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Nuclcar neurology is exploding. The brain, always the
most secretive of body systems, has been revealing itself to
nuclear medicine physicians at a hitherto unimagined rate.
The unique perspective offered by nuclear medicine—
through pharmacologic interventions; noninvasive, in vivo
biochemistry; computer analysis—is bringing new tools to
the assessment of brain disease. The tools and technology
of nuclear medicine are likewise being enriched in return.
The literature is replete with applications of SPECT in
stroke and cerebrovascular disease, dementia, seizure dis-
orders, traumatic brain injury, drug abuse, AIDS and psy-
chiatric disorders (/). Although the great majority of nu-
clear medicine facilities now perform brain SPECT, most
scan only trivial numbers of patients when compared to the
large number treated for neurologic disorders. Clinical neu-
rologists, neurosurgeons and psychiatrists do not yet take
brain SPECT seriously. Why not?

VARIABILITY IN TECHNIQUE

Comparing the images in the medical literature to those
produced by their local nuclear practitioner, our clinical
colleagues often notice substantial differences. Resolution,
filtration and slice orientation often vary greatly. Is the
patient preparation and imaging environment local compa-
rable to that in the relevant literature? If not, will scans
obtained locally have the same meaning as those in the
journals? Most radiologic imaging procedures have been
standardized due to longevity of the technique and the
actions of specialty societies. Nuclear medicine in general
and brain SPECT in particular have lagged behind. The
recent paper by Fletcher et al. (2) breaks ground in defining
a methodology for establishing consensus among experts
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for performing brain SPECT. They used a modified Delphi
technique in which a panel of experts generated and itera-
tively rated a number of statements regarding tracer prep-
aration and optimal imaging technique. The resulting data
provide a framework for production of guidelines, includ-
ing a quantitative rating of recommendations and a mea-
sure of the agreement between experts regarding each
statement. While this falls one step short of producing
formal practice guidelines, it is an important beginning.
The Delphi technique is a creative and practical method for
rapid consensus building. As a professional group, the So-
ciety of Nuclear Medicine should take the next step of
producing formal guidelines and recommendations.

SUBJECTIVITY IN INTERPRETATION

Most clinical nuclear medicine today is qualitative rather
than quantitative. The high level of complexity and normal
variability in brain structure and functional interrelation-
ships combine to make brain SPECT images among the
most difficult to interpret with the unaided eye. The neu-
rologist who receives a report describing ten different de-
fects in a patient he/she knows to be clinically normal will
quickly lose confidence in the procedure. What is the sen-
sitivity and specificity of brain SPECT? To be truthful,
nobody knows. Although several studies have looked at
the ability of SPECT to differentiate selected populations
with a single disease from normals (3,4), there is virtually
no published data on the ability of SPECT to distinguish
normal individuals from a group of neurologically impaired
““‘unknowns.’’ Such studies must be done.

What Is Normal?

A clear and unequivocal knowledge of what represents
normal brain perfusion is an absolute prerequisite to objec-
tive interpretation of scans and assessment of the accuracy
of such interpretations. The extent of anatomic variability
must be recognized and accounted for. Normal perfusion
and the acceptable limits of variability at each region must
be mapped and recognized. Acquiring such a knowledge
base is the key task of a nuclear medicine trainee. The
appreciation of normal patterns and variability is the accu-
mulated result of observations from a large number of
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““normal” scans. How do we know such scans are truly
normal? We usually do not. In clinical practice, few of us
even see normal scans. Patients are not imaged unless they
have signs or symptoms of neuropathology. Even patients
with no apparent scan defects cannot be considered truly
normal in that they had some sort of symptoms. In the
actual training experience, we do not have the opportunity
of viewing normal scans. Rather, we attempt to learn from
the most normal areas of abnormal scans and to assemble
from these pieces a mental prototype of what is actually
normal.

