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patterns are variable and not easily interpreted as being causally
related to a particular disease entity (e.g., mild head injury,
AIDS, chronic fatigue syndrome, toxic exposures, foreign-body
reactions, autoimmune disorders, substance abuse, violence and
others) (30,31 ). Furthermore, while specific PET and SPECT
defects appear useful to confirm a certain disease diagnosis or
to support the localization of a particular clinical finding
(32â€”35),there is only limited evidence that specific diseases or
neurological, psychiatric or behavioral deficits can be predicted
from specific scan patterns (36,37). While these types of studies
remain extremely important for identifying previously unrecog
nized brain abnormalities and potential disease mechanisms in
a variety of neuropsychiatric illness, their utility in the manage
ment of individual patients is still far from clear.

As SPECT and PET become more widely available, enthu
siasm tempered by a cautious attitude seems appropriate regard
ing their use in brain disorders as a whole, given clear evidence
that functional patterns are highly dependent on a large number
of technical, analytical and physiological variables. The pur
pose ofthis document is to provide recommendations and basic
guidelines for brain SPECT and PET acquisition, interpretation
and reporting, with particular attention to recognized and
generally accepted clinical indications, and to urge caution
regarding applications in unstudied behavioral disorders.

BASIC METhODOLOGICAL ISSUES
The Society of Nuclear Medicine has recently published

technical guidelines on brain SPECT acquisition and image
reconstruction (38,39). However, even with adherence to these
recommendations, the quality of the study will vary from
institution to institution and is dependent on several factors,
including instrumentation, collimation, filters, behavioral state
ofthe subject during tracer uptake, timing ofthe scan relative to
tracer injection, scan duration, patient movement, attenuation,
reconstruction and analytical methods, as well as quality con
trol.

In general, disease patterns are established using specific
instruments, physiological measurements and methods of anal
ysis. However, for some situations, the imaging technology
available at a particular site may not be sufficient for diagnostic
purposes. Accordingly, the degree to which subsequent studies

The development and evolutionof functionalbrain imagingtechnol
ogies and their broad application to a wide range of neurological and
psychiatric disorders have led to their scientifically sound use in
specific clinical situations. In addition, there is a growing diversity of
empirical new applicatkxis where there is ktde prevkxis research or
clinical experience. Therefore, a committee of the Brwn Imaging
Council of the Society of Nuclear Medicine was formed to address
theneedforspecificguidelinesregardingscaninterpretationand
reporting. This committee considered the wide range of current and
potential uses of PET and SPECT, including its growing role in
forensics. A set of basic guidelines for the reporting and interpreta
tion of brain imaging studies applicable to all clinical situations,
including forensics, was formulated. These gukielines were corn
posed in a manner sensitive to the need for standards that are
scientifically defensible now, and which willcontinue to be valid as
the field evolves. It is the intent of the committee and this summary
document to positively influence the clinical use of brain SPECT and
PET by offering guidance concerning the elements essential to a
complete and useful clinical report, defining standards to differenti
ate well-established clinical applications from research uses and
providing a framework in which to consider the appropriateness of
functional brain imaging used in the forensic arena.
Key Words PET; SPECT; clinical applications; forensics; gukielines
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TheuseofSPECTandPETinthemanagementofpatients
with stroke, epilepsy, brain tumors and dementia, and in some
cases, movement disorders and moderate-to-severe head trauma
is now well recognized (1â€”9).Scan abnormalities have also
been identified in patients with certain psychiatric diagnoses,
including depression, obsessive compulsive and panic disor
ders, schizophrenia and substance abuse (10â€”19), but consis
tent patterns for these disorders have not been confirmed.
Sensitivity and specificity are often unknown and in many
cases, group patterns may actually be too subtle to detect in
individual patients.

More elusive or less well-characterized behavioral syn
dromes have also been studied (20â€”29). In many cases, the
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of similar disease states can be reliably interpreted must be
related to published and generally accepted standards. That is,
not only should scan interpretation be based on published
literature describing a given pattern, but additionally, the
physical performance of the instrument on which studies are
performed must typically be at or better than that of instruments
used to establish that specific application for the technique. For
example, a low-resolution instrument appropriate for identify
ing a large stroke may not be appropriate for localizing or
lateralizing a temporal lobe seizure focus, where high resolution
is required. Older scanners may at times produce low-resolu
tion, low count rate images which could lead to artifacts in the
final image presented for interpretation. Thus, the â€œcertaintyâ€•of
interpretations (vis-a-vis the literature) should be qualified
based on the limitations of the instrument used to generate the
image, and so stated in the final report.

SOURCES OF INTERPRETIVE ERROR
There is little debate that classical methods of scan interpre

tation are subjective, and as such may vary from institution to
institution or from individual to individual, due to differences in
interpretative experience, general level of expertise (intra- and
interobserver variability) or a particular clinical bias. Results
can also be influenced by:

. Differences in patient behavioral conditions during the
acquisition.

