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Abstract
Technologies in the 21st 

century provide increasingly 
detailed and accurate maps of 
brain structure and function. 
So why don’t psychiatrists 
order brain imaging on all our 
patients? Here we briefly review 
major neuroimaging methods 
and some of their findings in 
psychiatry. As clinicians and 
neuroimaging researchers, we are 
eager to bring brain imaging into 
daily clinical practice. However, 
to be clinically useful, any test 
in medicine must demonstrate 
adequate test statistics, and show 
proven benefits that outweigh its 
risks and costs. In 2024, beyond 
certain limited circumstances, we 
have no imaging tests that can 
meet those standards to provide 
diagnosis or guide treatment. 
This cold fact explains why 
for most psychiatric patients, 
neuroimaging is not currently 
recommended by professional 
organizations or the National 
Institute of Mental Health.

Introduction
Contrary to a popular 

myth,1 psychiatrists routinely 
look at the brain for some 
aspects of patient care. For 
instance, PET is increasingly 
used for dementia assessment,2 

and MRI is recommended for 
some patients with new-onset 
psychosis.3 However, we still do not 
recommend brain imaging for most 
of our patients. This leads to some 
consternation, with patients asking 
questions like:

‘If this is a brain disorder, can’t 
you tell what’s wrong by looking at 
my brain?’

‘Are you sure this is the right 
diagnosis? Isn’t there some kind of 
brain scan you can do?’

‘How do you know this is the 
right medication for me?’

As psychiatrists who are also 
NIH-funded researchers using 
neuroimaging to understand 
psychopathology, these questions 
are understandable but the answer 
is as frustrating for us as it is our 
patients: “We don’t have any 
brain imaging techniques that 
can reliably diagnose you or guide 
your treatment.” Medicine in 
general, and psychiatry specifically, 
has made amazing strides in 
understanding the neurobiological 
basis of psychiatric symptoms and 
disorders over the last 50 years. 
We have learned that essentially 
all psychiatric diagnoses are 
caused in part by genes the patient 
carried,4 sometimes with higher 
genetic contributions than many 
non-psychiatric conditions.5,6 
We know that brain lesions can 

As psychiatrists, we love 
to look at the brain—but 
we’re not going to put 
you through the time, 
cost, and risks of brain 
imaging unless there’s 
evidence that it is likely 
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produce psychiatric symptoms.7,8 We have even 
identified neurobiological mechanisms by which 
social and psychological stress affects the brain.9 
Yet, there are still no standard lab or imaging 
tests to diagnose psychiatric disorders, sometimes 
leading to frustration and confusion as well as 
opening the door to potentially exaggerated 
claims. Here, we review what is needed to make 
any medical test clinically useful, then overview 
various neuroimaging methods and how they 
have contributed to our understanding of the 
neurobiology of psychiatric illness and how these 
techniques may fit into the framework of medical 
testing for individual patients in the future. 

Demonstrating the Clinical Utility 
of Any Test in Medicine

As with any diagnostic test in medicine, 
differentiating patients and unaffected persons 
is important, but is only the first hurdle the test 
must pass to be clinically useful. One may view 
the needed steps as a hierarchy, each step building 
on the previous step, as shown in Figure 1. After 
first defining whether any group mean difference 
exists, it is then important to know if the statistical 
differences are actually meaningful in diagnoses. The 
test must be consistent and replicable enough in a 
single individual to allow for a single measurement 
to reflect that person’s disease “state”.

For example, in a patient with non-insulin 
dependent diabetes when a single blood glucose 
level (BGL) is checked, it may or may not be 
within the normal range at that given time. Thus, 
the single BGL is not a reliable diagnostic test and 

measures that are integrated over time are necessary. 
Moreover, there must a reliable separation between 
the test results in someone with and without the 
diagnosis.

For example, the presence of antinuclear 
antibodies, particularly with mild abnormalities, 
shows overlap between the range seen in those with 
and without autoimmune diseases and is better 
seen as only one part of a diagnostic assessment.10 
Moreover, even if a test can reliably distinguish 
between those with and without a certain diagnosis, 
it must add value to the clinical assessment or 
treatment algorithm. It should be more accurate 
than, or at least add diagnostic accuracy to a clinical 
diagnosis and/or result in a change in treatment. 