Several research centers have acquired large series of
scans on truly normal individuals, i.e., volunteers without
neurologic symptoms who have normal neurologic exams
and neuropsychiatric testing and have no history of head
trauma, drug abuse, etc. These collections of normal scans
represent a true buried treasure, extremely valuable yet
almost totally inaccessible. There are two ways to redis-
tribute this wealth: (1) converting the image data to a quan-
titative form that can be transmitted and clinically applied
by computer and (2) making the actual image data available
to the nuclear medicine community.

The Computerized Normal Database

A series of papers appearing recently in the Journal have
addressed the first of these options. Minoshima et al. (5)
have defined an atlas of normal structures on FDG PET
images which may be used with SPECT images as well.
This set of high-quality images defines normal structures
and correlates them with the widely recognized Talairach
and Tournoux stereotactic neurosurgical atlas (6). How-
ever, only a single patient is represented. A reasonable
approach to producing a computerized normal database
would seem to be to align and superimpose a number of
normal scans and average corresponding points together.
Prior to such analysis, each individual image must be
scaled and reoriented in three dimensions so that like re-
gions are overlayed (7). The alignment of multiple studies
for comparison is a major problem. The Pelizzari technique
(7) and its many derivatives iteratively rotate two brain
image sets and look for correlation of surface contours.
Various positions are evaluated until the one providing the
best correlation is found. Other researchers (8-11) have
aligned internal structures such as the anterior commis-
sure-posterior commissure line. Such methods combined
with statistical analysis of differences between the clinical
image and the reference image have proven quite effective,
particularly in PET imaging (12-14).

In the May issue of the Journal, Crosson et al. (15)
outlined their system using external fiducial markers to
align individual SPECT and MRlI slices. The MRI scan was
then used for initial placement of ions of interest (ROIs).
Unlike other methods, however, ROI placement was fur-
ther refined by iteratively moving the region across the
cortex on the SPECT image to locate the peak of activity in
the cortical ribbon. Using this method, they compared
SPECT scans obtained during visual activation to those
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obtained in the same patient under baseline conditions,
thus using each patient as their own normal. Use of these
finely adjusted ROIs resulted in significantly better ability
to detect subtle changes in brain perfusion between two
studies than did region placement by MRI alone. Presum-
ably, use of a similar technique would enable better corre-
lation between regional activity in a given patient study and
that in a synthesized normal image.

To avoid subjectivity, alignment of scans is typically
performed by an automated computer algorithm, yet no
computer can replace the expertise of a trained human
observer in recognizing and compensating for technical
peculiarities, anatomic variability and the functional alter-
ations of disease. Pietrzyk et al. (16,17) have developed a
set of digital tools strictly for visual co-registration of image
sets and have shown it to have an accuracy and consis-
tency comparable to the automated methods. These tools
include a variety of approaches to edge enhancement and
data display designed to provide rapid interactive feedback
while real-time adjustments to scan rotation, translation,
etc. are made. Although it remains to be seen whether
automated or manual methodologies will become more
popular, the ability to combine large numbers of scans into
smaller, comprehensible datasets is clearly important.

Simply scaling brain images to the same size and rotating
them to the best fit does not result in a perfect alignment.
The shape of individual heads differs. The location of each
sulcus and gyrus differs slightly from person to person.
Since the cortical ribbon is quite thin, averaging data to-
gether from different brains results in substantial image
degradation. Minoshima et al. (18) developed an important
technique for avoiding this problem. They first scale and
rotate the image sets for best alignment. Following this,
however, they perform an additional nonlinear warping of
the images. This means that one portion of the image is
stretched more than other parts to provide an optimum
match. Minoshima has defined “‘stretching centers’’ in or-
der to assure that the stretching is done in an anatomically
and developmentally reasonable manner. By performing
this additional correction for anatomic differences between
individuals, this group was able to produce a marked re-
duction in the apparent normal variability between sub-
jects, thus indicating that much of this variability was in
fact due to differences in brain shape rather than differ-
ences in function. Using this technique to derive a database
of true normals should result in a substantial reduction in
the measured limits of normal variability and thus improve
sensitivity for detecting subtle lesions. Not surprisingly,
Minoshima and colleagues found that use of this nonlinear
warping technique improved their ability to detect activa-
tion foci and improved their ability to separate a group of
Alzheimer’s disease patients from normals.

