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Executive Function, 
       Working Memory 
Head Injury  
Parkinson’s,  
Performance 
       Enhancement etc
Stroke
Tinnitus
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Many Health Problems Co-occur

Diabetes 
10-20%

Neurologic 
Disorders 

10-20%

Dementia, 
Geriatric etc 

20-40%

Heart 
Disease 
20-40%

Chronic Pain 
40-60%

Cancer 
10-20%

Depression
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F69 has also been applied to resting state data (Lee et al., 2012) and has

70 shown differences in functional network connectivity with age
71 (Stevens et al., 2009) and in patients with schizophrenia (Yu et al.,
72 2011). Resting state networks found in this fashion have been shown
73 to be reproducible, with many networks having a high interclass corre-
74 lation coefficient in a repetition experiment (Chou et al., 2012;
75 Damoiseaux et al., 2006; Shehzad et al., 2009). In order to overcome dif-
76 ficulties in identifying components of interest and in determining the
77 optimum number of components in an ICA analysis, it is now possible
78 to spatially constrain an ICA analysis to provide the components of in-
79 terest (Lin et al., 2010) by supplying templates of the networks of inter-
80 est. This is particularly useful if the research question relates to specific
81 networks of the brain.
82 Sridharan et al. (2008) recently used Granger causality to examine
83 the relationship between different networks. One of the networks
84 they studied is the default mode network (DMN). This network is
85 consistently observed in ICA analyses of resting state data and task
86 deactivation studies (Beckmann et al., 2005; Raichle et al., 2001).
87 The DMN comprises the posterior cingulate (BA 23 and 31), posterior
88 parietal cortex (BA 7, 39 and 40) and the ventromedial prefrontal
89 cortex (Buckner et al., 2008). The central executive network (CEN)
90 comprises the dorsolateral prefrontal cortex and posterior parietal
91 cortex and is engaged when a cognitively demanding task requiring
92 attention is being performed (Fox et al., 2006). The third network is
93 the salience network (SN) which includes the ventrolateral prefron-
94 tal cortex (VLPFC) and anterior insula (jointly referred to as the
95 fronto-insular cortex; FIC) and the anterior cingulate cortex (ACC)
96 (Seeley et al., 2007). The salience network responds to the degree
97 of subjective salience, whether cognitive, homeostatic, or emotional.
98 The networks are displayed in Fig. 1, where the DMN is shown in red,
99 the SN in blue and the CEN in green. Based on this work and others, a
100 model has been proposed of the function of the insula, including

101bottom-up detection of salient events, switching between other net-
102works to facilitate access to attention and workingmemory upon de-
103tection of a salient event, interaction of the anterior and posterior
104insula for autonomic reactivity to salient stimuli and strong func-
105tional coupling with the anterior cingulate to facilitate rapid access
106to the motor system (Menon and Uddin, 2010).
107Recently relationships between brain networks have been increas-
108ingly studied with the advent of methods such as functional network
109connectivity (Jafri et al., 2008), which examines temporal relations be-
110tween components.Wewanted to explorewhether itwould bepossible
111to use DCM to examine the relationship between different ICA compo-
112nents from resting state data, and therefore examine the relationship
113betweendifferent networks of the brain, specifically network switching.
114The aim of this work is to further examine the network switching
115demonstrated by Sridharan et al. (2008), and to do so by applying a
116novel technique using nonlinear DCM with stochastic modelling of ICA
117components from resting state data. In order to demonstrate repeatabil-
118ity of our findings we also apply this analysis to an independent dataset.

119Methods

120Weused two different datasets for this analysis. The first datasetwas
121acquired at Bangor University, and the second was from an open access
122database.

123Participants – data acquired in Bangor University

124Participants were 20 healthy male participants, mean age 29.6 (SD
12511.2) and 22 healthy female participants, mean age 35.8 (SD 12.7).
126The local research ethics committee approved the study.

Fig. 1. In order to overcomedifficulties in identifying components and in determining the optimumnumber of components in an ICA analysis, it is nowpossible to spatially constrain an ICA
analysis by supplying templates of the networks of interest (Lin et al., 2010). The templates used to define the resting state networks in this analysis are displayed as such: Thedefaultmode
network (DMN) is shown in red, the salience network (SN) in blue and the central executive network (CEN) in green. We display slices at z = −22, −12, 8, 28, 48 and 68.

Fig. 2.DCM tests models of connectivity against each other to find the one that has the highest probability of explaining the data.We tested threemodels in our resting state data.Model 1
has nonlinear modulations by the default mode network (D), and these are indicated with green lines. Model 2 has nonlinear modulations by the salience network (S), and these are in-
dicated in blue lines. Model 3 has nonlinear modulations by the central executive network (C), and these are indicated with red lines.

2 N. Goulden et al. / NeuroImage xxx (2014) xxx–xxx

Please cite this article as: Goulden, N., et al., The salience network is responsible for switching between the default mode network and the central
executive network: Replication ..., NeuroImage (2014), http://dx.doi.org/10.1016/j.neuroimage.2014.05.052

Fig. 2. DCM tests models of connectivity against each other to find the one that has the highest probability of explaining the data. 
We tested three models in our resting state data. Model 1 has nonlinear modulations by the default mode network (D), and these 
are indicated with green lines. Model 2 has nonlinear modulations by the salience network (S), and these are in- dicated in blue 
lines. Model 3 has nonlinear modulations by the central executive network (C), and these are indicated with red lines. 

Goulden 2014 The salience network is responsible for switching between the default mode network and the 
central executive network- Replication from DCM .pdf



Name EEG_10_20 BA Network Condition Notes

(T3/P3 1/2 L TPO 40 TOM, Default Autism

Tt4/P4)1/2 R TPO 40 TOM, Default Autism

L OFC F1 11 Reward/Salience Addiction/EtOH

R OFC F2 11 Reward/Salience Obsessions, Ruminative depression

L-DLpfc F3 9/46 Executive/Attention Depression, ADHD, Pain, Parkinsons etc, 

R-DLpfc F4 9/46 Executive/Attention Anxiety, Depression, Pain, Parkinsons etc

M1 Cz 4 Somatomotor Pain, Parkinsons

L PT-PO F7 44/45 Language Autism

R PT-PO F8 44/45 Language Autism

SMA FCz 6 Motor, agency Parkinsons, Impulsivity, OCD, Tourettes

DMpfc Fz 24,32 Reward/Salience Depression, Autism, anhedonia

PT-PO = pars triangularis and pars opercularis of the inferior frontal gyrus

TOM = theory of mind

Large Scale Cortical Networks

Network Condition Stim Target Other components

Default/Mind 
Wandering

ADHD, 
Anxiety, 
Depression

DLPFC Posterior Cingulate, Parietal & Rostral VMpfc

Auditory (microstate A) primary auditory cortex, middle temporal gyrus & left middle frontal gyrus

Visual (microstate B) primary visual cortex, bilateral inf Occ gyri, middle temporal gyrus, left middle frontal gyrus,, bilateral cuneus, left lingual

Salience/Reward 
(microstate C) Addiction Left OFC Anterior Cingulate, Anterior Insula, Nucleus accumbens

Salience/Reward 
(microstate C) OCD Right OFC Anterior Cingulate, Anterior Insula, Nucleus accumbens

Executive/Attention 
(microstate B)

ADHD, 
Anxiety, 
Depression

DLPFC DLPFC, Dorsal Parietal

Rustin Berlow, MD www.forBrainmd.com   www.CustomTMS.com

Off Label Protocol List  •  Off Label Protocol List  •  Off Label Protocol List  • 
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How to think about & discuss Brain 

Large Scale Cortical Networks 
   DMN Default mode network 
   SN Salience network 
   ExN Executive network
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&

Changing
Protocol

Table 1

Indication Location Notes Frequency Train (2) Pause (3) Duration (4) total time

ADHD L-DLPFC(F3) 10 Hz 4 11 20

Anxiety (GAD) R-DLPFC(F4) cTBS 2min on, 1min off, 
2min on 1 Hz or cTBS 60 1 20

Anxiety (Panic) R-DLPFC(F4) cTBS 2min on, 1min off, 
2min on 1 Hz or cTBS 60 1 20

Anxiety (Social) R-DLPFC(F4)

Autism Spectrum (1) L-DLPFC(F3) 0.5Hz 40 20 8 once/week

Autism Spectrum (2) Individual According to EEG Individual 3-5/week

Bipolar R-DLPFC(F4) inhibitory first right side 1 Hz or cTBS 60 1 20

ChemoBrain Individual start with Left DLPFC 10 Hz 4 11 20

Dementia Individual start with Left DLPFC

Major Dep Disorder 
F33.2 L-DLPFC(F3) 10Hz 4 11 20 5/week

Epilepsy Individual ONLY INHIBITORY 1 Hz or cTBS 60 1 20

Hallucinations Left TPO (T3/P3) cTBS 2min on, 1min off, 
2min on 1 Hz or cTBS 60 1 20

Head Injury Individual start with Left DLPFC 10 Hz 4 11 20

Nicotine Dependence L-DLPFC(F3), L-
OFC(FP1)

DLPFC do Excitatory, L-
OFC do Inhibitory 10 Hz 4 11 20

OCD R-DLPFC(F4), R OFC, 
SMA

cTBS 2min on, 1min off, 
2min on 1 Hz or cTBS 60 1 20

Pain Chronic L-DLPFC(F3), M1 10Hz DLPFC, 20Hz M1 
(gentle please)

Parkinson's L-DLPFC(F3), M1 10 Hz or 20 Hz

PTSD Right F2/F4 20 Hz

Stroke Individual Inhibitory contralat, 
excitatory penumbra

Suicide L-DLPFC(F3) 3X/day X 3 days 10 Hz 5 10 30

Tourette’s SMA, R OFC, DLPFC cTBS 2min on, 1min off, 
2min on 1 Hz or cTBS 60 1 20
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Protocols

Indication Location Notes Frequency

ADHD L-DLPFC(F3) 10 Hz

Anxiety (GAD) R-DLPFC(F4) cTBS 2min on, 1min 
off, 2min on 1 Hz or cTBS

Anxiety (Panic) R-DLPFC(F4) cTBS 2min on, 1min 
off, 2min on 1 Hz or cTBS

Anxiety (Social) R-DLPFC(F4)

Autism Spectrum 
(1)

L-DLPFC(F3) 0.5Hz

Autism Spectrum 
(2) Individual According to EEG Individual

Bipolar R-DLPFC(F4) inhibitory first right 
side 1 Hz or cTBS
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Protocols

Indication Location Notes Frequency

ChemoBrain Individual start with Left DLPFC 10 Hz

Dementia Individual start with Left DLPFC

Major Dep Disorder 
F33.2

L-
DLPFC(F3) 10Hz

Epilepsy Individual ONLY INHIBITORY 1 Hz or cTBS

Hallucinations Left TPO 
(T3/P3)

cTBS 2min on, 1min 
off, 2min on 1 Hz or cTBS

Head Injury Individual start with Left DLPFC 10 Hz

Nicotine Dependence
L-

DLPFC(F3), 
L-OFC(FP1)

DLPFC do Excitatory, 
L-OFC do Inhibitory 10 Hz
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Indication Location Notes Frequency

OCD R-DLPFC(F4), R OFC, 
SMA

cTBS 2min on, 1min 
off, 2min on 1 Hz or cTBS

Pain Chronic L-DLPFC(F3), M1 10Hz DLPFC, 20Hz M1 
(gentle please)

Parkinson's L-DLPFC(F3), M1 10 Hz or 20 Hz

PTSD Right F2/F4 20 Hz

Stroke Individual Inhibitory contralat, 
excitatory penumbra

Suicide L-DLPFC(F3) 3X/day X 3 days 10 Hz

Tourette’s SMA, R OFC, DLPFC cTBS 2min on, 1min 
off, 2min on 1 Hz or cTBS



Answering a 
question..

neuroSynth
Fort Lauderdale, Florida 09/2019





Fox MD, et al. Biol Psychiatry. 2012;72(7):595-603.

