
Index

absence seizures 637
abstract rewards 196–7
ACC see anterior cingulate cortex
ACC/MCC border 16

reciprocal suppression 16–18
accumbens path 622, 624
ACTH 468
action-outcome learning 202–3
action-outcome monitoring 136
acupuncture placebo 349–50
ADHD see attention-defi cit/hyperactivity 

disorder
affective division 248
affectivity in schizophrenia 681–2
age-associated cognitive decline 729
age-related cognitive decline 729
allodynia 428–9

and endogenous opioids 429–30
allostasis 468, 485–6
allostatic load 468
alpha1 adrenoreceptors 49–50
alpha2 adrenoreceptors 50–1
alpha-synuclein 711–14
Alzheimer’s disease 25, 56, 239, 708, 764

amyloid-beta peptides 775–81
anterior cortical atrophy 769–70, 

772–3
apathy of 56, 768, 772
cingulate damage 775
marker peptides 775–7
progression 784–86

autobiographical memory 755–6
behavioral disturbances 756
Braak stages 764–5
cingulate circuitry 793–4
cingulate functional impairment 772
episodic memory 753–55
four-region neurobiological 

model 766–8
genotype and cingulate activity 757
impaired posterior cingulate 

metabolism 753–6
Lewy body expression in 721–2
multivariate models 751–52, 771
neurodegeneration

laminar patterns 777–86
linear model 765
mechanisms of 721
multiple/progressive 

subgroups 769–71
neuroimaging studies 757

functional neuroimaging 751–2
structural imaging 751

neuron death and disease 
markers 784–6

posterior cortical atrophy 774
amyloid peptides 788–90, 792
early visual impairment 790–3
histopathology 786–8
multivariate model 786–7
as subtype 793
visuospatial impairment 786

primary cingulate focus 740–2
prodromal, cingulate cortex 

activity 752–3
sense of self 755–6
subgroups 757–8
subcortical changes 781–84

cingulate neurodegeneration 
769–71

subtypes 793
symptoms

aggression 781–4
apathy and depression 768
impulsitivity 781–4
verbal abuse 781–4

typical 772
visuoconstructional apraxia 

732–3, 742
visuospatial impairment 786
see also Lewy body dementia; mild 

cognitive impairment
amnesia

mild cognitive impairment 752
retrosplenial 15, 154, 157

AMPA receptors 34–42
binding in cingulate cortex 34

amygdala 9–11
behavioral orienting/

conditioning 477–9

cingulate afferents 10, 148–57, 
357–58 

cingulate projections 357–8
emotional memories 455
involvement in valencing 302
nociceptive viscerosomatic 

driving 475–6
norepinephrinergic afferents 477–79
in pain affect 424–6
posttraumatic stress disorder 457–8
temporocingulate interactions 146–7

amygdalocingulate interactions 
207–18

anterior cingulate cortex 208–9
associative ambiguity 213–14
fear extinction 209
surprise 211–13

imaging studies 209–10
ingrowth of 692–3
midcingulate cortex 208–9

amygdalofugal projections 208
amyloid-β42

Alzheimer’s disease 777
deposition 546–9, 714–15

age preference 546
in depression 550–2
intraneural Aβ42 546–7
and neurodegeneration 720
plaque Aβ42 548–50

depression 546–52
Lewy body disease 713–17
mild cognitive impairment 734–39
α-synuclein relations 713–14

amyloid-β43, excess deposition 771, 
781–5

amyloid peptides 790
analgesia 381–95

anticipation 375–6
role of ACC in 442–4
stimulation induced 442–44

anesthetic sensitivity; posterior 
cingulate gyrus 282–3

anhedonia 656
annectant gyrus 283
anterior cerebral artery 278–79
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anterior cingulate cortex 6, 8, 620
Alzheimer’s disease 756

executive impairment 772–3
mood 772–3
see also anterior cortical atrophy

amygdalocingulate interactions 208–9
associative ambiguity 213–14
fear extinction 209
neuroimaging 209–10
surprise 211–13

analgesia 442–4
MCS-evoked 444–6

antipsychotic drug actions 665
caudal 11
closed loop circuits 621–2
comparative studies 71, 72
descending projections 340–1
functions 12–14

emotion 13, 192–201, 221–25
HPA axis interactions 470–1
monkey 72
motivation 172
neuroimaging studies

amygdalocingulate 
interactions 209–10

reward 192–202
nociception 320–2, 374, 424, 439–46
nociceptive sensorimotor 

orientation 327–8
open loop circuits 622–4
pain processing 401–12, 430
panic disorders 453–61
postnatal development, and onset of 

schizophrenia 690–1
posttraumatic stress disorder 

453–61, 490
blunting of output 490–1
localization of functional 

changes 459
prefrontal cortical connections 620–1
pregenual 20, 221

allostasis 485–6
confl ict monitoring 242
disease associations 242
pain affect 424
unpleasantness 317–18

in psychopathology 683–4
receptors in 36, 44, 45, 46, 48, 49, 52
response to noxious stimuli 312
reward 172, 192–202

functional neuroimaging 
studies 192–200

lesions in animals 192
lesions in humans 200–1

schizophrenia
altered neural circuitry 686–9
GABAergic system dysfunction 

684–6
relation to postnatal development 

690–1
stress 490–1
subgenual 20

cytoarchitecture 69, 74, 543–45
disease associations 242
Lewy body dementia pathology 715

normal cytology 543–5
supracallosal 18
thalamocingulate connections 97–101
visceral responses 228–30

anterior cortical atrophy 769–70, 772–3
cingulate damage 775
marker peptides in 775–7

anticipation
analgesia 375–6
pain 374
role of anterior dorsal MCC in 255

anticipatory neurons 368
antipsychotic drugs 665
anxiety 239
apathy

Alzheimer’s disease 768
mild cognitive impairment 768

apolipoprotein E, epsilon-4 allele in 
Alzheimer’s disease 757, 771

arcuate sulcus 124
area 23 8, 15

cingulofrontal connections 120–2
neurotransmitter receptors 39–46, 

48, 50, 53
area d23 155–8

comparative studies 81–3
area d23b 68, 69, 97, 98
area v23 155–8
area v23b 96–7, 98, 100
area 23c, comparative studies 83
area 24 1, 7, 8, 11, 101–4

