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The Puzzle of Neuroimaging and
Psychiatric Diagnosis: Technology and
Nosology in an Evolving Discipline
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Brain imaging provides ever more sensitive measures of structure and function relevant to human psychology and has revealed correlates for virtually every psychiatric
disorder. Yet it plays no accepted role in psychiatric diagnosis beyond ruling out medical factors such as tumors or traumatic brain injuries. Why is brain imaging not
used in the diagnosis of primary psychiatric disorders, such as depression, bipolar disease, schizophrenia, and attention-deficit hyperactivity disorder (ADHD)? This
article addresses this question. It reviews the state of the art in psychiatric imaging, including diagnostic and other applications, and explains the nonutility of diagnostic
imaging in terms of aspects of both the current state of imaging and the current nature of psychiatric nosology. The likely future path by which imaging-based diagnoses
will be incorporated into psychiatry is also discussed. By reviewing one well-known attempt to use SPECT scanning in psychiatric diagnosis, the article examines a
real-world practice that illustrates several related points: the appeal of the idea of image-assisted diagnosis for physicians, patients and families, despite a lack of proven

effectiveness, and the mismatch between the categories and dimensions of current nosology and those suggested by imaging.
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Brain imaging has enabled tremendous progress in the ba-
sic science of human cognition and affect, as well as finding
useful application in medical research and practice. How-
ever, as a growing literature points out, the appeal of imag-
ing goes beyond its demonstrated capabilities (e.g., McCabe
and Castell 2007). Important goals for neuroethics include
distinguishing between appropriate and inappropriate uses
of brain imaging, explaining the persistence of inappropri-
ate uses, and assessing the ethical, legal, and societal impact
of inappropriate uses. These issues have been addressed
in relation to neuromarketing, neuroeducation, and brain-
based lie detection (e.g., Fisher, Chin, and Klitzman 2010;
Hardiman et al. 2011; Wolpe, Foster, and Langleben 2005).
In contrast, relatively little analysis has been directed to-
ward the use of neuroimaging in psychiatry. The status of
imaging for psychiatric diagnosis is particularly difficult
to understand because of the greater prima facie relevance
of neuroimaging to psychiatry compared with other areas
such as marketing, education, or lie detection and the more
advanced state of imaging research in psychiatry compared
to these other fields.

THE PUZZLE OF DIAGNOSTIC NEUROIMAGING IN PSY-
CHIATRY
“Psychiatrists remain the only medical specialists that never

look at the organ they treat.” This statement, from the web-
site of psychiatrist Daniel Amen (http:/ /www.amenclinics.

com/amenclinics/clinics/information/about-us!), high-
lights the puzzle with which this article is concerned.
On the one hand, brain imaging technologies provide
ever more sensitive measures of structure and function
that are, in principle, relevant to cognitive and emotional
functioning. Furthermore, the psychiatry research literature
documents with image-based correlates for virtually every
psychiatric disorder. On the other hand, notwithstanding
a small number of practitioners (including Amen) who
use functional brain imaging as a diagnostic tool, the
established view in psychiatry is that brain imaging has no
role to play in routine clinical care. Aside from its use to
rule out potential medical causes of a patient’s condition,
such as a brain tumor, neuroimaging is not used in the
process of psychiatric diagnosis.

Diagnoses in psychiatry are based entirely on behav-
ioral, notbiological, criteria. We diagnose depression by ask-
ing the patient how he feels and whether his sleeping, eating
and other behaviors have changed. We diagnose attention-
deficit hyperactivity disorder (ADHD) by asking the pa-
tient, family members, and others about the patient’s ten-
dency to get distracted, act impulsively, and so on. For these
and all other psychiatric illnesses described by the Diagos-
tic and Statistical Manual (DSM) of the American Psychiatric
Association, findings from imaging do not appear among
the diagnostic criteria. In the words of Kim, Schulz, Wilde,
and Yudofsky in the fifth edition of The American Psychi-
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atric Publishing Textbook of Psychiatry (2008), “Neuroimaging
does not yet play a diagnostic role for any of the primary
psychiatric disorders.”

Several questions are raised by this eschewal of diag-
nostic brain imaging by most psychiatrists and its endorse-
ment by a few. The first question is the puzzle referred
to in the title of this article: Given that psychiatric disor-
ders are brain disorders, and given the large literature on
neuroimaging in psychiatry, why is imaging not useful for
diagnosis? In addition, we can ask why some psychiatrists
and other mental health professionals nevertheless main-
tain that neuroimaging does have a role to play in diagno-
sis. Indeed, for all the various stakeholders—practitioners,
patients and patient families—we can ask what motivates
them to pursue neuroimaging in this context. Another set
of questions concerns how patients, their families, and so-
ciety stand to benefit from or be harmed by the current
use diagnostic neuroimaging in psychiatry. Finally, we can
ask about the future prospects for neuroimaging in clini-
cal psychiatry: How might diagnostic imaging eventually
enter mainstream psychiatric practice? What is being done
now to facilitate this transformation? And are there other
more immediately promising applications of neuroimaging
to clinical practice? Each of these questions is addressed
in the following. We begin with a brief review of the role
of neuroscience in contemporary psychiatry as a reminder
of why imaging has prima facie relevance to diagnosis,
and the some of the motivations for seeking imaging-based
diagnosis.

