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ABSTRACT

The aim of this review is to estimate the rate of organic brain abnormalities in patients who present with
psychiatric disorders. The literature overview was composed using database including Research Gate, Psyc
Info, PubMed, Scopus, Science Direct, and Google Scholar to conduct a thorough search. There are a variety
of neuroimaging techniques that can provide insight into the pathophysiology, and abnormalities of the brain
in patients with psychiatric disorders. Computed tomography scans show mild enlargement of the ventricles
and sulci, as well as reversed asymmetry of the Sylvian fissure. A Magnetic resonance imaging study
generally shows grey matter reduction, primarily in the frontal and temporal limbic regions, along with gross
abnormalities of the brain like deviated sulcogyral patterns. There is a reduction in fractional anisotropy and
white matter in diffusion tensor imaging scan, and in positron emission tomography studies, there is a
reduction in dopamine transporter density. Neuroimaging is a technique that studies the structure and
function of the nervous system using imaging technology, where images of the brain are obtained non-
invasively. The Psychiatric disorders are also associated with abnormalities in the nervous system so
neuroimaging plays an important role in psychiatric disorders. We have discussed the importance of
neuroimaging in the workup and evaluation of psychiatric disorders. This review provides physicians with
primary knowledge on the neurobiology of psychosis based on a collection of in vivo brain imaging studies,
as well as insight into future operations in neuroimaging.
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INTRODUCTION

In psychiatric disorders, neuroimaging has been used since computed tomography was introduced, and now
new forms of imaging are commonly used as technology is advances. Currently, neuroimaging techniques
such as magnetic resonance imaging, magnetic resonance spectroscopy, diffusion tensor imaging, functional
magnetic resonance imaging, and radionuclide imaging are used. Schizophrenia is a psychiatric disorder
characterized by hallucinations such as hearing voices, delusions, disorganized behaviour [1], and thought
interference in the acute phase, and social withdrawal, apathy, and slowness of activity in the chronic phase
[2]. Currently, there is no clear protocol or guidelines for the use of neuroimaging in psychiatry [3]. In clinical
practice, neuroimaging might be helpful in certain cases, including unusual or new-onset psychotic and
mixed presentations, treatment resistance, cognitive or intellectual disability or change in cognitive capacity
with comorbid neurological disorders or neurological abnormalities on physical examination, history of
head trauma, including the central nervous system, older age and, delirium [4]. According to neuroimaging
studies, hallucinations and delusions are correlated with the left medial temporal lobe and the cingulate
cortex, whereas disorganized thought and behavioural patterns are correlated with the anterior cingulate,
bilateral parietal cortex, and ventral frontal cortex. The activity of the frontal cortex is reduced in
psychomotor poverty, on the other hand [5].
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In this context, neuroimaging studies are not solely conducted to identify the aetiology of schizophrenia.
Additionally, neuroimaging may assist in ruling out organic pathologies, predicting response to treatment,
and estimating prognosis, identifying high-risk individuals, and developing drug development processes, as
well as evaluating accompanying neurodevelopmental pathologies. A major objective of this paper is to
provide clinicians with basic physics information about various neuroimaging techniques used during the
diagnosis and treatment of schizophrenia, with an emphasis on current and future clinical applications [6].
Additionally, to neuropsychological and functional assessments, brain imaging can also be helpful in
diagnosing and treating mental disorders. Specialized imaging techniques might also play an important role
in diagnosing and treating psychiatric disorders [7]. Organic disease is responsible for both the early and late
onset of psychosis symptoms. These organic causes of psychosis should be identified early, as the primary
disease may require urgent treatment. Magnetic resonance imaging (MRI) can detect some of these
underlying organic disorders. It remains controversial whether all psychotic patients should undergo routine
MRI scans or in some specific cases, whether doing an MRI scan with contrast is mandatory.