cingulofrontal connections 115–17
neurotransmitter receptors 12, 36, 

43–50, 52, 53
area 24’ 97, 99, 101

cingulofrontal connections 117–20
area 24b 68, 69

comparative studies 72
area a24b, Lewy body dementia 

pathology 715–16
area a24c’ 101

Lewy body dementia pathology 
716–17

area p24c’ 68, 69, 101
area 24d, comparative studies 74–7
area 25 68, 69, 104

cingulofrontal connections 115–17
neurotransmitter receptors 

35, 43–49, 52
area 29 97

frontal-retrosplenial 
connections 122–3

neurotransmitter receptors 40, 43, 
47, 49–51

area 30 97, 99
frontal-retrosplenial 

connections 122–3
neurotransmitter receptors 40, 43, 

47, 49–51
area 31

cingulofrontal connections 120–2
comparative studies 84–5
neurotransmitter receptors 41–45

area 32 66, 104, 105, 115
cingulofrontal connections 115–17

comparative studies 72
neurotransmitter receptors 34, 42–50

area 33 21, 77–9
neurotransmitter receptors 48, 51

associative ambiguity 213–14
attention 4, 6, 23

complex 660–2
to location 423
to pain 404–8
role of anterior dorsal MCC in 255–6
selective

to pain anticipation 374
in schizophrenia 682

to unpleasantness 423, 426
attention-defi cit/hyperactivity 

disorder 239, 625
anterior dorsal MCC dysfunction 

262–5
methylphenidate challenge 264–5
neurobiological viewpoint 267–8
open-loop circuits 629
region-of-interest approach 265–7

attention-related tasks 403
attention-to-action 23
attention-to-unpleasantness 422–30
atypical neuroleptics 239
auditory information fl ow 154–5
auditory stimuli

input 285–7
reward value 195–6

autism 625
autobiographical memory 755–6
automatisms 638–9

emotional 639–43
autonomic activity, electrically 

evoked 221
autonomic control 258

psychopathy 576
autonomic output 302

regulation 226–7
avoidance behavior 577
awareness

phenomenal 573
refl ective 573

baroreceptor afferents 221–2
Barrington’s nucleus 468
basal ganglia, OCD 628–9
Beck Depression Inventory 538
behavior

cognitive aspects of control 131–3
monitoring 133–5
reward-based control 133

behavioral control systems 358–60
behavioral orienting/conditioning 477–9
behavior disorders 619–40

open/closed loop circuits 624–5
benzodiazepine binding site 57
bipolar disorder 538, 553, 684

fl ight of ideas 684
neuron shrinkage 557–8
postmortem studies 684–9

body orientation 230–1, 300
thalamic pain mechanism 231
role of posterior cingulate cortex 285
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callosal sulcus 18, 19
comparative studies 77–9

capsaicin 403
capsulotomy 409
cardiovascular system 227
catastrophization 503
catechol-O-methyltransferase see COMT
caudal cingulate motor area 123–7
caudomedial lobule 69
cell-cycle reentry mechanism of 

neurodegeneration 739–40
cell proliferation, role of dopamine in 175
central neuropathic pain 419–30
central sensitization 485
centroids 67
cerebral arteries 278, 279
cerebral blood fl ow

motor cortex stimulation 440, 441
α-opioid receptor involvement 347

cerebral metabolism 281–2
chemoreceptors 224
cholinergic system 45–9

muscarinic M1/M3 receptors 45–7
muscarinic M2 receptors 46, 47–8
nicotinic receptors 48–9

chronic pain 24–5
clinical syndromes 371, 427–30

chronic regional pain syndromes 420
chronic widespread pain 420
cingulate cortex

cytoarchitecture 7–9
monkey see monkey cingulate cortex
regions 3–20
subregions 20–1
see also individual regions and 

subregions
cingulate efferents 352–60, 581–82, 

621–24
cingulate gyrus 4, 6, 114, 145

Alzheimer’s disease 749–58
analgesic anticipation 376–7
depression 519–31
external 456, 808
monkey 116
neurodegeneration, mechanisms of 

720–1
neuropsychiatric disease 241–3
pain anticipation 365–77
pain processing 312–13
posterior see posterior cingulate gyrus
psychopathy 571–83
valence-code processing model 

277, 300–2
cingulate motor areas 114, 130–5, 136–7, 

247, 620–1
activation 202
behavior

cognitive aspects of control 131–3
monitoring 133–5
reward-based control 133

caudal 123–7, 137, 284, 287
Lewy body dementia 

pathology 718, 719
PET studies 292–5

cingulofrontal interconnections 123–7

confl ict monitoring 133–5, 136
error detection 133–5
human studies 135
motor control functions 130–1
psychiatric disorders 629–30
rostral 123–7, 137

Lewy body dementia pathology 718
somatotopic organization 130

cingulate organization, one- and 
two-region models 5–6

cingulate-prefrontal information 
processing 171–2

cingulate premotor areas see also cingulate 
motor areas

DAMGO binding 344–5
MITN projections 329–30
nociception 329–30
striatal projections 330–1

cingulate premotor pain model 329–33
cingulate-subcortical circuitry 621
cingulate subregions 20–3, 805–6, 809–11
cingulate sulcus 67
cingulate surgery 411
cingulate vocalization subregion 352–4
cingulofrontal connections

cingulate motor areas 123–7
dorsolateral prefrontal 128–9
intrinsic 127–8
midcingulate anterior 117–20
midcingulate posterior 120–2
orbitofrontal-cingulate 129–30
retrosplenial cortex 122–3

cingulospinal projection neurons 10
cingulotomy

effect on pain processing 411–12
experimental pain studies 408–9
for pain 409–11

cingulum bundle 166–8
circuit modelling 393–5
Clinical Dementia Rating scores 774
clinical pain syndromes 427–30
clomipramine 595
closed loop circuits 621–2, 623

complex behaviors and psychiatric 
disorders 624–5 

cocaine, effects on cortical development 
176–8

cognition 247–8, 249
activations and deactivations 250

cognitive awareness 282
cognitive-behavioral therapy 

527, 588, 595
cognitive division 248
cognitive impairment see mild cognitive 

impairment
cognitive impairment no 

dementia 729
cognitive state, and reward 

representation 197–200
comparative studies 66–93

anterior cingulate cortex 71, 72
fl at maps 70–1, 70

anterior cingulate cortex 71
ectocallosal cortex 71
midcingulate cortex 71

posterior cingulate and 
retrosplenial cortices 71

medial surface features 
69–70, 69

midcingulate cortex 73–9, 90–1
animal models of human neuron 

disease 90–1
cytology 90

neuroanatomy 89–90
neurocytology 71–2
posterior cingulate cortex 81–5
pyramidal neurons 81
retrosplenial cortex 79–81

complex attention 660–2
complex behaviors 624–5
complex partial seizures 636–8
COMT 172–3
conditioned stimulus 209
confl ict monitoring 256–7