1 Some locations 
are more 
connected to BA25 
(SGC)
2 location 
influences efficacy
3 MNI numbers can 
be put into 
NeuroSynth and 
you can check



Ridding & Ziemann 2010 Determinants of the induction of 
cortical plasticity by non-invasive brain stimulation in healthy 
subjects

Ridding 



Influences on 
stimulation outcomes: 

neuroplasticisty
Fort Lauderdale, Florida 09/2019



Psychiatric Common Core Regions in the 
Context of the Functional
Architecture of the Human Brain

Common substrates of psychiatric illness



Treatment with TMS reduces hyperconnectivity within the 
default mode network (ventromedial prefrontal cortex, pregenual 
anterior cingulate cortex, thalamus, and precuneus)

Liston	2014	Default	Mode	Network	Mechanisms	of	Transcranial	Magnetic	Stimulation	in	 Depression



Perhaps the most fundamental RSN is the DMN (Fig 1A), first identified from PET data by Raichle et al7 (for further 
discussion, see Gusnard et al8). In this study, the authors analyzed data from healthy volunteers resting quietly with their 
eyes closed. They found that consistent regions of the brain were active at rest but decreased their activity when 
cognitive tasks were performed. The default mode network was identified by Greicius et al9 by using fMRI and was 
confirmed in many studies by using a variety of analysis methods.2-6,10,11 Studies have hypothesized that there are 2 
large opposing systems in the brain, one including the DMN and the other composed of attentional or task-based 
systems, such as somatosensory, visual, or attention RSNs. Terms used to refer to these systems include “task-positive” 
and “task-negative”4,12,13 and “intrinsic” and “extrinsic.”14,15

Default 
mode 

network



TMS- UP YOUR GAME 



TBI 
Stroke  

Videos 
Brain in general 
Prefrontal 

NeuroSynth 
(Target Planning) 

EEG 

10/20 
Beam 
NeuroNavigation  

Introduction  
Preview 
History 
Mechanism & the nature of the therapeutic magnetic field 
Aspects of the clinician 
1. cares, learns & understands  
2. Has experience & good outcomes (better a lucky than intelligent physician but... 

chance favors the prepared mind) 
3. Tenacious “I will be with you through this” 
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Hands On
#1
Locate 
Stimulation 
Site

OPTIONS

1. Motor Cortex +6.25cm ant

2. EEG 10-20

3. Beam Protocol

4. NeuroNavigation
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How Put White Swim Cap on, mark center 
Measure a) T-T, b) N-I & c) Circumference
Calculate: a) distance to the left, mark
        & b) from vertex towards it
Measure 6cm posterior
   to find M1 (motor cortex)

Motor threshold (MT) determination 
(what % does it require to move the muscles 
of the right hand?)
Place coil over DLPFC, mark coil location 
for future use
Begin Stimulation (at 80% of MT)
Monitor for discomfort & twitching

1)
2)
3)

4) 

5)

6) 

7)
8)

Where

How Much



Clinical       Education       Research

1.1.c
American Brain Stimulation Clinic

T H E  P R O C E D U R ETMS

Motor 

Cortex



Clinical       Education       Research

1.1.c
American Brain Stimulation Clinic

Code Description

90867

1 Therapeutic Repetitive Transcranial  Magnetic 
stimulation (TMS) treatment;  initial, including  
2 cortical mapping, 
3 motor  threshold determination, 

delivery and  management 
(Report only once per course of treatment)  (Do not 
report 90867 in conjunction with  95928, 95929, 
90868, 90869)

90868
Subsequent delivery and management, 
per  session

90869
Subsequent motor threshold  
redetermination with delivery and  
management
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Recommendations
Guidelines Clinical TMS Society

Indicated Patient Population: The labeled indication for use for the TMS therapy states that, “TMS therapy is indicated for 
the treatment of Major Depressive Disorder in adult patients who have failed to receive satisfactory improvement 
from prior antidepressant medication in the current episode.”
1: TMS therapy is recommended as an acute treatment for symptomatic relief of 
depression in the indicated patient population.
 2: TMS therapy is recommended for use as a subsequent option in patients who previously 
benefited from an acute treatment course and are experiencing a recurrence of their illness 
(continuation or maintenance).
3: TMS therapy can be administered with or without the concomitant administration of 
antidepressant or other psychotropic medications.
4: TMS therapy can be used as a continuation or maintenance treatment for patients who 
benefit from an acute course. 
5: TMS therapy can be reintroduced in patients who are relapsing into depression after 
initially responding to TMS treatment.
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control of motor behavior. There is, however, considerable variability in the exact location and 
extension of these activations across functional magnetic resonance imaging (fMRI) 
experiments. This poses the question of whether this variability reflects sampling error and 
spatial uncertainty in fMRI experiments or structural and functional heterogeneity of this 
region. This study shows that the right DLPFC as observed in 4 different experiments tapping 
executive action control may be subdivided into 2 distinct subregions-an anterior-ventral and a 
posterior-dorsal one based on their whole-brain co-activation patterns across neuroimaging 
studies. Investigation of task-dependent and task-independent connectivity revealed both 
clusters to be involved in distinct neural networks. The posterior subregion showed increased 
connectivity with bilateral intraparietal sulci, whereas the anterior subregion showed increased 
connectivity with the anterior cingulate cortex. Functional characterization with quantitative 
forward and reverse inferences revealed the anterior network to be more strongly associated 
with attention and action inhibition processes, whereas the posterior network was more 
strongly related to action execution and working memory. The present data provide evidence 
that cognitive action control in the right DLPFC may rely on differentiable neural networks 
and cognitive functions. 
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More Lateral and Anterior Prefrontal Coil Location Is
Associated with Better Repetitive Transcranial
Magnetic Stimulation Antidepressant Response
Tal Herbsman, David Avery, Dave Ramsey, Paul Holtzheimer, Chandra Wadjik, Frances Hardaway,
David Haynor, Mark S. George, and Ziad Nahas

Background: The left dorsolateral prefrontal cortex (DLPFC) is the most commonly used target for transcranial magnetic stimulation (TMS)
in the treatment of depression. The “5-cm rule” is an empiric method used for probabilistic targeting of the DLPFC in most clinical trials. This
rule may be suboptimal, as it does not account for differences in skull size or variations in prefrontal anatomy relative to motor cortex
location. This study is a post hoc analysis of data from a large repetitive TMS (rTMS) trial in which we examined the variability of coil
placement and how it affects antidepressant efficacy.

Methods: Fifty-four depressed subjects enrolled in a randomized, single-site trial received either active rTMS or sham for 3 weeks. Prior to
treatment initiation, investigators placed vitamin E capsules at the point of stimulation and used a high-resolution magnetic resonance
imaging (MRI) scan to image these fiducials relative to anatomy. We employed a semiautomated imaging-processing algorithm to localize
the cortical region stimulated.

Results: Active TMS significantly reduced Hamilton Depression Rating Scale (HDRS) scores. A linear model for this improvement involving
the coordinates of the stimulated cortex location, age, and treatment condition was highly significant. Specifically, individuals with more
anterior and lateral stimulation sites were more likely to respond.

Conclusions: These results suggest that within the general anatomical area targeted by the 5-cm rule, placing the TMS coil more laterally and
anteriorly is associated with improved response rates in TMS depression studies. Controlled studies testing this anatomical hypothesis are needed.

Key Words: Depression, frontal lobes, target, TMS

Transcranial magnetic stimulation (TMS) is a noninvasive
method of brain stimulation used in neuroscience re-
search and is currently under investigation as a treatment

for several neuropsychiatric disorders (1–3). It was recently Food
and Drug Administration (FDA) approved for treating the acute
phase of major depression (3). The ability to position the TMS
coil accurately and consistently over a cortical region of interest
is potentially important when testing hypotheses about its effi-
cacy as a therapeutic modality. In the treatment of depression
with repetitive TMS (rTMS), the left dorsolateral prefrontal cortex
(DLPFC), which encompasses Brodmann areas (BA) 9 and 46, is
a putative target area (4–6). The method most commonly used to
locate the position on the scalp over DLPFC was introduced
almost 15 years ago. It consists of evoking a motor response in
the first dorsal interosseous muscle of the contralateral hand,
then moving 5 cm rostrally in the parasagittal plane (7–9). The
“5-cm rule,” as this method has come to be known, is easy to use
in the clinic and does not require baseline neuroimaging. How-
ever, Herwig et al. (10) demonstrated that this method results in
stimulation sites that are posterior and superior to BA 9, such as
premotor cortex (BA 6) and the frontal eye fields (BA 8), in

roughly two thirds of the subjects. This lack of anatomical
precision suggests the possibility that many subjects who have
received active rTMS in depression clinical trials may have been
stimulated in areas that are unlikely to be involved in the
pathophysiology of depression and corticolimbic regulation.
This fundamental imprecision, along with other factors such as
dose and treatment resistance (11) and the inherent variability in
the application of the 5-cm rule between treatment sites, may, in
part, explain the differences in treatment response observed
across prior depression treatment studies (3,12–15). Finally, a
recent prospective clinical trial comparing the 5-cm rule to a
more anatomically precise stereotaxically guided and imaging
based rTMS targeting procedure found that the latter method
produced significantly greater clinical improvement (16).

To improve the precision and reliability of coil positioning,
researchers have developed and used a variety of stereotactic
navigation systems that rely on neuroimaging or electroen-
cephalogram (EEG) (17–22). Of note, a recent study of the
precision of a common EEG target, F3 in the standard
International 10-20 System, showed it to have approximately
50% specificity for DLPFC (19). While future treatment studies
using these methods may help clarify the effectiveness of
rTMS, there are no published data examining the impact of
coil placement using the 5-cm rule on therapeutic response to
rTMS in subjects with depression. To investigate the possible
relation between coil placement and treatment response, we
analyzed data from a recently published single-site, large,
double-blind, and randomized sham-controlled study of left
prefrontal rTMS in medication-resistant depression (14). The
original study is one of several that established that multises-
sion rTMS, delivered with the 5-cm rule, results in significantly
increased clinical response as defined by a persistent improve-
ment of greater than 50% from baseline symptoms as mea-
sured by the Hamilton Depression Rating Scale (HDRS).

