
SummarySummary Weused functionalWe used functional

magnetic resonance imaging to examinemagnetic resonance imaging to examine

howbrain activity associatedwithhowbrain activity associatedwith

auditory verbalhallucinations in schizo-auditory verbalhallucinations in schizo-

phrenia changed duringhallucinatoryphrenia changed duringhallucinatory

events.Activation inthe left inferiorevents.Activation in the left inferior

frontal andrightmiddle temporalgyriwasfrontal andrightmiddle temporalgyriwas

evident 6^9 s before the person signalledevident 6^9 sbefore the person signalled

the onsetofthe hallucination, whereasthe onsetofthe hallucination, whereas

activationinthebilateraltemporalgyriandactivationinthebilateraltemporalgyriand

the left insula coincidedwiththe percep-the left insula coincidedwiththe percep-

tion ofthehallucination.This supports thetion ofthe hallucination.This supports the

hypothesis thatduringhallucinationshypothesis thatduringhallucinations

activationin corticalregionsmediating theactivation in corticalregionsmediating the

generation of inner speechmayprecedegeneration of inner speechmayprecede

the engagementof areas implicated inthethe engagementof areas implicated in the

perception of auditory verbalmaterial.perception of auditory verbalmaterial.
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Auditory verbal hallucinations are a cardi-Auditory verbal hallucinations are a cardi-

nal feature of schizophrenia. Their patho-nal feature of schizophrenia. Their patho-

physiology is unclear; one model proposesphysiology is unclear; one model proposes

that they occur because self-generatedthat they occur because self-generated

inner speech is misperceived as externallyinner speech is misperceived as externally

generated speech (Frith & Done, 1989)generated speech (Frith & Done, 1989)

as a result of a failure to recognise the in-as a result of a failure to recognise the in-

ternal nature of the former. Another theoryternal nature of the former. Another theory

suggests that a primary generator of activ-suggests that a primary generator of activ-

ity within the auditory cortex (similar toity within the auditory cortex (similar to

an epileptiform focus) gives rise to thesean epileptiform focus) gives rise to these

hallucinations (David, 1994). Recenthallucinations (David, 1994). Recent

neuroimaging studies suggest that bothneuroimaging studies suggest that both

speech generation and perception areasspeech generation and perception areas

are activated during auditory verbal hallu-are activated during auditory verbal hallu-

cinations (Dierkscinations (Dierks et alet al, 1999; Lennox, 1999; Lennox etet

alal, 1999; Shergill, 1999; Shergill et alet al, 2000), but the, 2000), but the

sequence in which these areas are activatedsequence in which these areas are activated

remains unclear. One case study suggestedremains unclear. One case study suggested

that activation of the temporal cortex wasthat activation of the temporal cortex was

evident 3 s before the reporting of auditoryevident 3 s before the reporting of auditory

verbal hallucinations (Lennoxverbal hallucinations (Lennox et alet al, 1999),, 1999),

and patients with Charles Bonnet syn-and patients with Charles Bonnet syn-

drome demonstrated visual cortical activ-drome demonstrated visual cortical activ-

ation preceding the perception of visualation preceding the perception of visual

hallucinations by 12 s (Ffytchehallucinations by 12 s (Ffytche et alet al, 1998)., 1998).

METHODMETHOD

We successfully studied two male dextralWe successfully studied two male dextral

patients with DSM–IV schizophrenia. Bothpatients with DSM–IV schizophrenia. Both

were experiencing frequent and intermit-were experiencing frequent and intermit-

tent auditory verbal hallucinations. Wetent auditory verbal hallucinations. We

screened six other patients, but three failedscreened six other patients, but three failed

to hallucinate in the scanner, and the pat-to hallucinate in the scanner, and the pat-

tern of the reported hallucinations did nottern of the reported hallucinations did not

permit examination of the time course inpermit examination of the time course in

the other three (as their epochsthe other three (as their epochs

of hallucinations were not separated byof hallucinations were not separated by

the required minimum of 9 s). The first par-the required minimum of 9 s). The first par-

ticipant was 47 years old with a 22-yearticipant was 47 years old with a 22-year

history of illness, and was being treatedhistory of illness, and was being treated

with clozapine, amisulpride and sodiumwith clozapine, amisulpride and sodium

valproate. The second was 26 years old,valproate. The second was 26 years old,

had a 6-year history of illness and washad a 6-year history of illness and was

being treated with olanzapine. In both casesbeing treated with olanzapine. In both cases

the hallucinations involved people makingthe hallucinations involved people making

derogatory remarks to the patient, thederogatory remarks to the patient, the

majority expressed in the second person.majority expressed in the second person.