Neuroimaging in Psychotic Disorders

A computed tomography Scan (CT scan)

A highly collimated x-ray beam is used in computed tomography (CT). Psychiatric patients are increasingly
requesting these tests because they are convenient, quick, and sensitive imaging tests for most brain lesions.
According to some clinicians, all patients with psychotic illness should have a computed tomography scan
of their brain to rule out infection, tumours, abscesses, Huntington's disease, and encephalitis [8-9].
Additionally, it is useful for assessing cerebral volume loss, hydrocephalus, and traumatic sequel [10], and
the diagnostic value of this non-invasive technique in examining intracranial contents was quickly
recognized. It is a valuable tool in psychiatric research studies to dig deeper into the aetiology as well as the
long-term structural abnormalities in the brains of persons with schizophrenia, mood disorders, metabolic
disorders, or neurological disorders. Nevertheless, CT plays a less clear role in clinical psychiatry. Psychiatric
symptoms may initially manifest in patients with neurological disorders caused by trauma, intracranial
haemorrhage, tumours, and vascular abnormalities. If a CT scan of the brain is not performed, it is very
likely that untreatable causes will be missed, as these symptoms may be incorrectly diagnosed as psychiatric
disorders. A CT scan is helping aid or tool to rule out any organic abnormality of the brain.

CT is not conclusively used in psychiatry as a diagnostic tool, according to the current literature. As reported
by international and local studies, CT is indicated for patients with confusion or dementia, the first episode
of psychosis of unknown cause, a movement disorder of unknown cause, prolonged catatonia, the first
episode of major affective disorder, personality changes after 50 years of age, and cognitive decline. Some
psychiatrists recommend CT for all first admissions to the hospital [11-13]. Some researchers [14-15]
recommend that CT is eligible for only mentally ill patients with neurological abnormalities like focal signs,
seizures, head injuries, and abnormal special investigations such as EEG, and blood tests. Psychiatric
patients with first-episode psychosis showed a significant number of abnormalities on a CT scan. In
schizophrenia, there is a large cavum and pellucidum seen, but this is not considered to be a causal factor
[16]. Patients with schizophrenia are more likely to have a large cavum and septum pellucidum, but this is
not considered a causal factor. Schizophrenia may be attributed to aberrant neurodevelopmental processes,
and pathophysiological changes [17]. In schizophrenia patients, ventricular hypertrophy and cortical
atrophy are also more common, but these symptoms are not secondary to chronic antipsychotic medication
use. It is shown that ventricular hypertrophy is associated with age, a decline in cognitive functioning, and
a decreased response to treatment [18-19]. In one case study a CT scan showed left temporal cerebrospinal
fluid leading to compression on the temporal lobe and likely arachnoid cyst, and it presented symptoms of
psychosis [20].

Magnetic resonance imaging (MRI)

Magnetic resonance imaging (MRI) is becoming a widely used tool for investigating cerebral abnormalities
associated with mental health disorders. The use of MRI to investigate psychiatric illness has several
advantages over computed tomography. Recent research has shown that MRI can help study neurologic
deficits in schizophrenia, affective disorders, dementia, and anxiety disorders. New investigational
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techniques like magnetic resonance spectroscopy add functional information to structural changes detected
by standard MRI scans. The contrast resolution of magnetic resonance imaging (MRI) is four times higher
than that of computed tomography [21].

The MRI should be recommended when patients present for psychosis for the first time, especially if the
presentation is unusual, if psychosis develops rapidly or atypically, if there is dementia, or if focal neurologic
deficits occur. This type of imaging is particularly useful to rule out possible underlying diseases like epilepsy,
multiple sclerosis, certain tumours, and vasculitis. The volume of grey matter is reported to be reduced by
four percent in schizophrenia, while the volume of white matter is unaffected. From the moment of the first
attack, structural changes are evident. However, the relationship between volume loss and disease duration
is still controversial [22]. There was a 3 percent decline in frontal lobe volumes, a 5 to 6 percent decrease in
temporal lobe volumes, a 4 percent decrease in hippocampal volumes, and a 10 percent decrease in para
hippocampal volumes, which are all associated with declines in executive function and cognitive decline
[23-24]. There is a correlation between auditory hallucinations and volume loss in the superior temporal
gyrus, and negative symptoms are associated with volume loss in the prefrontal lobe [25].

