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An ever-growing population experiences a wide range of
psychopathologies, and there is now more than ever a
need for clear differential diagnoses between disorders.
Furthering this need is the fact that many psychological,
psychiatric, and neurological disorders have overlapping
features. Functional neuroimaging has been shown to dif-
ferentiate not only between the function of different brain
structures but also between the roles of these structures
in functional networks. The aim of this article is to aid in
the goal of parsing out disorders on the basis of specific
symptom domains by utilizing the most recent literature

on functional networks. Current literature on the role of
brain networks in relation to different psychopathological
symptom domains is examined and corresponding
circuit-based therapies that have been or may be used to
treat them are discussed. Research on depression, obses-
sion and compulsions, addiction, anxiety, and psychosis is
reviewed. An understanding of networks and their specific
dysfunctions opens the possibility of a new form of psy-
chopathological treatment.
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Over the past several decades, many advancements have
occurred in the field of clinical neuroscience, particularly in
the ability of functional neuroimaging to relate psychopa-
thology to corresponding brain areas. As the field has pro-
gressed, however, it has become more evident that simply
mapping complex psychological syndromes onto individual
brain areas is insufficient. Rather, the future of cognitive
neuroscience may lie in the examination of specific symp-
tom domains and modulation of corresponding brain areas
in relation to their role in functional networks (1).

Since its inception in 1990, functional magnetic resonance
imaging (fMRI) has been used primarily to examine signals
from brain regions that show blood oxygen level-dependent
changes in response to a given cognitive task (2). As a clini-
cal tool, fMRI is frequently utilized in mapping of language
and motor areas prior to resective surgery. However, focus
has recently shifted toward examining how multiple brain
areas can be functionally connected. The most crucial of
these functionally connected brain areas have been termed
“networks,” and a few of these networks have been deter-
mined to be of vital importance to proper neuropsychologi-
cal functioning. The most commonly discussed networks are
the default mode network (DMN), salience network (SN),
and central executive network (CEN). These three specific
networks have been previously termed the “triple network
model,” because the dynamic interactions between them
make up much of cognitive processing abilities (3).

Currently marketed psychiatric therapies are effective,
on average, in approximately half the patients who use

them. The arbitrary clustering of various symptoms with
different pathophysiological pathways into one illness
may be one cause for this low response rate. The transi-
tion from one-size-fits-all therapy to targeted, circuit-
based therapy may improve the benefit-risk ratio for
patients by improving the mechanistic understanding of
disease and matching the correct therapies to the right
individuals (4). It could also aid with mental illness dif-
ferential diagnosis and reclassification of heterogeneous
subgroups within the same disorder (e.g., depression
syndrome into agitated versus apathetic versus anhe-
donic symptoms or the autism spectrum into Research
Domain Criteria [RDoC] symptom-based domains). Many
existing mental diseases may thus be regarded as mis-
classified rather than as heterogeneous in this sense (5).
This was the impetus for the National Institute of Men-
tal Health’s RDoC Initiative: to parse syndromes into
levels (genetic, systems) of specificity (genes, symptoms),
allowing for more precise characterization of the under-
pinnings that lead to and constitute mental illness. For
the purposes of this article, we address the system (neu-
ral network) and psychiatric symptom domains.

This understanding of networks and their specific dys-
functions opens the possibility of a new form of psychopath-
ological treatment. In this review, we examine the current
literature on the role of brain networks in relation to differ-
ent psychopathological symptom domains and discuss the
corresponding circuit-based therapies that have been or may
be used to treat them.
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SYNDROMES

Depression
Because of the overlap in clinical features, distinguishing
between primary symptom domains of “depression” can be
challenging. Use of fMRI may offer information on the neu-
robiology and changes in neurocircuitry involved in the
mediation of mood and motivational deficits among elderly
persons (6).

Apathy. One explanation for the differences in therapeutic
responses between depression and apathy is that depression
occurs when paralimbic neurotransmitter function is dis-
rupted, resulting in excessive negative emotion, whereas
apathy occurs when the cortex is functionally disconnected
from relevant paralimbic input (7). Accordingly, apathy is
defined as diminished motivation, without decreased levels
of consciousness or emotional distress.