All eight patients gave informed consentAll eight patients gave informed consent

to participate in the study, which wasto participate in the study, which was

approved by the local ethics committee.approved by the local ethics committee.

Image acquisition and analysisImage acquisition and analysis

Participants were scanned at rest (whileParticipants were scanned at rest (while

they were intermittently hallucinating).they were intermittently hallucinating).

They were asked to press a button withThey were asked to press a button with

their left index finger at the onset of a hal-their left index finger at the onset of a hal-

lucination and to release the button when itlucination and to release the button when it

stopped. This was repeated for every hallu-stopped. This was repeated for every hallu-

cination they experienced during the 5 mincination they experienced during the 5 min

session. Gradient-echo echoplanar mag-session. Gradient-echo echoplanar mag-

netic resonance (MR) images were acquirednetic resonance (MR) images were acquired

using a 1.5 tesla GE Signa System (Generalusing a 1.5 tesla GE Signa System (General

Electric, Milwaukee, WI, USA) fitted withElectric, Milwaukee, WI, USA) fitted with

Advanced NMR hardware and softwareAdvanced NMR hardware and software

(ANMR, Woburn, MA, USA) at the(ANMR, Woburn, MA, USA) at the

Maudsley Hospital, London. In each of 14Maudsley Hospital, London. In each of 14

non-contiguous planes parallel to thenon-contiguous planes parallel to the

intercommissural (anterior–posterior)intercommissural (anterior–posterior)

plane, 100plane, 100 TT22*-weighted MR images*-weighted MR images

depicting blood oxygen level-dependentdepicting blood oxygen level-dependent

(BOLD) contrast were acquired, with time(BOLD) contrast were acquired, with time

to echo 40 ms, time to repetition 3000 ms,to echo 40 ms, time to repetition 3000 ms,

in-plane resolution 3.1 mm, slice thicknessin-plane resolution 3.1 mm, slice thickness

7 mm and slice skip 0.7 mm in a 5 min7 mm and slice skip 0.7 mm in a 5 min

run. At the same session a 43-slice, high-run. At the same session a 43-slice, high-

resolution inversion recovery echoplanarresolution inversion recovery echoplanar

image of the whole brain was acquiredimage of the whole brain was acquired

in the intercommissural plane (time to echoin the intercommissural plane (time to echo

73 ms, inversion time 180 ms, time to73 ms, inversion time 180 ms, time to

repetition 16 000 ms, in-plane resolutionrepetition 16 000 ms, in-plane resolution

1.5 mm, slice thickness 3 mm).1.5 mm, slice thickness 3 mm).

The data were first realigned to mini-The data were first realigned to mini-

mise motion-related artefacts (Bullmoremise motion-related artefacts (Bullmore etet

alal, 1999), corrected for slice timing and, 1999), corrected for slice timing and

smoothed using a Gaussian filter (full-smoothed using a Gaussian filter (full-

width half-maximum 7.2 mm). Responseswidth half-maximum 7.2 mm). Responses

to the experimental paradigms were thento the experimental paradigms were then

detected by time-series analysis using gam-detected by time-series analysis using gam-

ma variate functions (peak responses at 4 sma variate functions (peak responses at 4 s

and 8 s) to model the BOLD response.and 8 s) to model the BOLD response.

The analysis was implemented as followsThe analysis was implemented as follows

(Brammer(Brammer et alet al, 1997). First, each experi-, 1997). First, each experi-

mental condition was convolved separatelymental condition was convolved separately

with the 4 s and 8 s Poisson functions towith the 4 s and 8 s Poisson functions to

yield two models of the expected haemo-yield two models of the expected haemo-

dynamic response to that condition. Thedynamic response to that condition. The

weighted sum of these two convolutionsweighted sum of these two convolutions

that gave the best fit (least squares) to thethat gave the best fit (least squares) to the

time series at each voxel was then com-time series at each voxel was then com-

puted. Following this fitting operation, aputed. Following this fitting operation, a

goodness-of-fit statistic was computed atgoodness-of-fit statistic was computed at

each voxel. This was the ratio of the sumeach voxel. This was the ratio of the sum