Moving up in the hierarchy, an increasingly 
useful test not only provides a reliable diagnosis or 
dictates a change in treatment but does so in a way 
that results in a better medical outcome or, even 
better, and improved quality of life. Moreover, it 
should do so in a cost-effective way, in that both the 
personal costs of inconvenience and potential harm, 
as well as the financial costs are outweighed by the 
benefit. Let us now review neuroimaging techniques 
and how they might fit into this framework. 

What is Neuroimaging and How Has it 
Been Used in Psychiatry? 

Broadly speaking, neuroimaging methods can 
be defined into those that assess structure, or what 
the brain looks like (often in considerable detail), 
and those that assess function, which measure what 
parts of the brain are most active at a given time, 
or locate and measure specific neurotransmitters 

Figure 1. Hierarchy of clinical utility of medical tests.
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or their receptors. For each of these, neuroimagers 
can use radiation (i.e., computed tomography (CT) 
scans) and/or radiolabeled markers (i.e., positron 
emission tomography (PET) and single photon 
emission computed tomography (SPECT)), magnetic 
field-based imaging (i.e., magnetic resonance imaging 
(MRI), functional MRI and magnetic spectroscopy), 
or measurements of changes in the electrical field 
(i.e., electroencephalography (EEG)). First, we briefly 
review each of these techniques and how they have 
contributed to our understanding of psychiatric 
disorders.

Structural Neuroimaging: CT, MRI, and DTI 
Structural neuroimaging, looking at the structure 

of the gray matter and white matter of the cortex, 
subcortical areas, the cerebellum, ventricles, and 
blood vessels has become increasingly high resolution. 
Currently, CT scans can accurately render single 

millimeter slices and MRI can give sub-millimeter 
details.11 CT scans utilize x-ray based technology, 
meaning there is a small but measurable dose of 
radiation for each CT scan done, and images are 
reconstructed to a 3D model. MRI does not utilize 
any ionizing radiation, but rather capitalizes on 
differential changes in the magnetic field produced 
by the water content of diverse tissues. While 
there are no radiation risks, as the magnet strength 
increases above 3 tesla, patients can experience some 
discomfort during scans. Special techniques, such as 
diffusion tensor imaging (DTI), utilize MR-based 
imaging to assess the integrity of the white matter 
tracts.11 

Together, structural imaging techniques allow 
us to see many types of brain injury, including 
both ischemic and hemorrhagic strokes, congenital 
malformations, malignancies of all types, and even 
some traumatic brain injuries, when these are large 
enough to be accompanied by white matter damage. 
Some key findings in primary psychiatric disorders 
are shown in Table 1.

Functional Neuroimaging: 
EEG, PET, fMRI, SPECT

In contrast to structural neuroimaging, 
functional neuroimaging attempts to discern the 
neural activity in the brain at a given time. A 
variety of techniques for measuring function exist, 
capitalizing on the changes that occur in the brain 
when neurons are firing or are in activated and/
or deactivated states. We will review many of these 
techniques and some major contributions they 
have provided in our understanding of psychiatric 
disorders in Table 2.

Electroencephalography (EEG) is one of the 
oldest and also the most direct non-invasive measure 
of function. EEG measures electrical field changes 
from neural activity—both the neurons firing as 
well as more general changes in local field potentials 
which allow neurons to be in a state where they 
are more or less likely to fire.11,12  Unfortunately, 
as EEG uses electrodes that are on the scalp, it has 
limited ability to determine the specific part of the 
brain causing any particular signal as each electrode 
is receiving information from many parts of the 
brain. Placing the electrode directly on the dura, 
as is done for neurosurgical assessments, improves 

Table 1. Selected structural brain imaging 
findings in primary psychiatric disorders

Lateral ventricles are enlarged in schizophrenia.31

Subgenual cingulate cortex volume is reduced 
in major depressive disorder, leading to 
discovery of glial cell number reduction in the 
same region.14,15

Frontotemporal dementia clinical subtypes 
correspond to differential atrophy patterns.32,33

Primary motor cortex is thinner in Tourette 
syndrome.34

Table 2. Selected functional brain imaging 
findings in primary psychiatric disorders

EEG and fMRI studies consistently show 
decreased response to anticipating and 
receiving rewards in people with depression.35 

Patients with schizophrenia show decreased 
activations in fronto-temporal regions during 
learning and memory tasks in fMRI.36 

Clinical anxiety is associated with increased 
activity in the insula, medial temporal lobe, and 
anterior cingulate cortex.37

In depression, resting state networks show 
decreased connectivity between cognitive 
control and emotion regions.38
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spatial resolution, but is clearly not a good solution 
for use as a diagnostic test. 