Diagnostic Neuroimaging in Psychiatry: Plausibility
and Promise

Most psychiatric treatment is “biological,” in the sense of
operating directly on the brain. This includes medication
for depression, anxiety, psychosis, and disorders of atten-
tion. It also includes such nonpharmacologic treatments as
electroconvulsive therapy, neural stimulation, biofeedback,
and surgery. Even talking psychotherapy such as cognitive
and behavioral therapy is now understood to change the
brain, in ways that have been visualized by neuroimaging
(DeRubeis, Siegle, and Hollon 2008). In the light of the bio-
logical nature of psychiatric treatments, one would expect
psychiatric diagnosis to be biological as well.

The idea of diagnostic brain imaging is all the more
plausible given that psychiatric illnesses have biological cor-
relates that are apparent in both structural and functional
brain imaging. Functional brain imaging, in particular, has
been widely used in psychiatry research. For example, Med-
line returns hundreds of hits each for searches pairing di-
agnostic categories such as depression and schizophrenia
with imaging methods such as positron emission tomog-
raphy (PET) and functional magnetic resonance imaging
(fMRI). Given the ability of brain imaging to reveal biologi-
cal correlates of psychiatric disorders, it seems plausible that
imaging would play some role in psychiatric diagnosis.

The idea of imaging-based diagnosis is not only plau-
sible; it also promises to increase the validity of psychiatric
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diagnoses, as well as increasing the accuracy with which in-
dividual patients can be diagnosed. A valid category is one
that, as Plato putit, “carves nature atitsjoints.” According to
this view, the task of science is to identify the ways in which
potentially unique phenomena cluster into groups with un-
derlying similarity in nature. Validity, in the context of psy-
chiatric diagnosis, refers to many different ways in which
a diagnostic category corresponds to the true clustering of
psychiatric dysfunction in the world. Although debate con-
tinues as to whether the diagnostic categories of psychiatry
can be drawn on the basis of purely biological factors or
whether society’s demands, beliefs, and values also play
a role (see, e.g., Horowitz and Wakefield 2007; Wakefield
1992), all of the following are viewed as potential indicators
of the validity of diagnostic categories: covariance among
symptoms within a category and not between categories,
the sharing of underlying etiology, similar courses of illness
over time, and relations with genetic and other biological
traits of a patient and with their treatment response (see An-
dreasen 1995; Kendell and Jablensky 2003; Kendler 2006).

One of the earliest explicit calls for biological testing
was made by Robins and Guze (1970) in their seminal pa-
per on the validation of psychiatric diagnoses. These au-
thors laid out a broad range of criteria by which diagnostic
categories could be validated: clinical correlates, family his-
tory, treatment response, course, outcome, and what they
termed “laboratory studies.” Neuroimaging per se was not
mentioned simply because it was so rudimentary in those
days. But on the assumption that psychiatric disorders are
brain disorders, one could not wish for a better indication of
the validity of a diagnostic category than a measure of brain
function found in all and only patients with that diagnosis.

Better diagnostic methods would of course also improve
the accuracy with which individual patients can be diag-
nosed and thereby result in more patients receiving effective
treatment. By capturing information about the underlying
pathophysiology believed to cause the disorder, rather than
behaviors that are one causal step removed from that patho-
physiology, brain imaging promises to deliver a more direct
and therefore potentially more accurate diagnosis. For sim-
ilar reasons, image-based diagnosis could also increase the
power of research to develop better treatments, by reducing
the number of inappropriate research subjects included in
study samples.

The related problems of validity and accuracy of cur-
rent DSM categories are most pressing for patients whose
history and behavior seem equally consistent with more
than one diagnosis. Researchers have long been aware of
the potential contribution of neuroimaging in such cases.
For example, in an early and influential PET study of de-
pression, Schwartz et al. (1987) wrote that such findings
“may have value ... as a tool for the differential diagno-
sis” (1370) of bipolar and unipolar depression. In a survey
of possible uses for SPECT in psychiatry, O’Connell et al.
(1989) judged it to be “a promising technique that appears
to have potential in differential diagnosis” (152). The hope
that neuroimaging can assist in differential diagnosis lives
on, as expressed more recently by Brotman et al. (2009),
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who suggest that functional neuroimaging will help us to
distinguish between different disorders with similar pre-
sentations: “Determining the neural circuitry engaged in
processing neutral faces may assist in the differential di-
agnosis of disorders with overlapping clinical features”
(61-62). As these quotes make clear, none of these authors
viewed imaging as applicable to current practice, but were
instead expressing great hope for its future potential.

SPECT CLINICS: PUTTING NEUROIMAGING TO WORK
NOwW

Some practitioners are already using brain imaging for psy-
chiatric diagnosis. We view this practice as premature at
best, but also as potentially informative concerning the
forces acting to promote and impede the eventual incor-
poration of neuroimaging into diagnostic practice. In this
real-world example we can see the intersecting motivations
of clinicians, patients, and families. We can also see one
nonhypothetical way in which diagnostic imaging affects
nosology in practice,

The imaging method currently being used is single-
photon emission computed tomography (SPECT), a func-
tional imaging method by which regional cerebral blood
flow is measured by a gamma-emitting tracer in the
blood. From these regional blood flow measures a three-
dimensional, low-resolution image of brain activity is
constructed.

The best known of the SPECT clinics are the Amen Clin-
ics, founded by the psychiatrist and self-help author Daniel
Amen, who was quoted at the outset of the article. There
are now four Amen Clinics operating in the United States,
the first of which opened in 1989, and plans for another two
clinics in major U.S. cities have been announced (http://
70.32.73.82 /blog /5534 / changing-the-world-one-brain-at-
a-time). Other clinics offering SPECT-guided psychiatric
diagnosis and treatment include Cerescan, Pathfinder Brain
SPECT, Silicon Valley Brain SPECT Imaging Center, Dr.
Spect Scan, and MindMatters of Texas. The use of brain
imaging appears to be a selling point for these clinics; their
websites all feature brain images prominently, and the
names of the first four leave no doubt about the emphasis
they place on imaging for attracting patients (Chancellor
and Chatterjee 2011; Farah 2009).

