiments
(6), and practical trials ( 7).

Faced with many seemingly con
flicting and counterintuitive facts re
garding the technical conduct of
SPECT studies, the practitioner is left
with little choice but to specify rigid,
highly detailed protocols for the con
duct of each and every study and to
demand that the technologists respon
sible for conducting these studies fol
low such protocols unvaringly. Hay
ing made such a decision, the problem
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becomes how to specify each protocol
properly. SPECT imaging of myocar
dial perfusion with 201T1is a good case
study on how such protocols can
evolve, with new problems being re
vealed as old ones are solved.

Controversy over the use of 180-
degree versus 360-degree data acqui
sition flared for a while. Theoretical
reasoning(8) and biased experimental
evidence (9) were used to fuel the fire,
but the practical evidence of empirical
experience won out (10) and virtually
all labsâ€”at least those using single
head systemsâ€”now perform 201Tl
myocardial SPECT with 180-degree
offset orbits. More recently, problems
of nonspecificity and artifacts charac
teristic of SPECT imaging have been
described. It has been suggested that
some of these artifacts are due to in
consistent attentuation of radiation
from portions of the myocardium by
structures such as the diaphragm or
the female breast (11,12).

Now Maniawski et al. (13) raise the
possibility that similar artifacts may
arise due to factors such as the use of
elliptical orbits or eccentric position
ing of the heart in relation to the axis
of rotation.

It is instructive to examine the re
sults ofManiawski et al. in light of the
comments that I have already made
regarding strict adherence to protocol
during studies and believing the em
pirical evidence of our senses when
theory and/or intuition might mdi
cate otherwise.

Taking the latter point first, a close
look at Figures 1A and 3 of their
article is revealing. One can first note
that the defects depicted in Figure IA
are centered at roughly 11:30and 7:00
o'clock; i.e., they are not exactly 180Â°
opposite to one another. Further
more, they are not exactly the same
size, the 7:00 defect being larger. They
are also present in the circular orbit
images, although they are certainly
exaggerated in the elliptical orbit
study. By comparison, the defects in
dicated in the simulation study, Fig
ure 3, are precisely opposite to one
another, precisely equal in size, and
are not evident at all in the circular

orbit images. These observations im
mediately suggest the possibility that
these defects are not due to the same
cause. Even more suspect is the fact
that the orientation of the defects in
the simulation study is almost at right
angles to the orientation ofthe defects
in the patient study.

Now perhaps it can be argued that
these differences are due to differences
in experimental technique. This
brings me to the second point that we
should consider. If SPECT demands
rigid adherence to precise protocols
and it doesâ€”then simulation experi
ments designed to study artifact gen
eration in specific SPECT imaging sit
uations must adhere to similar proto
cols. Simulation studies should
control variables, so that the effects of
changes can be quantified. Failure to
accurately simulate a clinical protocol
raises the serious question of whether
any changes seen are due to changes
in the variables being manipulated or
are a consequence ofthe protocol dif
ferences between the simulation and
reality.

A close examination of the experi
mental technique of Maniawski et al.
shows that their simulation bears little
resemblance to the reality of clinical
201T1myocardialSPECT.For reasons
that are clearly stated but not well
thought out, the investigators have de
viated from actual practice in so many
ways that it is almost impossible to
draw meaningful inferences for the
clinical setting from their results.

For example, they have simulated
projection data by varying only cam
era-object distance at a single projec
tion angle. All oftheir different exper
iments are then conducted by shuf
fling these â€œprojectionsâ€•to synthesize
studies with different â€œorbits.â€•In real
life, of course, the camera rotates to
different angles relative to the heart.
Is this nitpicking? Then consider that
in some cases the data were further
computer-shifted to model eccentric
heart position. Furthermore, the
â€œheartâ€•used was a cylindrical phan
tom placed on and parallel to the pu
tative axis of rotation. In real life, the
heart is not a cylinder and most cer

tainly does not lie oriented parallel to
the axis of rotation. Indeed, the gen
eration of short-axis views requires a
separate processing step (oblique an
gle reorientation) that was not used at
all by Maniawski et al. Another major
difference was in the statistical nature
of the data. The authors state that the
count rate from their phantom was
â€œsimilarto that usually obtained ...
in a typical patient.â€•As all the counts
in their experiment arose from the
â€œmyocardiumâ€• of the phantom,
whereas in a patient many counts
arise external to the heart, their statis
tics are unrealistically good. This in
turn suggests that they might see ef
fects that are obscured by noise in real
patient data.

Intrigued by the possibility that the
artifact described might be real and
disturbed by the problems in expen
mental design that I have described,
we redid the experiment in our labo
ratory. We used a more realistic heart
phantom (a machined left ventricle
lying to the left of midline at a corn
pound angle to the axis of rotation in
a Lucite â€œchestâ€•)using actual camera
rotation during data acquisition. On
axis versus eccentric heart positioning
and elliptical versus circular orbits
were tried. Myocardial count rates ap
proximated real clinical studies and
data processing included all steps used
in real clinical studies, including
oblique axis reorientation to give
short-axis views.

The results were interesting and
very different from those of Mani
awski et al. First, at normal display
settings no inhornogeneities could be
seen in any study. At very high con
trast settings, the circular orbits with
the heart off-center showed defects
most similar to those seen in Figure 3
of the Maniawski paper; i.e., equal in
size and located precisely 180Â°apart.
However, the defects were located at
12:00 and 6:00 rather than at 3:00 and
9:00. The elliptical orbit (short-to
long axis ratio of 1.4) with the heart
off-axis as it would normally be
showed no demonstrable artifact. Fi
nally, a circular orbit with the heart
centered on-axis showed, very faintly,
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defects almost identical to those seen
in Figure lA!

So, are elliptical orbits and eccen
tric heart positioning a problem in
clinical studies? Contrary to the re
sults of Maniawski et al., our data
would suggest that an elliptical orbit
with the heart not centered gives the
best results. Frankly, I do not believe
that the data presented provide con
vincing evidence one way or the other.
Given the practical near-impossibility
of positioning patients with their
hearts on the axis of rotation with
currently available SPECT systems
and the conflicting and uncertain data
presently available, I do not see any
need to alter current practice at this
time.

Do we need further study of this
question? I believe we do. The artifact
described is a function of equipment
performance and not a property of the
tracer used or the individual patient.
The potential for a problem thus exists
even with a change to the 99mTc@per@
fusion agents (the approval ofthe first
of which has been announced as I
write this). There is a lesson to be

learned here. Studies must be de
signed to answer not obfuscate. If one
is posing a clinical question, then a
clinical study is required. In the pres
ent case, a patient study (using actual,
real-life clinical protocols and actual
viewing conditions for image interpre
tation) is needed.Only if it can be
shown that positioning the heart at
the center of rotation of a circular
orbit gives demonstrably better clini
cal results is it reasonable to recom
mend that procedure. That, of course,
would leave us with another question.
How do you center the heart on the
axis of rotation?

John W. Keyes, Jr.
Georgetown University Hospital

Washington, DC
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