A clinical example that demonstrates the need for treat-
ment of apathy as a symptom independent of “depression”
is in patients with neurodegenerative diseases—e.g., Alz-
heimer’s disease (AD), Parkinson’s disease (PD), and fronto-
temporal dementia. Depression is a commonly diagnosed
co-occurring disorder in patients diagnosed as having neuro-
degenerative diseases. However, in studies comparing the
two groups, patients with AD exhibited high apathy and low
depression ratings, whereas patients with major depressive
disorder had high depression and low apathy scores (8).
Because apathy was once considered part of depression and
has been teased apart as a distinct symptom, particularly in
the context of neurodegenerative disease, this study suggests
that it may be a distinguishable clinical construct that neces-
sitates a different treatment approach in some patients. In
AD patients specifically, it has been shown that apathy and
other behavioral issues have a greater influence on everyday
function than do the cognitive symptoms, particularly early
in the disease process (9).

The need for nonpharmacological treatment of apa-
thy stems from studies that have demonstrated the inef-
ficacy of typical selective serotonin reuptake inhibitor
(SSRI) antidepressants in the treatment of apathetic
symptoms—and in some cases, these agents worsen such
symptoms (10). Low dopamine production has been
hypothesized as one cause of apathy, and some success
has been observed using amphetamine methylphenidate
as a treatment modality; however, this treatment is con-
traindicated by cardiovascular dysfunction (11) and fre-
quently insufficient to counteract the apathy that is
common in PD.

Inability to redirect attentional processes to goal direc-
tion has been shown in PD patients, suggesting that connec-
tivity between the executive and emotional networks may
be a key factor in initiating motivated behavior (12). Neuro-
imaging studies have indicated that in patients with apathy,
functional connectivity of frontostriatal circuits was dimin-
ished, particularly between medial frontal brain areas and

linked striatal areas (13). Furthermore, atrophy and func-
tional hypoactivity of the lateral prefrontal cortex have been
associated with higher reported apathy scores (14). The dor-
solateral prefrontal cortex (dlPFC), in particular, has been
shown to be involved with the initiation of motivated behav-
ior, an action that is reported to be of higher difficulty for
patients struggling with apathetic affect (15).

Previous studies have demonstrated that frontal-striatal
stimulation could restore motivated behavior in schizophre-
nia patients by normalizing dopamine synthesis in emotion
regulation networks (16). In light of this finding, a study of
the treatment of apathy investigated the effects of repetitive
transcranial magnetic stimulation (rTMS) on the left dlPFC
in AD patients. Results showed significant score improve-
ment on scales measuring apathy, activities of daily living,
and mental state (17). This suggests that the dlPFC may be a
potential stimulation target for the treatment of apathy.
Additionally, the network topology of the anterior cingulate
cortex (ACC) has been shown to successfully differentiate
apathy from depression (characterized more broadly), such
that apathy represents a downregulation in salience-related
processing by the ACC network, whereas depression repre-
sents an increased processing of negative-valence, emotion-
ally salient information (18).

Anhedonia. Anhedonia, or the lack of responsiveness to
pleasurable stimuli, has emerged as one of the most promis-
ing endophenotypes of depression and is a primary symp-
tom and trait marker of major depressive disorder (19).
Anhedonia has, in part, been conceptualized as a lack of
emotional reactivity to anticipated reward. This framework
has been applied to several neuroimaging studies, associat-
ing multiple brain regions with this process.

The ventral striatum—specifically, the nucleus accumbens
(NAc)—has been implicated in assigning stimuli with
incentive-related properties. Importantly, an fMRI study
conducted in 2008 demonstrated that the ventral striatum
was more active during reward anticipation than in reward
consumption (20). Although the ventral striatum has been
implicated in reward anticipation, the orbitofrontal cortex
(OFC) has been implicated in stimulus reinforcement and
updating stimulus-outcome representations (21). These find-
ings imply that anhedonic phenotypes may be caused by a
variety of distinct psychological processes and brain abnor-
malities. Thus the OFC is a frequent “add-on” treatment tar-
get for anhedonic depression treatment-focused rTMS.

Perhaps because of these varying anhedonic phenotypes,
traditional SSRI antidepressants have been shown to be
unreliable—and, in some cases, ineffective—for depressed
patients with anhedonia (22). For this reason, nonpharmaco-
logical interventions may be considered.