From the Department of Psychiatry (TH, FH, MSG, ZN), Brain Stimulation
Laboratory, and Center for Advanced Imaging Research (CAIR) (TH, FH,
MSG, ZN), Medical University of South Carolina, Charleston, South Caro-
lina; Department of Psychiatry (DA, CW, DH), University of Washington,
Seattle, Washington; South Carolina Research Authority (DR), Charles-
ton, South Carolina; and Department of Psychiatry and Behavioral Sci-
ences (PH), Emory University School of Medicine, Atlanta, Georgia.

Address correspondence to Ziad Nahas, M.D., Institute of Psychiatry, Brain
Stimulation Laboratory, 67 President Street, Charleston, SC 29425;
E-mail: nahasz@musc.edu.

Received Jan 21, 2009; revised Mar 31, 2009; accepted Apr 16, 2009.

BIOL PSYCHIATRY 2009;66:509–5150006-3223/09/$36.00
doi:10.1016/j.biopsych.2009.04.034 © 2009 Society of Biological Psychiatry
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DLPFC
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Connectivity strength of dissociable striatal tracts predict individual differences in temporal discounting. 
1, 2, 3, 4.

 Structural and functional 
connectivity between striatum 
and lateral prefrontal cortex 
was associated with increased 
patience,  
whereas connectivity between 
subcortical areas and striatum 
was associated with increased 
impulsivity SCA

Striatum

Lpfc

http://www.ncbi.nlm.nih.gov/pubmed/25080591#
http://www.ncbi.nlm.nih.gov/pubmed?term=van%20den%20Bos%20W%5BAuthor%5D&cauthor=true&cauthor_uid=25080591
http://www.ncbi.nlm.nih.gov/pubmed?term=Rodriguez%20CA%5BAuthor%5D&cauthor=true&cauthor_uid=25080591
http://www.ncbi.nlm.nih.gov/pubmed?term=Schweitzer%20JB%5BAuthor%5D&cauthor=true&cauthor_uid=25080591
http://www.ncbi.nlm.nih.gov/pubmed?term=McClure%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=25080591


Switch to bilateral: left high-frequency and right low-frequency

Switch to alternating sessions of left high-frequency and right 
high- frequency

Add or increase medications

Add adjunctive therapy: phototherapy, CBT, biofeedback, 
exercise, nutritional supplements, etc.



DIAGNOSIS

Stop TMS

Recheck Motor Threshold

Increase pulses to >3000

Adjust coil location - anterior, lateral, or both

Increase dose to >120% MT

Increase to >5 sessions per week

Switch to right sided, low frequency (1 Hz)

TMS When it hasn’t yet helped
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In a paper published in 1909, Brodmann 
identified more than 40 cortical areas 
based on cellular and laminar histology of 
cerebral cortex. 

This is the most widely reproduced figure 
in the fields of neurology and 
neuroanatomy. Brodmann’s nomenclature 
is still used today, e.g., area 17 is primary 
visual cortex.

Brodmann, wikimedia commons



The primary sensory and motor areas of the cerebral cortex are 
precisely topographically organized. This topographic 
organization reflects the organization of the ascending sensory 
pathways and nuclei within the dorsal thalamus as well as the 
descending motor pathways.

These topographic “maps” are distorted, reflecting sensory 
specializations of the periphery, such as the fine 
somatosensory discrimination of the hands and peri-oral 
regions.

The organization of primary cortical areas 
are species-specific and reflect the 
specialized use of the sensory and motor 
periphery.

Modified from Tristram, wikispaces



Several other RSNs have been identified. The somatosensory network, studied first by Biswal 
et al,1 includes primary and higher order motor and sensory areas (Fig 1B).

Somatosensory 
Network



The visual network is highly consistent across various studies 
and spans much of the occipital cortex (Fig 1C).2-6

Visual 
Network



An auditory network consisting of the Heschl gyrus, the superior temporal gyrus, and the posterior insula has been identified.5

Auditory NetworkLanguage 
Network



RSNs involved in attentional modulation and cognitive control have also been identified. Two 
networks identified by using both RS-fMRI and task-based fMRI include the dorsal and ventral 
attention networks.4,6,17,18 The dorsal attention network (Fig 1E) includes the intraparietal 
sulcus and the frontal eye field and is involved in the executive control of attention.

The Dorsal 
Attention 

Network
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concentric ring represents a different  
synaptic “level.” Any two consecutive levels 
are separated by at least one unit of synaptic 
distance. Level 1 is occupied by the primary 
sensory cortex, levels 2–4 by modality-
selective  cortices, and levels 5–6 by 
transmodal cortex. Colored lines represent 
monosynaptic connections from one 
synaptic level to another. Visual pathways 
are shown in green, auditory  pathways in 
blue and transmodal pathways in red. The 
dashed lines interconnecting visual and 
auditory pathways in the first four synaptic 
levels indicate the scarcity of monosynaptic  
connections between sensory hierarchies 
belonging to different modalities. 
Abbreviations: A1—primary auditory 
cortex, f—area specialized for face 
encoding, L—the hippocampal–  entorhinal 
or amygdaloid components of the limbic 
system, P—heteromodal posterior parietal 
cortex, Pf—lateral prefrontal cortex, s—area 
specialized for encoding spatial location in  
the auditory (blue) and visual (green) 

The	evolving	landscape	of	human	cortical	
connectivity:	Facts	and	inferences* 

Marsel	Mesulam	





Information FLow 
Direction of 
connections

From Thalamus
to spine







anger is an acid that damages where it stored more than on what it was poured





http://neurosynth.org

http://neurosynth.org/


EEG	and	MEG	Connectivity:	Basic	principles,	state-of-the-art	methods,	and	emerging	vistas	OHBM	2017

Functional	Connectivity	
through	Phase	
Coupling

Institute	for	Advanced	Biomedical	Technologies	-	UdA Laura	Marzetti

Fries	2005,	2015	

Connectivity	requires	rhythmic	synchronization	within	pre-	and	
postsynaptic	groups	,	i.e.,	communication	through	coherence.	

Inputs	that	consistently	arrive	at	moments	of	high	gain	benefit	from	
enhanced	connectivity	(CTC).



EEG	and	MEG	Connectivity:	Basic	principles,	state-of-the-art	methods,	and	emerging	vistas	OHBM	2017

AMPLITUDE	
CORRELATION

PHASE	
COHERENCE

RSNs	and	MEG:	Phase	
Coherence	

A	different	perspective	into	brain	interactions

Institute	for	Advanced	Biomedical	Technologies	-	UdA Laura	Marzetti

adapted	from	Siegel	et	al.,	2012

One	possible	tool	for	investigating	coupling	between	cortical	
populations	is	to	assess	the	coupling	of	the	respective	neuronal	
oscillations	through	Phase	Coherence.



30 sessions of right OFC-rTMS (positioning per [8]), 5 days/week, 
Cool-DB80 coil positioned over the Fp2 EEG site, handle vertical 
and upwards, 360 pulses/session, 1 Hz, 6 × 60 s trains, 30 s 
interval, as previously employed in a large multicentre trial of right 
DLPFC-rTMS 

Fettes 2016 Neural correlates of successful orbitofrontal 1 Hz rTMS following unsuccessful dorsolateral and dorsomedial prefrontal 
rTMS in major depression- A case report 1 Hz right OFC-rTMS.pdf

Brunelin 

6 trains of 1-min duration separated by 30-sec inter-train “off” periods. 

The international 10–20 EEG system was used to position the coil over the right OFC, at the right frontopolar 2 (Fp2) electrode site. Ten sessions 
(two per day over 1 week) were administered using the following parameters: 120% motor threshold, 1 Hz, 1200 pulses per session over the right 
OFC. 

Nauczyciel 2014 80 double cone Deep

65 single cone



Dose-Response Relationship in 
Antidepressant Efficacy of TMS

• Stronger antidepressant 
effects with increased 
dose: 
– number of sessions 
– stimulation intensity 
– pulses per day 

• May underlie increased 
effect size of recent 
studies 

• Informed design of 
pivotal trial 

Gershon, et al (Am J Psychiatry 2003)



 Thus, although the striato-nigro-striatal projec-
tion system demonstrates a loose topographic and 
functional organization—the VTA and medial SN are 
associated with the limbic system, and the lateral and 
ventral midbrain are related to the associative and 
motor striatal regions, respectively—there is a com-
plexity of the inputs and outputs that influences those 
functions. Specifically, the data show that the VS in-
fluences a wide range of DA neurons, but is itself in-
fluenced by a relatively limited group of DA cells. On 
the other hand, the dorsolateral striatum influences a 
limited midbrain region, but is affected by a relatively 
large midbrain region. Thus, the size and position of 
the afferent and efferent connections for each system 
allow information from the limbic system to reach 
the motor system through a series of connections.13 
The dorsal tier projects to the VS. However, the VS 
efferent projection to the midbrain extends beyond 
the tight ventral striatal/dorsal tier/ventral striatal 
circuit, terminating lateral and ventral to the dorsal 
tier. This area of terminal projection does not proj-
ect back to the VS. Rather, cells in this region proj-
ect more dorsally, into the striatal area that receives 
input from the dPFC. Through this connection, the 
same cortical information that influences the dorsal 
tier through the VS also modulates parts of the ven-
tral tier region that projects to the central striatum. 
This central striatal region is reciprocally connected 
to the central part of the ventral tier. But it also proj-
ects to its more ventral parts. Thus, projections from 
the dPFC, via the striatum, are in a position to in-
fluence cells that project to motor control areas of 
the striatum. The dorsolateral striatum is reciprocally 
connected to the ventral tier. The confined distribu-
tion of efferent dorsolateral striatal fibers limits the 
influence of the motor striatum to a relatively small 
region involving the primarily dopaminergic cells em-
bedded within the SNr. Taken together, the interface 
between different striatal regions via the midbrain 
DA cells is organized in an ascending spiral intercon-
necting different functional regions of the striatum 
(Figure 6). Through this spiral of inputs and outputs 
between the striatum and midbrain DA neurons, in-
formation can flow from limbic to cognitive to motor 
circuits, providing a mechanism by which motivation 
and cognition can influence motor decision-making 
processes and appropriate responses to environmen-
tal cues. 