To improve spatial resolution in the 1980s, 
researchers, including those at Washington 
University, developed positron emission tomography 
(PET) imaging for use in studying neural activity. In 
the most common application of PET, radiolabeled 
glucose is injected into patients, which can then be 
measured to see which parts of the brain are most 
metabolically active at that time, or when performing 
a specific task, though other radiotracers can be 
used as well.13 PET can also measure neurochemical 
receptors on neurons. PET imaging provided the 
foundation for assessing anterior cingulate cortex 
dysfunction in MDD.14,15 Further psychiatric 
research has utilized PET to understand serotonin 
and serotonin receptors in mood disorders.16 
However, use of PET in psychiatric research is 
limited by exposure to ionizing radiation, expense 
and limited spatial resolution.11 

Single-photon emission computer tomography 
(SPECT) is a highly-related technique, also utilizing 
a radiomarker.12 Often SPECT in neuroimaging 
utilizes technetium-based isotopes to assess blood 
flow, though as with PET, other compounds can 
be used as well. This technique does carry some 
radiation risk and by measuring the emission of 
single photons, spatial resolution in limited to 
around 1cm; temporal resolution is also limited.11

In the 1990s it was recognized that MRI could 
provide similar information on regional brain 
activity without the radiation exposure inherent 
to prior imaging modalities. Magnetic resonance 
based functional neuroimaging most often uses 
changes in the level of oxygenated and deoxygenated 
hemoglobin in blood to determine which areas are 
most metabolically active. The MRI detects the 
differential magnetic field properties of oxygenated 
vs deoxygenated blood at a spatial resolution of a 
about a millimeter, much higher than any prior 
neuroimaging technique.11,12 This method is called 
BOLD (blood oxygen level–dependent) fMRI.

MRI can also measure local blood flow. 
Perfusion MRI has lower spatial and temporal 
resolution than BOLD, but is quantitatively much 
more stable over time, making it potentially more 
useful to examine slow changes in the brain such 
as between wakefulness and sleep. The temporal 

stability of perfusion MRI has also been exploited 
to quantify drug activity and receptor sensitivity in 
the brain, since pharmacological effects often require 
measurements separated by hours or days in time.17 

Magnetic spectroscopy, like MRI, capitalizes 
on the magnetic properties of excited protons, 
for example in the amino acid neurotransmitter 
glutamate. However, to do so reliably, the 
overwhelming water signal must be suppressed in 
data analyses. Practically, this means that to get 
good signal to noise, MRS must focus on very 
small areas of the brain, on the order of several 
square centimeters and/or utilize long scan times 
to maximize the number of measurements taken.11 
The potential to measure neurotransmitters such 
as GABA and glutamate have made it an appealing 
methodology for psychiatric research. 

Around 20 years ago, researchers recognized 
that not only could fMRI be used to assess which 
brain regions were most active when doing specific 
activities, but that regions intrinsically varied 
(at rest) in how metabolically active they were 
in interesting and consistent ways. For instance, 
the left and right motor cortex tend to be active 
more often than not at the same time. Assessing 
the relationships between which regions were 
consistently co-activated is the basis of resting state 
functional connectivity, one of the most commonly 
used neuroimaging techniques in modern psychiatric 
research.18 

How Has Neuroimaging Fallen Short?
While neuroimaging has given us a multitude 

of information about how the brain is generally 
affected in psychiatric diagnoses, the neuroimaging 
techniques described above are not yet meeting 
the criteria for a useful or high quality medical test 
as defined above. First, all of the neuroimaging 
techniques described above generally rely on group-
based analyses. That is to say that in order to get a 
reliable enough signal to see differences related to 
depression, for example, researchers measure which 
areas differ on average between those with depression 
and those without. Second, the distribution of values 
for those who have a diagnosis and those who do not 
often overlap. 