Deep brain stimulation (DBS) is the stereotaxic place-
ment of a neurostimulator, as well as electrodes, into a spe-
cific brain area to electrically stimulate that region (23). In
2004, some success in alleviating depression was shown in a
preliminary study after electrodes were implanted in the
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white matter tracts near the NAc (24). In light of this find-
ing, a later double-blind study in which electrodes were
implanted directly into the NAc was able to show immediate
and lasting alleviation of anhedonic/reward-dysfunction
symptoms (25). DBS to the NAc may thus be a strategy for
refractory severe depression with anhedonic symptoms,
according to these preliminary data. As such, research inves-
tigating the clinical utility of other neuromodulation or
intervention targeting the NAc, or ventral striatum more
broadly, may be warranted.

Obsessions and Compulsions
Obsessions are characterized by recurrent intrusive
thoughts, images, or impulses that lead to an increase in
anxiety or distress, and compulsions are characterized by
repetitive behaviors that downregulate the anxiety and dis-
tress caused by the obsessions. However, heterogeneity
issues have arisen as a result of the current absence of a
clear and objective basis for these symptom domains. Tradi-
tionally, the presence of these symptoms, when sufficient to
cause functional impairment, results in a diagnosis of
obsessive-compulsive disorder (OCD). OCD is a mental dis-
order with a prevalence rate of 2%23%. It is described as
the presence of time-consuming, stressful, or disabling
obsessions or compulsions or both (26).

Considering that approximately 40% of OCD patients do
not respond to traditional pharmacological treatments (27),
multiple methods of neuromodulation have been examined
in the search for a nonpharmacological intervention for
OCD. DBS has been used in multiple experiments to some
notable success. One study implanting electrodes in the ven-
tral capsule and ventral striatum showed significantly
decreased symptoms of OCD, anxiety, and depression scores
after 36 months, in eight of ten patients treated (28).
Another DBS study in which electrodes were implanted in
the same brain areas showed similar improvement, includ-
ing in obsessions and compulsions, after 12 months in four
of six patients treated (29). However, DBS is at the same
time very cumbersome, expensive, and risky and can at
times be insufficiently effective.

Noninvasive neuromodulation techniques have also been
explored for the treatment of OCD. A recent study used
high-frequency, transcranial alternating current stimulation
targeting the OFC and found that it was able to modulate
reward-guided behavior and that application over a 5-day
period reduced obsessive-compulsive behavior for 3 months
(30). Similar effects have also been seen in the use of rTMS
treatment, targeted at either the OFC or the supplementary
motor area. A review of 12 rTMS studies observed similar
efficacy across all experiments, and findings suggested that
further improvements could be made by way of neuronavi-
gational targeting (31).

Obsession. To treat OCD on a symptom level, the distinct
physiology underlying both obsessions and compulsions
must be understood. Obsessions have proven more difficult

to characterize than compulsions, which can be easily linked
to RDoC dimensions (32). It is possible that a deeper physi-
ological understanding of obsessions will explain their rela-
tionship to existing RDoC categories. A recent study based
on the RDoC that examined 96 patients diagnosed as having
OCD found that obsession specifically was associated with
the supplementary motor area, superior parietal lobule, and
precentral gyrus (5). Obsession in relation to the triple net-
work model was also examined, and Lee et al. (5) found
that higher obsession severity was associated with decreased
internetwork connectivity between the dorsal attention net-
work (DAN) and the CEN, as well as decreased connectivity
between the DAN and ventral attention network.

Neurostimulation treatments directly targeting the symp-
tom domain of obsession are limited, but the above studies
indicate potential networks that could be explored in future
studies.

Compulsion. Compulsions are defined by the DSM-5 as ste-
reotyped actions that are carried out according to strict
rules in order to downregulate the distress caused by obses-
sions or to lessen or avoid otherwise unpleasant consequen-
ces. Although commonly ascribed to OCD, compulsive
behaviors are also seen in a wide range of psychiatric condi-
tions, especially those involving poor impulse control, such
as addiction (33). For the purposes of characterization, com-
pulsive behaviors have been linked to the RDoC component
“habit.” Habits are defined as automatic, sequential motor
or cognitive acts that may be completed without ongoing
conscious effort once established and activated by cues.
Habits are functionally the inverse of goal-directed activities,
which are conducted consciously and are affected by the
value of the outcome (34). On an anatomical level, the
cortico-striatal circuitry dysfunction often associated with
OCD has also been associated with maladaptive habit forma-
tion and execution (35). Specifically, neuroimaging studies in
patients with OCD have shown that the dorsal striatum
plays a large role in the formation and execution of habits
(33) and that the putamen of OCD patients is larger and
more activated, compared with those of controls (36, 37).