Detecting Variations from Normal

The above-mentioned work provides us with a strong
technical foundation for defining normal in a quantitative
sense. A key test of computer-based techniques will be
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their ability to reliably detect lesions at low thresholds
without loss of specificity. Stapleton et al. (/9) assess the
level at which trained human observers deemed single fo-
cal count asymmetries to be clinically significant. They
found that a rather severe defect (5%-10%) was required
for detection. If such severe deficits were required in clin-
ical practice, the sensitivity of scanning in mild disease
would be quite poor. One way skilled observers can lower
their diagnostic thresholds while maintaining specificity is
to look for patterns in images. Although count reductions
in individual regions of brain may differ only marginally
from normal, recognition of a typical clinical pattern of
deficits can result in a confident diagnosis.

Computer-assisted image interpretation in nuclear med-
icine has tended to follow three paths—compare activity in
one part of an image to another and look for a certain ratio,
compare activity in a region or regions to a normal data-
base or generate kinetic data. These are not the only ap-
proaches available and may, in fact, not be optimal in all
circumstances. In the January issue of the Journal, Kip-
penhan et al. (20) further pursue their initial explorations of
the neural network approach to automated computer pat-
tern recognition. Those of us in the business of reading
scans will recognize much of what we do in the actions of
a neural network algorithm. One of the key advantages of
this approach is that the computer attempts to identify
what is most important in making a diagnosis. Given one
set of images from a normal population and another from
patients with Alzheimer’s disease, the network will find the
best means of differentiating these two image patterns from
each other. The computer works with virtually no precon-
ceived notions and has neither the benefit nor the burden of
pathophysiologic knowledge of the disease process in
question. It is therefore possible to use this approach to see
whether quantitative data adds anything to the question at
hand. In the simple classification of normals and patients
with Alzheimer’s disease, absolute levels of regional me-
tabolism proved not to be helpful. What was most impor-
tant was the relative activity in some regions when com-
pared to others or to the entire brain. The neural network
algorithm proved effective at recognizing the pattern of
Alzheimer’s disease; something more than just a measure
of parietal uptake or an asymmetry index. This is some-
thing with which the average nuclear medicine practitioner
can identify. An image is reviewed for patterns; not a single
finding, but rather a constellation of findings, nonspecific
when taken individually, but diagnostic when taken to-
gether. This is the way the human mind works, the way we
train our residents to read and the way we must get our
computers to function if they are to provide us with a
significant level of diagnostic assistance.

In the May issue of the Journal, Chan et al. (21) extend
the work of Kippenhan et al. (20) by teaching the network
to recognize two different disease patterns: Alzheimer’s
dementia and polydrug abuse. Unfortunately, they did not
investigate the ability of the network to differentiate be-
tween those two disease states. Nonetheless, the success
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of these authors in early work with this easily generalizable
technique warrants further investigation.

Houston et al. (22) have devised a method using princi-
pal component analysis which allows the computer to co-
alesce a large series of normal scans into a relatively com-
pact digital database. When presented with a new clinical
image for interpretation, their algorithm uses the normal
data to reconstruct a ‘‘nearest normal equivalent’ scan,
which can then be compared to the clinical image in ques-
tion. In a sense, the computer is saying, ‘‘I once saw a
similar case. . ..” The differences between this nearest
normal equivalent image and the clinical image are dis-
played in an error image, which can be analyzed for sta-
tistical significance of the differences. Houston found that
this technique resulted in substantially higher accuracy in
the diagnosis of Alzheimer’s disease and cerebrovascular
disease, as defined by the area under an ROC curve, than
an alternate method in which a prototypical normal image
was created using the mean activity from each image in the
original normal database.

