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Introduction
Commonly manifested as auditory hallucinations, paranoid and 

bizarre delusions, and disorganized speech and thinking, schizophrenia 
is a serious mental disorder affecting a person’s thinking, emotions and 
behavior. Patients report hearing voices that may tell them what to do, 
as well as demonstrate a lack of responsiveness, loss of motivation and 
severe impairment in social cognition; furthermore, patients may be 
described as speaking in a “word salad” as their auditory and linguistic 
capabilities may be impaired. Schizophrenia is a severe psychiatric 
disorder that affects 1% of the population and is one of the top ten causes 
of disability worldwide [1]. Usual onset begins in late adolescence or 
early adulthood and is characterized by positive psychotic symptoms, 
such as delusions and hallucinations and disorganized speech, as well 
as negative psychotic symptoms which include emotional blunting 
and loss of drive. These are accompanied by cognitive impairments, 
particularly in memory and executive functions, in addition to 
significant social and occupational dysfunction [2].

A core pathophysiological abnormality that could account for all 
the different clinical features of the disorder has not been identified. 
Diagnoses of these disorders are based on self-reported experiences of 
the patient, as well as abnormal behavior reported by others. Evidently, 
there are many psychiatric illnesses which contain a similar range of 
psychotic symptoms, such as bipolar disorder, major depression, drug 
intoxication, and drug-induced psychosis. Thus, diagnosing patients 
specifically for the range of schizophrenic disorders is complex and 
must be done thoroughly and diligently, in order to rule out any other 
possibilities. The most widely used diagnostic criteria based upon the 
Diagnostic and Statistical Manual requires patients to have had certain 
combinations of symptoms continuously for at least six months [3]. 
However, even when detailed criteria are used in conjunction with 
standardized diagnostic interviews, there is still significant variability 
between clinicians in diagnosing the disorder [4]. A neurobiological 
feature which may be present as a common denominator might allow 
the diagnostic criteria for schizophrenia to be more clearly understood, 
both by physicians and patients alike. In addition, the utilization of 
various neuroimaging modalities to detect the structural and functional 
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Abstract
Schizophrenia is a major mental disorder characterized by functional impairment and the presentation, 

persistence, and severity of symptoms. Characterized as a brain disorder, the etiology of schizophrenia remains 
elusive. Nevertheless, neuroimaging modalities have advanced the understanding of the neuroscientific community 
in regards to the structural and functional abnormalities inherent in the brains of schizophrenics. Neurochemical and 
molecular strategies are beginning to form a subtle consensus in the biomedical community as to the specificities 
of the disease on an organic level. Developing our understanding of the micro-abnormalities present in this disorder 
will allow the medical community to advance our neuropharmological approach to treating, curing, and perhaps 
preventing the onset of this disabling psychiatric disease.

abnormalities in the brains of psychiatric patients can pave the way for 
the future of neuropsychiatric treatment and prognosis. This article 
reviews the current literature regarding the use of neuroimaging 
techniques in the evaluation, diagnosis, and treatment of schizophrenia 
[5,6].

Genesis Debate
A continuous argument has developed as to whether the origins of 

schizophrenia are neurodegenerative or neurodevelopmental. Buckley 
[7] ascribe the origins of schizophrenia to a neurodevelopmental view
based on neuroimaging studies which reveal structural changes in the
brain due to early childhood noxious events that are either genetic or
environmental, or involve an interrelated combination of both nature
and nurture. Although the neurodevelopmental view was accepted for
the conceptual understanding of the onset and cause of schizophrenia,
significant evidence presented by Buckley presents a neurodegenerative 
hypothesis in patients with schizophrenia [7]. Neuroimaging studies
have followed the course of brain changes in schizophrenic brains and
show a deterioration in brain structure with compelling evidence now
of a loss of cortical tissue and progressive ventricular enlargement.
These findings have led some to recast the neurodevelopment versus
neurodegeneration dichotomy essentially as a two-stage pathogenic
trajectory [8]. From this biomedical perspective, it is proposed that
some deleterious event causes primal neurodevelopmental cortical
impairment. This impaired cortical substrate confers susceptibility
thereafter to the later emergence of neurodegenerative processes
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[7]. Consequently, the neuroscientific community has illustrated 
that schizophrenia may represent an interactive process between 
neurodevelopmental vulnerability and progressive deterioration with 
neurotoxicity [9]. According to Lindenberg, convergent evidence 
shows that the disease process of schizophrenia long precedes the 
manifest illness, and abnormalities found in patients may reflect a 
complex and advanced condition that could be too late in the trajectory 
of the disease for efficient treatment [10]. Future neuroimaging studies 
will be necessary in order to best determine the relationship between 
these two primary processes in the development of schizophrenia.