Because the parsing of compulsion into its own symptom
domain for treatment in the context of the RDoC is a rela-
tively new concept, neuromodulation studies are limited.
However, in 2013, an experiment using compulsive-behavior
rat models was completed that targeted the lateral OFC and
its terminals in the striatum by using focused optogenetic
stimulation (38). The results showed restored compulsive-
behavioral inhibition and normalized regulation of striatal
projection neuron activity. Further neuromodulation studies
in humans are thus warranted.

Addiction
Substance use disorder is a chronically relapsing disorder
marked by compulsive substance seeking and a lack of con-
trol over intake (39). As previously noted, symptoms of
addictive craving have been shown to manifest neural
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circuitry dysfunction similar to those of compulsion (33).
This is characterized by a hypoactivation of frontal regions
associated with decision making and behavioral inhibition
and a hyperactivation of striatal regions associated with
implicit learning, self-reflection, and rumination. The triple
network model has been examined in relation to addictive
craving, and resting-state functional connectivity (RSFC)
studies have shown decreased activation of the anterior
component of the DMN, as well as increased activation of
the posterior component (40). Furthermore, this aberrant
within-network DMN connectivity has been linked to dis-
rupted internetwork connectivity with the CEN (41). Dis-
rupted DMN-CEN connection may make it difficult for
patients to detach attention from internal rumination and
cravings, making it harder for them to recruit attention and
cognitive resources for external stimuli processing (40). A
study examining heroin-dependent individuals showed that,
on average, the left dlPFC had decreased connectivity with
the rest of the CEN and that this decreased connectivity
was associated with higher rates of relapse (42).

This decreased connectivity of the dlPFC has been con-
sistently noted in the literature, leading researchers to con-
sider it a key target for neuromodulation treatments. A
recent study hypothesized that applying transcranial direct
current stimulation (tDCS) would be able to modulate sub-
jective craving in methamphetamine users via stimulation of
the dlPFC (43). Results showed a significant decrease in
subjective craving scores, as well as significant modulation
of the DMN, CEN, and SN after tDCS. This proposed addic-
tion network with multiple nodes also highlights the poten-
tial importance of interventions that are capable of
modulating multiple brain regions either simultaneously or
in rapid succession.

Anxiety
Anxiety disorders are the most frequent mental illnesses
worldwide. In the United States specifically, anxiety affects
roughly 29% of people at some point in their lives (44).
Anxiety is also a common symptom of several psychiatric
diseases, such as OCD, posttraumatic stress disorder
(PTSD), substance abuse, addiction, and depression (45, 46).
Despite the high incidence of anxiety among patients, cur-
rent treatments have poor remission rates, with roughly
40% of treated individuals still experiencing symptoms. To
improve the treatment of anxiety disorders, a conceptual
framework based on empirical evidence is required.

In 2013, Bystritsky et al. (47) proposed a circuit-based
model of anxiety called the alarm, belief, and coping (ABC)
model. The ABC model of anxiety is used to describe the
functional interaction of brain structures in space/time, con-
structed as follows: alarms (A), detection of dangerous stim-
uli; beliefs (B), appraisal of threat and selection of response
based on prior experiences; and coping (C), active mitigation
of threat via learned behaviors executed immediately and/or
more delayed via a complex sequence of actions.

Recently, a meta-analysis was published by Bystritsky
et al. (48) that utilized Neurosynth (an open-access meta-
analytic imaging database) to examine whether the postu-
lates of the ABC model could be appropriately associated
with the current functional imaging data. Regions of func-
tional connectivity were analyzed in relation to a search
term (i.e., bilateral amygdala activation was associated with
the term “anxiety”). The data suggested the following: terms
related to alarms were associated most significantly with
amygdalar activity, terms related to beliefs were associated
most significantly with bilateral temporal pole activity, and
terms related to coping were associated most significantly
with activation of the bilateral anterolateral frontal cortex,
as well as the supplemental motor area (48, 49).