humans 136
monkeys 133–5
pregenual anterior cingulate 

cortex in 242
schizophrenia 664–5

connections
amygdalar 146–8
dopamine 165–71
frontal 115–29
parietal 283–85
thalamic 96–107
temporal 148–57

conscious awareness 280, 281–3
anesthetic sensitivity 282–3
cerebral metabolism 281–2
epilepsy and vegetative state 281
role of anterior thalamus 282
sleep 282

conscious wakefulness 282
constructional apraxias 721–2
context-dependent sensory afferent 

failure 581
contingent negative variation 366
continuous performance task 660
corpus callosum 67

lesions of 281
monkey 116

cortical transition 8–9, 79–81
corticolimbic system 680

schizophrenia 681–3
affectivity 681–2
logical processing 683
motivation 682–3
selective attention 682
sociability 683

corticotropin releasing hormone 468
cortisol 486
counting Stroop 248–50
CPMA see cingulate premotor areas and 

cingulate motor areas
Cusum statistic 321
cutaneous information, innocuous 

316–17
cyclin D 175
cytoarchitecture 7–9, 68–90, 288–90, 

543–45
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decision-making
feedback-mediated 258–61
psychopathic behavior 577

deep brain stimulation 411
delusions 656
dementia with Lewy bodies see Lewy 

body dementia
depression 239, 625

Aβ42 peptide in 546–52
regulation in therapy 552

aggression-turned-inward model 538
Alzheimer’s disease 768
anatomical studies 520–2
bipolar 538, 553, 684
cingulate gyrus in 519–31
cingulate histopathology 541–3
cingulate inactivation 507–8
endophenotype 529–30
functional neuroimaging 522–3

limitations and synthesis 524–6
glial loss 543
major 553–5

open-loop circuits 629
mild cognitive impairment 768
models of

biological 538–9
cognitive model 538
learned helplessness model 538
loss of self-esteem model 538
multi-nodal network 526–31
object loss model 538
reinforcement model 538

neurodegeneration 552–7
bipolar disorder 553
circuit consequences 559–61
major depression 553–5

neuron shrinkage 557–8
neuropathological substrates 537–64
neurotransmitter involvement 561–4

GABAergic system 563–4
serotonergic system 563
and pain 506–7
antecedent hypothesis 506, 508
cognitive mediation 

hypothesis 506
consequence hypothesis 506
independent hypothesis 506
scar hypothesis 506, 507

postmortem survey of cingulate 
cortex 545–6

treatment strategies 523–4, 561–64
unipolar 538

descending control systems 350–4
cingulate vocalization subregion 

352–4
unpleasantness and happiness 352

descending noxious inhibitory 
system 354–6

cingulate regulation 390–1
cingulate inputs to periaqueductal 

gray 390
opiate intervention 390–1

parabrachial nucleus 354–5
periaqueductal gray inhibition 

blocking 355–6

desipramine 595
development 

anterior cingulate cortex 690–96
dopamine 173–78

diffi culty monitoring 256
diffuse noxious inhibitory system 350
diffusion tensor imaging 589

schizophrenia 658–9
diprenorphine 341, 429–30
directed attention 403–8

sites 407
sources 407

disease vulnerabilities 23–5, 302–3
chronic pain 24–5
neurodegenerative disease 25
neuropsychiatric 24

DNIS see descending noxious inhibitory 
system

dopamine
and cell proliferation 175
inputs to GABA cells in 

schizophrenia 696
dopamine-β-hydroxylase 166, 221, 474, 

478–83
dopamine-GABA interactions 695–6
dopamine receptors 171–2

neurite outgrowth 176
dopaminergic systems 52–3, 163–81

abnormal development 176–8
cocaine exposure 176–8
ethanol exposure 178
toxin-induced monoaminergic 

reorganization 176
area and laminar terminations 

168–70
cingulate-prefrontal information 

processing 171–2
cingulum bundle 166–8
COMT-genotype regulation 172–3
convergence of serotonin and 

dopamine fi bers 696–7
functions 179–81
infl uence of serotonergic fi bers 696–7
infl uence on serotonergic 

innervation 697–9
normal development 173–6

cell proliferation 175
fi rst wave of innervation 173
neurite outgrowth 176
second wave of innervation 

173, 175
organization 165–71
schizophrenia 686–89, 693–5
sites of origin 165–6
synaptology 170–1
vulnerability to toxins 179–81

dopamine transporter 175
OCD 593

dorsal multisensory stream 277, 288
dorsal ramus 67, 808
dorsal visual stream 285, 287–8
dorsolateral prefrontal connections 

128–9
drugs of abuse

cocaine 176–8

ethanol 176–8
DSM-IV 572

ectocallosal cortex, comparative 
studies 71

eight-subregion model 805–6
electroconvulsive shock therapy 221
electroencephalography, diagnosis of 

epilepsy 643–4
emotion 4, 6, 22

ACC 13
anterior dorsal MCC 254
explicit 572–3

cingulate activations during 573–4 
implicit 572–3
limbic cingulate cortex 22
links to pain 317–20
links to opioid receptors 346–47 
α-opioid receptor involvement 347
primary 572
serial processing 580–1
temporal cortex 145

emotional automatisms 639–43
emotional counting Stroop 248–51
emotional motor systems, top-down 

regulation 340, 341
emotional placebo 350
emotional response 576

in OCD 601–2
to pain 317–20

empathy 576
lack of in psychopaths 577–9

endogenous opioids 390–1
and allodynia 429–30

entorhinal cortex 148
epilepsy 281

diagnosis 643–7
electroencephalographic 

recordings 643–4
laboratory studies 643
magnetic resonance imaging 644–5
magnetoencephalography 645–6
PET 645
SPECT 645

neuropsychiatrical comorbidity 647–8
neurosurgical therapy 646–7
pathogenesis 647–8
see also seizures

episodic memory, impairment of 753–5
error detection 254

humans 136
monkeys 133–5
prediction error 257
role of anterior dorsal MCC in 254
schizophrenia 663–5

error likelihood 257
error-related negativity 254

in psychopaths 576
ethanol

effects on cortical development 178
prenatal exposure 178–9

event-related negativity 603
evoked potentials, OCD 602–3
executive dysfunction 662–5

confl ict monitoring 664–5
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error detection 663–4
selection-for-action 663

executive function 136
schizophrenia 660–1

expectancy, role of anterior dorsal 
MCC in 255

external cingulate gyrus 456, 808
extinction 207–18
extroversion 523
eye movements 285
eye position 285

facial expression
fear 210
pain 312
surprise 211–13

facial pain, atypical 410, 500
fear 318–19

extinction 209
facial expressions 210
role of MCC in 13, 318–19

feedback-mediated decision-making 
258–61

fentanyl 283, 342
fi bromyalgia 420, 500, 503

neuroanatomy 503
fi ght-or-fl ight response 470

see also allostasis
fl at maps 70–1, 807–8, 812

monkey vs human 87
see also neuroimaging studies

fl uoxetine 458, 595
fl uvoxamine 595
food, reward value 195
four-region neurobiological model 12–16