Corticostriatal circuitry - Haber Dialogues in Clinical Neuroscience - Vol 18 . No. 1 . 2016
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Figure 6.  Striato-nigro-striatal connections. Through the organization of 
striato-nigro-striatal projections, the ventral striatum can influ-
ence the dorsal striatum. Midbrain projections from the shell 
target both the ventral tegmental area (VTA) and ventromedial 
substantia nigra, pars compacta (SNc). Projections from the VTA 
to the shell form a “closed” reciprocal loop, but also project 
more laterally to impact on dopamine cells projecting to the rest 
of the ventral striatum, forming the first part of a feedforward 
loop (or spiral). The spiral continues through the striato-nigro-
striatal projections, through which the ventral striatum impacts 
on cognitive and motor striatal areas via the midbrain dopa-
mine cells. dACC, dorsal anterior cingulate cortex; dPFC, dorsal 
prefrontal cortex; OFC, orbitofrontal cortex; vmPFC, ventrome-
dial prefrontal cortex. Red, vmPFC pathways; dark orange, OFC 
pathways; light orange, dACC pathways; yellow, dPFC path-
ways; green, output to motor control areas.

  Modified from ref 13: Haber SN, Fudge JL, McFarland NR.   Striatonigros-
triatal pathways in primates form an ascending spiral from the shell to 
the dorsolateral striatum.  J Neurosci. 2000;20:2369-2382. Copyright © 
Society for Neuroscience 2000

M1
SMA
DLpfc
dACC
OFC
VMpfc

Corticostriatal circuitry - Haber Dialogues in Clinical Neuroscience - Vol 18 . No. 1 . 2016

other cortical areas, we focus on the frontal cortex be-
cause it receives the main basal ganglia output via the 
thalamus. Inputs from other cortical areas are also func-
tionally organized, such that they overlap with frontal 
projections in the striatum, which are both functionally 
related and closely connected with specific frontal re-
gions.19,68,69 
 Corticostriatal terminals, which are primarily from 
the layer-five and deep-layer-three pyramidal neurons 
are distributed in a patchy manner.70,71 This patchy pat-
tern is consistent with patterns found with other affer-
ent projections as well as with transmitter-related com-
pounds. Whereas the VS is associated with emotion, the 
caudate nucleus with cognition, and the putamen with 
sensorimotor function, it is important to remember that 
there is no clear boundary between the VS and DS, 
and the separation between the caudate nucleus and 
the putamen is merely a structural one, based solely on 
the IC separation, not a functional one. The distribu-
tion of terminals from the cortex is generally organized 
topographically (Figure 3). Thus, prefrontal areas proj-
ect primarily to the VS and rostral caudate nucleus and 
putamen. Sensorimotor areas project more caudally, 
primarily to the putamen. These distributions form the 
basis for the idea of parallel and segregated cortico–
basal ganglia circuits. However, when terminals from 
various cortical areas are examined closely, it clearly 
demonstrates extensive convergence of inputs from dif-

ferent functional regions. This actually creates a com-
plex interface between inputs from functionally distinct 
regions. Indeed, each cortical region, while projecting 
topographically to the striatum, does not maintain the 
narrow funneling that would be required to “fit” a large 
cortex into a far smaller striatal volume. For example, 
the volume occupied by the collective dense terminal 
fields from the ventromedial PFC (vmPFC), dorsal an-
terior cingulate cortex (dACC), and orbitofrontal cor-
tex (OFC) is approximately 22% of the striatum, a larg-
er cortical input than would be predicted by the relative 
cortical volume of these areas.14

Motor and premotor corticostriatal projections 

The projections from motor and premotor cortices were 
some of the first to be identified.72 Projections from M1 
terminate almost entirely in the putamen, in the dor-
solateral and central region. There are some terminals, 
albeit few, rostral to the anterior commissure; however, 
the main projection lies caudal to the anterior commis-
sure. The caudal premotor area projects to a striatal re-
gion that is just adjacent to M1 projections. These termi-

11

Figure 3.  Schematic illustrating the general topography of frontal inputs 
to the rostral striatum. dACC, dorsal anterior cingulate cortex; 
dPFC, dorsal prefrontal cortex; OFC, orbitofrontal cortex; vmP-
FC, ventromedial prefrontal cortex.

Figure 2.  Schematic illustrating key areas of frontal cortex. dACC, dorsal 
anterior cingulate cortex; dlPFC, dorsolateral prefrontal cortex; 
dmPFC, dorsomedial prefrontal cortex; OFC, orbitofrontal cor-
tex; PrM, premotor cortex; vlPFC, ventrolateral prefrontal cor-
tex; vmPFC, ventromedial prefrontal cortex. 

Pre/Motor

dPFC

dACC

OFC

vmPFC



How effective is TMS in Practice?
• Dunner et al 2014 

– N=257 patients with 
MDD followed for 1 
yr 

– Meds and/or TMS 
reintroduction 
provided 

– 62.5% of acute 
remitters sustained 
response at 1 yr



How effective is TMS in Practice?
• Carpenter et al 2012 

– N=307, open label, MDD, on-label dosing



If ≤25% improvement on QIDS after minimum of 3 wks, consider switch to Step 2

NNDC rTMS Task Group: TMS Dosing Guidelines

Step 1 FDA Approved Dosage 
10 Hz Left DLPFC, 120% MT, 

3,000 pulses/day

If ≤25% improvement on QIDS after minimum of 3 wks, consider switch to Step 3

Instructions: 
1)Patients who have failed a single antidepressant medication at adequate dose/duration start at Step 1. For more resistant patients, clinician may start at Step 1 
(given that efficacy of TMS in such patients on concomitant antidepressant medications is not known), or may chose to start at Step 2 if clinically indicated (e.g. 
extremely resistant, urgent clinical need, etc). 
2)Selection at Step 2 depends upon clinician choice, local policy, and availability of MRI. Some clinicians may chose to start at 1Hz Right as an initial strategy if 
there is a desire to avoid high frequency due to tolerability issues, and if there are comorbidities making right hemispheric treatment attractive (e.g. anxiety 
symptoms). 
3)We advise allowing at least 3 weeks per step before advancing, to see if there is benefit, but we note that maximal remission was seen after 6 weeks, and that 
nonresponders to the FDA approved dosage benefited from 6 additional weeks of the same dosage. Furthermore, response rate and speed in patients on 
medications during TMS may differ from what was seen in the trials of unmedicated patients.

MRI Guidance Adjust 
site and/or intensity to 

target left DLPFC

Increase Pulses 10 
Hz Left DLPFC, up to 
6,000 pulses/day

Sequential Bilateral 
10 Hz Left + 1 Hz Right 

DLPFC
1 Hz Right 

1 Hz Right DLPFC

Step 2

Step 3
Step 2 Strategy Not Yet Used 

Inc. pulses, Bilateral Stim, MRI Guidance, or 1 Hz Right
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The Therapeutic Context ••• Brain State ••• Online

• What is she thinking 
about, reading, 
watching, doing? 

• Who else is in the 
room and how are 
they interacting? 

• What medications 
is she taking?

Computer 
task

Response 
keys

• Brain State 
– Computer-delivered task 

On-line Stimulation

before/after



Figure 1.
Inverse relationship (r = −0.66) between the degree of antidepressant response (change in
HAM-D) achieved with 1-Hz versus 20-Hz rTMS at 100% MT in each patient. Those
improving on 20-Hz rTMS tended to worsen on 1-Hz rTMS, while those who improved on 1-
Hz tended to worsen with 20-Hz, suggesting a clear frequency “preference” for each patient.

Speer et al. Page 9

J Affect Disord. Author manuscript; available in PMC 2010 June 1.
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Speer, A.M, Kimbrell, T.A., Wassermann, E.M., Repella, J.D., Willis, M.W., Herscovitch, P., and Post, R.M. (2000) Opposite effects of 
high and low frequency rTMS on regional brain activity in depressed patients.pdf



• 42% vs 18% response 
• 30% vs 11% remission 
• No time by group interaction 
• Post hoc difference at week 4

• Different drop-out rates: 15 for 
5cm group, 7 for MRI group

1255–1262 

• 10 Hz, 5s, 1500 pulses/day x 4wks 
• MDD, failed 2 trials, psych co-morbidities 
• TMS added onto meds

27 
24

12

17

Fitzgerald 2009



<25%	decrease	in	baseline	severity	
(many	residual	symptoms	still	present)	
26	to	49%	decrease	in	baseline	severity	

50%	or	greater	decrease	in	baseline	severity	

Absence	of	symptoms		
		(minimal	residual	symptoms	present)

Defining	Outcome

Mann	J	J.	N	Engl	J	Med.	2005;353:	
1819-1834.

NONRESPONSE								

PARTIAL	RESPONSE	

RESPONSE	

REMISSION



CHANGES IN EEG SIGNAL AFTER 5-HZ DORSOLATERAL PREFRONTAL CORTEX (DLPFC) TRACHANGES IN EEG 
SIGNAL AFTER 5-HZ DORSOLATERAL PREFRONTAL CORTEX (DLPFC) TRANSCRANIAL MAGNETIC STIMULATION IN 
PATIENTS WITH COMORBID POSTTRAUMATIC STRESS DISORDER AND MAJOR DEPRESSION  

NSCRANIAL MAGNETIC STIMULATION IN PATIENTS WITH COMORBID POSTTRAUMATIC STRESS DISORDER AND 
MAJOR DEPRESSION  

the treatment altered the coherence between 
the stimulated site and those in its immediate 
vicinity while the longer range connectivity 
remained relatively un=changed. 

CHANGES IN EEG SIGNAL AFTER 5-HZ DORSOLATERAL PREFRONTAL CORTEX 
(DLPFC) TRANSCRANIAL MAGNETIC STIMULATION IN PATIENTS WITH COMORBID 
POSTTRAUMATIC STRESS DISORDER AND MAJOR DEPRESSION 



Amplitude of the fast frequency 
is modulated by the PHASE of slow frequency

Phase Amplitude Coupling (PAC)





Goodkind 2015 Identification of a Common Neurobiological Substrate for Mental Illness 

MAIN OUTCOMES AND MEASURES We tested for areas of common gray matter volume increase or 
decrease across Axis I diagnoses, as well as areas differing between diagnoses. Follow-up analyses on other 
healthy participant data sets tested connectivity related to regions arising from the meta-analysis and the 
relationship of gray matter volume to cognition. 
RESULTS Based on the voxel-based morphometry meta-analysis of 193 studies comprising  
15 892 individuals across 
6 diverse diagnostic groups 
(schizophrenia, 
bipolar disorder, 
depression, 
addiction, 
obsessive-compulsive disorder, and 
anxiety), we found that gray matter loss converged across diagnoses in 3 regions: 
the dorsal anterior cingulate, 
right insula, and left insula. 
By contrast, there were few diagnosis-specific effects, distinguishing only schizophrenia and depression from 
other diagnoses. In the parallel follow-up analyses of the 3 independent healthy participant data sets, we 
found that the common gray matter loss regions formed a tightly interconnected network during tasks 
and at resting and that lower gray matter in this network was associated with poor executive functioning. 