Anatomical information about brain structures is provided by structural MRI, along with detailed
information on how disorders affect those structures. Major depressive disorder (MDD) and many other
neurological disorders are also associated with structural brain changes. MRI revealed lateral ventricular
enlargement in MDD patients, along with increased cerebrospinal fluid (CSF) volume compared with
healthy controls. Additionally, patients with MDD have structural alterations in their parietal lobes. Cortical
thickening and volumetric changes of gray matter are the most consistent findings [26]. It has been observed
that patients with schizophrenia and MDD have asymmetric occipital lobes [27].

Magnetic resonance Spectroscopy (MRS)

Based on the chemical shift phenomenon, magnetic resonance spectroscopy (MRS) relies on changes in the
magnetic field created by protons in the presence of electrons. In vivo, magnetic resonance spectroscopy
allows us to analyse chemical concentrations by analysing the precession frequency of bound protons. In
MRS studies, N-acetyl aspartate, creatinine, choline, myo-inositol, and glutamate- glutamine are frequently
analysed markers [28]. A low concentration of N-acetyl aspartate in vivo indicates neuronal damage or
axonal injuries in disease states including multiple sclerosis, Huntington's disease, Alzheimer's disease, and
encephalitis.

Functional Magnetic Resonance Imaging (fMRI)

In patients with psychotic disorders, functional magnetic resonance imaging (fMRI) has been widely used
to identify neurobiological substrates for cognitive impairments associated with the illness, with its excellent
spatial resolution and non-invasive accessibility contributing to its popularity. According to functional
magnetic resonance imaging (fMRI), areas of the brain that are active during a given task experience
increased cerebral blood flow. Schizophrenia patients can undergo functional MRI studies to study executive
and cognitive functions such as attention, memory, psychomotor function, and basic stimulus processing.
Functional MRI showed that loss of superior temporal gyrus volume and functionality is associated with
such symptoms. In psychotic symptoms, auditory hallucinations are studied extensively. These symptoms
are associated with a loss of superior temporal gyrus volume and functionality, as shown by functional MRI.
The results of functional MRI studies revealed that schizophrenia patients suffer from diffuse functional
disorders throughout the body [29].

Diffusion Tensor Imaging (DTI)

The diffusion tensor imaging (DTI) technique provides precise details on the microstructure of tissue,
making it a popular tool to evaluate abnormalities in the cerebral white matter. As part of general
neuroimaging, diffusion tensor imaging is used to visualize white matter associations, projections, and
commissural fibres, to demonstrate white matter degeneration and myelin breakdown in demyelinating
disorders, and to visualize axonal tracts to plan the extent of resection before tumour surgery and to
demonstrate the extent of tumour infiltration. The diffusion tensor imaging technique is also used to
visualize white matter tracts in coloured three-dimensional images and this method is known as tractography
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[29]. DTI (diffusion tensor imaging) is a magnetic resonance imaging technique increasingly used for the
non-invasive and quantitative evaluation of cerebral white matter (WM) and fractional anisotropy (FA) in
psychiatric disorders. Some examples include schizophrenia, major depression, anxiety disorders, obsessive
compulsive disorder (OCD), attention deficit hyperactivity disorder (ADHD), autism, personality disorders,
post-traumatic stress disorder (PTSD), and anxiety disorders.