Alzheimer’s disease 766–8
frontal-retrosplenial connections 122–3
frontotemporal dementia 730

behavioral variant 773–4
functional magnetic resonance imaging 

see functional neuroimaging
functional neuroimaging 209, 247–8

allodynia 419–30
Alzheimer’s disease 751–2
depression 522–3

limitations and synthesis 524–6
heat pain 425
nociceptive systems 421–4
OCD 592

before and after treatment 594–5
cognitive tasks 599–601
emotion-inducing stimuli 601–2
symptom provocation studies 596–9

pain anticipation 369–72
pain processing 402–3
panic disorder 459

cognitive activation 460
symptom provocation 459–60

posttraumatic stress disorder 455
cognitive activation 456–7
symptom provocation 455–6

schizophrenia 659–65
cingulate pathology 666

visceral pain 425
see also neuroimaging

functional pain syndromes 486–90, 500

animal models 508–9
fi bromyalgia 420, 500, 503
irritable bowel syndrome 349, 371, 

375, 486–7, 500, 501–2
non-specifi c low-back pain 500, 503–4
and stress 505–6
visceral 502

functional processing 302–3

GABA-dopamine interactions 695–6
GABAergic system 43–5

GABAA 44–5
GABAB 45
in mood disorders 57–8
in neuropsychiatric disorders 684
role in treatment of depression 563–4
in schizophrenia 684–6, 691–2

dopamine inputs 686
gastrointestinal motility 227
gateway to limbic processing 300–02
gelastic seizures 640
gigantopyramidal fi eld 16
glia 558–9

loss of 543
glial fi brillary acidic protein 543
globus pallidus 621–22
glutamate decarboxylase 696
glutamate-mediated excitotoxicity 56–7
glutamatergic system 33–43

AMPA receptors 34–42
dysfunction in schizophrenia 686
kainate receptors 42
NMDA receptors 42–3

G-protein coupling 345–6
Guillain-Barré syndrome 242

Hare Psychopathy Checklist Revised 572 
hallucinations 656
halothane 283
happiness, proximity to 

unpleasantness 352
head orientation 285, 300
heart rate 10, 11, 229
heat allodynia 403
heat pain 425
hippocampus 22

memory 455
temporocingulate interactions 147–8

Hospital Anxiety and Depression 
Scale 506

HPA axis 470
functional pain and stress 505–6
locus coeruleus and ACC 

interactions 470–1
Huntington’s disease 624
6-hydroxydopamine 176
hypnoanalgesia 387–8

blockade of thalamocingulate 
processing 394–5

circuit model 393–5
mechanisms of 389–90
role of endogenous opioids 390–1

hypnosis 381–95, 422
cingulate cortex involvement 385–7
effect on cingulate/forebrain 

circuitry 391–3

forebrain mechanisms 384–5
as interventional alternative 395
overview 383–4
in pain neuromatrix 388–9

hypnotic phenomena 383
hypometabolism 541–2
hypoperfusion 541–2
hypothalamic-pituitary-adrenal gland 

axis see HPA axis
hypothalamus

lateral 220, 484
in pain affect 424–6

ideomotor apraxias 721–2
imaging see neuroimaging studies
indusium griseum 22, 167
innocuous stimulus driving 315–17

cutaneous information 316–17
visceral information 316–17

insular connections 152
insular cortex 422

in pain affect 424–6
intraparietal sulcus 283
intrinsic cingulate connections 127–8, 330
irritable bowel syndrome 349, 371, 375, 

486–7, 500, 501–2
role of anticipation in 487

Jackson, Hughling 633
James, William 247

kainate receptors 34, 42
binding in cingulate cortex 34

Kraepelin, Emil 680

language defi cits 
psychopathy 587–9

laser-evoked potentials 402, 404–8
lateral pain system 312 
learned fear associations 209
learning, role of temporal cortex 145
Lewy bodies 708

expression in Alzheimer’s 
disease 721–2

structure 710–11
Lewy body dementia 708

Alzheimer’s pathology 714–15
amyloid peptides 713–17, 720
case tissues 710
diagnostic sampling 711
dopamine hypothesis 718
fi rst oathology 718–20
ideomotor and constructional 

defi cits 721–2
impaired visuospatial-motor 

coupling 721–2
limbic-neocortical transition 711
limbic pathology 715
pathological changes 709–10
role of cingulate cortex 721
role of oxidative stress 721
site of fi rst damage 718, 720
staging 718, 720
symptoms 709–10

limbic cingulate cortex 21–3
subregions 22–3
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limbic medial pain neuromatrix 333
limbic pain systems 312, 330
limbic processing streams

multisensory motor access 299–300
self monitoring/intention 

systems 299–300
self monitoring of sensory 

relevance 297–8
local circuit neurons 165
local heterogeneity concept 260
location, attention to 423
locus coeruleus 468, 491–3

cingulate interactions 469, 471–5
efferents 473–5
phasic and tonic modes 471–3
top-down interactions 475
diffuse/selective vs dense/selective 

innervation 469–70
HPA axis interactions 470–1
nociceptive viscerosomatic 

driving 475–6, 482–4
logical processing in schizophrenia 683

magnetic resonance imaging
epilepsy 644
OCD 589–91
schizophrenia 657–8
structural 589–91
see also functional neuroimaging; 

neuroimaging
magnetic resonance spectroscopy

epilepsy 645
OCD 591

magnetoencephalography 642–6
marginal ramus 67, 808–09
marker peptides

amyloid-β42 see amyloid-β42
amyloid-β43 see amyloid-β43
anterior cortical atrophy 775–7

MCC see midcingulate cortex
MCS see motor cortex stimulation
mechanoreceptors 224
medial pain system 312, 330, 421
medial temporal cortex 146–50

amygdala 146–7
parahippocampal gyrus 148
perirhinal cortex 148–9
posterior parahippocampal 

cortex 149–50
subicular complex and 

hippocampus 147–8
melancholia 538
memory 15–16

autobiographical 755–6
episodic, impairment of 753–5
role of temporal cortex 145
and sensorimotor orientation 299
valenced 300
working

role of anterior dorsal MCC in 256
schizophrenia 662

metabolic mapping 288–94
microtubule-associated protein 2 

176, 221
micturition 220, 228

biofeedback interventions 228
circuit model 228

midcingulate cortex 5, 11–12, 620
activation 202–3
amygdalocingulate connections 

208–9
amyloid peptides 790
anterior 20–1

disease associations 242, 245–68
fear 318–19
hyperactivation 488, 490
Lewy body dementia pathology 