. Processing and display variations.

. Nonstandardized definitions of normal and abnormal.

. Availability of scanner-specific or archived normative

databases.
. Nonuniform use of quantitative analyses in conjunction

with descriptive readings.
. Availability of few published standards defining the crite

na for disease pattern identification.
. Lack of published determinations of sensitivity and spec

ificity for scans to identify specific diseases and syndromes
before their routine clinical use.

The concepts of â€œnormalityâ€•and â€œabnormalityâ€•as they
pertain to scan interpretation need unambiguous definition. In
the absence of society-wide recommendations, standards or
published norms, laboratories should establish a clear definition
of â€œnormalâ€•for their own setting. Studies of normal controls
should be performed using a consistent, reproducible but
practical behavioral state. Use of confidence intervals and
normalization to global or a reference region's counts should be
considered in making quantitative judgements about the signif
icance of findings in single patients, and in comparing results
across laboratories.

Arguments can also be made for developing â€œnormalâ€•data
bases. However, data collected on instruments of varying
resolutions with standardized acquisition and reconstruction
protocols will be required to determine if normal variability is
dependent on variables such as age, sex and handedness, as well
as educational level, socio-economic status and ethnic or
cultural background. That is, comparing an individual subject's
data to a normal database may require a large number of
individuals in the normative pool so that a false-positive rate
can be established (i.e., how frequently a normal is flagged as
abnormal). For diseases where no well-defined metabolic or
flow â€œsignatureâ€•has been identified or where different subjects
may have variable patterns of abnormalities (such as head
trauma, neurotoxic exposures, AIDS, multi-infarct disease,
substance abuse, chronic fatigue, immunological disorders),

determining the frequency of false-positive scans will be
especially critical (23,40).

In reporting clinical results, practitioners should specifically
state the criteria used to classify a study as abnormal. The
written report should articulate whether the determination was
made solely on the basis of a â€œqualitativereadingâ€•of the given
images or included the use of a normative database, published
reference ranges, regions of interest or statistical analyses.

CAUSA11ON
While SPECT and PET can clearly be used to delineate

functional abnormalities of the brain regardless of the cause
(given that normal and abnormal are clearly defined as dis
cussed above), it is only after careful study, as has occurred to
date with cerebrovascular disease, dementia and epilepsy, that
any cause-and-effect or prognostic associations can be made.
The sensitivity and specificity of a measurement are central to
this issue. While many diagnostic techniques are known to be
highly sensitive, the specificity or causation of a finding may
not yet be known and in some cases, cannot be determined.
Therefore, a statement should be made whether the degree of
certainty of a clinical interpretation is substantiated by pub
lished studies, particularly if opinions of causation are offered.

If the relation between an observed image pattern and a
clinical problem is uncertain, a statement as to the ability or
inability to assign causation should be made based on peer
reviewed, published and generally accepted data. Specific
diagnoses based on unpublished, limited or unreplicated studies
should, if used at all, be interpreted with extreme caution and
the limits of interpretation directly stated. This is particularly
critical when the abnormal imaging pattern is nonspecific and
cannot be readily ascribed to a single disease entity. For
example, while research SPECT and PET studies in patients
with mild traumatic brain injury, substance abuse, infectious
disease states (such as HIV-related encephalopathies), neuro
toxic exposures, environmental illness and foreign-body reac
tions show promise, there is not, as of this writing, adequate
evidence to Support the use of SPECT or PET in these instances
to establish cause-and-effect relationships.

FORENSICS
The use of functional neuroimaging in forensic situations

including criminal, personal injury, product liability, medical
malpractice, worker's compensation and â€œtoxictorts,â€•remains
especially controversial. When there are few controlled exper
imental studies and no available sensitivity and specificity rates,
the forensic application of nonreplicated, unpublished or anec
dotal SPECT or PET observations is inappropriate and has
ominous implications. This can lead to unsupportable conclu
sions if introduced as â€œobjectiveevidenceâ€•linking neurophys
iological parameters (such as blood flow or metabolism) to a
defendant's judgment, insight or motives associated with the
commission of a crime, or as an â€œofferof proof' of a
traumatically caused or substance-induced illness or injury
(31 ). With increasing frequency, the courts have rejected the
use of scans when performed for less than well-established
clinical indications.

It is acknowledged that virtually all diagnostic procedures in
medicine will eventually find their way into the courtroom, and
it is not the intention of this guideline to recommend that all
functional imaging studies should be summarily excluded as
evidence in legal proceedings. However, it is important to
clarify the court's expectation of physicians who find them
selves in these situations. â€œExpertsâ€•are called upon to provide
definitive answers with â€œreasonablemedical certainty or prob
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ability.â€•Therefore, the appropriateness of findings and conclu
sions offered in the form of expert testimony, based on PET or
SPECT studies, in any but the few generally accepted clinical
situations is difficult and often impossible to substantiate based
on the current level of scientific and clinical knowledge (41).

