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Editorial on the Research Topic

The Emerging Role of SPECT Functional Neuroimaging in Psychiatry & Neurology

“Emerging” is somewhat of a misnomer when used to describe the role of perfusion single
photon emission computed tomography (SPECT) neuroimaging in Neurology and Psychiatry.
More appropriate terms that come to mind are “misunderstood” or “ignored and undervalued”.
The description which most springs to mind based on the comprehensive review by Pavel et al. (A)
is “well-established, but overlooked and underutilized”. Perfusion SPECT neuroimaging has been
available for a long time—over 40 years, using current tracers—still the field has not stagnated.
New technology, processing techniques, normative databases, and statistical analysis algorithms
have been refining the field on an ongoing basis. Amen and Easton, Pavel et al. (A) and Pavel et al.
(B) provide in-depth looks at the technological advances. SPECT scans are not the Rorschach-like
blobs of the 1980’s, but detailed examinations of activity patterns within the human brain (using
the one-off metric of perfusion), which provide a certain level of anatomical accuracy and can be
compared to normative databases for differential diagnoses with high sensitivity and specificity
[Pavel et al. (A)].

Yet, SPECT neuroimaging meets with sustained resistance from the fields of
Neurology and Psychiatry. While the American Psychiatric Association (APA) initially
embraced SPECT neuroimaging (holding seminars and workshops on its use per,
Amen and Easton), now the APA and psychiatrists, in general, vilify SPECT and
clinicians who utilize it (1). The untenable position of the APA (2), mired in the
committee-created artificial diagnostic constructs of the Diagnostic and Statistical Manual
(DSM) system (3), cannot be reconciled with the current level of neurophysiological
evidence of the underpinnings of psychiatric conditions, as revealed by perfusion
SPECT, quantitative electroencephalographalogram (qEEG), arterial spin echo, and
functional MRI (fMRI) studies [(4, 5); Pavel et al. (A)]. Neurology as a field has
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taken a similar position, rejecting perfusion SPECT
neuroimaging as “old”, “inaccurate”, or “experimental”. For
example, they maintain that there is insufficient proof that
SPECT is diagnostic or even contributory in the evaluation
of traumatic brain injury (TBI). However, the sensitivity and
specificity of SPECT scans in the evaluation of TBI has been
studied in over 23,944 subjects [Pavel et al. (A)] and SPECTmeets
the criteria set forth by the American Academy of Neurology
(AAN) for a Type A Recommendation based on Class II evidence
from multiple large N clinical studies with control groups [Pavel
et al. (A)]. Note that Class I evidence is ethically impossible
in the study of TBI. Similarly, thousands of subjects have been
studied using SPECT in epilepsy (over 8,500 in 10 years), and
dementia (over 18,000). Perfusion SPECT is diagnostic for
Alzheimer’s disease with comparison to histopathology with a
sensitivity of 96% and a specificity of 89% (6). Moreover, SPECT
can predict the conversion from mild cognitive impairment
(MCI) to Alzheimer’s disease with a sensitivity of 89–97% and
a specificity of 89–100%, which is arguably better than 18F-
fluorodeoxyglucose-positron emission tomography (FDG-PET)
(70–90% sensitivity/82–90% specificity) [Pavel et al. (A)].

A theme which emerged among the articles in this Research
Topic was the concept of a perfusion SPECT “biomarker”. While
biomarker was defined in a number of ways, the definition
provided by Food and Drug Administration is rigorous: “a
defined characteristic that is measured as an indicator of normal
biological processes, pathogenic processes, or responses to an
exposure or intervention, including therapeutic interventions.”
(7). Given that biomarkers are defined as a characteristic that
can indicate change, as well as a condition, ample evidence
was presented for the use of perfusion SPECT neuroimaging
as a biomarker. Im et al. demonstrated frontal, insular and
posterior cingulate hypoperfusion in four cases of neurosyphilis.
While frontal and posterior cingulate hypoperfusion are also
found in Alzheimer’s disease, the additional finding of insular
hypoperfusion may be a unique marker. McLean et al. presented
a unique “clinical pearl” of a family of five—all of whom
have been diagnosed with bipolar disorder using DSM criteria.
This situation provides control for many socioeconomical,
genetic, and family dynamic variables. All members of this
family showed similar perfusion SPECT findings—specifically
increased asymmetrical perfusion of the thalamus and increased
asymmetrical perfusion of the cerebral cortices—which may
serve as a biomarker for bipolar disorder (McLean et al.).
Amen et al. described a potential biomarker for ADHD in
a large population (N = 1,006) defined by DSM-IV criteria,
detailed clinical history, and the Structure Clinical Interview
for Diagnosis (SCID) who were compared to a control group
that did not meet DSM-IV criteria for any psychiatric disorder.
They found that hypoperfusion in the medial anterior prefrontal
(orbitofrontal) cortices, anterior cingulate gyri, bilateral temporal
cortices, and cerebellar subregions 8 and 9 were highly
predictive of ADHD with a sensitivity of 100% and specificity
of 100% (Amen et al.). Both Alster et al. and Pavel et al.
(B) described SPECT findings or biomarkers which served
to differentiate forms of Parkinsonian syndromes including