715–18
in OCD 604–5

anterior dorsal
electrophysiological studies 251–4
localization 248–51
mechanistic studies 251–4
models of function 254–62
role in cognition 247
terminology 248–51

attention-defi cit/hyperactivity 
disorder 262–5

closed loop circuits 621–2
comparative studies 71, 73–9, 90–1

animal models of human neuron 
disease 90–1

cytology 90
deafferentation 422
descending projections 340–1
functions 14–15

attention-for-action 14
fear 13
reward 14

monkey 73–9, 97, 99, 101
anterior cingulofrontal 

connections 117–20
posterior cingulofrontal 

connections 120–2
thalamocingulate connections 

97–101
neurotransmitter receptors 37, 43–53
posterior cingulate cortex 20–1

comparative studies 79
Lewy body dementia 

pathology 718, 719
nociceptive activation 328
nociceptive sensorimotor 

orientation 327–8
transition in 8–9
visceral responses 228–9

midline, mediodorsal and intralaminar 
thalamic nuclei see MITN

mild cognitive impairment 727–42, 
751–53

amnesic 752
apathy and depression 768
clinical characteristics 729–30
clinical outcomes 730–1
criteria 730
differential diagnosis 730
dysexecutive

Aβ peptides 736–7
cingulate neurodegeneration 737–9
frontal and temporal pathology 734

frontal variant 733–9
neuropathology 733
posterior cingulate variant 735–6
visuoconstructional defi cits 

732–3, 742
history 729

MC1 immunoreactivity 739, 741
neurodegeneration 737–39
neuroimaging studies 731–2
neuropathology 732
terms for 729
see also Alzheimer’s disease

Mini-Mental Score 764, 765
MITN 312, 316, 322, 469

cingulate premotor projections 
329–30

cortical projections 326–7
input to PCC 328
nociceptive inputs 322–4, 481–2
nociceptive viscerosomatic 

driving 475–6
norepinephrinergic afferents 481–83
parabrachial projections 326
spinothalamic tract 

terminations 324–5
striatal projections 330–1
subnucleus reticularis dorsalis 

projections 325–6
synchronization of medial-limbic pain 

systems 330
monkey 115–16

anterior cingulate cortex 72, 101–4
fl at maps 71

callosal sulcus 77–9
cingulofrontal connections 
composition 283–4
dopamine connections 165
fl at map comparisons 87
fl at maps 9–11, 70–1, 70, 71
mapping to human 85, 87–8
medial brain surfaces 69
motor area functions 130–5
neurocytology 71–2
posterior cingulate cortex 96–7, 98
prenatal ethanol exposure 178–9
thalamocingulate connections 

95–108, 145–58
ectocallosal cortex 71
midcingulate cortex 73–9, 97, 99, 101

anterior cingulofrontal 
connections 117–20

posterior cingulofrontal 
connections 120–2

α-opioid receptor localization 
343–5

posterior cingulate gyrus 283–8
posterior parietal connections 284

posterior parietal cortex 283–4
retrosplenial cortex 79–81, 97, 99

cingulofrontal connections 122–3
fl at map 71

mood disorders 57–8, 239, 538
ACC-basal ganglia circuitry 626
serotonin involvement in 57–8, 538
see also depression
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mood regulation
multi-nodal network model 526–9
neural network models 241
see also depression

motivation
role of anterior cingulate cortex 172
role of temporal cortex 145
in schizophrenia 682–3

motor cortex stimulation 438
cerebral blood fl ow changes 440, 441
late-onset effects 440–2
models of 440
pain control 438–40

cerebral blood fl ow 438–9
cognitive effects 440
modulation of spinal refl exes 439
thalamic and cingulate 

changes 439
multiple sclerosis 420
multisensorimotor access 299–300
multisensorimotor orientation 300, 302
multi-source interference task 260
multi-system sensitization 485
multivariate models 55–56, 752, 771, 787
muscarinic receptors

M1 45–7
M2 46, 47–8
M3 45–7

naloxone 391
network models 240–1, 286–88, 300–02, 

331–33, 526–29, 580–82, 621–24
neurite outgrowth 176
neurobiological models

eight-subregion 805–6
four-region 766–8

Neurobiology of Cingulate Cortex and Limbic 
Thalamus vi, 6

neurocytology 71–2
neurodegeneration 552–5

age-related 556
Alzheimer’s disease

mechanisms of 721
multiple/progressive subgroups 

769–71
amyloid-β42 deposition 720
bipolar disorder 553
cell-cycle reentry mechanism 739–40
cingulate gyrus, mechanisms of 720–1
circuit consequences 559–61
laminar patterns 777–86

marker peptides in PCC 789–90
major depression 553–5
Parkinson’s disease model 708
statistical analysis 765–6
α-synuclein 711–13, 720

neurodegenerative disorders 25
glutamate-mediated 

excitotoxicity 56–7
neurofi brillary degeneration 735–6

Aβ peptides 736–7
neurofi brillary tangles 714–15, 732, 764

Parkinson’s disease dementia 721
neurofi bromatosis 410
neurofi lament proteins 7–8

neuroimaging studies 18–20, 804–16
Alzheimer’s disease 749–58
amygdalocingulate interactions 

209–10
fl at maps 70–1, 70

monkey vs human 87
functional see functional 

neuroimaging
hyponosis 384
landmarks and orientation 807–8
mild cognitive impairment 731–2
pain anticipation 369–72
parcellations 804–5
reward 192–200

abstract 196–7
effects of cognitive states 197–200
food 195
olfactory stimuli 194–5, 196
pleasant touch versus pain 192–4
reward reversal 200, 201
somatosensory stimuli and 

taste 194, 195
visual and auditory stimuli 195–6
water 195, 198

structural see structural neuroimaging
subregions

borders 809–10
limits 810–11
voluming 811, 813–16

sulcal variations 808–9
neuron loss 556–7
neuron shrinkage 557–9
neuron-specifi c nuclear binding 

protein 7
in Alzheimer’s disease 7

neuropathic pain 428–9
central 419–30
peripheral 420

neurophysiology
attention to pain 404–8
pain processing 403–4

neuropil, active 558–9, 560
neuropsychiatric disease 237–43

cingulate cortex dysfunction 243
neural network models 240–1
overlap between conditions 239
phenomenology of 238–40
role of cingulate gyrus 241–3
symptomatic differences 239
treatment response 239
vulnerability to 24