Clinical ethics and legal procedure demand the rigid appli
cation of â€œevidentiarytests,â€•as articulated in the Kelly-Frye
(42) and Daubert (43) decisions, in determining admissibility
of imaging studies on a case-by-case basis. These Supreme
Court rulings have defined specific â€œrulesof evidenceâ€•for the
determination of admissibility in both Federal and State juris
dictions.

In considering the admissibility of scientific evidence in any
legal proceeding, it is necessary to determine whether a given
scientific or clinical method is technically adequate, whether a
clear distinction can be made between what is termed to be
â€œnormalâ€•versus â€œabnormal,â€•whether sufficient scientific reli
ability and validity have been established and whether or not
there has been demonstrated an accepted efficacy for a specific
scientific or clinical application ofthe tool, technique or method
that is to be introduced to the court as evidence (41,43). As a
part of this determination, expert testimony must be able to
adequately demonstrate to the court that the method has been
adequately tested in the index situation (or present circum
stance) based on substantial peer-review and publications that
form the scientific basis for its admissibility. Furthermore, the
potential rate of error for the method, as well as the existence
and maintenance of standards for controlling its use for clinical
applications, must be demonstrated. Similar demands are made
for other laboratory procedures applied in forensic situations
such as DNA testing, blood typing, electrophysiological mea
sures (EEG) and psychometric tests.

OPERA@flONAL PROCEDURES
In view of the above considerations, the Committee has

developed operational procedures which serve as basic guide
lines for scan interpretation and reporting. The following
statements are offered for initiating a practical and consistent
mechanism for interpreting and reporting clinical brain SPECT
and PET studies.

Each clinical report should include the following:

1. Indications for the study (brief synopsis).
2. Assessment of the technical quality of the scan (good,

adequate, poor, including presence of patient movement,
deviations from usual lab protocol, etc., if relevant).

3. Description of abnormalities (including criteria for defi
nition of abnormal, i.e., visual inspection criteria, regions
of interest, comparison to lab database, reference paper,
etc.).

4. Interpretation and conclusions
A. Explicitly state that the scan interpretation is or is not

based on peer-reviewed and generally accepted dis
ease-specific patterns.

B. Explicitly state whether or not the instrument and
methodology used in an individual patient is signifi
cantly different than that used to define the disease
specific pattern as defmed in (A).

C. If possible, provide a full differential diagnosis based
on (A).

D. Qualify the scan interpretation in the context of all
known clinical history, associated co-morbid condi
tions, medications and other diagnostic studies (CT,
MRI, EEG). Alternatively, state the limitations of the
offered differential diagnosis if relevant clinical data

are not available, and recommend additional tests, as
indicated.

If a study does not conform to the above criteria, the clinical
report should include one or more of the following statements,
where relevant:

I . The abnormal pattern of increased or decreased activity
[in the anatomical area] is a pattern not proven by
well-accepted, peer-reviewed published studies to be re
lated to a specific disease entity.

2. The accumulation or reduction of activity [in the anatom
ical area] could be interpreted as an artifact associated
with insufficient resolution or statistical variations.

3. Althoughabnormalitiesare presentin this study,thereare
no established cause and effect relationships between
these observed abnormalities and the patient's clinical
history or behavior in question.

CONCLUSION
This position statement represents the voluntary efforts of a

multidisciplinary group of physicians, technologists, neuropsy
chologists and neuroscience researchers. It is anticipated that
these recommendations and guidelines will evolve and change
over time as technical, research and clinical advancements
continue in the nuclear medicine and general medical commu
nities. We believe this current position reflects a realistic
standard for the ethical use ofbrain SPECT and PET imaging in
the clinical and forensic arenas.
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deaths in the treatment group which exceeded 30% of treated
patients in the European and Australian trials (2). The only trial
so far to demonstrate the therapeutic effect of tPA was the
National Institutes of Health-sponsored study in which half of
the patients were treated within 90 mm of stroke onset (3). Yet
the incidence of symptomatic HT was at least ten times greater
with tPA than in the placebo group: 6.4% versus 0.6% (3).

The entry criteria in the thrombolytic trials include: the
duration of symptoms, clinimetric assessment of stroke severity
and admission CT scan. These tests are inadequate to determine
stroke pathogenesis and depth of ischemia, and thus large
numbers of patients are required to demonstrate the benefit
from treatment, if any, compared to a placebo group (2,3). A
natural extension of first successful trials would be to determine
a time threshold when thrombolytic agents become more
harmful than useful, and a target group of patients for safe
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ThROMBOLYSIS FOR STROKE
The spirit of resignation in management of patients with

acute stroke will likely disappear when measures for brain
tissue rescue are proven effective (1 ). The first four randomized
placebo-controlled trials showed no benefit from intravenous
thrombolysis with streptokinase (5K) and tissue plasminogen
activator (tPA) (2). This was due to excessive numbers of
hemorrhagic transformations (HT) of brain infarction and
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