The amygdala has often been examined in relation to
anxiety, as it is implicated in perceptual processing and
bottom-up emotional control (50). Because of its primary
role in the cascading sequence of anxiety (i.e., the initial
“alarm” phase), the amygdala is a brain area often studied in
relation to other brain networks. Although the amygdala is
responsible for the initiation of the fear response, the pre-
frontal cortex's inhibitory inputs control the activity of the
amygdala, which mediates anxiety response. Specifically, the
dlPFC has been often cited as playing a key role in the path-
ophysiology of anxiety disorders (51), and reregulation of
this network has been posited as one of the predominant
neural network changes underlying the positive benefits of
meditation (52).

Less often examined is the functional relationship
between the temporal pole and the amygdala. In regard to
the sequence of anxiety, the temporal cortex and temporal
pole are thought to play a top-down modulatory role in inte-
grating sensory stimuli with conceptual knowledge (i.e., the
“belief” phase) (53, 54). A study of 20 patients with general-
ized anxiety disorder (GAD) examined the RSFC of the
amygdala with the dlPFC and of the amygdala with the tem-
poral pole (55). The results showed that in GAD patients,
there was disrupted functional connectivity between the
amygdala and dlPFC and increased functional connectivity
between the left amygdala and the temporal pole, compared
with healthy controls.

First, the decreased functional connectivity between the
dlPFC and the amygdala supports the theory that anxiety is
in part a disorder of impaired ability to mediate the anxiety
response, via lack of inhibition from the dlPFC. Second, the
increased connectivity between the temporal pole and the
amygdala in GAD sufferers may explain why stimuli elicit
anxiety more easily in these individuals, as stimuli become
more likely to be attributed with negative valence. These
findings suggest that the amygdala, the dlPFC, and the tem-
poral pole may serve as potential targets for treatment via
neuromodulation.

Multiple neuromodulation technologies have been
explored to treat the symptoms of anxiety, to varying
degrees of success. A small study (N510) using rTMS tar-
geting the right dlPFC in GAD patients demonstrated a
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significant improvement in scores on the Hamilton Anxiety
Rating Scale and in anxiety symptoms in more than half
(60%) the participants (49). A 2019 meta-analysis of 520
repetitive transcranial magnetic stimulation (rTMS) studies
supported these results and showed similar efficacy in GAD
patients treated with the right dlPFC as a target (56). rTMS
is the most widely studied neurostimulation treatment for
anxiety, and although others (DBS, tDCS, and focused ultra-
sound) have been studied, there are currently no significant
results for these treatments; therefore, further studies are
warranted (57).

PTSD
According to the DSM-5, intrusive and disturbing memories,
increased alertness, mood changes, cognitive deficits, and
subsequent avoidance of trauma-related stimuli are all core
symptoms of PTSD (58). PTSD, like many other mental dis-
eases, is presently diagnosed by using a variety of clinical
symptoms. As a result of this syndrome-based diagnostic
approach, the PTSD diagnosis has a great deal of clinical
heterogeneity—innumerable potential symptom combina-
tions from which to choose. For this reason, recent studies
have explored the neurocircuitry of PTSD symptoms to
determine potential targets for neurostimulation. Reduced
top-down control over neural circuits (i.e., the amygdala,
prefrontal cortex [PFC], and hippocampus) is hypothesized
to be a primary cause of PTSD symptoms. Dysfunction in
these networks is thought to lead to disordered memory
processing and an overgeneralized fear response (59).

With the development of the RDoC in recent years, a
few PTSD subtypes based on the above symptom domains
have been hypothesized.

Hypervigilance. Hypervigilance (or heightened reactivity) is
one of the hallmark symptoms of PTSD and, as with symp-
toms of anxiety, has long been associated with amygdala
hyperactivity (60). Studies of combat veterans with PTSD
examining reactivity to combat sounds versus neutral
sounds have shown significantly increased amygdalar activa-
tion in response to the trauma-related stimuli (61, 62). This
increased amygdalar activity in PTSD patients versus con-
trols has also been observed in resting-state studies (63). In
trauma-exposed individuals, the ability to habituate to
threat-relevant information, which would allow them to dif-
ferentiate between novel and familiar stimuli, is hindered.
This indiscriminate amygdala response pattern could be
associated with persistent hypervigilance; therefore, ne-
uromodulation aiming to downregulate activity of the amyg-
dala would be a potential therapy for this symptom in
PTSD patients.