Progressive Supranuclear Palsy, Idiopathic Parkinson’s disease,
Multiple System Atrophy, and Corticobasal Syndrome. Gosset
et al. examined patients with both perfusion SPECT and qEEG
evidence of brain injury following head trauma. Both visual read
and quantitative analysis revealed frontal lobe and temporal lobe
hypoperfusion in over 90% of cases with positive qEEG findings
for TBI. Indeed, perfusion SPECT found cerebral changes in
100% of cases with electroencephalographic evidence of TBI,
while CT and/or MRI were negative in all but one case (Gosset
et al.). This finding of a potential marker for TBI replicates and
reinforces the findings described in Amen and Easton, detailed
extensively in Pavel et al. (B) and identified in Best et al..
Furthermore, prior studies and reviews (4, 5, 8–14) support the
use of SPECT in the evaluation of TBI.

Another aspect of biomarker utility is the demonstration
of change. Perfusion SPECT scans have been utilized to
demonstrate response to a number of novel treatments (15–
18). Best et al. revealed two additional novel treatments
effective in complex, treatment-resistant cases of depression,
dementia, and TBI. They used ketamine anesthesia to facilitate
more powerful transcranial magnetic stimulation than would
normally be tolerated to successfully treat unipolar or bipolar
depression which was unresponsive to other treatments (Best
et al.). In addition, they used hyperbaric oxygen therapy
combined with paraspinal injection of etanercept (a tumor
necrosis factor inhibitor purported to reduce inflammation)
to treat TBI and dementia. In all cases, they demonstrated
improvement in clinical symptoms and neurophysiological
function based on pre- and post-treatment SPECT scans.
Thornton et al. illustrated the neurophysiological evidence for
standard community psychiatric treatment in a large open
cohort of 72 patients using pre- and post-treatment SPECT
scans. These studies support the use of perfusion SPECT scans
as a tool to guide treatment and improve clinical outcomes
by neurophysiological assessment in psychiatric disorders.
The concept that SPECT scans can guide treatment and
lead to improved clinical outcome is extensively discussed
by Amen and Easton, Pavel et al. (B) McLean et al., and
others (4, 5, 12–14, 19–21).

One final point emerged in the articles of this Research Topic.
Perfusion SPECT occupies a unique niche in neuroimaging.
While much maligned for its anatomical resolution, perfusion
SPECT scan offers superior temporal resolution and much
higher contrast sensitivity compared to anatomical MRI,
functional MRI, FDG-PET, and X-ray computed tomography
(CT). Contrast is the ability to discern an abnormal signal
from background. The sensitivity of CT for detecting contrast
agents is in the millimolar range, while that of MRI is in the
micromolar range. The sensitivity of SPECT neuroimaging for
detecting a radiopharmaceutical is in the nanomolar range,
exceeding MRI by a thousand-fold and exceeding CT by a
million-fold. Functional MRI is an area of widespread research
but suffers from low signal-to-noise ratios. Temporal resolution
relates to the uptake of radiopharmaceutical. The uptake of
FDG in FDG-PET imaging extends over 20min. In contrast,
the uptake of perfusion SPECT radiopharmaceuticals occurs
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over 40–50 s. Thus, rapid events can be captured by SPECT,
including seizures, attention tasks (in ADHD), pain episodes
(Bermo et al.), psychotic episodes (Kalyoncu and Gonul), and
other transient events. Yet, anatomical resolution is a concern in
SPECT imaging and new processing techniques [McLean et al.;
Best et al.; Pavel et al. (B)] and new cadmium-zinc-telluride
(CZT) camera detector technologies [Pavel et al. (B)] will lead to
a dramatic improvement in anatomical resolution. Nevertheless,
a Pubmed search for terms “MRI brain death” yields 4,524
references. None of them specify MRI diagnostic criteria for
brain death. Now, this is partly due to the incompatibility of
life support equipment with the magnetic field. Nonetheless, the
MRI of a dead brain can be indistinguishable for the MRI of
a live brain. Ironically, the AAN practice guidelines (22, 23)
specify perfusion SPECT as a diagnostic tool to prove and
support the clinical diagnosis of brain death (24). While the
AAN recognizes that perfusion SPECT is more sensitive than
MRI in the diagnosis of brain death, the Academy fails to
recognize that perfusion SPECT is more sensitive than MRI
for the more subtle brain dysfunction associated with TBI,

dementia, neurotoxicity, and psychiatric illnesses. The irony
is striking.
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