neuroticism 523
neurotoxins

effect on dopaminergic systems 181
monoaminergic reorganization 176

neurotransmitters, obsessive-compulsive 
disorder 593–4

nicotinic receptors 48–9
NMDA receptors 34, 42–3

binding in cingulate cortex 34
extinction learning 209

nociception
cingulate premotor areas 329–30
pain 427–8

nociceptive activation 328

cingulate premotor areas 329
nociceptive inputs 314–15

anterior cingulate cortex 320–2
anterior dorsal MCC 261–2
locus coeruleus 475–76
MITN 322–4
visceral afferents 224–5, 314
visceral circuitry 225–6

nociceptive intensity coding 315–17
nociceptive sensorimotor 

orientation 327–8
nociceptive systems, functional 

neuroimaging 421–4
nociceptive viscerosomatic drive 475–6, 

482–4
unpredictability 488, 489

nocifensive behaviors
MITN and CPMA projections 330–1
parafascicular nucleus in 329

nocigenic stress 486–90
nomenclature 18–20
non-specifi c low back pain 500, 503–4

neuroanatomy 504–5
noradrenergic systems 49–51, 166

alpha1 receptors 49–50
alpha2 receptors 50–1
enhancement of nocifensive 

responses 484–5
involvement in mood disorders 57–8
multiple system processing 476–7

norepinephrine/locus coeruleus 
473–85

cingulate afferents 473
nociceptive driving 475
amygdala interactions 477
functional circuits 484–6
in chronic pain and stress 486–91
projections to parabrachial nucleus 

479–80
projections to periaqueductal gray 

480–1
projections to thalamus 481–3

novelty detection, role of anterior dorsal 
MCC in 255

obsessive-compulsive disorder 587–606, 
620, 625–9

ACC-basal ganglia circuitry 626
active cingulate areas 625
basal ganglia contributions 628–9
cingulate abnormalities 604

midcingulate cortex 604–5
cingulate circuit model 605–6
cingulate motor activation and hand 

movements 627
cognitive task studies 599–601
electrical/magnetic evoked 

responses 602–3
emotion-inducing stimuli 601–2
event-related negativity 603
functional neuroimaging 592

before and after treatment 594–5
ideation studies 625
neural correlates of symptom 

factors 592–3
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obsessive-compulsive disorder (cont.)
neurotransmitters and receptor 

systems 593–4
open-loop circuits 629 
predictors of treatment response 596
structural neuroimaging 588–91

magnetic resonance imaging 
589–91

magnetic resonance 
spectroscopy 591

surgery 627–8
symptom provocation studies 596–9
treatment response 596
vs depression, anxiety and 

unhappiness 625, 627
OCD see obsessive-compulsive disorder
olfactory stimuli 194–5, 196
one-region model 5–6
open loop circuits 622–4

ADHD 629
complex behaviors and psychiatric 

disorders 624–5
major depression 629
schizophrenia 629

µ-opioid receptors 340, 341–8
binding and agonist stimulation 

341–3
descending control systems 350–4
G-protein coupling 345–6
increase in cerebral blood fl ow 347
inhibition of neuronal activity 347
intracortical cascade circuit 347–8
links to human emotion 346–7
localization in monkey 343–5
neuron localization 345–6

oral somatosensory stimuli 194
orbitofrontal-cingulate connections 

129–30
orbitofrontal cortex, in pain affect 424–6
osmoreceptors 224
oxidative stress 721

pain 
affect 424
anterior dorsal MCC 261–2
anticipation 374
attention to 404–8
body orientation 230–1
central neuropathic 419–30
chronic 442–4
chronic widespread 420
cingulate premotor model 331–3
cingulate premotor pain model 

311–33
cingulotomy for 409–11
components of 401
emotional linkages 317–20

fear 318–19
unpleasantness 317–18

empathy with 577–9
experimental 408–9
heat 425
individual experience of 426–7
intensity 422
nociceptive 427–8

psychogenically maintained 427–8
and stress 469
visceral 425

pain anticipation 365–77
electrophysiological studies 367–9
functional neuroimaging studies 

369–72
mental representation 374
modulation of activity in cingulate 

clusters 372–4
selective attention 374
vigilance 374

pain, central 438
pain, central neuropathic 420, 428

opiods 429
pain control 437–46

motor cortex stimulation 438–40
cerebral blood fl ow 438–9
cognitive effects 440
modulation of spinal refl exes 439
thalamic and cingulate changes 439

pain evoked potentials 403–08pain 
expression

facial expression 312
vocalization 312

pain facilitation 356–7
pain functional 500
pain, low back 503–5
pain neuromatrix

hypnosis in 388–9
limbic medial 333

pain processing 401–12
anatomy 402
effect of depression on 506–7
effects of cingulotomy 411–12
experimental studies 408–9
feedback 261–62
functional neuroimaging 402–3
interpretation of group 

responses 426–7
links to chronic stress 486
neurophysiology 403–4
short circuit 302

panic disorder
functional neuroimaging 459

cognitive activation 460
symptom provocation 459–60

neurocircuitry model 459
pathophysiology vs vulnerability 

460–1
structure and neurochemistry 460–1
symptoms 459
see also posttraumatic stress disorder

Papez-MacLean model 6
parabrachial nucleus 354–5

nociceptive viscerosomatic driving 
475–6

norepinephrinergic afferents 479
as viscerosomatic nociceptive 

integration center 479
parabrachial projections 323, 326
paracingulate sulcus 70, 804
parafascicular nucleus 469

nocifensive behaviors 329
paragigantocellular nucleus 469

parahippocampal gyrus 148
parasylvian cortex 402
paraventricular hypothalamic 

nucleus 468
parietal cortex 292–95
Parkinson’s disease 624

with dementia 708
role of cingulate cortex 721
neural network model 240

paroxetine 595
parvalbumin 170
pathoclisis 24
PCC see posterior cingulate cortex
penile erection 10, 11
peptide nitration 721
performance monitoring 256–7
periaqueductal gray 220, 340

cingulate inputs 355, 390
hypnoanalgesia 391–4
inhibition blocking DNIS 354–5
norepinephrinergic afferents 479–81
regulation by vocalization 

subregion 352–4
skeletomotor-autonomic refl exes 

479–81
perirhinal cortex 148–9
perisplenial strokes 16, 278–9
PET see positron emission tomography
phantom limb pain 410  
phenomenal awareness 573
placebo effect, anticipation of 376–7
placebo map 348–50