One example of neuromodulation is a case study in
which DBS was used with a treatment-resistant PTSD
patient exhibiting hypervigilant symptoms (64). Electrodes
were placed in the basolateral nucleus of the amygdala, and
after 8 months, the patient showed decreased amygdala
activity via PET scan, as well as significantly reduced scores

on the Clinician Administered PTSD Scale (CAPS).
Although these results are currently limited to a single
patient, the significant improvement in symptoms of hyper-
vigilance warrants further investigation in neuromodulation
of the amygdala.

An alternative target for neurostimulation could be the
ventromedial prefrontal cortex (vmPFC), because it is
thought to play a key role in the hypervigilant subtype of
PTSD. The vmPFC has been shown to exert a modulatory
effect on the amygdala, and hypoactivity of this region has
consequently been associated with unchecked hyperactiva-
tion of the amygdala. Furthermore, patients reporting high
levels of hypervigilance have exhibited abnormally low
activity in the vmPFC (65). A DBS study in PTSD rat-
models demonstrated that electrodes stimulating the vmPFC
resulted in a reduction of amygdalar activity, as well as a
reduction in hyperreactive behaviors (66).

Considering the above studies, future neurostimulation
treatment for hypervigilant subtypes could be aimed at
either decreasing activity of the amygdala or increasing the
modulatory effects of the vmPFC.

Intrusion. Symptoms of intrusion are commonly reported in
patients with PTSD and are characterized as a reexperienc-
ing of the given traumatic event. This reexperiencing can
manifest as flashbacks, dreams, intrusive memories, and
physiological reactivity (58). Intrusion symptoms appear to
be anatomically similar to symptoms of hypervigilance, as
they are also thought to be linked to an inability of the corti-
cal regions to inhibit hyperactivity of the limbic system (67).
A recent machine learning analysis was able to predict the
occurrence of intrusive recollections by using multiple neu-
ral networks as predictors (68). The predominant network
accounting for the largest majority of variance included the
lingual gyrus, left hippocampus, middle temporal gyri,
supramarginal gyrus, left thalamus, precuneus, inferior and
superior frontal gyri, and posterior cingulate cortex (PCC).
Networks within these regions constitute the cognition-
memory-explicit network, the cognition-language-semantic
network, and the cognition-language-phonology network.
Each of these networks likely plays a meaningful role in the
onset and presentation of intrusive recollections. Indeed, the
strong relationship between the amygdala and hippocampus
as the foundation for the emotional enhancement of mem-
ory serves a major role in the initial formation and subse-
quent reexperiencing of emotionally salient memories
(69, 70). Although neuromodulation studies have yet to be
conducted in real time, a recent study of fMRI-based neuro-
feedback training targeted to this amygdala-hippocampus
network found a clinically significant, 38% reduction in
CAPS score (71).

Dissociation. Dissociative symptoms are observed in many
mental disorders, including dissociative identity disorder,
borderline personality disorder, schizophrenia, and PTSD.
The DSM-5 has defined dissociation as “disruption of and/
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or discontinuity in the normal, subjective integration of one
or more aspects of psychological functioning, including—but
not limited to—memory, identity, consciousness, perception,
and motor control” (72). The DSM-5 has recognized disso-
ciative PTSD as a subtype of the broader disorder, neurobio-
logically separate from nondissociative PTSD.

In contrast to hypervigilant subtypes, neuroimaging stud-
ies of dissociative PTSD have demonstrated overmodulation
of the emotional networks by cortical regions, with hyperac-
tivation of the vmPFC and dorsal anterior cingulate cortex
(dACC) (67). The dACC has been implicated in the appraisal
of negative emotion, and hyperactivity of this region may
play a part in the vmPFC's increased modulation of the
amygdala.

Dissociation can thus be conceptualized as a defense
mechanism, overactivating the modulatory regions in an
effort to prevent the emotional states triggered by a given
traumatic event. These patterns of brain activity have been
explored in those with high versus low levels of dissociative
symptoms, in studies that used symptom provocation para-
digms in patients with PTSD (73). Participants with low lev-
els of dissociation reported symptoms associated with
hyperarousal during exposure, whereas those with high lev-
els of dissociation reported entering a state of detachment
and numbness. These reported symptoms were consistent
with the hypothesized neural activity, as the participants
with low dissociation showed a hypoactive vmPFC/hyperac-
tive amygdala, whereas the participants with high dissocia-
tion showed a hypoactive amygdala/hyperactive dACC and
vmPFC (73, 74).