As methods for registration and simultaneous viewing of
multiple datasets proliferate, practical display issues have
clinical significance. In the November issue, Rehm et al.
(23) explore various options for displaying merged MRI
and functional brain images on the 8-bit displays routinely
used in nuclear medicine. These displays limit the number
of gray or color levels available and pose particular limita-
tions when two images are to be displayed simultaneously.
A variety of creative approaches to overcoming these lim-
itations are proposed.

All normals are not alike. There are clear age-related
changes in cortical perfusion that must be recognized in
clinical scan interpretation. Interestingly, there has never
been a meaningful study comparing cerebral perfusion in
men and women. In a remarkable article, Levin et al. (24)
describe a dramatic difference in the incidence of perfusion
deficits in otherwise healthy male versus female cocaine
users. Twelve of thirteen drug-abusing men had abnormal
scans as opposed to only five of thirteen women. Most
abnormalities occurred in the frontal and temporal lobes
and the basal ganglia. When users of drugs other than
cocaine were excluded, eight of nine male users had per-
fusion defects compared to only one of nine females. The
female group of exclusive cocaine users was virtually in-
distinguishable from a matched group of normal women.
The mechanism for this dramatic gender-related difference
in cocaine effect is unclear. Levin discusses the possible
contributions of differing levels of estrogens, amount of
body fat and incidence of atherosclerosis. Although vari-
ous psychiatric disorders are associated with perfusion def-
icits and may differ in incidence between genders, the
patients in this study had no evidence of major affective
disorders. The potential implications of this study for drug
abuse treatment and prevention are great. Measurement of
subtler differences between groups will be enhanced by the
methods described above.
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REDISTRIBUTION OF WEALTH

As important as it is to develop objective means of
comparing clinical images to each other and to a normal
database, it is even more important that the nuclear med-
icine community have access to this database. As men-
tioned previously, it is impractical for most nuclear medi-
cine clinicians to obtain their own large series of normals.
For this reason, the Brain Imaging Council of the Society
of Nuclear Medicine has recently undertaken to put to-
gether a collection of normal data derived from multiple
institutions and obtained on several makes of equipment.
These data will be collected and distributed in electronic
form as raw, unprocessed projection data, which will per-
mit an individual user to process the data in a manner
identical to that of their clinical practice. Patient data will
be accepted from all willing institutions and must be ac-
companied by a thorough description of the patient’s
screening and identification process as well as appropriate
demographic information (age, sex, right or left handed-
ness, etc.). A similar project has been started in Europe to
create a cardiac database (25). The Council hopes that in
addition to providing a resource for individual clinicians
and investigators, the brain SPECT database will free com-
mercial equipment vendors from the expensive and diffi-
cult process of developing their own normal databases to
accompany image quantitation software. Commercial sup-
port for this project is being sought. It is anticipated that
separate databases will be acquired for *™Tc-HMPAO and
#mTc-bicisate. Data will also be segregated initially ac-
cording to equipment manufacturer. Readers interested in
participating in this effort should contact the author.

DOES BRAIN SPECT PROVIDE ADDITIONAL
INFORMATION TO THAT PROVIDED BY
EXISTING METHODS?

Unless it does, we are unlikely to gain a real foothold in
clinical practice. A number of studies in trauma have
shown that brain perfusion SPECT reveals lesions that are
larger and more numerous than on CT (26-29). Is this
clinically relevant? The recent paper by Jacobs et al. (30)
provides evidence that it is. This group evaluated patients
following mild to moderate acute head trauma and found
that SPECT imaging had a high negative predictive value
for clinical outcome. That is, when the initial SPECT scan
was negative, 32/33 (97%) patients had resolution of all
clinical symptoms 3 mo postinjury. In their series, 95% of
patients with clinical symptoms at 3 mo had a positive
scan. These findings may have important implications in
triage of patients to rehabilitation therapy, prediction of
patients’ ability to return to work, and may have significant
medicolegal liability implications (31,32).