Neuroanatomical Abnormalities
In schizophrenia, anatomical imaging has highlighted decreases in 

grey matter, white matter, and whole brain matter volumes along with 
an increase in ventricular volume. Such studies performed primarily 
with magnetic resonance imaging can accurately quantify brain 
volumes. Chronic schizophrenics present with more extensive volume 
reductions in the cortex, specifically in the medial and left dorsolateral 
prefrontal cortex, as well as in the left superior temporal gyrus [11]. 
Further imaging data has correlated schizophrenic brains with 
decreased volumes in the hippocampus, thalamus and left amygdala 
region, as along with the bilateral insula and anterior cingulated [11]. 
Interestingly, hippocampal volume is also reduced in relatives of 
schizophrenic patients [12] suggesting a potential genetic and heritable 
component to the disease.

Microstructure Brain Abnormalities
There exists an inherent connection between the macroscopic 

structural abnormalities found in the brains of schizophrenic 
patients and the neuronal microcircuits in those very domains [13]. 
Specifically, pyramidal neurons of the prefrontal cortex are the main 
source of excitatory corical-cortical neurotransmission and display a 
reduced size in schizophrenics. Further, pyramidal neurons are also 
packed more densely in these brains, which indicates a reduction in 
dendritic spines and axon terminals which occupy the space between 
neurons. It is hypothesized that this may be a consequence of intense 
synaptic pruning during adolescence. Interneuron populations are 
also adversely affected in the brains of schizophrenics. Interneurons 
in the prefrontal cortex which contain parvalbumin display 
consistent signs of reduced GABAergic neural transmission [14]. 
In the hippocampus, cell bodies of pyramidial neurons are smaller 
and dendritic spines are reduced. Several studies have indicated 
that in the thalamus there is a reduction in the quantity of neurons, 
specifically in the mediodorsal nucleus and pulvinar [15]. Collectively, 
these microstructure abnormalities correlate well with neuroimaging 
findings on the structural scale. The molecular abnormalities indicate 
local processing dysfunction, especially in glutamatergic drive to 
GABAergic parvalbumin containing interneurons and intracortical 
connectivity. Further, these findings suggest changes in long-range 
connectivity, including important thalamic afferents. Prefrontal cortex 
modulation is highly influenced by the dopamanergic system in the 
brain. Thus, the delicate balance between information maintenance 
and flexible adjustment of information that characterizes executive 
function depends quite critically on an optimal level of dopamanergic 
signalling. This signalling system interacts with the prefrontal cortex 
from the midbrain and ventral striatum. Schizophrenic brains 
demonstrate reduced prefrontal inputs, thereby facilitating their 
significant symptoms on the phenotypic scale.

Neuronal Circuitry Abnormalities

Defining abnormal neuronal circuitry in schizophrenics via the 
utilization of biomedical imaging has been successful in pinpointing 
the dorsolateral prefrontal cortex as a common area of aberrant 
circuitry. The disconnectivity in the brain of a schizophrenic patient 
does not illustrate a uniform disruption in neuronal connectivity. 
Rather, the microcircuitry of processing information in the brain of a 
schizophrenic can be described as altered neuronal interactions specific 
to a region of the brain responsible for a particular functional activity. 
Studies have reported that dorsolateral prefrontal cortex connectivity is 
altered in patients with schizophrenia during tasks involving working 
memory [16]. Wolf et al. report a reduction of interhemispheric 
prefrontal connectivity, as well as microcircuitry abnormalities in the 
hippocampal formation of patients at differing stages of their disease 
states [17]. Meyer-Lindenberg et al. state “ it is applicable to the 
phenotype of schizophrenics that the hippocampal formation provides 
input to the dorsolateral prefrontal cortex, and neonatal hippocampal 
formation lesions in animals induce prefrontal cortex abnormalities 
[18], indicating a causal role of the interaction between these two regions 
in schizophrenia. This frontohippocampal dysconnection hypothesis 
is supported further by the fact that the hippocampal formation is 
susceptible to known neurodevelopmental disturbances. Further, 
several parallel interactions between regions of the brain (the prefrontal 
cortex, thalamus, and striatum) form neuronal information processing 
feedback loops which are altered and disturbed in schizophrenic 
patients [19]. This prefrontal-neostriatal system is modulated by 
midbrain dopaminergic neurons which project to the cortex and 
striatum and are subsequently regulated by prefrontal cortex efferent 
neurons [20]. Collectively, the structural and molecular abnormalities 
discovered via advanced biophysical imaging technologies illustrate an 
intricate system in the brain of a schizophrenic which performs its tasks 
in a dehabilitating manner. 