Neurostimulation studies specifically for the treatment of
dissociative PTSD are currently scarce; however, a case
report using rTMS has shown positive effects. A 29-year-old
combat veteran presented with PTSD, exhibiting strong dis-
sociative symptoms (75). Neuroimaging indicated significant
hyperactivity of the ACC. rTMS was prescribed with the
cingulate as the primary target, and after 36 treatments, the
patient showed significant reductions in mood inventories
and a positive improvement on the Global Rating of Change.
Because these results are limited to a single individual, the
results are not yet generalizable; however, they do warrant
further studies exploring the neuromodulatory capability of
rTMS and other technologies for dissociative PTSD.

Psychosis
Schizophrenia, which affects 1% of the population, is a syn-
drome characterized by psychotic symptoms that lead to
persistent deterioration (5). Schizophrenia has remained a
heterogeneous disorder, with diverse clinical manifestations.
The symptoms of schizophrenia are typically separated
between “positive psychotic symptoms” (the presence of
unusual experiences, such as delusions), and “negative psy-
chotic symptoms” (the absence of normal experiences, such
as in anhedonia or apathy).

Although persons more heavily afflicted with negative
psychotic symptoms are sometimes able to find relief in

mood-stabilizing medications or therapies, these medica-
tions remain ineffective for those experiencing positive psy-
chotic symptoms (i.e., delusions and hallucinations) (76).
Antipsychotics are frequently prescribed to those with posi-
tive psychotic symptoms, but not all antipsychotics are cre-
ated the same (77). For example, compared with patients
using first-generation antipsychotics, patients using quetia-
pine and those not using any antipsychotics at event time
were at an increased risk of mental health events (hazard
ratio [HR]51.38, 95% confidence interval [CI]51.24–1.54,
p,0.0001; and HR51.54, 95% CI51.44–1.65, p,0.0001,
respectively) (78). Therefore, investigation into neuromodu-
lation therapies targeting various psychotic symptoms is
warranted.

Delusions are characterized as a clearly false belief that
suggests a dysfunction in the affected person’s thought pro-
cess; specifically, the key feature that indicates a delusion is
how convinced the affected person is that the false belief is
true (79). In addition to presenting in schizophrenia, delu-
sions present in bipolar disorder, major depressive disorder
with psychotic features, dementia, and other clinical disor-
ders. This heterogeneity is indicative of the need for a
clearer understanding of the neural mechanisms that pre-
sent in a patient afflicted with delusions.

A study by Lee et al. (5) investigated the distinct neural
networks associated with delusion. This team compared the
RSFC of 75 patients with schizophrenia-related delusions to
that of 65 healthy controls. The P1 dimension of the Positive
and Negative Syndrome Scale (PANSS) was assessed to
determine delusion severity of each patient. The results
implicated the degree of precuneus hyperactivity as playing
a pivotal role in delusion severity. This is consistent with the
literature that suggests that the precuneus—and, in effect,
the DMN—is crucial for self-awareness, and dysregulation
of this network has been shown to affect one’s beliefs about
one’s self.

In light of these findings, the hyperactivity of the DMN
has been shown to be due in part to an inability of the SN
to shift from the internal/self-referential processing network
(DMN) to the CEN (80). In essence, this model has been
hypothesized as “dreaming-while-awake” and suggests that
the positive symptoms of psychosis (i.e., delusions) are a
result of the fantasizing and daydreaming properties of the
DMN bleeding into the conscious awareness system of the
CEN via lack of modulation by the SN (81). Therefore, neu-
romodulation targeting nodes of the SN (anterior cingulate,
anterior insula) could be a potential therapy for patients
with positive psychotic symptoms, such as delusions.

A recent study examined the efficacy of DBS of either
the NAc or the subgenual ACC in patients with severe
scores on the positive psychotic symptom dimensions of the
PANSS (82). After 24 weeks, two of three patients with NAc
electrodes and two of four patients with ACC electrodes
showed significant (.25%) improvement in the PANSS total
score. Although the sample size was limited, this study sug-
gests that DBS in patients with treatment-resistant delusions
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may be a feasible alternative and suggests target brain
regions for future intervention studies.