First, while large deviations from typical 
neuroimaging values or patterns may be more 
indicative of pathology, there are people who will 
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have psychopathology but no abnormalities in brain 
imaging and those with differences in neuroimaging 
that have no specific psychiatric diagnosis. In this 
way, neuroimaging techniques struggle to meet 
criterion 2a in the above referenced hierarchy of 
clinical test utility – they often cannot reliably 
distinguish between those with and without a 
diagnosis. Moreover, there is considerable overlap 
in neuroimaging findings across psychiatric 
diagnoses. To draw another analogy to anti-
nuclear antibody testing, ANA can be elevated 
in multiple autoimmune conditions and cannot 
alone be used to give a particular diagnosis but only 
in conjunction with other tests and the clinical 
picture. Neuroimaging abnormalities such as 
decreased anterior cingulate cortex activity is seen 
across psychiatric conditions from depression and 
anxiety to bipolar disorder and obsessive-compulsive 
disorder19 and cannot be used to give a specific 
diagnosis. Abnormalities in reward processing occur 
in both depressive disorder and attention deficit 
hyperactivity disorder.20 For both, it is the context 
in which these abnormalities occur (meaning 
other symptoms and time course) that provide the 
diagnosis. 

Second, in functional neuroimaging, the signal 
itself is not reliable enough to get a single (or 
even several) time measurement in an individual 
person and determine where that sits on the 
spectrum of “normal” or even “depression.” As 
referenced above, by failing to reliably differentiate 
between a person with and without a disorder at 
any given time, these techniques fail step 2a in 
the hierarchy of clinical utility in medical testing. 
While resting state neuroimaging techniques are 
less affected by the individual measure or “state” 
as they either are thought to reflect a variation 
overall, “average” patterns of neural activations 
across the brain, there remains considerable 
variability in these measurements as these patterns 
can systematically change throughout the day 
and with training or experience.21,22 Even state-of-
the-art machine learning algorithms, which have 
excellent performance differentiating between 
groups of people with and without symptoms (i.e., 
psychosis), struggle to reliably label an individual 
as one experiencing psychosis.23 Moreover, current 
imaging “diagnoses” are still being compared to 
clinical diagnoses, indicating that at the current 

time these tests also fail 2b in the hierarchy as they 
are using clinical diagnoses as the “gold standard,” 
not performing better than or even adding to these 
diagnoses in most studies.

Last, a number of the neuroimaging techniques 
discussed above do carry small but significant risk. 
PET and SPECT all include exposure to radiolabeled 
markers and exposure to ionizing radiation (albeit 
in relatively small quantities) as well as intravenous 
access. Research indicates that more than 20 minutes 
of high quality resting state scans are needed to 
be able to reliably asses an individual’s functional 
connectivity patterns.24 The long amounts of 
time needed to obtain MR imaging in a small, 
contained space where patients must lie flat results 
in significant inconvenience. Furthermore, relative 
contraindications to MRI exist, from pacemakers 
to tattoos to claustrophobia. The use of these 
expensive imaging techniques, which require trained 
technicians and intensive computational analysis, 
also makes these techniques currently much more 
expensive than clinical diagnoses, indicating an 
additional failure in step 5 of the testing hierarchy.

To put this all together, consider the example 
of perfusion SPECT, which some have advocated 
to diagnose and guide treatment in children with 
ADHD and related symptoms. Some patients and 
clinicians are already convinced that the scan was 
useful in that setting. However, for these judgments, 
the quality of the evidence must be high, because a 
happy outcome after a test may be chance. As the 
old saying puts it, even a stopped clock is right twice 
a day. Furthermore, since patients and doctors both 
are hoping for the test to mean something, they are 
likely to interpret their experience with favorable 
bias. Therefore we can trust only research that keeps 
them both from knowing whether the test results 
are real or simulated until the outcome of interest is 
recorded without bias. Judged in this light, what does 
the evidence say? 