Psychiatric Neuroimaging Technologies
As a result of rapid technological development in recent years, 

a range of functional imaging techniques is now available for the 
assessment  in vivo  of human brain function [5]. Positron emission 
tomography (PET), single photon emission computed tomography 
(SPECT) and functional magnetic resonance imaging (fMRI) provide 
both temporal and spatial information that can be used to localize 
regional brain activity during the resting state or precisely controlled 
cognitive conditions. These techniques have considerably advanced 
our understanding of human brain function and the pathophysiology 
of schizophrenia [5]. Molecular neuroimaging techniques enable the 
analysis of neurochemical abnormalities found in schizophrenia.   As 
McGuire et al. explain “positron emission tomography and single-
photon emission tomography employ radioactive tracers to generate 
images reflecting the distribution of ligands for specific molecules in 
the brain, and they can be used to study the synthesis and release of 
neurotransmitters and the availability of neurotransmitter receptors” 
[6]. PET and SPECT have had a considerable impact on molecular 
neuropharmacology, enabling in vivo assessment in humans of the level 
of receptor availability in schizophrenia, and also the level of receptor 
occupancy by antipsychotic medications at doses leading to clinical 
efficacy and treatment side-effects. These studies have been essential in 
developing current theories about the neurobiology of schizophrenia. 
Functional magnetic resonance imaging, along with other imaging 
modalities which measure regional cerebral blood flow, have precisely 
shown that schizophrenics have an abnormal pattern of neuronal 
activity during a resting state, as well as while performing tasks which 
involve higher cognitive functions [6]. A variety of neuromolecular 
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and neurochemical imaging techniques are utilized in the diagnosis 
of schizophrenia, as brain function abnormalities may be detected 
efficiency by these advanced biomedical instruments.

McGuire et al. [6] report in their study that “PET ligands emit 
positrons which generate a pair of photons that travel in diametrically 
opposite directions, whereas SPET ligands emit a single photon. 
The scanners contain detectors positioned around the head that are 
sensitive to photons released from the radiotracer. Information from 
the detectors is used to construct an image that shows the distribution 
of the tracer in the brain. Magnetic resonance spectroscopy (MRS) 
measures the relative concentration of different chemicals in the brain. 
When exposed to a magnetic field, chemicals respond differently 
according to the number and location of protons in their molecular 
structure. Within a region of interest in the brain, MRS exploits this 
property to yield a spectrum of peaks (Figure 1) corresponding to 
the different chemicals present. MRS can thus be used to estimate 
the local concentration of glutamate and glutamine (Glx), N-acetyl 
aspartate (NAA), creatine (Cr), myoinositol (mI) and choline (Cho). 
fMRImeasures the BOLD (blood oxygenation level dependent) 
response. An increase in neural activity in response to an experimental 
stimulus increases local blood flow to provide more oxygen (blue 
circles), delivered as oxyheamoglobin (red and blue circles together). 
Blood flow during normal neural activity can be observed (Figure 1), 
as well as areas of increased or decreased perfusion during specific 
activation tasks (Figure 1). Oxy- and deoxyhemoglobin have different 
paramagnetic qualities and the local change in their ratio results in 
signal that can be detected by the MRI scanner”. 

fMRI has been the primary modality used in the field of cognitive 
neuroscience to elucidate the areas of the brain involved in different 
cognitive and emotional processes.

PET Imaging in Schizophrenia
Positron emission tomography (PET) has provided substantial 

contributions to understanding the neurophysiological basis of 
neurological and psychiatric disorders. Studies of cerebral blood 
flow and metabolism have provided insights into the pathology and 
treatment of these complex diseases. Neurotransmitter studies using 

PET imaging have further elucidated pathophysiologic mechanisms 
involved. The currently available tracer for clinical brain PET is 
[18F] fluorodeoxyglucose (FDG), which measures cerebral glucose 
metabolism. Usually, these studies are performed with the subject 
receiving an intravenous injection at rest, allowing an uptake period 
of about 30 min, and then scanning for about 30 min. PET imaging 
has contributed to our understanding of the disease processes and 
their associated pathophysiology. Functional abnormalities in 
schizophrenia have been clearly demonstrated using PET imaging 
[21,22] (Figure 2 and 3).