Ichise et al. (33) take the important step of correlating
neuropsychological testing with brain imaging. In their
evaluation of patients with chronic traumatic brain injury,
the presence of abnormalities on brain SPECT correlated
with performance on a number of neuropsychological
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tests. In particular, they found that the ratio of anterior
activity to posterior activity predicted the degree of neu-
ropsychological deficit. In contrast, a morphologic param-
eter associated with traumatic brain injury, the ventricle-
to-brain ratio, correlated poorly with neuropsychological
testing. A recent contrasting study by Goldenberg et al.
(34) revealed a much looser correlation between SPECT
and neuropsychological testing. Studies such as these, cor-
relating the functional outcome with SPECT findings are
crucial to determine the ultimate role of brain SPECT in
traumatic brain injury patients.

Despite the relative lack of specificity of many brain
perfusion patterns, functional neuroimaging is garnering an
ever increasing role in litigation. Documenting the pres-
ence or absence of brain injury, whatever the cause, is
critical to many liability lawsuits. Although behavioral and
neuropsychological testing is routinely used for this pur-
pose, it is expensive, time-consuming, and lacks the objec-
tivity desired when large sums of money are in dispute.
Increasingly, practitioners of nuclear neurology have
found themselves sought out by the legal profession to
testify to the presence, extent and cause of brain injury.
We can make a great contribution to some of these ques-
tions but very little to others. As we have discussed, de-
fining the presence and extent of brain abnormalities is a
challenging endeavor. Ascribing these abnormalities to a
particular etiology or disease entity is often much more
difficult. When viewing a scan showing bifrontal perfusion
deficits in a patient with a history of head trauma, is it
appropriate to state that the scan reveals ‘‘traumatic inju-
ry’’? Mayberg et al. (35) recently reported a very similar
pattern in unipolar depression. Goldenberg et al. (34) have
reported thalamic hypoperfusion in trauma. Lill et al. (36)
reported an identical pattern in manganese toxicity. AIDS
encephalopathy, chronic fatigue syndrome and drug abuse
can produce multiple focal defects similar to those de-
scribed in many of the reports of trauma (37,38). Some
clinicians have claimed that exposure to chemicals such as
pesticides, glues and solvents result in specific, identifiable
patterns on brain SPECT (39). Others strongly dispute
this.

As we move forward in the clinical arena, we must be
prudent. Overstating the specificity of various diagnostic
patterns may transiently “increase business,”” but in the
long run damage the credibility of our technique. It be-
hooves us to remember the meteoric rise and fall of ther-
mography and computerized electroencephalographic
brain mapping. Must we, then, hedge all our diagnostic
calls? Certainly not. In the appropriate clinical context,
many disease entities can be specifically diagnosed with
confidence. These include temporal lobe epilepsy, many
dementias, cerebrovascular disease and other entities. Of-
ten, however, it is most appropriate for us to simply de-
scribe the perfusion defects seen and present a list of pos-
sible causes. While it may be possible in a given case to
state that a particular scan defect is consistent with certain
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behavioral abnormalities, it is generally not possible to
state with confidence that the two are causally related.

CONCLUSION

In summary, reports in this year’s Journal have brought
us significantly closer to being taken seriously by our clin-
ical colleagues. Important advances have been made in
defining normal brain perfusion and condensing such de-
scriptions into usable digital formats. Although we are not
yet where we hope to be, significant progress has been
made toward standardizing technique, objectifying our
findings, identifying the perfusion patterns associated with
various disease entities and correlating these patterns with
clinical outcome. This is an exciting time to be a nuclear
neurologist. We will be taken as seriously as we take our-
selves.
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