Effects are influenced in both duration and direction by:
Intensity of Stimulation
Duration of Stimulation
Location of Stimulation
Sensitivity of outcome measure
Time of Day (Sale et al., 2007)
Attention (Stephan et al., 2004)
Hormones (Smith et al., 1999)
Brain State
Inter and intra-individual differences:
1 Hz can be facilitatory in some individuals
Only approximately 50% of individuals respond to PAS
TBS has high intraindividual reliability, PAS does not.
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Personal View

the right time to reformulate understanding of mental 
disorders as neural circuit dysfunctions.

Which large-scale circuits?
Researchers have identifi ed an intrinsic neural circuit 
architecture that might underlie domain-general 
processes of self-refl ection, salience perception, and 
attention, as well as sensorimotor, visual, and auditory 
function.1,3,4,10 The universality of this intrinsic architecture 
has been demonstrated with large-scale functional 
connectivity analysis of hundreds of brain regions 
encompassing every major brain system at rest and across 
64 task-evoked states.1 These brain regions have been 
identifi ed with parcellation and meta-analysis.1 During 
rest, the default mode circuit tends to be upregulated, and 
other circuits downregulated.1,2 This intrinsic architecture 
might also have a major role in shaping task processes—
such as controlling cognition—or reaction to threatening 
or rewarding stimuli, with a smaller amount of variance 
contributed by extrinsic task-general and task-specifi c 
evoked changes.1,11–15 This extrinsic architecture has been 
shown by conjunction analysis of multiple datasets with 
multiple tasks.15 Task-general profi les include a down-
regulation of within-circuit functional connectivity during 
task performance and an anticorrelation between default 
mode and circuits involved in attention and cognitive 
control,1,15 although there could be positive correlations 
with demanding shifts in task sets.16 Task-specifi c 
activations and connectivity correlate with overt 
behavioural performance.17,18

In this Personal View, I focus on six circuits that have 
been implicated in dysfunctions expressed in 
depression and anxiety: default mode, salience, negative 
aff ect, positive aff ect (reward), attention, and cognitive 
control (fi gure 1). I summarise available evidence as a 
basis for proposing putative biotypes of dysfunction 
that might account for the natural heterogeneity of 
these disorders.

Types of neural circuit dysfunction underlying 
depression and anxiety
The summary of existing evidence is based on published 
meta-analyses and reviews and on circuits and circuit 
dysfunctions that have been identifi ed in at least two well 
powered studies. So far, the focus of brain imaging 
research has mainly and appropriately been on case-
control comparisons, in which mood and anxiety 
disorder are defi ned by traditional criteria. Activation 
within specifi c brain regions of interest was also a focus. 
In the past 5 years, there has been an escalation in the 
study of dysfunctions in connectivity within and between 
circuits in depression and anxiety, partly as a result of 
advances in precision imaging and analysis techniques, 
including those developed within the Human 
Connectome Project.19,20

Existing fi ndings tend to be inconsistent, and reveal 
profi les of neural hyporeactivity and hyper-reactivity, and 
both hypoconnectivity and hyperconnectivity, within the 
broad diagnostic categories of depression and anxiety. 
These variations might show the contribution of multiple 
biotypes of underlying neural circuit dysfunction that cut 
across existing diagnostic categories. Group-average 
results might refl ect diff erent combinations of these 
dysfunctions depending on the nature of the sample 
being investigated. Because future clinical translational 
applications will rely on a system for classifying 
individual patients, neural biotypes are conceptualised 
here as extremes of hypoactivation or hyperactivation 
and connectivity within and between underlying neural 
circuit dimensions (fi gure 2). Structural anatomical 
abnormalities can also ground or contribute to neural 
circuit biotypes defi ned by functional activation or 
connectivity, or both, as noted in early important work on 
the subgenual cingulate.21

Default mode circuit 
The default mode circuit (typically known as the default 
mode network) is defi ned by the anterior medial 
prefrontal cortex, posterior cingulate cortex, and angular 
gyrus.22 Connectivity between these regions has been 
observed under task-free conditions when participants 
are asked to rest and refl ect on their thoughts.22,23 
Independent-components analysis suggests that the 
anterior and posterior regions defi ne sub-networks of the 
default mode circuit.23 This circuit also has a basis in 
structural matter connections between the same 
regions.24 

Figure 1: Large-scale intrinsic and task-evoked circuits identifi ed in published 
work
aMPFC=anterior medial prefrontal cortex. AG=angular gyrus. PCC=posterior 
cingulate cortex (includes precuneus). dACC=dorsal anterior cingulate cortex. 
aI=anterior insula. TP=temporal pole. SLEA=sublenticular extended amygdala. 
ACC/MPFC=dorsal medial prefrontal cortex (includes dorsal ACC and vMPFC, 
including ventral—subgenual and pregenual—and rostral ACC). msPFC=medial 
superior prefrontal cortex. LPFC=lateral prefrontal cortex. aIPL=anterior inferior 
parietal lobule. MPFC=medial prefrontal cortex. vMPFC=ventromedial prefrontal 
cortex. OFC=orbitofrontal cortex. ACC=anterior cingulate cortex. 
DLPFC=dorsolateral prefrontal cortex (includes anterior prefrontal cortex and 
inferior frontal cortex). PCG=precentral gyrus. DPC=dorsal parietal cortex. 

Default mode Salience Negative affect 

Positive affect Attention Cognitive control

aMPFC

PCC AGAG

dACC

aI aI

SLEA SLEA

msPFC

aI aI

LPFC LPFC

aIPL aIPL

DLPFC DLPFC

DPC DPC

PCG PCG

ACC/MPFC

Amygdala Amygdala

Insula Insula

Striatum Striatum

OFC

dACC/vMPFC

TP TP

Precuneus

 
aMPFC=anterior medial 
prefrontal cortex. 
AG=angular gyrus. 
PCC=posterior cingulate 
cortex (includes 
precuneus). dACC=dorsal 
anterior cingulate cortex. 
aI=anterior insula. 
TP=temporal pole. 
SLEA=sublenticular 
extended amygdala. ACC/
MPFC=dorsal medial 
prefrontal cortex (includes 
dorsal ACC and vMPFC, 
including ventral—
subgenual and pregenual—
and rostral ACC). 
msPFC=medial superior 
prefrontal cortex. 
LPFC=lateral prefrontal 
cortex. aIPL=anterior 
inferior parietal lobule. 
MPFC=medial prefrontal 
cortex. 
vMPFC=ventromedial 
prefrontal cortex. 
OFC=orbitofrontal cortex. 
ACC=anterior cingulate 
cortex. DLPFC=dorsolateral 
prefrontal cortex (includes 
anterior prefrontal cortex 
and inferior frontal cortex). 
PCG=precentral gyrus. 
DPC=dorsal parietal cortex. 

Figure 1: Large-scale intrinsic and task-evoked circuits
 identified in published work
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Putative biotype 7: inattention
Hypoconnectivity within the frontoparietal attention 
circuit has been noted in major depressive disorder and 
in social anxiety,58 and suggests the presence of an 
inattention biotype (fi gure 2). In anxiety disorder, fronto-
parietal circuit hypoconnectivity has been correlated with 
a specifi c behavioural profi le of false alarm errors59 
consistent with disruption to sustained attention.

Cognitive control circuit
The cognitive control circuit comprises the dorsolateral 
prefrontal cortex, ACC, dorsal parietal cortex, and 
precentral gyrus (fi gure 1). Together these regions and 
their interconnectivity are implicated in the support of 
higher cognitive functions, such as working memory and 
selective attention.11,60 Under task-specifi c demands the 
cognitive control circuit is implicated in cognitive 
fl exibility.17

Putative biotype 8: cognitive dyscontrol
Dysfunction of the cognitive control circuit during 
eff ortful selective processing of relevant stimuli while 
inhibiting irrelevant stimuli suggests a cognitive 
dyscontrol biotype (fi gure 2). Hypoactivation of the 
dorsolateral prefrontal cortex and dorsal anterior 
cingulate cortex has been observed in depression.61,62 
Such hypoactivation persists with later-life depression,63 
suggesting that a cognitive dyscontrol biotype might 
have a trait-like status.

ACC and dorsolateral prefrontal cortex hypoactivation 
during an inhibition task has been associated with 
slowing of the time to inhibit responses for people with 
higher anxiety.18 Problems with selective inhibition in 
depression could also be suggested by problems 
suppressing default mode rumination, and a profi le of 
positive correlation (rather than anticorrelation) between 
dorsal prefrontal cognitive control regions and posterior 
cingulate default mode regions.25,64

Exploratory biotypes of neural circuit dysfunction
Emerging lines of evidence suggest additional neural 
circuit biotypes that for now might be deemed more 
exploratory. Although most studies suggest default mode 
hyperconnectivity in depression and anxiety, default 
mode hypoconnectivity has been noted in some.25,65 Default 
mode hypoconnectivity has been correlated with 
overgeneral autobiographical memory65 and social 
anxiety,58 and might refl ect impairments in self-re-
presentation. Future studies might explore dysfunctions 
on the basis of interactions between negative and positive 
aff ective circuits given, for example, that the striatum of 
the reward circuit has also been implicated in aversive 
processing.13

With regard to attentional dysfunction, hyper con-
nectivity (rather than hypoconnectivity) of the fronto-
parietal attention circuit has been observed in social 
anxiety.66 The attention circuit shows hypoconnectivity 

with the positive aff ect circuit, and together these 
dysfunctions might refl ect an exploratory hypervigilance 
biotype. Within the cognitive control circuit, task-evoked 
dorsolateral prefrontal cortex hyperactivation (rather 
than hypoactivation) has been observed in the absence of 
behavioural performance defi cits in unmedicated 
depression.67 This dysfunction might show a com-
pensatory form of cognitive dyscontrol associated with 
cognitive overdrive or a distinct dysfunction dependent 
on task demands.

Use of neural circuit dysfunction to guide 
treatment
To advance a neural circuit model, it is essential to 
understand how neural-circuit-based biotypes relate to 
interventions. In the future, on the basis of increasingly 
precise evidence about the mechanistic actions of each 
circuit and which dysfunctions predict response to 
treatment, I envision that these neural circuit biotypes 
could be used to help guide choice of intervention 
(fi gure 3). I present three examples focused on 
pharmacotherapy, because drugs are the most common 
type of intervention for both depression and anxiety. 

Figure 3: Speculative connection between neural circuit biotypes for 
depression and anxiety and potentially suitable interventions 
aMPFC=anterior medial prefrontal cortex. AG=angular gyrus. PCC=posterior 
cingulate cortex (includes precuneus). dACC=dorsal anterior cingulate cortex. 
aI=anterior insula. TP=temporal pole. SLEA=sublenticular extended amygdala. 
ACC/mPFC=dorsal medial prefrontal cortex (includes dorsal ACC and vMPFC, 
including ventral—subgenual and pregenual—and rostral ACC). msPFC=medial 
superior prefrontal cortex. LPFC=lateral prefrontal cortex. aIPL=anterior inferior 
parietal lobule. mPFC=medial prefrontal cortex. vMPFC=ventromedial prefrontal 
cortex. OFC=orbitofrontal cortex. ACC=anterior cingulate cortex. 
DLPF=dorsolateral prefrontal cortex (includes anterior prefrontal cortex and 
inferior frontal cortex). PCG=precentral gyrus. DPC=dorsal parietal cortex. 
TMS=transcranial magnetic stimulation. DBS=deep-brain stimulation.
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Putative biotype 1: rumination
Resting-state analyses of depression have shown a 
consistent profi le of functional overactivation and 
hyperconnectivity of the default mode circuit in 
depression.25,26 Hyperfunctioning of the default mode 
circuit in major depressive disorder has been associated 
with higher levels of maladaptive rumination about 
depressive thoughts (fi gure 2).26 Anatomical ab-
normalities might contribute to default mode circuit 
hyper-function. Structurally, major depressive disorder 
has been associated with disruptions to both grey matter27 
and white matter28 within the default mode circuit, 
particularly within the posterior sub-network.