These clinics promise to diagnose and treat a wide range
of psychiatric disorders in children and adults, and base
their diagnoses on patient history and examination along
with the results of SPECT scans. We focus our discussion of
SPECT-assisted psychiatric diagnosis on the Amen Clinics,
because their website and publications offer much more in-
formation concerning their diagnostic procedures, diagnos-
tic categories, and patient care philosophy than is publicly
available from other clinics.

SPECT-Assisted Diagnosis

At the Amen Clinics, patients are typically scanned twice:
once at rest and once performing cognitive tasks. The clin-
ics do not rely solely on brain imaging for diagnosis but
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combine imaging with more conventional diagnostic meth-
ods. They “use brain SPECT imaging, in addition to clini-
cal interviews, diagnostic checklists and laboratory studies
when appropriate.”

The Amen Clinics use a system of diagnoses that does
not correspond to the standard system defined by the Di-
agnostic and Statistical Manual of the American Psychiatric
Association. For example, anxiety and depression are com-
bined into a single superordinate category and seven sub-
types, with names such as “Temporal Lobe Anxiety and
Depression” and “Overfocused Anxiety and Depression.”
Attention-deficit hyperactivity disorder is also reconceptu-
alized as having six subtypes, with names such as “Limbic
ADD” and “Ring of Fire ADD.” The use of new diagnostic
categories in conjunction with diagnostic brain imaging is
not coincidental. The mutual influence of diagnostic tests
and the categories to which patients are assigned by those
tests is discussed later in this article.

The images are also used to identify certain dimensions
of functioning that cut across diagnostic categories, associ-
ated with seven specific brain regions: prefrontal cortex, an-
terior cingulate gyrus, basal ganglia, deep limbic thalamus,
temporal lobes, parietal lobes, and cerebellum. In a section
of the website for professionals (http://www.amenclinics.
net/clinics/professionals/how-we-can-help), Amen ex-
plains that “Once we know the brain system or systems
that are not functioning optimally, we can then target treat-
ment to the system that needs help.” The same section of
the website includes the proposed diagnostic significance of
these different systems and implications for therapy. Taking
the basal ganglia system as an example:

Increased basal ganglia activity is often associated with anxiety
(left sided problems are often associated with irritability, right
sided problems more often associated with inwardly directed
anxiety). Often, we have seen increased activity in this part
of the brain in our normal population as well. We have seen
increased activity associated here with increased motivation.
Clinical correlation is needed. We have seen relaxation
therapies, such as biofeedback and hypnosis, and cognitive
therapies help calm this part of the brain. If clinically indicated,
too much activity here may be helped by antianxiety medi-
cations, such as buspirone. Sometimes, if the finding is focal
in nature (more one side than the other), anticonvulsant med-
ications can also he helpful. (http://www.amenclinics.net/
clinics / professionals /how-we-can-help /brain-science /basal-
ganglia-system-bgs)

Evidence of Usefulness

The Amen Clinics website states that these clinics have
performed almost 50,000 scans (http://www.amenclinics.
com/ clinics/patients /18-ways-spect-can-help-you), a
huge number, which, with associated clinical data and
analyzed appropriately, could provide important evidence
on the value of SPECT scanning in diagnosis and the
efficacy of Amen’s approach to psychiatric care. Unfortu-
nately, no such studies have been reported. The lack of
empirical validation has led to widespread condemnation
of diagnostic SPECT as premature and unproven.
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In 2005 the American Psychiatric Association Council
on Children, Adolescents, and Their Families issued a white
paper that concluded, “At the present time, the available ev-
idence does not support the use brain imaging for clinical
diagnosis or treatment of psychiatric disorders in children
and adolescents” (APACCA 2005). In a review of one of
Amen’s popular books appearing in the American Journal of
Psychiatry, Leuchter (2009) writes, “It is not clear how the
SPECT image provides reliable information that informs
clinical decisions. ... There is also no evidence presented to
justify exposing patients to the radiation of a SPECT scan
and to support the considerable expense to patients, families
and their insurers.” It was recently reported that the Brain
Imaging Council of the Society of Nuclear Medicine pro-
posed a test of Amen’s methods by asking him to interpret
a set of blinded SPECT scans, but the offer was declined
(Adinoff and Devous 2010). Amen (2010) has countered
that the society did not “formally” approach him with this
proposal.

In recent writings Amen and coauthors have argued for
the value of SPECT in psychiatry by emphasizing its useful-
ness in complex and treatment-refractory cases (Amen et al.
2011; Amen, Willeumier, and Johnson 2012). They offer case
studies ranging from failed marriage therapy to compulsive
eating in which SPECT studies revealed evidence of previ-
ous head injury, toxin exposure, seizure disorder, or normal
pressure hydrocephalus. Patients improved after appropri-
ate treatment of these (neurological, by conventional terms)
problems. Such peer-reviewed reports of individual cases
do represent empirical evidence that is relevant to the use-
fulness of SPECT in psychiatry, but the role they support
for neuroimaging is already recognized in mainstream psy-
chiatry: the identification of medical causes for psychiatric
symptoms. As case reports they are essentially existence
proofs that SPECT can sometimes be useful, but do not tell
us how often SPECT would be expected to yield diagnos-
tically useful information for any given category of psychi-
atric patients. Furthermore, they do not address the more
fundamental issue surrounding SPECT-assisted diagnosis:
whether, and to what extent, SPECT can aid in the diagno-
sis of primary psychiatric disorders including DSM Axis-I
disorders such as depression, bipolar disorder, anxiety, and
ADHD.