Average brain activity probably differs in ADHD 
compared with people without ADHD (step 1 in 
the box). However, there is no reliable published 
information on step 2a, e.g., what is the positive 
predictive value of a specific finding on the SPECT 
scan for diagnosis? And given that the current 
standard for diagnosis of ADHD is driven by clinical 
assessment, it is not surprising that step 2b is hard 
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to achieve. Even if the scan could provide clinically 
important superior diagnostic information, that 
information is largely irrelevant to the patient unless 
it makes a difference to treatment (step 3) and 
ultimately to the effect on the patient of changing 
treatment (step 4). Any such benefits must of course 
be weighed against the downsides of imaging, 
such as financial cost, time and inconvenience, 
and in this example involving irradiating children, 
risks to health (step 5). Furthermore, ideally the 
downstream effects of improving a diagnosis 
by imaging would change not only a medically 
measurable outcome but raise the quality of the 
patient’s life (step 6). Finally, from a public health 
perspective, test results should improve quality of 
life at least as much as other interventions of similar 
cost (step 7). Collectively, these points remind us 
that any medical diagnostic test needs to pass quite 
a high bar for us to conclude that they are worth 
it to the patient (step 6) or to society (step 7). 
Unfortunately, at this time, imaging tests for 
common psychiatric illnesses are almost all stuck at 
step 1.

Where is Neuroimaging Going?
Ultimately, this is not an indictment of 

the use of neuroimaging in psychiatry—it’s an 
acknowledgment of the complexity of the human 
brain and psychiatric conditions, which are 
themselves part of the human experience. There are 
100 billion neurons in the human brain and the 
activity patterns that correlate with “normal” or 
“typical” human experience is not fully understood. 
Those activity patterns we do see differ across 
people and types of tasks themselves can differ 
depending on the context—in what part of the 
circadian cycle the data is collected, how sleepy 
the participant feels, whether another person is in 
the room, or whether they have just experienced 
intense emotions. This is consistent with the human 
experience, but makes measurement extremely 
difficult. Additionally, our current psychiatric 
diagnoses are (well validated) conjunctions of 
symptoms. While this does capture important 
information about the diagnoses, there are also 
more than 100 combinations of symptoms that can 
result in a diagnosis of major depressive disorder.25 
Between the complexity of the human brain and 
the variety of symptoms, it is not surprising that 

neuroimaging findings related to a specific diagnosis 
have produced variable results. As a result, the field, 
guided by the NIMH, has increasingly moved to 
investigating neuroimaging markers of individual 
psychiatric symptoms rather than diagnoses.26 
While this approach holds promise, the difficulty in 
identifying reliable, specific markers continues.

As reviewed in this journal by Siegel et al., in 
July 2023, researchers continue to work to identify 
patterns of brain responses that may indicate a 
particular diagnosis or possible treatment response 
to improve our ability to “personalize” psychiatric 
medicine. Much of this research is focused on using 
complex computer algorithms and machine learning 
to identify complex spatial or temporal patterns 
of resting state functional connectivity associated 
with disease states or treatment response, or on 
combinations of imaging modalities.25 However, even 
when initial studies have found patterns consistent 
with subtypes of depression,27 follow up studies using 
different populations have often found the initial 
results are not generalizable.28 

Further work in these areas promises to improve 
on these limitations,29 but currently the results 
reported in neuroimaging studies can tell us about a 
group, but cannot reliably tell us about an individual 
within that group.

What Do I Tell My Patients?
When patients ask us: “Isn’t there a brain scan 

you can do?” using the knowledge reviewed here, 
we tell them: “I wish we could—it’s something we’re 
working on in our research studies. Unfortunately, 
right now all types of brain imaging cannot reliably 
give you a diagnosis or tell us which treatment will be 
best for you.” 

Walking through the information above can 
also help patients understand why such tests, when 
offered, are not recommended by most psychiatrists 
or the National Institute of Mental Health, are not 
FDA approved, and are not covered by insurance. 
Fortunately, a long history of research using expert 
review of symptom patterns does allow us to reliably 
make a diagnosis, which points us to an algorithm 
for starting treatments.30 In short, as psychiatrists, 
we love to look at the brain—but we’re not going to 
put you through the time, cost, and risks of brain 
imaging unless there’s evidence that it is likely to 
benefit you.
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