Salience circuit
The so-called salience circuit is defi ned by core nodes in 
the anterior cingulate cortex (ACC), anterior insula, and 
sublenticular extended amygdala4 (fi gure 1). This circuit 
detects salient changes in the environment, both 
interoceptive and external. When these changes are 
detected, the salience circuit might signal the need for 
additional processing and initiation of appropriate 
cognitive control.4,29 

In addition to the salience circuit, a distinct cingulo-
opercular circuit has also been defi ned. The circuit is 
defi ned by nodes in the anterior medial prefrontal cortex, 
dorsal ACC, anterior insula, frontal operculum, and 
anterior thalamus, and is implicated in the detection of 
potential mismatches and confl ict.4 These regions and 
functions show overlap with the default mode and 
salience circuits even though the cingulo-opercular 
circuit is articulated as a distinct circuit.4

Putative biotype 2: anxious avoidance
Insula hypoconnectivity within the salience circuit has 
been noted in depression, social anxiety disorder, and 
panic disorder (fi gure 2).23,30 It has been inversely 
associated with symptom severity.23 Insula–amygdala 
hypoconnectivity, which is correlated with anxious 
avoidance, has also been observed (fi gure 2).23 Hyper-
connectivity between the insula and anterior nodes of the 
default mode circuit (fi gure 2) has been reported in both 
depression23 and social anxiety disorder.30 Dorsal nodes of 
the salience circuit show both hyper connectivity and 
hypoconnectivity with the posterior precuneus node of 
the attention circuit (fi gure 2).31 The direction of altered 
connectivity between salience and attention circuits can 
fl uctuate with the nature of interoceptive or external 
events, consistent with the view that the salience-circuit 
guides the switching of attention according to stimulus 
importance. These salience circuit dysfunctions might 
contribute to so-called anxious avoidance biotypes 
characterised by diffi  culty distinguish ing relevant salient 
cues and an avoidance of situations that could generate 
interoceptive or environmental stimulus overload.

Negative aff ect circuit
The circuit engaged by negatively valenced stimuli 
comprises subcortical nodes in the amygdala, brainstem 
regions, hippocampus, insula, and both dorsal and 
ventral prefrontal nodes—ie, dorsal medial prefrontal 
cortex, dorsal ACC, ventral medial prefrontal cortex, and 
ventral (subgenual and pregenual)-rostral ACC 
connections (fi gure 1).14,32 Dorsal and rostral nodes have 
been preferentially implicated in appraisal and expression 

Figure 2: Proposed taxonomy of putative biotypes of neural circuit dysfunction for depression and anxiety based on published work
The proposed phenotype associated with each proposed neural dysfunction is mentioned above each type of dysfunction. aMPFC=anterior medial prefrontal cortex. 
AG=angular gyrus. PCC=posterior cingulate cortex (includes precuneus). dACC=dorsal anterior cingulate cortex. aI=anterior insula. TP=temporal pole. 
SLEA=sublenticular extended amygdala. ACC/MPFC=dorsal medial prefrontal cortex (includes dorsal ACC and vMPFC, including ventral—subgenual and pregenual—
and rostral ACC). msPFC=medial superior prefrontal cortex. LPFC=lateral prefrontal cortex. aIPL=anterior inferior parietal lobule. MPFC=medial prefrontal cortex. 
vMPFC=ventromedial prefrontal cortex. OFC=orbitofrontal cortex. ACC=anterior cingulate cortex. DLPF=dorsoateral prefrontal cortex (includes anterior prefrontal 
cortex and inferior frontal cortex). PCG=precentral gyrus. DPC=dorsal parietal cortex.
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Putative biotype 1: rumination
Resting-state analyses of depression have shown a 
consistent profi le of functional overactivation and 
hyperconnectivity of the default mode circuit in 
depression.25,26 Hyperfunctioning of the default mode 
circuit in major depressive disorder has been associated 
with higher levels of maladaptive rumination about 
depressive thoughts (fi gure 2).26 Anatomical ab-
normalities might contribute to default mode circuit 
hyper-function. Structurally, major depressive disorder 
has been associated with disruptions to both grey matter27 
and white matter28 within the default mode circuit, 
particularly within the posterior sub-network.

Salience circuit
The so-called salience circuit is defi ned by core nodes in 
the anterior cingulate cortex (ACC), anterior insula, and 
sublenticular extended amygdala4 (fi gure 1). This circuit 
detects salient changes in the environment, both 
interoceptive and external. When these changes are 
detected, the salience circuit might signal the need for 
additional processing and initiation of appropriate 
cognitive control.4,29 

In addition to the salience circuit, a distinct cingulo-
opercular circuit has also been defi ned. The circuit is 
defi ned by nodes in the anterior medial prefrontal cortex, 
dorsal ACC, anterior insula, frontal operculum, and 
anterior thalamus, and is implicated in the detection of 
potential mismatches and confl ict.4 These regions and 
functions show overlap with the default mode and 
salience circuits even though the cingulo-opercular 
circuit is articulated as a distinct circuit.4

Putative biotype 2: anxious avoidance
Insula hypoconnectivity within the salience circuit has 
been noted in depression, social anxiety disorder, and 
panic disorder (fi gure 2).23,30 It has been inversely 
associated with symptom severity.23 Insula–amygdala 
hypoconnectivity, which is correlated with anxious 
avoidance, has also been observed (fi gure 2).23 Hyper-
connectivity between the insula and anterior nodes of the 
default mode circuit (fi gure 2) has been reported in both 
depression23 and social anxiety disorder.30 Dorsal nodes of 
the salience circuit show both hyper connectivity and 
hypoconnectivity with the posterior precuneus node of 
the attention circuit (fi gure 2).31 The direction of altered 
connectivity between salience and attention circuits can 
fl uctuate with the nature of interoceptive or external 
events, consistent with the view that the salience-circuit 
guides the switching of attention according to stimulus 
importance. These salience circuit dysfunctions might 
contribute to so-called anxious avoidance biotypes 
characterised by diffi  culty distinguish ing relevant salient 
cues and an avoidance of situations that could generate 
interoceptive or environmental stimulus overload.

Negative aff ect circuit
The circuit engaged by negatively valenced stimuli 
comprises subcortical nodes in the amygdala, brainstem 
regions, hippocampus, insula, and both dorsal and 
ventral prefrontal nodes—ie, dorsal medial prefrontal 
cortex, dorsal ACC, ventral medial prefrontal cortex, and 
ventral (subgenual and pregenual)-rostral ACC 
connections (fi gure 1).14,32 Dorsal and rostral nodes have 
been preferentially implicated in appraisal and expression 
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Putative biotype 1: rumination
Resting-state analyses of depression have shown a 
consistent profi le of functional overactivation and 
hyperconnectivity of the default mode circuit in 
depression.25,26 Hyperfunctioning of the default mode 
circuit in major depressive disorder has been associated 
with higher levels of maladaptive rumination about 
depressive thoughts (fi gure 2).26 Anatomical ab-
normalities might contribute to default mode circuit 
hyper-function. Structurally, major depressive disorder 
has been associated with disruptions to both grey matter27 
and white matter28 within the default mode circuit, 
particularly within the posterior sub-network.

Salience circuit
The so-called salience circuit is defi ned by core nodes in 
the anterior cingulate cortex (ACC), anterior insula, and 
sublenticular extended amygdala4 (fi gure 1). This circuit 
detects salient changes in the environment, both 
interoceptive and external. When these changes are 
detected, the salience circuit might signal the need for 
additional processing and initiation of appropriate 
cognitive control.4,29 

In addition to the salience circuit, a distinct cingulo-
opercular circuit has also been defi ned. The circuit is 
defi ned by nodes in the anterior medial prefrontal cortex, 
dorsal ACC, anterior insula, frontal operculum, and 
anterior thalamus, and is implicated in the detection of 
potential mismatches and confl ict.4 These regions and 
functions show overlap with the default mode and 
salience circuits even though the cingulo-opercular 
circuit is articulated as a distinct circuit.4

Putative biotype 2: anxious avoidance
Insula hypoconnectivity within the salience circuit has 
been noted in depression, social anxiety disorder, and 
panic disorder (fi gure 2).23,30 It has been inversely 
associated with symptom severity.23 Insula–amygdala 
hypoconnectivity, which is correlated with anxious 
avoidance, has also been observed (fi gure 2).23 Hyper-
connectivity between the insula and anterior nodes of the 
default mode circuit (fi gure 2) has been reported in both 
depression23 and social anxiety disorder.30 Dorsal nodes of 
the salience circuit show both hyper connectivity and 
hypoconnectivity with the posterior precuneus node of 
the attention circuit (fi gure 2).31 The direction of altered 
connectivity between salience and attention circuits can 
fl uctuate with the nature of interoceptive or external 
events, consistent with the view that the salience-circuit 
guides the switching of attention according to stimulus 
importance. These salience circuit dysfunctions might 
contribute to so-called anxious avoidance biotypes 
characterised by diffi  culty distinguish ing relevant salient 
cues and an avoidance of situations that could generate 
interoceptive or environmental stimulus overload.
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The circuit engaged by negatively valenced stimuli 
comprises subcortical nodes in the amygdala, brainstem 
regions, hippocampus, insula, and both dorsal and 
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Several other RSNs have been identified. The somatosensory network, studied first by Biswal 
et al,1 includes primary and higher order motor and sensory areas (Fig 1B).
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the right time to reformulate understanding of mental 
disorders as neural circuit dysfunctions.