At present we have no evidence that would allow us to
estimate the value added to psychiatric diagnosis by SPECT
imaging. It is possible that SPECT scans are helpful in di-
agnosing some or most patients; alternatively, it is possible
that the scans add nothing to the accuracy of diagnosis. It
is even possible that that the scans add a red herring to
the diagnostic process, leading physicians to less accurate
diagnoses or less helpful treatment plans.

Although we lack information about the “benefit”
side of the risk-benefit calculation for SPECT-aided di-
agnosis in psychiatry, we do know something about the
risks, specifically the small but nonnegligible risks of ra-
diation exposure from SPECT scanning (see, e.g., Amis
et al. 2007). Incidental findings and false negatives could
also be viewed as risks. An additional consideration for
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individuals seeking such a procedure is the cost: de-
pending on the location of the Amen Clinic, a com-
plete workup including the two SPECT scans costs $3,575
to $4,125 (http:/ /www.amenclinics.com/clinics/patients).
Patients and their families typically pay out of pocket for
SPECT scans, as insurers will not pay for unproven methods
of diagnostic testing.

Appeal of Diagnostic Neuroimaging to Practitioners,
Patients, and Families

The vast majority of psychiatrists and psychologists do not
use SPECT imaging when they diagnose patients. What
might account for the small fraction who do? The list
of possible answers includes a desire to practice a more
biologically based form of psychiatry, despite the current
prematurity of diagnostic imaging; the potential for brain
scans to motivate patient compliance with treatment plans
(http:/ /www.amenclinics.net/ clinics / professionals /how-
we-can-help/ direct-benefits-for-patients-and-families);
and the ability to attract patients who pay directly (as
opposed to third-party payment) for the procedure and
follow-up.

Why would patients and their families pay large sums
of their own money for an unproven method? The answer
is that most patients are unaware that diagnostic SPECT
scanning in psychiatry lacks empirical support. In addition,
Amen has become a familiar and trusted figure thanks to
his numerous best-selling books and TV shows broadcast
on Public Broadcasting Service (PBS) stations (which are
not PBS productions but self-produced shows that some
have called “infomercials” for Amen’s products and clinics;
see Burton 2008). Amen’s positive image, coupled with the
intuitively sensible notion that physicians should look at
the organ they plan to treat, draws many patients.

If prospective patients come across criticisms of SPECT
scanning for psychiatric diagnosis online or from a health-
care provider, they may be reassured by carefully com-
posed statements from the Amen Clinics such as the fol-
lowing, from the Brain SPECT Informed Consent Form
(available online at http://www.markkosinsmd.com/
PatientPortal /MyPractice.aspx?UCID = {85CB5B0OE-51C8-
468B-AE34-174650EE240F } & TablD = {4}) in answer to the
question “Is the use of brain SPECT imaging accepted in
the medical community?”: “Brain SPECT studies are widely
recognized as an effective tool for evaluating brain function
in seizures, strokes, dementia and head trauma.” In addi-
tion to sidestepping the question of SPECT for psychiatric
diagnosis, the answer continues by discounting criticism
as rooted in ignorance: “As with many new technologies
or new applications of existing technologies, many physi-
cians do not fully understand the application of SPECT
imaging.” The answer concludes with the statement that
“Psychiatric SPECT imaging is used in the academic set-
ting in many centers in the US and abroad,” which is
only true if it refers to research uses of SPECT rather
than the diagnostic purpose for which patients are giv-
ing consent. The Amen Clinics website also invokes the
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authority of Thomas Insel, Director of the National Insti-
tute of Mental Health, quoting from a lecture in which he
said “Brain imaging in clinical practice is the next major ad-
vance in psychiatry.” Although Insel’s statement was clearly
about the future of imaging in clinical practice, and there-
fore might be taken as implying that imaging is not cur-
rently useful, it is quoted under the heading “The Future is
Now” (http:/ /www.amenclinics.com/ clinics /patients /18-
ways-spect-can-help-you).

There are many reasons that patients and families may
seek diagnostic SPECT scanning for psychiatric problems,
beyond the claims just reviewed. Brain imaging has a high-
tech allure that suggests advanced medical care. People may
assume that the treatments available at these clinics, as well
as the diagnostic methods, are cutting edge. In addition,
there is a strong allure in imaging’s visual proof that psy-
chological problems have a physical cause. The Amen Clin-
ics cite several ways in which patients and their families
may find this helpful.

First, the images can reduce feelings of stigma and guilt.
Brain imaging provides a concrete reminder that psychiatric
disorders are disorders of brain function. As the clinic web-
site states, “SPECT scans help patients better understand
their problems, decreasing shame, guilt, stigma and self-
loathing.” By demonstrating, visually, that patients’ psy-
chological problems are associated with brain dysfunction,
imaging may help them feel less responsible for their illness
or less personally stigmatized by it; they can believe that
“It’s not me, it’s my brain” (see Dumit 2003).