acupuncture placebo 349–50
emotional placebo 350

planning 577
polar receptor plots 11–12, 53–55
positron emission tomography 

209, 247
caudal cingulate motor area 

connections 292–5
epilepsy 645
hypnosis 384
motor cortex stimulation 438–40
OCD 593
posterior cingulate gyrus 290–7
see also functional neuroimaging

posterior cingulate cortex 6, 8
Aβ42 plaque deposition 549–50
Alzheimer’s disease 753–6
amyloid peptides in 788–9
comparative studies 71, 81–5
dorsal 15, 21

arterial perfusion 278–9
caudal cingulate motor 

connection 287
comparative studies 83, 85
nociceptive activation 328
self orientation in space 297
visuospatial orientation 285

dorsal multisensory circuits 285–7
duality of 155–8
functions 15
MITN input 328
monkey 96–7, 98
neuron loss 556–7
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neurotransmitter receptors 39, 40, 
41, 44, 45, 48, 50, 53

sensorimotor orientation 287, 288
temporocingulate interactions 

152–4
thalamocingulate connections 96–7
ventral 15, 21

arterial perfusion 278–9
comparative studies 83, 85
monitoring of sensory relevance 

297–8
visceral responses 230

posterior cingulate gyrus 275–303
arterial perfusion 278, 279
human

composition 288, 289
correlation FDG-PET studies 290–7

metabolic mapping 290
monkey 283–8

connections to PCC 284
posterior parietal information 

transfers 285
overview 279–81
stroke and surgical damage 278–9

posterior cortical atrophy 774
as Alzheimer’s subtype 793
early visual impairment 790–3
histopathology 786–8
visuospatial impairment 786

posterior parahippocampal cortex 
149–50

posterior parietal cortex, monkey 283–4
posttraumatic stress disorder 213

ACC/amygdala correlations 457–8
cognitive activation 456–7
functional neuroimaging 455
neurocircuitry model 454–5
pathophysiology vs vulnerability 

460–1
role of ACC in 453–61
structure and neurochemistry 458–9, 

490–1
symptom provocation 455–6

combat audiovisual stimuli 456
script-driven 455–6

symptoms 454–5
treatment studies 458

prediction error 257
prefrontal cortex, ACC connections 

620–1
progressive supranuclear palsy 756
propofol 282–3
psychiatric disorders 619–40

cingulate motor circuits 629–30
open/closed loop circuits 624–5

psychic akinesia 624
psychogenic stress 486
psychopathy 571–83

affective 572
anti-social 572
autonomic control and emotional 

information 576
cingulate dysfunction 574–5
cingulate subregional 

inactivations 575–6

decision making, planning and 
avoidance 577

empathy and pain neuromatrix 577–9
information-processing impairment 

theory 579–82
interpersonal 572
language defi cits 587–9
lifestyle 572
signifi cance, valence and context-

dependent sensation 576–7
pyramidal neurons, comparative 

studies 81

rat
mapping of cingulate cortex to 

monkey 88–9
midcingulate cortex 79
model of schizophrenia 689–99

receptor fi ngerprint analysis 53–4
receptors

AMPA 34–42
dopamine 171–2, 176
kainate 34, 42
muscarinic 45–8
nicotinic 48–9
NMDA 34, 42–3
noradrenergic 49–51
obsessive-compulsive disorder 593–4
α-opiate 340, 341–8
regional distribution

ACC 36, 44–52
MCC 37, 43–53
PCC 39, 40–53

reciprocal suppression 16–18
refl ective awareness 573
regional circuits 9–11
regional functions 12–16

anterior cingulate cortex 12–14
midcingulate cortex 14–15
posterior cingulate cortex 15
retrosplenial cortex 15–16

remifentanil 342, 349
response selection, role of anterior 

dorsal MCC in 255–6
retrorubral nucleus 165
retrosplenial amnesia 15, 154, 157
retrosplenial cortex 6, 12, 13

comparative studies 71, 79–81
cytoarchitecture 288–90
functions 15–16

body movement 16
memory 15–16
visuospatial orientation 16

monkey 79–81, 97, 99
cingulofrontal connections 122–3

neurotransmitter receptors 40, 43, 
45, 47, 48, 49, 50, 52

sensorimotor orientation and 
memory 299

temporocingulate interactions 152–4
thalamocingulate connections 87

reuniens nucleus of thalamus 231
reward

abstract 196–7
reversal 200, 201

role of anterior cingulate cortex 172, 
192–203

functional neuroimaging studies 
192–200

lesions in animals 192
lesions in humans 200–1

role of midcingulate cortex 202–3
reward-based behavior control 133
reward-based decision-making task 

259, 260
rostral cingulate motor area 123–7
RSC see retrosplenial cortex

schizoaffective disorder 239
schizophrenia 25, 239, 277, 625, 655–68

ACC-basal ganglia circuitry 626
amygdalocingulate connections 692–93
cingulate pathology 679–700
cognitive function 659–65

complex attention and executive 
functions 660–2

confl ict monitoring 664–5
error detection 663–4
executive dysfunction 662–5
selection-for-action 663
selective attention 682
working memory 662

corticolimbic system 681–3
affectivity 681–2
logical processing 683
motivation 682–3
selective attention 682
sociability 683

dopaminergic systems 693–5
functional neuroimaging 659–65

cingulate pathology 666–7
mechanisms

altered neural circuitry in 
ACC 686–9

GABA defect in ACC 684–6
glutamatergic system 

dysfunction 686
mis-wiring of cingulate 

circuits 699–700
pre- and postnatal stress 689–90

neuropathology 684–86
open loop circuits 629
postmortem studies 684–9
volumetric brain imaging 657–9

diffusion tensor imaging 658–9
MRI 657–8

script-driven imagery paradigm 455–6
seizures 633–49

absence 637
animal studies 635
automatisms 638–9

emotional 639–43
complex partial 636–8
gelastic 640
human observations 635–6
simple partial 636–8

autonomic 636
skeletomotor symptoms 638–9
structure-function relations 648–9
see also epilepsy
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selection-for-action 255–6
schizophrenia 663

selective attention
to pain anticipation 374
in schizophrenia 582

selective serotonin reuptake 
inhibitors 524

self orientation in space 297
self-relevant information, 

extraction of 300
senile plaques 732
sensorimotor orientation 287, 288

and memory 299
nociceptive 327–8

sensory relevance, ongoing self 
monitoring 297–8

serotonin 696
serotoninergic system 51–2

5-HT1A receptors 51
convergence of serotonin and 

dopamine fi bers 696–7
and cortical dopamine 

innervation 696–7
infl uence of dopamine fi bers 697–9
involvement in mood disorders 