Which large-scale circuits?
Researchers have identifi ed an intrinsic neural circuit 
architecture that might underlie domain-general 
processes of self-refl ection, salience perception, and 
attention, as well as sensorimotor, visual, and auditory 
function.1,3,4,10 The universality of this intrinsic architecture 
has been demonstrated with large-scale functional 
connectivity analysis of hundreds of brain regions 
encompassing every major brain system at rest and across 
64 task-evoked states.1 These brain regions have been 
identifi ed with parcellation and meta-analysis.1 During 
rest, the default mode circuit tends to be upregulated, and 
other circuits downregulated.1,2 This intrinsic architecture 
might also have a major role in shaping task processes—
such as controlling cognition—or reaction to threatening 
or rewarding stimuli, with a smaller amount of variance 
contributed by extrinsic task-general and task-specifi c 
evoked changes.1,11–15 This extrinsic architecture has been 
shown by conjunction analysis of multiple datasets with 
multiple tasks.15 Task-general profi les include a down-
regulation of within-circuit functional connectivity during 
task performance and an anticorrelation between default 
mode and circuits involved in attention and cognitive 
control,1,15 although there could be positive correlations 
with demanding shifts in task sets.16 Task-specifi c 
activations and connectivity correlate with overt 
behavioural performance.17,18

In this Personal View, I focus on six circuits that have 
been implicated in dysfunctions expressed in 
depression and anxiety: default mode, salience, negative 
aff ect, positive aff ect (reward), attention, and cognitive 
control (fi gure 1). I summarise available evidence as a 
basis for proposing putative biotypes of dysfunction 
that might account for the natural heterogeneity of 
these disorders.

Types of neural circuit dysfunction underlying 
depression and anxiety
The summary of existing evidence is based on published 
meta-analyses and reviews and on circuits and circuit 
dysfunctions that have been identifi ed in at least two well 
powered studies. So far, the focus of brain imaging 
research has mainly and appropriately been on case-
control comparisons, in which mood and anxiety 
disorder are defi ned by traditional criteria. Activation 
within specifi c brain regions of interest was also a focus. 
In the past 5 years, there has been an escalation in the 
study of dysfunctions in connectivity within and between 
circuits in depression and anxiety, partly as a result of 
advances in precision imaging and analysis techniques, 
including those developed within the Human 
Connectome Project.19,20

Existing fi ndings tend to be inconsistent, and reveal 
profi les of neural hyporeactivity and hyper-reactivity, and 
both hypoconnectivity and hyperconnectivity, within the 
broad diagnostic categories of depression and anxiety. 
These variations might show the contribution of multiple 
biotypes of underlying neural circuit dysfunction that cut 
across existing diagnostic categories. Group-average 
results might refl ect diff erent combinations of these 
dysfunctions depending on the nature of the sample 
being investigated. Because future clinical translational 
applications will rely on a system for classifying 
individual patients, neural biotypes are conceptualised 
here as extremes of hypoactivation or hyperactivation 
and connectivity within and between underlying neural 
circuit dimensions (fi gure 2). Structural anatomical 
abnormalities can also ground or contribute to neural 
circuit biotypes defi ned by functional activation or 
connectivity, or both, as noted in early important work on 
the subgenual cingulate.21

Default mode circuit 
The default mode circuit (typically known as the default 
mode network) is defi ned by the anterior medial 
prefrontal cortex, posterior cingulate cortex, and angular 
gyrus.22 Connectivity between these regions has been 
observed under task-free conditions when participants 
are asked to rest and refl ect on their thoughts.22,23 
Independent-components analysis suggests that the 
anterior and posterior regions defi ne sub-networks of the 
default mode circuit.23 This circuit also has a basis in 
structural matter connections between the same 
regions.24 

Figure 1: Large-scale intrinsic and task-evoked circuits identifi ed in published 
work
aMPFC=anterior medial prefrontal cortex. AG=angular gyrus. PCC=posterior 
cingulate cortex (includes precuneus). dACC=dorsal anterior cingulate cortex. 
aI=anterior insula. TP=temporal pole. SLEA=sublenticular extended amygdala. 
ACC/MPFC=dorsal medial prefrontal cortex (includes dorsal ACC and vMPFC, 
including ventral—subgenual and pregenual—and rostral ACC). msPFC=medial 
superior prefrontal cortex. LPFC=lateral prefrontal cortex. aIPL=anterior inferior 
parietal lobule. MPFC=medial prefrontal cortex. vMPFC=ventromedial prefrontal 
cortex. OFC=orbitofrontal cortex. ACC=anterior cingulate cortex. 
DLPFC=dorsolateral prefrontal cortex (includes anterior prefrontal cortex and 
inferior frontal cortex). PCG=precentral gyrus. DPC=dorsal parietal cortex. 
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Personal View

Putative biotype 1: rumination
Resting-state analyses of depression have shown a 
consistent profi le of functional overactivation and 
hyperconnectivity of the default mode circuit in 
depression.25,26 Hyperfunctioning of the default mode 
circuit in major depressive disorder has been associated 
with higher levels of maladaptive rumination about 
depressive thoughts (fi gure 2).26 Anatomical ab-
normalities might contribute to default mode circuit 
hyper-function. Structurally, major depressive disorder 
has been associated with disruptions to both grey matter27 
and white matter28 within the default mode circuit, 
particularly within the posterior sub-network.

Salience circuit
The so-called salience circuit is defi ned by core nodes in 
the anterior cingulate cortex (ACC), anterior insula, and 
sublenticular extended amygdala4 (fi gure 1). This circuit 
detects salient changes in the environment, both 
interoceptive and external. When these changes are 
detected, the salience circuit might signal the need for 
additional processing and initiation of appropriate 
cognitive control.4,29 

In addition to the salience circuit, a distinct cingulo-
opercular circuit has also been defi ned. The circuit is 
defi ned by nodes in the anterior medial prefrontal cortex, 
dorsal ACC, anterior insula, frontal operculum, and 
anterior thalamus, and is implicated in the detection of 
potential mismatches and confl ict.4 These regions and 
functions show overlap with the default mode and 
salience circuits even though the cingulo-opercular 
circuit is articulated as a distinct circuit.4

Putative biotype 2: anxious avoidance
Insula hypoconnectivity within the salience circuit has 
been noted in depression, social anxiety disorder, and 
panic disorder (fi gure 2).23,30 It has been inversely 
associated with symptom severity.23 Insula–amygdala 
hypoconnectivity, which is correlated with anxious 
avoidance, has also been observed (fi gure 2).23 Hyper-
connectivity between the insula and anterior nodes of the 
default mode circuit (fi gure 2) has been reported in both 
depression23 and social anxiety disorder.30 Dorsal nodes of 
the salience circuit show both hyper connectivity and 
hypoconnectivity with the posterior precuneus node of 
the attention circuit (fi gure 2).31 The direction of altered 
connectivity between salience and attention circuits can 
fl uctuate with the nature of interoceptive or external 
events, consistent with the view that the salience-circuit 
guides the switching of attention according to stimulus 
importance. These salience circuit dysfunctions might 
contribute to so-called anxious avoidance biotypes 
characterised by diffi  culty distinguish ing relevant salient 
cues and an avoidance of situations that could generate 
interoceptive or environmental stimulus overload.

Negative aff ect circuit
The circuit engaged by negatively valenced stimuli 
comprises subcortical nodes in the amygdala, brainstem 
regions, hippocampus, insula, and both dorsal and 
ventral prefrontal nodes—ie, dorsal medial prefrontal 
cortex, dorsal ACC, ventral medial prefrontal cortex, and 
ventral (subgenual and pregenual)-rostral ACC 
connections (fi gure 1).14,32 Dorsal and rostral nodes have 
been preferentially implicated in appraisal and expression 

Figure 2: Proposed taxonomy of putative biotypes of neural circuit dysfunction for depression and anxiety based on published work
The proposed phenotype associated with each proposed neural dysfunction is mentioned above each type of dysfunction. aMPFC=anterior medial prefrontal cortex. 
AG=angular gyrus. PCC=posterior cingulate cortex (includes precuneus). dACC=dorsal anterior cingulate cortex. aI=anterior insula. TP=temporal pole. 
SLEA=sublenticular extended amygdala. ACC/MPFC=dorsal medial prefrontal cortex (includes dorsal ACC and vMPFC, including ventral—subgenual and pregenual—
and rostral ACC). msPFC=medial superior prefrontal cortex. LPFC=lateral prefrontal cortex. aIPL=anterior inferior parietal lobule. MPFC=medial prefrontal cortex. 
vMPFC=ventromedial prefrontal cortex. OFC=orbitofrontal cortex. ACC=anterior cingulate cortex. DLPF=dorsoateral prefrontal cortex (includes anterior prefrontal 
cortex and inferior frontal cortex). PCG=precentral gyrus. DPC=dorsal parietal cortex.
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Putative biotype 1: rumination
Resting-state analyses of depression have shown a 
consistent profi le of functional overactivation and 
hyperconnectivity of the default mode circuit in 
depression.25,26 Hyperfunctioning of the default mode 
circuit in major depressive disorder has been associated 
with higher levels of maladaptive rumination about 
depressive thoughts (fi gure 2).26 Anatomical ab-
normalities might contribute to default mode circuit 
hyper-function. Structurally, major depressive disorder 
has been associated with disruptions to both grey matter27 
and white matter28 within the default mode circuit, 
particularly within the posterior sub-network.

Salience circuit
The so-called salience circuit is defi ned by core nodes in 
the anterior cingulate cortex (ACC), anterior insula, and 
sublenticular extended amygdala4 (fi gure 1). This circuit 
detects salient changes in the environment, both 
interoceptive and external. When these changes are 
detected, the salience circuit might signal the need for 
additional processing and initiation of appropriate 
cognitive control.4,29 

In addition to the salience circuit, a distinct cingulo-
opercular circuit has also been defi ned. The circuit is 
defi ned by nodes in the anterior medial prefrontal cortex, 
dorsal ACC, anterior insula, frontal operculum, and 
anterior thalamus, and is implicated in the detection of 
potential mismatches and confl ict.4 These regions and 
functions show overlap with the default mode and 
salience circuits even though the cingulo-opercular 
circuit is articulated as a distinct circuit.4

Putative biotype 2: anxious avoidance
Insula hypoconnectivity within the salience circuit has 
been noted in depression, social anxiety disorder, and 
panic disorder (fi gure 2).23,30 It has been inversely 
associated with symptom severity.23 Insula–amygdala 
hypoconnectivity, which is correlated with anxious 
avoidance, has also been observed (fi gure 2).23 Hyper-
connectivity between the insula and anterior nodes of the 
default mode circuit (fi gure 2) has been reported in both 
depression23 and social anxiety disorder.30 Dorsal nodes of 
the salience circuit show both hyper connectivity and 
hypoconnectivity with the posterior precuneus node of 
the attention circuit (fi gure 2).31 The direction of altered 
connectivity between salience and attention circuits can 
fl uctuate with the nature of interoceptive or external 
events, consistent with the view that the salience-circuit 
guides the switching of attention according to stimulus 
importance. These salience circuit dysfunctions might 
contribute to so-called anxious avoidance biotypes 
characterised by diffi  culty distinguish ing relevant salient 
cues and an avoidance of situations that could generate 
interoceptive or environmental stimulus overload.