For similar reasons the families of patients may also feel
relieved by brain imaging. This is especially true for par-
ents, who may worry that their child’s illness was caused
by their own behavior toward the child, for example, their
absence from the home, too much TV, or inadequate dis-
cipline. An abnormal brain scan can be seen as proof that
the child’s brain, and not his or her upbringing, is responsi-
ble for the psychiatric disorder. Of course, the alternatives
of brain and upbringing are not mutually exclusive. Any
behavioral trait must have a basis in the brain whether
its causes are genetic or environmental. Nevertheless, in-
sofar as images depict the biological basis of mental ill-
ness, they shift the attention toward a more physical, de-
terministic understanding of the disorders and away from
responsibility, blame, and other moral concepts that add to
the burden on patients and families. Amen points this out
as a benefit when he states that “A SPECT scan can help
families understand the underlying medical reasons for a
problem, which helps decrease shame, self blame and con-
flict” (http://www.amenclinics.com/clinics/patients/18-
ways-spect-can-help-you).

Patients and families may also appreciate the similar
role played by SPECT scans in legal contexts, “help-
ing judges and juries understand difficult behavior”
(http:/ /www.amenclinics.com/clinics/ patients/18-ways-
spect-can-help-you). Functional neuroimaging has been
introduced as evidence in a variety of roles in the United
States and other legal systems, most often as evidence of
brain injury in tort cases but also by the defense in criminal
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trials (Patel et al. 2007). In the latter case it is most often
used for mitigation in the sentencing phase of criminal
trials, where it can provide concrete, visual evidence of a
person’s abnormal or diminished faculties (Hughes 2010).

PROSPECTS FOR DIAGNOSING PSYCHIATRIC ILLNESS
WITH NEUROIMAGING

Current and Foreseeable Diagnostic Practices

At the time of writing, psychiatric illnesses are currently
classified according to one of two similar systems, the fourth
edition, “text revised,” of the Diagnostic and Statistical Man-
ual of Mental Disorders (DSM-IV-TR), and the 10th edition
of the International Classification of Diseases (ICD-10). Psy-
chiatric diagnosis is poised for change, however, with the
revision of the DSM. New disorders defined by new con-
stellations of signs and symptoms are being considered for
addition to the DSM-5, scheduled for release in May 2013.
Some disorders already covered by previous editions may
be subdivided differently or merged in the DSM-5. For each
diagnostic category, criteria for inclusion and exclusion are
being reviewed and updated in light of current knowledge.
In relation to this last change, the incorporation of genetic
and neurobiological measures has been considered (Regier
et al. 2009).

Why will brain imaging not figure in these new diag-
nostic criteria? The consensus answer is that, despite the
value of brainimaging in understanding mental disorders, it
would be premature to include brain imaging among diag-
nostic criteria for the next DSM (Agarwal et al. 2010; Hyman
2007; Miller 2010; Miller and Holden 2010). Although bio-
logical evidence will figure more prominently in the DSM-5
than in any previous edition, its role is expected to be in the
validation of the categories themselves rather than in the
criteria for diagnosing an individual patient (Hyman 2010).

Current Obstacles to Diagnostic Neuroimaging

Why has diagnostic neuroimaging not yet found a place
in psychiatric practice? Generic answers such as “psychi-
atric neuroimaging is in an early stage of development” or
“medicine is a conservative field” contain kernels of truth
but do not adequately address the question. After all, psy-
chiatry research has made use of neuroimaging for three
decades, and psychiatry has eagerly pursued new treatment
technologies, including transcranial, deep brain, and vagal
nerve stimulation, as well as drugs borrowed from special-
ties as diverse as epilepsy (Yatham 2004) and sleep medicine
(Ballon and Feifel 2006). How, then, can we explain the lack
of a role for neuroimaging in psychiatric diagnosis? What
obstacles currently lie on the path to the use of such meth-
ods? The answer involves the nature of imaging as well as
the nature of psychiatric diagnosis itself.

Limitations Related to Imaging

The vast majority of current neuroimaging research in psy-
chiatry compares two groups of subjects, those with an ill-
ness and healthy control subjects. For functional neuroimag-
ing studies the subjects may be resting or performing a task
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involving cognitive or emotional processing. The words
“two,” “groups,” and “task,” just used, each represent im-
portant limitations on the ability to translate such research
into diagnostic tests, related to specificity, sensitivity, and stan-
dardization, respectively.

We start by examining the sensitivity of imaging stud-
ies of psychiatric patients. Although the accuracy and re-
liability of individual subject scans has increased since the
early days of brain imaging with PET, SPECT, and fMRI due
to improvements in image acquisition methods as well as
data analysis, the vast majority of psychiatric neuroimaging
studies aggregate data from groups of subjects for analy-
sis. In contrast, diagnosis must be applied to individuals,
not groups. When structural and functional findings from
individual subjects are examined, a high degree of vari-
ability is observed, even within groups of healthy and ill
subjects. More problematic for diagnostic purposes, the dis-
tributions of healthy and ill subjects generally overlap (see
Gillihan and Parens 2011). In the language of diagnostic
tests, imaging studies are generally not highly sensitive to
the difference between illness and health.

Standardization might appear to be a premature concern
for an approach to diagnosis that is nowhere near ready for
widespread clinical use. In the context of diagnostic test-
ing, the term “standardization” often refers to the specifi-
cation of all details of the protocol that might vary from
lab to lab and could influence the results. Here we refer
to a broader but related issue, namely, the many obvious
and fundamental ways in which protocols differ between
imaging studies, in particular functional imaging studies.
The patterns of activation obtained in studies of psychiatric
patients depend strongly on the tasks performed by the
subjects and the statistical comparisons examined by the
researchers afterwards. Although this seems obvious when
applied to cognitive neuroscience studies of normal sub-
jects, it is easier to lose sight of when considering studies
of psychiatric patients, where results may be summarized
by stating that certain regions are under- or overactive, or
more or less functionally connected, in particular patient
groups. Of course, such summaries are fundamentally in-
complete unless they include information about what task
evoked the activation in question: Were the patients resting,
processing emotional stimuli (e.g., fearful faces), trying not
to process emotional stimuli (e.g., emotional Stroop task),
or engaged in effortful cognition (e.g., task switching)? The
fact that any imaging study’s conclusions are relative to the
tasks performed adds further complexity to the problem of
seeking consistently discriminating patterns of activation
for control subjects and patients with different disorders.