57–8, 538
role in treatment of depression 563

serotonin reuptake inhibitors 239, 588
serotonin transporter, OCD 539, 593
sertraline 595
simple partial seizures 636–8
single-photon emission computed 

tomography (SPECT)
epilepsy 645, 646, 647
OCD 592, 594
see also functional neuroimaging

skeletomotor-autonomic refl exes 
479–81

skeletomotor output 302
skin conductance 576
sleep 282

REM 282
smooth-pursuit eye movements 285
sociability in schizophrenia 683
somatic pain, cingulate links 509
somatosensory cortex 402
somatosensory-evoked potentials 438
spatial orientation 287, 288
spinal refl exes, motor cortex 

stimulation 439
spinothalamic tract

MITN terminations 324–5
pain sensation 402

splenial sulcus 70
ventral branch 278

statistical parametric mapping 16, 17, 290
stress 468

animal models 508–9
and chronic pain 469
cingulate links 509
and functional pain syndromes 505–6
and induction of schizophrenia 

689–90
links to pain processing 486
nocigenic 486–90

psychogenic 486
psychogenic model 490–1

stress sensitization 485
stress urinary incontinence 220

biofeedback interventions 228
striosomal path 622, 624
stroke

perisplenial 278–9
posterior cingulate gyrus 

damage 278–9
Stroop tasks 109, 210, 248, 384, 

402, 403
schizophrenia 660, 663

structural neuroimaging
Alzheimer’s disease 751
OCD 588–91

subicular complex 147–8
subnucleus reticularis dorsalis 323

pain facilitation 356–7
projections 325–6

subregions 20–1
subregions-of-interest 806

sulcal variations in relation to 808–9
substance P 316
substantia nigra 165

pars reticulata 621
sulcal cortex 330
superior temporal gyrus projections 

150–2
supplementary motor area 402
surgery, hypnoanalgesia 387–8
surprise, facial expressions 211–13
synapses, dopaminergic 170–1
synaptophysin 733
α-synuclein 708, 709

aggregation 720
amyloid-β42 interrelations 713–14
folding 720
and neurodegeneration 711–13
neurons expressing 709
phosphorylation 720
topography 711

syringomyelia 420

tactile stimuli, reward value 192–4
tap stimulation 316
target selection, role of anterior dorsal 

MCC in 255–6
taste stimuli 194, 195, 223–4
tau phosphorylation 736, 777
temporal lobe 145

auditory information fl ow 154–5
temporal pole projections 150
temporocingulate interactions 145–58

auditory information fl ow 154–5
insular connections 152
medial temporal cortex 146–50

amygdala 146–7
parahippocampal gyrus 148
perirhinal cortex 148–9
posterior parahippocampal 

cortex 149–50
subicular complex and 

hippocampus 147–8
posterior cingulate duality 155–8

posterior cingulate and retrosplenial 
cortices 152–4

superior temporal gyrus projections 
150–2

temporal pole projections 150
thalamic nuclei

anterior
stroke and surgical damage 278–9
wakefulness and cognitive 

awareness 282
pain systems 312
see also MITN

thalamocingulate connections 95–108
anterior cingulate cortex 97–101
functional implications 106–7
imaging studies 108
midcingulate cortex 97–101
neuroanatomical studies 108
overall organization 104–6
posterior cingulate cortex 96–7
retrosplenial cortex 87

thalamocingulate processing, blockade 
in hypnoanalgesia 394–5

thalamotomy 411
thalamus

in conscious awareness 282
limbic, ablation of 411
pain control 439
pain response 404

therapeutic targeting 25–6
time estimation neurons 368
timing, role of anterior dorsal 

MCC in 255
topistic neurons 24
Tourette’s syndrome 625

ACC-basal ganglia circuitry 626
Trail making test 660 
transition regions 4, 8–9
transmitter receptor systems 32–58

cholinergic system 45–9
muscarinic M1/M3 receptors 

45–7
muscarinic M2 receptors 46, 47–8
nicotinic receptors 48–9

dopaminergic system 52–3
GABAergic system 43–5

GABAA 44–5
GABAB 45

glutamatergic system 33–43
AMPA receptors 34–42
kainate receptors 42
NMDA receptors 42–3

norepinephrinergic 469, 473
alpha1 receptors 49–50
alpha2 receptors 50–1

cingulate afferents 473–7 
organization 53–6

multivariate models 54–6
receptor fi ngerprint analysis 53–4

serotoninergic system 51–2
5-HT1A receptors 51
5-HT2 receptors 51–2

tuberomammillary nucleus 282
two-region model 5–6
tyrosine hydroxylase 166, 696
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unconditioned stimulus 209
unpleasantness 317–18, 401

attention to 423, 426
proximity to happiness 352
see also pain

valence-code processing model 277, 300–2
information based on valenced 

memories 300
integrated skeletomotor and 

autonomic outputs 302
multisensorimotor orientation 

300, 302
potential pain-processing short 

circuit 302
relevance of amygdala 302
self-relevant, context-dependent 

information 300
sensory driven orientation of head 

and body 300
valence-based outcome selection 302

valenced memories 300
vascular claudication 410
vascular cognitive impairment, no 

dementia 730
vegetative state 281

ventral pallidum 621
ventral tegmental area 165
ventral visual stream 287–8
ventromedial prefrontal cortex 213
verbal fl uency 402, 403
vigilance, pain anticipation 374
visceral activity, body orientation 230–1
visceral circuits 219–31

efferent cingulate projections 226–7, 
226–8

electrically evoked autonomic 
activity 221

sensory afferents 221–6, 320–2
baroreceptor afferents 221–2
mechanical/chemical 

afferents 222–3
nociceptive afferents 224–5, 

224–6
nociceptive circuitry 225–6
taste 223–4

visceral information, innocuous 
316–17

visceral integration 231
visceral pain syndromes 425, 502

cingulate links 509
visceral response paradoxes 228–30

visual impairment 790–3
visual stimuli, reward value 195–6
visual streams

dorsal 285, 287–8
ventral 287–8

visuoconstructional defi cits
Alzheimer’s disease 742
Lewy body dementia 722
mild cognitive impairment 732–3, 742

visuospatial impairment 721–2
posterior cortical atrophy 786

visuospatial orientation 16, 285
vocalization

pain expression 312
role of periaqueductal gray 352–4

volumetric brain imaging 657–9
diffusion tensor imaging 658–9
MRI 657–8

voxel-based morphometry 589

Wallenberg’s syndrome 428
water, reward value 195, 198
Wisconsin Card-Sorting Test 660
working memory

role of anterior dorsal MCC in 256
schizophrenia 662
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