Studying the brains of schizophrenic patients with molecular imaging 
techniques has shown that a major pathophysiological feature found 
in schizophrenics is the abnormal concentration of dopamine. Studies 
indicate that schizophrenia is associated with increased pre-synaptic 
striatal dopamine synthesis and storage [23,24] and increased striatal 
release of dopamine following amphetamine administration [25,26]. 
In addition to dopamine abnormalities, theories of schizophrenia 
indicate other neurotransmitters which may be aberrantly affected. 
Krystal et al. and Newcomer et al. have reported that “when healthy 
individuals take uncompetitive antagonists for the NMDA (N-methyl-
D-aspartate) receptor (such as PCP (phencyclidine) or ketamine) 
they develop transient positive and negative psychotic symptoms and 
cognitive impairments that resemble those of schizophrenia.” This is 
significant because a disinhibition of glutamatergic projection neurons 
and elevated glutamate release may be caused by NMDA receptor 
blockade on GABAergic interneurons. Based on this information, the 
dysfunction of NMDA receptors or the GABAergic interneurons may 
be a potential abnormal marker in schizophrenic patients. Further, 
the reductions in grey matter volume demonstrated in MRI studies 
of schizophrenics may now have a known pathophysiology: elevated 
glutamate [27].
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Figure 1: Adapted from McGuire et al. 2007.  Useful imaging techniques 
utilized in neuropsychiatric disease  treatment. PET has the ability to detect 
cerebral metabolism, blood flow, and  neurotransmitter activity. SPECT has 
the ability to detect cerebral blood flow and neurotransmitter activity. Magnetic 
resonance spectroscopy (MRS) can  detect the molecular milieu of particular 
brain areas. fMRI is able to measure  changes in cerebral blood flow across a 
variety of conditions related to disease  state and activation states.

Figure 2: Pet imaging indicating healthy uniform glucose.

Figure 3: FDG-PET scan of patient with schizophrenia showing a mild global decrease, 
particularly in the frontal regions (arrows), consistent with some of the reported 
findings in the literature.
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Several PET studies have been performed to determine whether 
or not left hemispheric dysfunction can be detected in schizophrenics. 
In some studies, patients with schizophrenia at rest had increased 
perfusion and metabolism in the left hemispheric cerebral cortex 
relative to the right. Also, the severity of the symptoms of schizophrenia 
correlated with the degree of hyperactivation of the left hemisphere 
and not with the degree of hypofrontality. This concurs with a study 
by Sheppard and colleagues, which found increased blood flow to 
the left hemisphere using 15O-H2O PET. Early and colleagues found 
increased CBF in the left globus pallidus in patients with schizophrenia.

Corticostriatal Function and PET
Corticcobasal ganglia neuronal circuitry is of elementary importance 

for most motor and mental behavior. The neuronal activity of the 
corticostriatal circuits is significantly dependent on the concentration 
and affects of dopamine. Consequently, the dopmanergic systems play 
a vital role in corticostriatal function. Evidently, increased capacity in 
the basal ganglia for dopamine synthesis in patients with schizophrenia 
has been reported extensively by the scientific community. These 
important findings concur with other PET studies which demonstrate 
elevated psychostimulant evoked dopamine release in the benzamide 
competitive binding paradigm [28]. Collectively, these findings may 
support the underlying hypothesis which correlates the positive 
symptoms of schizophrenia with an inherent functional excess of 
dopamine [29]. Kawagoe et al. report neurophysiological studies 
of dopaminergic neurons which demonstrate that changes in this 
particular firing pathway may influence excitability in the corticobasal 
ganglia pathways [30]. Schultz further elaborate that these neuronal 
circuitry deficiencies are particularly evident in the prediction of 
temporal errors in reward [31]. Consequently, dopaminergic neuronal 
firing alterations may significantly influence important behavioral 
patterns which are of limited function in schizophrenic patients. Hietla 
et al. [32] and Reith et al. [33] report studies which utilized PET imaging 
instrumentation to demonstrate that unmedicated patients with 
schizophrenia contain an increase in dopamine synthesis rate when 
compared to healthy controls. Kumakura et al. concluded from their 
studies with PET in schizophrenic patients that a significant difference 
in patterns of brain dopamine utilization separates schizophrenia from 
the healthy state [34]. 

Conclusion
The association of deficits in executive cognitive functions with 

reduced functions of a frontal-cortical-based cognitive control system 
in the brain has important implications for both the pathophysiology 
of cognitive pathology in the illness as well as for the development of 
therapies targeting this disabling aspect of the disease. Neuroimaging, 
particularly PET and SPECT with their array of radiotracers, is used to 
study many physiological and pathological states in the brain. In order 
to continue to advance our understanding of schizophrenia, its causes 
and treatments, future neuroimaging studies will be necessary to assess 
metabolism, blood flow, and neuromolecular activity.
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