Negative aff ect circuit
The circuit engaged by negatively valenced stimuli 
comprises subcortical nodes in the amygdala, brainstem 
regions, hippocampus, insula, and both dorsal and 
ventral prefrontal nodes—ie, dorsal medial prefrontal 
cortex, dorsal ACC, ventral medial prefrontal cortex, and 
ventral (subgenual and pregenual)-rostral ACC 
connections (fi gure 1).14,32 Dorsal and rostral nodes have 
been preferentially implicated in appraisal and expression 

Figure 2: Proposed taxonomy of putative biotypes of neural circuit dysfunction for depression and anxiety based on published work
The proposed phenotype associated with each proposed neural dysfunction is mentioned above each type of dysfunction. aMPFC=anterior medial prefrontal cortex. 
AG=angular gyrus. PCC=posterior cingulate cortex (includes precuneus). dACC=dorsal anterior cingulate cortex. aI=anterior insula. TP=temporal pole. 
SLEA=sublenticular extended amygdala. ACC/MPFC=dorsal medial prefrontal cortex (includes dorsal ACC and vMPFC, including ventral—subgenual and pregenual—
and rostral ACC). msPFC=medial superior prefrontal cortex. LPFC=lateral prefrontal cortex. aIPL=anterior inferior parietal lobule. MPFC=medial prefrontal cortex. 
vMPFC=ventromedial prefrontal cortex. OFC=orbitofrontal cortex. ACC=anterior cingulate cortex. DLPF=dorsoateral prefrontal cortex (includes anterior prefrontal 
cortex and inferior frontal cortex). PCG=precentral gyrus. DPC=dorsal parietal cortex.

Striatum Striatum

OFC

dACC/vMPFC

Striatum Striatum

OFC

dACC/vMPFC

1 Rumination 2 Anxious avoidance 3 Negative bias 4 Threat dysregulation

5 Anhedonia 6 Context insensitivity 7 Inattention 8 Cognitive dyscontrol

aMPFC

PCC AGAG
PCC

dACC

Amygdala Amygdala

Insula Insula

ACC/MPFC

Amygdala Amygdala

Insula Insula

msPFC

aI aI

LPFC LPFC

aIPL aIPL

Precuneus

dACC

aI aI

Precuneus

TPTP

SLEA SLEA

aIPL aIPL

DLPFC DLPFC

DPC DPC

Precuneus

ACC

PCC

Activation

Default mode
Salience
Negative affect
Positive affect
Attention
Cognitive control

Hyper
Typica

l

Hypo

Connectivity
Hyperconnectivity

Typical connectivity

Hypoconnectivity

Williams 2016



Clinical       Education       Research

1.1.c
American Brain Stimulation Clinic

M E C H A N I S MTMS

www.thelancet.com/psychiatry   Published online April 14, 2016   http://dx.doi.org/10.1016/S2215-0366(15)00579-9 3

Personal View

Putative biotype 1: rumination
Resting-state analyses of depression have shown a 
consistent profi le of functional overactivation and 
hyperconnectivity of the default mode circuit in 
depression.25,26 Hyperfunctioning of the default mode 
circuit in major depressive disorder has been associated 
with higher levels of maladaptive rumination about 
depressive thoughts (fi gure 2).26 Anatomical ab-
normalities might contribute to default mode circuit 
hyper-function. Structurally, major depressive disorder 
has been associated with disruptions to both grey matter27 
and white matter28 within the default mode circuit, 
particularly within the posterior sub-network.

Salience circuit
The so-called salience circuit is defi ned by core nodes in 
the anterior cingulate cortex (ACC), anterior insula, and 
sublenticular extended amygdala4 (fi gure 1). This circuit 
detects salient changes in the environment, both 
interoceptive and external. When these changes are 
detected, the salience circuit might signal the need for 
additional processing and initiation of appropriate 
cognitive control.4,29 

In addition to the salience circuit, a distinct cingulo-
opercular circuit has also been defi ned. The circuit is 
defi ned by nodes in the anterior medial prefrontal cortex, 
dorsal ACC, anterior insula, frontal operculum, and 
anterior thalamus, and is implicated in the detection of 
potential mismatches and confl ict.4 These regions and 
functions show overlap with the default mode and 
salience circuits even though the cingulo-opercular 
circuit is articulated as a distinct circuit.4

Putative biotype 2: anxious avoidance
Insula hypoconnectivity within the salience circuit has 
been noted in depression, social anxiety disorder, and 
panic disorder (fi gure 2).23,30 It has been inversely 
associated with symptom severity.23 Insula–amygdala 
hypoconnectivity, which is correlated with anxious 
avoidance, has also been observed (fi gure 2).23 Hyper-
connectivity between the insula and anterior nodes of the 
default mode circuit (fi gure 2) has been reported in both 
depression23 and social anxiety disorder.30 Dorsal nodes of 
the salience circuit show both hyper connectivity and 
hypoconnectivity with the posterior precuneus node of 
the attention circuit (fi gure 2).31 The direction of altered 
connectivity between salience and attention circuits can 
fl uctuate with the nature of interoceptive or external 
events, consistent with the view that the salience-circuit 
guides the switching of attention according to stimulus 
importance. These salience circuit dysfunctions might 
contribute to so-called anxious avoidance biotypes 
characterised by diffi  culty distinguish ing relevant salient 
cues and an avoidance of situations that could generate 
interoceptive or environmental stimulus overload.

Negative aff ect circuit
The circuit engaged by negatively valenced stimuli 
comprises subcortical nodes in the amygdala, brainstem 
regions, hippocampus, insula, and both dorsal and 
ventral prefrontal nodes—ie, dorsal medial prefrontal 
cortex, dorsal ACC, ventral medial prefrontal cortex, and 
ventral (subgenual and pregenual)-rostral ACC 
connections (fi gure 1).14,32 Dorsal and rostral nodes have 
been preferentially implicated in appraisal and expression 

Figure 2: Proposed taxonomy of putative biotypes of neural circuit dysfunction for depression and anxiety based on published work
The proposed phenotype associated with each proposed neural dysfunction is mentioned above each type of dysfunction. aMPFC=anterior medial prefrontal cortex. 
AG=angular gyrus. PCC=posterior cingulate cortex (includes precuneus). dACC=dorsal anterior cingulate cortex. aI=anterior insula. TP=temporal pole. 
SLEA=sublenticular extended amygdala. ACC/MPFC=dorsal medial prefrontal cortex (includes dorsal ACC and vMPFC, including ventral—subgenual and pregenual—
and rostral ACC). msPFC=medial superior prefrontal cortex. LPFC=lateral prefrontal cortex. aIPL=anterior inferior parietal lobule. MPFC=medial prefrontal cortex. 
vMPFC=ventromedial prefrontal cortex. OFC=orbitofrontal cortex. ACC=anterior cingulate cortex. DLPF=dorsoateral prefrontal cortex (includes anterior prefrontal 
cortex and inferior frontal cortex). PCG=precentral gyrus. DPC=dorsal parietal cortex.
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Figure 4. Prefrontal and mediodorsal 
thalamic projections to the thalamic 
reticular nucleus (TRN). Different TRN 
sectors are color-coded based on 
projections from cortical areas (frontal and 
limbic: white; mo=tor: brown; 
somatosensory/visceral: yellow; visual: 
blue; auditory: green). Projections from all 
prefrontal cortices and the mediodorsal 
nucleus in the rhesus monkey are 
concentrated in the rostral (prefrontal) 
sector of TRN. However, mediodorsal 
nucleus, dorsolateral prefrontal (areas 46 
and 9), and the posterior orbitofrontal 
cortex also extend projections to the 
central and posterior sectors of TRN, 
potentially influencing the flow of 
information from sensory and motor 
thalamic nuclei to the cortex. In addition, 
prefrontal areas uniquely innervate TRN 
neurons through a significant (about 10%) 
proportion of large and potentially more 
effi=cient terminals (indicated by the size 
of the arrowheads). ACC, anterior cingulate 
cortex; DLPFC, dorsolateral prefrontal 
cortex; MD, mediodorsal nucleus; OPAll, 
orbital periallocortex; OPro, orbital 
proisocortex; pOFC, posterior orbitofrontal 
cortex.



Cortical Networks
 ICN 1 (limbic and medial-temporal areas) included primary olfactory and limbic association cortices (BA 28/34/ 35/36/38), 
including parahippocampal gyri. This network was strongly associated with discrimination of emotional faces and pictures, 
particularly those that elicited fear, happiness, or humor. In addition, ICN 1 was strongly weighted toward interoceptive processing 
elicited during air-hunger and, more weakly, olfactory and gustatory responses.

R • ICN2(subgenual ACC and OFC) included BA25 and BA10/ 11/12 and was loaded toward olfaction, gustation, and emotion, with 
a strong preference for reward

• ICN 4 (bilateral anterior insula/frontal opercula and the anterior aspect of the body of the cingulate gyrus) encompassed BA 13/16 
and BA 24. These regions accounted for a complex set of language, executive function, affective, and interoceptive 

C
ICN 6 (superior and middle frontal gyri) included the premotor and supplementary motor cortices (SMA; BA 6) and FEFs (BA 8/9) 
and was related to cognitive control of visuomotor timing and preparation of executed movements. Strongly weighted behavioral 
domains included action imagination and preparation

D
ICN 13 (medial prefrontal and posterior cingulate/precuneus areas) was the component known as the default mode network and 
strongly corresponded to theory of mind and social cognition tasks. Weaker correspondence was observed for fixation, episodic 
recall, imagined scenes, and delay discounting tasks. 

ICN 14 (cerebellum), commonly associated with action and somesthesis, demonstrated a distributed range of sensorimotor, 
autonomic, and cognitive functions. Interestingly, both overt and covert naming showed a preference for cerebellar activity, despite 
ICN 15 (right-lateralized fronto-parietal regions) included right BA 44/45 and 22/39/40. This network involved multiple 
cognitive processes, such as reasoning, attention, inhibition, and memory, and showed preference for n-back, delay 
discounting, and divided auditory attention tasks. 

ICN16(transversetemporalgyri)includedtheprimary auditory cortices (A1; BA 41/42) and was related to audition

ICN 17 (dorsal precentral gyri, central sulci, postcentral gyri, superior and inferior cerebellum) included primary sensorimotor 
cortices for mouth (M1, S1; BA 4/ 3/1/2) and was associated with action and somesthesis 

ICN 18 (left-lateralized fronto-parietal regions) included Brocaʼs (BA 44/45) and Wernickeʼs (BA 22/39/40) areas and strongly 
mapped to a host of semantic
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Fig.	1	Electrical effects of  transcranial magnetic stimulation  
to the dorsolateral prefrontal  cortex and medial prefrontal  
cortex. The DLPFC and the  MPFC have been used as TMS  
treatment targets in individuals  with AUD. By placing a 
standard  figure-of-8 coil over the frontal  pole (EEG 10–20 
system coordinates; (a), an electric field is induced in the 
orbitofrontal and  ventral medial aspects of the prefrontal 
cortex. Placing a figure-of 8 coil over the DLPFC (F3 
coordinate) induces an electric field  that extends rostrally 
towards the  anterior PFC and caudally towards the premotor 
cortex (b).  The scale is the induced current  strength; 
modeling image created  using SimNIBS [42]