Researchers found a significant amount of heterogeneity in chronic schizophrenia patients. There was a
reduction in fractional anisotropy (FA) of the cingulate, corpus callosum, and frontal lobes associated with
illness duration rather than medication. These studies and their results can also be affected by factors such
as age, gender, and hand dominance among the subjects [30]. Among young adults with major depressive
disorder, FA is decreased in the right middle frontal gyrus, the left occipitotemporal gyrus, the right parietal
lobe subgyral and angular gyrus, the left anterior limb of the internal capsule, the right parahippocampal
gyrus, and the left posterior cingulate cortex. Major depressive disorder in older individuals is characterized
by decreased FA in the dorsolateral prefrontal cortex and anterior cingulate, as well as the diffuse frontal
and temporal regions. A decrease or increase in FA in the cingulum bundle is observed in anxiety disorders.
It has been shown that in OCD, the right cingulum has decreased FA, whereas in PTSD, the left cingulum
has reduced FA. There have been widespread reductions in FA in autistic individuals leading to more focal
findings in the temporal lobe WM.

Single-Photon emission computed Tomography (SPECT) and positron emission tomography (PET)
Single photon emission computed tomography (SPECT) and positron emission tomography (PET) are
radionuclide neuroimaging techniques. The SPECT detects radionuclide-emitted gamma rays. In positron
emission tomography, images are constructed using positrons. Two types of radionuclide studies are
performed on schizophrenia patients: blood flow-glucose metabolism studies and neuro receptor studies.
Blood flow abnormalities in the temporal limbic tracts are highly correlated with disorders that inhibit
subcortical dopamine release as well as positive symptoms of Parkinson's. There is an association between
auditory hallucinations and increased blood flow to the limbic system and medial temporal lobe [31]. In
schizophrenia patients, radionuclide studies showed increased levels of dopamine in synapses. PET and
SPECT can be used to determine the receptor affinities of antipsychotic drugs. When compared with first-
generation antipsychotics, second-generation drugs have a greater affinity for dopamine receptors and are
more reversible when binding to receptors.

SPECT and PET studies have revealed dysregulation of the dopamine system in schizophrenia patients and
varying losses of monoamines in depression patients. Antipsychotic responses have been linked to the
blockade of dopamine D2 receptors, and antidepressant responses have been linked to the blockade of
serotonin transporter receptors. The use of PET and SPECT as diagnostic procedures for dementia has been
extensively evaluated. The development of radio ligands that bind to amyloid deposits in the brain has made
significant progress, providing new opportunities for early diagnosis and treatment monitoring of different
disorders. PET and SPECT imaging advances have provided new insights into the biology and treatment of
major psychiatric disorders. These imaging techniques will become increasingly important for the treatment
of psychiatric disorders in the future [32-33]. A recently published PET study found that decreased dopamine
transporter density (DAT) was seen in manic patients [34].

CONCLUSION

The use of neuroimaging techniques can provide insight into the pathophysiology of mental illnesses.
Psychosis-related brain changes might be targeted for early intervention. Future studies are needed to revise
therapeutic strategies to prevent or mitigate these active brain changes before psychosis begins. On CT scans,
psychosis is characterized by mild enlargement of the ventricles and sulci, as well as reverses asymmetry of
the Sylvian fissure. It was reported in 1927 that patients with schizophrenia had enlarged ventricles. In
schizophrenia patients, grey matter volume has been shown to be decreased in multiple brain regions. In
many studies, white matter disruption in schizophrenia patients has been reported, despite grey matter
deficits receiving most of the attention.
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In schizophrenia, magnetic resonance imaging (MRI) studies generally show grey matter reduction,
primarily in the frontal and temporal limbic regions, along with gross abnormalities of the brain like deviated
sulcogyral patterns. Active brain changes remain a mystery due to unknown pathological mechanisms.
Functional MRI revealed a reduction in the volume of the superior temporal gyrus in psychosis. Diffusion
tensor Imaging (DTI) in chronic schizophrenia patients shows reduction in the fractional anisotropy (FA)
of the cingulate, corpus callosum, and frontal lobes, and also a reduction in white matter. The receptor
affinities of antipsychotic drugs can be determined using PET and SPECT. In PET studies, a decreased
concentration of dopamine transporter density was seen in people suffering from acute mania. Additionally,
diffusion tensor imaging is used to visualize white matter tracts in colored three-dimensional images.
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