Another limitation imposed by imaging concerns speci-
ficity. When researchers compare subjects from only two
categories—patients from a single diagnostic category to
healthy subjects—the most that they can learn is how brain
activation in a single illness differs from healthy brain acti-
vation. Of course, the dilemma faced by a diagnosing clin-
ician is rarely “Does this person have disorder X or is he
healthy?” Rather, it is typically “Does this person have dis-
order X, Y, or Z?” For all we know, the pattern that dis-
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tinguishes people with disorder X from healthy people is
not unique to X but is shared with a whole alphabet of
other disorders. It might be nothing more than a sign of
psychopathology per se, and thus provide less specificity
for diagnosis than a brief clinical exam. Because few imag-
ing studies directly compare brain activation across multi-
ple disorders, or use sufficiently standardized methods that
their results can be directly compared with the results of
other studies, we lack good evidence on the likely speci-
ficity of brain imaging for diagnosis.

The best we can do, at present, is to compare the results
of brain imaging across studies, with admittedly different
tasks and methods of analysis, in order to assess speci-
ficity. On the face of things, there is considerable similar-
ity of imaging results across different diagnoses. For ex-
ample, a meta-analysis of neuroimaging studies of anxiety
disorders reported common areas of activation (amygdala,
insula) across posttraumatic stress disorder (PTSD), social
phobia, and specific phobia—suggesting that neuroimaging
has yet to reveal patterns of neural activity that are unique
to specific anxiety disorders (Etkin and Wager 2007). Ab-
normalities of amygdala activation also have been reported
consistently in neuroimaging studies of depression. For ex-
ample, Gotlib and Hamilton (2008) reviewed the literature
on neuroimaging of depression and concluded that “most
consistently, the amygdala and subgenual [anterior cingu-
late cortex] appear to be overactive in [major depressive dis-
order], and the [dorsolateral prefrontal cortex] underactive”
(160). A similar pattern of results has been reported in bipo-
lar disorder; Keener and Phillips (2007) summarized the
relevant neuroimaging results as showing increased activ-
ity in emotion processing regions (including the amygdala)
and decreased activity in executive regions (e.g., dorsolat-
eral prefrontal cortex). In schizophrenia, a disorder primar-
ily of thought rather than of mood, amygdala hyperactivity
is again often observed, along with lower dorsolateral pre-
frontal activity (Berman and Meyer-Lindenberg 2004). Psy-
chopathy (which shares features with the DSM diagnosis of
Antisocial Personality Disorder) has been associated with
similar neural patterns; in their recent review, Wahlund and
Kristiansson (2009) stated that “a dysfunctional amygdala
has been suggested as one of the core neural correlates of
psychopathy. . .. Aside from the amygdala, frontal lobe dys-
function has been suggested in psychopaths” (267).

More sophisticated methods of image analysis may hold
promise for discerning the underlying differences among
the many disorders that feature similar regional abnormal-
ities. By taking into account the nature of the task used
to evoke brain activity and functional relationships among
different activated or resting brain areas, we may be able
to revise the initial impression that all imaging of psy-
chopathology involves the “usual suspects” such as limbic
hyperactivity and prefrontal hypoactivity. In addition, new
multivariate statistical approaches to image analysis enable
the discovery of spatial and temporal patterns within brain
images that distinguish between task conditions or types of
subject more effectively than traditional statistical methods
(Haynes and Rees 2006). These methods have only begun
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to be applied to clinical disorders but show promise for
increasing the specificity of brain imaging markers for psy-
chiatric illness (Bray, Chang, and Hoeft 2009; Calhoun et al.
2008).

Finally, as methods of acquiring and analyzing brain im-
ages continue to develop, it bears remembering that imag-
ing will never measure all aspects of brain function. There
is no guarantee that it will be able to capture those aspects
most characteristic or defining of the psychiatric disorders.
Regional differences in brain activity measured on a spatial
scale discernible through current functional imaging meth-
ods, or neurochemical differences discernible through PET
or SPECT, are not the only ways in which disordered brains
can differ from healthy brains. Although neuroimaging re-
search has demonstrated differences among brain activity
in different psychiatric disorders, it is an open empirical
question whether current or future imaging methods will
reveal sufficiently sensitive and specific features of brain
function to ever serve as diagnostic tests.

Limitations Related to Current Diagnostic Categories

Another set of reasons why progress toward diagnostic
imaging in psychiatry has been slow concerns the nature of
the diagnostic categories themselves. The categories of DSM
are intended to be both valid and reliable. As discussed ear-
lier, validity refers to the correspondence between diagnos-
tic categories and the ways in which psychiatric disorders
are truly structured in nature. Reliability refers to the degree
to which the categories’ criteria can be used consistently by
any appropriately trained clinician, so that different diag-
nosticians will arrive at the same diagnosis for each patient.

Good, or at least improved, reliability was one of the
signal achievements of the DSM-III, and has carried over to
DSM-1V. Unfortunately, validity continues to be more dif-
ficult to achieve. This is not surprising, given how closely
validity is related to scientific understanding, and how com-
plex and poorly understood psychiatric illness continues to
be (Robert 2007). To the extent that our psychiatric cate-
gories do not correspond to “natural kinds” (Quine 1969),
we should probably not expect perfect correspondence with
brain physiology as revealed by imaging.