DISCUSSION AND CONCLUSIONS

The DMN has received much attention in the past decade
as a target to link intrinsic activity to cognition and to exam-
ine how intrinsic signal changes may be altered in dysfunc-
tion (i.e., traumatic brain injury, depression, anxiety,
psychosis, and PTSD) (83). The DMN seems to be active
during states of daydreaming, “wakeful rest,” retrospective
simulation (remembering the past), prospective simulation
(imagining the future), social cognition (imagining what
others are thinking), and self-relevant tasks (84). Anatomi-
cally, the network is typically thought to consist of the
medial prefrontal cortex, PCC, and inferior parietal lobule,
as well as the lateral temporal poles (85).

The CEN (also referred to as the “frontoparietal
network”) has been shown to be anticorrelated with the
DMN, because it appears to be most active during states of
top-down cognitive control functions, such as decision mak-
ing, attentional control, working memory, and cognitive flex-
ibility (86, 87). The areas that typically constitute the CEN
are the dlPFC and the posterior parietal cortex. These two
networks (CEN and DMN) may be easily identified by
examining the profile of activation and inactivation generally
observed during cognitive tasks—where the CEN typically
displays increases in activation, the DMN typically shows
declines (88). However, recent studies have shown interest
in uncovering the psychopathology that underlies the inabil-
ity of the brain to properly transition between these two
states of network activation; notably, this process of transi-
tion has been shown to be mediated by the SN (89).

The SN (also referred to as the “ventral attention
network”) is highly implicated with marking events in time
and space with the appropriate relevance and, when prop-
erly functioning, assists the other brain networks in generat-
ing appropriate behavioral responses to salient stimuli.
According to this concept, the insula facilitates bottom-up
access to the brain’s attentional and working memory
resources. This is largely because the network is composed
of the anterior insula, as well as the ACC. Evidence from
network analysis suggests that the core function of the
insula is to mark salient events for additional processing and
initiate the appropriate control signals (90). This marking of
salient events seems to be critical in the overall network
model, because further studies have shown that the anterior
insula mediates the dynamic activity of the DMN and ECN,
allowing for flexible attention to internal or external events
(91, 92).

As the major networks have become more commonly
identified, it is becoming clear that a critical part of individ-
ual psychopathological dysfunction may lie in the character-
ization of the SN and its functional and temporal
connections with the DMN and CEN, as well as other to-be-
defined networks underlying specific neuropsychiatric

symptoms. The majority of significant psychopathologies are
being shown to entail failure of multiple complex networks
that integrate several cognitive and emotion-regulating sys-
tems that rely on many lobes and scattered brain regions.
Furthermore, the ability of the brain to rapidly switch
between these networks has been shown to be a major dis-
criminatory factor in healthy cognitive function. In a Human
Connectome Project study examining the fMRI connectivity
in 1,003 healthy adults, data showed that network switching
speed was predictive of intersubject variation in working
memory, planning, reasoning, and amount of sleep (93). Fur-
thermore, in a recent review, Bystritsky and colleagues (48)
looked at neurocircuitry underlying the multiple facets of
anxiety and its presentations. More work along these lines
using large metanalytic fMRI is needed to better separate
the networks that underlie psychiatric illness.

In addition, many psychiatric diseases have symptom
domains that may overlap with other disorders. For exam-
ple, individuals with PTSD have severe anxiety, much like
patients with OCD or GAD have anxiety. This makes it diffi-
cult to tease apart what is the primary dysfunctional net-
work that leads to irregularity and maladaptive function in
secondary networks. Future studies may look at these
comorbid network dysfunctions to find what is common
among persons presenting with a specific symptom domain.

By beginning to approach psychopathology in this fashion,
the developing technologies of multimodal MRI and func-
tional connectivity can be utilized to their fullest extent. To
treat patients in a more effective, individualized manner,
therapies must be further parsed to specific presenting symp-
toms. Currently, diagnosis and treatment at the syndrome
level leave many patients suffering and symptomatic. Consid-
ering this, as well as the research into symptom domains that
has been done by groups such as the RDoC, it is clear that
the future of neuropsychological/psychiatric treatment lies in
discovery of and research into respective networks and
symptom presentations. If these aberrant networks can be
further identified and treated (as suggested by the research
presented in this review), a new era of noninvasive, precision,
personalized, and MRI-based treatment may be possible.
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