As an illustration of how far from being natural kinds
our current diagnostic categories are, consider the diagnos-
tic criteria for one of the more common serious disorders,
Major Depressive Disorder. According to the DSM-IV-TR,
patients must report at least one of the two symptoms of
depressed mood or anhedonia and at least four of an ad-
ditional eight symptoms. It is therefore possible for two
patients who do not share a single symptom to both re-
ceive a diagnosis of Major Depressive Disorder. In addition
to heterogeneity within the diagnostic categories of psy-
chiatry, there are also commonalities of symptoms between
categories. For example, impulsivity, emotional lability, and
difficulty with concentration each occur in multiple disor-
ders.
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THE PRESENT AND FUTURE OF BRAIN IMAGING IN
PSYCHIATRY

Coevolution of Science, Diagnostic Tests, and
Diagnostic Categories

We are currently far from being able to use brain imaging for
psychiatric diagnosis. Yet all of the limitations of imaging
and diagnosis just reviewed may eventually be overcome.
By what path might this occur?

Imaging markers of diagnostic categories may emerge
from basic research on psychopathology and prove to be
highly diagnostic. Alternatively, it is possible that the rel-
atively atheoretical multivariate statistical approach men-
tioned earlier could provide the first candidate neural sig-
natures of psychiatric disorders. By whatever method the
candidate neural signatures are identified, large-scale val-
idation trials will be needed before they can enter routine
clinical use. This promises to be a lengthy and expensive
process, which could easily fill the interval between two or
more editions of the DSM.

Whether the path to imaging-based diagnosis involves
translation of newly discovered mechanisms of pathophys-
iology, brute force number crunching, or both, we cannot
assume that it will preserve current nosology. Brain imag-
ing may succeed in delineating categories of patients based
on abnormalities in brain function, but these categories may
not be the same as the categories of the DSM. Indeed, given
the heterogeneity within diagnostic categories and the over-
lap between categories just noted, it seems likely that our
nosology will be forced to change. If the mismatch between
imaging markers and diagnostic categories is not drastic,
the DSM categories may change incrementally, for exam-
ple, by revisions of individual diagnostic criteria for specific
disorders.

More revolutionary change is also possible. Psychia-
trists do not view DSM categories as ground truth, and
the validity of the current system of categories has been
widely questioned (e.g., Radden 1994). The potential for
imaging research to disrupt the gradual, iterative approach
to nosological change was anticipated by First and Kendler
(2010), who wrote, “The iterative model assumes continu-
ity over time in ... the methods used to determine validity.
... What happens if dramatic technical breakthroughs in
genetics, imaging or neuroscience cast the problems of psy-
chiatric nosology in an entirely new light? The application
of such new methods to our nosology would likely disrupt
the smooth evolutionary approach of the iterative model”
(263). If a new nosology based on imaging is proven to
have clinical utility, for example, enabling better treatment
decisions, then imaging may prompt a radical reconceptual-
ization of psychiatric diagnosis and entirely new diagnostic
categories may emerge. Indeed, the existence of categories
per se has been questioned, with some experts proposing to
characterize patients in terms of where they fall on differ-
ent dimensions of psychological functioning, which may be
more or less severely impaired, rather than assigning them
to discrete categories. This system may better capture the
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ways in which patients differ from one another and from
healthy people (Krueger, Watson, and Barlow 2005).

It is interesting to note that both the emergence of new
diagnostic categories and the use of dimensional classifi-
cation schemes are presaged by the uses of SPECT just re-
viewed. Although SPECT-aided psychiatric diagnosis has
no basis in evidence and is regarded with extreme skepti-
cism by most experts, it nevertheless reveals the tension that
can be expected between the DSM’s system of categories,
on the one hand, and the kinds of diagnoses that are more
naturally built on functional brain imaging results, on the
other.

Recall that the Amen Clinics’ diagnostic system includes
entirely new types of diagnoses, such as “Overfocused
Anxiety and Depression” and “Ring of Fire ADD,” which
do not correspond to anything in the DSM. They are instead
based on a combination of behavioral observations and
SPECT findings. Examples of the latter include “increased
anterior cingulate gyrus activity and increased basal
ganglia and/or deep limbic activity at rest and during con-
centration” for the “Overfocused Anxiety and Depression”
(http:/ /www.amenclinics.net/conditions/ Anxiety Issues)
and “marked overall increased activity across the cortex,
may or may not have low prefrontal cortex activity”
for “Ring of Fire ADD” (http://www.amenclinics.
net/conditions/ ADHD). Although the validity and clinical
utility of these categories are far from clear, given the
absence of any peer-reviewed evidence supporting them,
they demonstrate in a concrete way how the inclusion of
neuroimaging data in the diagnostic process can change not
only that process but the diagnoses themselves. Imagine
that patients sharing some features of a conventional
diagnosis, without meeting all criteria, are found to group
into distinct categories according to their patterns of
brain activation. It would be reasonable to consider these
new groupings good candidates for new and more valid
diagnostic categories.

Similarly, in the Amen Clinics’ approach we also
see the use of dimensions of functioning that cut
across diagnostic categories, in the form of the seven
different anatomically defined systems described
earlier (prefrontal cortex, anterior cingulate cortex,
basal ganglia system, deep limbic system thalamus,
temporal lobes, parietal lobes, and cerebellum; see
http:/ /www.amenclinics.net/ clinics/ professionals /how-
we-can-help). Setting aside the question of the validity of
these systems, it is apparent that the organization of the
brain into functionally and anatomically distinct systems,
combined with the graded nature of activation in those
systems, fits naturally with a dimensional rather than
categorical system for characterizing patients.

In sum, there are a priori reasons to expect our diag-
nostic system to change as imaging data are incorporated.
There is also the illustrative, if not adequately evaluated, ex-
ample of SPECT-aided psychiatric diagnosis, where the use
of imaging has led to redrawn categories and cross-cutting
dimensional classifications of patients. Although changes
to our diagnostic systems may well be inevitable as neu-
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roimaging provides new information linking brain function
with psychiatric symptoms, and those changes can be ex-
pected to improve validity and clinical utility, these changes
will likely come slowly. Where diagnoses are concerned
there are strong arguments for conservatism.

The current system of categories is valuable in part sim-
ply because we have used it for so long and therefore much
of our clinical knowledge is relative to this system (e.g., First
and Kendler 2010). As Hyman (2002) put it, “We should not
tinker with existing diagnoses without a very high thresh-
old because even small changes in diagnostic criteria may
have negative consequences. They may alter the apparent
prevalence of disorders, confound family and longitudinal
studies, alter treatment development by affecting regula-
tory agencies” (6). For these reasons it is appropriate for the
influence of brain imaging on psychiatric diagnosis to be
more evolutionary than revolutionary. In keeping with this
approach, DSM diagnoses have so far changed in a grad-
ual and piecemeal manner through multiple editions of the
manual, with most disorders retaining their defining crite-
ria and a minority being subdivided, merged, added, and
eliminated in the light of new research findings.

An attempt to reconcile the need for consistency with
the promise of more neurobiologically based classifications
can be found in the Research Domain Criteria (RDoC)
for psychiatry research, proposed by the U.S. National
Institute of Mental Health. This is “a long-term framework
for research... [with] classifications based on genomics
and neuroscience as well as clinical observation, with
the goal of improving treatment outcomes” (Insel et al.
2010). The RDoC system, still under construction at the
time of writing (see http://www.nimh.nih.gov/research-
funding/rdoc/nimh-research-domain-criteria-rdoc.shtml),
is organized into five domains: negative valence, posi-
tive valence, cognitive processes, social processes, and
arousal/regulatory processes. Within the domains are
more specific functions related to known neural circuits,
which vary dimensionally from normal levels of function
to abnormal. Examples include FEAR, IN THE NEGATIVE
VALENCE domain, associated with “amygdala, hippocam-
pus, interactions with ventromedial PFC,” and working
memory, in the cognitive processes domain, associated with
“dorsolateral PFC, other areas in PFC.” The use of RDoC
across research labs, in parallel with DSM categories, may
ultimately lead to the development of a new diagnostic
system that would both be more valid and also possibly
more consistent with the use of imaging as a diagnostic
test.

NONDIAGNOSTIC USES OF IMAGING IN CLINICAL
PSYCHIATRY

We have seen that, for reasons to do with both the nature
of neuroimaging and the nature of psychiatric diagnosis,
imaging is far from providing useful diagnostic informa-
tion in psychiatry. However, neither is it without immedi-
ate clinical promise. Here we summarize several promising
roles for imaging other than diagnosis.
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New treatments can be suggested by imaging research,
exemplified by the use of deep brain stimulation (DBS) in
area 25 for the treatment of depression. Based on findings
from functional and structural neuroimaging studies, May-
berg and colleagues developed a neural model of major
depressive disorder that included the influence of hyper-
activity in the subgenual cingulate cortex on other regions
important for mood. The initial test of this model in a treat-
ment setting used electrodes implanted in this region of
the brain in six individuals with treatment refractory de-
pression. Four of the six patients in this group achieved
remission of their depression (Mayberg et al. 2005). Subse-
quent work with a larger group of patients confirmed the
efficacy of DBS for treatment resistant depression (Lozano
et al. 2008). Imaging is also being used to assess the effec-
tiveness of this technique and personalize the placement of
electrodes (Hamani et al. 2009).

Another potential application of imaging to clinical care
involves the prediction of treatment response. Treatments
for some psychiatric disorders take weeks or months to pro-
duce a therapeutic effect, and not all treatments are equally
effective for all patients. The ability to predict a patient’s re-
sponse to a given treatment can therefore save considerable
time and suffering. Although not currently part of clinical
care, there is reason for optimism concerning its feasibility in
several different disorders (Evans et al. 2006). In addition to
the prediction of treatment response in those already diag-
nosed with an illness, imaging can aid prediction of disease
onset in asymptomatic individuals. For example, research
has shown that structural MRI can predict first episodes
of schizophrenia in individuals who are at genetically in-
creased risk (McIntosh et al. 2010), enabling early or even
preventive treatment to be offered to those most likely to
benefit from it.

Finally, functional neuroimaging can be used as a treat-
ment itself, by providing patients with a real-time mea-
sure of regional brain activity to use in biofeedback training
(deCharms 2008). This technique has been used to enhance
pain control in chronic pain patients by deCharms and col-
leagues (2005). DeCharms (2008) has also noted the potential
of the method for treating depression and addiction.

Neuroimaging will be likely to enter clinical use with the
applications just reviewed before it finds a general role in
diagnosis. Nevertheless, attempts to diagnose with the help
of imaging will undoubtedly continue. Practitioners have
a financial incentive to offer this service and patients are
attracted by the promise of more scientific diagnosis and
treatment, as well as relief from blame and stigma. Neu-
roimaging has strong prima facie relevance to psychiatric
diagnosis that can only be dispelled by careful reflection on
the technical limitations of imaging and the historical and
pragmatic nature of psychiatric nosology.
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