of squares of deviations from the meanof squares of deviations from the mean

intensity value due to the model (fitted timeintensity value due to the model (fitted time

series) divided by the sum of squares dueseries) divided by the sum of squares due

to the residuals (original time series minusto the residuals (original time series minus

model time series). This statistic is calledmodel time series). This statistic is called

the sum of squares (SSQ) ratio. In orderthe sum of squares (SSQ) ratio. In order

to sample the distribution of SSQ ratioto sample the distribution of SSQ ratio

under the null hypothesis that observedunder the null hypothesis that observed

values of SSQ ratio were not determinedvalues of SSQ ratio were not determined

by experimental design (with minimalby experimental design (with minimal

assumptions), the time series at each voxelassumptions), the time series at each voxel

was permuted using a wavelet-basedwas permuted using a wavelet-based

resampling method described in detail byresampling method described in detail by

BullmoreBullmore et alet al (2001). This process was(2001). This process was

repeated ten times at each voxel and therepeated ten times at each voxel and the

data combined over all voxels, resulting indata combined over all voxels, resulting in

ten permuted parametric maps of SSQ ratioten permuted parametric maps of SSQ ratio

at each plane for each participant. Com-at each plane for each participant. Com-

bining the randomised data over all voxelsbining the randomised data over all voxels

yields the distribution of SSQ ratio underyields the distribution of SSQ ratio under

the null hypothesis. Voxels activated atthe null hypothesis. Voxels activated at

any desired level of type I error can thenany desired level of type I error can then

be determined obtaining the appropriatebe determined obtaining the appropriate

critical value of the SSQ ratio from the nullcritical value of the SSQ ratio from the null

516516

BR IT I SH JOURNAL OF P SYCHIATRYBR IT I SH JOURNAL OF P SYCHIATRY ( 2 0 0 4 ) , 1 8 5 , 5 1 6 ^ 51 7( 2 0 0 4 ) , 1 8 5 , 5 1 6 ^ 51 7 S HOR T R E POR TSHOR T R E POR T

Temporal course of auditory hallucinationsTemporal course of auditory hallucinations

SUKHWINDER S. SHERGILL, MICK J. BRAMMER, EDSON AMARO,SUKHWINDER S. SHERGILL, MICK J. BRAMMER, EDSON AMARO,
STEVE C. R. WILLIAMS, ROBIN M. MURRAY and PHILLIP K. MSTEVE C. R. WILLIAMS, ROBIN M. MURRAY and PHILLIP K. MCCGUIREGUIRE

https://doi.org/10.1192/bjp.185.6.516 Published online by Cambridge University Press

https://doi.org/10.1192/bjp.185.6.516


COURSE OF AUDITORY HALLUCINATIONSCOURSE OF AUDITORY HALLUCINATIONS

distribution. The observed and randomiseddistribution. The observed and randomised

SSQ ratio statistic maps were then trans-SSQ ratio statistic maps were then trans-

formed into standard space. Median SSQformed into standard space. Median SSQ

ratio maps for the two participants wereratio maps for the two participants were

constructed at theconstructed at the PP550.005 level of sig-0.005 level of sig-

nificance. The early and late phases of audi-nificance. The early and late phases of audi-

tory verbal hallucinations were examined bytory verbal hallucinations were examined by

repeating the above analysis after shifting therepeating the above analysis after shifting the

hallucination log (indicated by the button-hallucination log (indicated by the button-

press) with respect to the functional MRpress) with respect to the functional MR

time series in steps of one scan (shifts oftime series in steps of one scan (shifts of

779 s,9 s, 776 s,6 s, 773 s, +6 s and +9 s), following3 s, +6 s and +9 s), following

the method described by Ffytchethe method described by Ffytche et alet al (1998).(1998).

RESULTSRESULTS

Each auditory verbal hallucination lastedEach auditory verbal hallucination lasted

an average of 16 s (range 3–42) withan average of 16 s (range 3–42) with

an average silent (inter-hallucination)an average silent (inter-hallucination)

interval of 34 s (range 9–75); each partici-interval of 34 s (range 9–75); each partici-

pant made six button-presses during thepant made six button-presses during the

5 min investigation. The main areas activ-5 min investigation. The main areas activ-

ated before the reporting of an hallucina-ated before the reporting of an hallucina-

tion (relative to non-hallucinating events)tion (relative to non-hallucinating events)

were the left inferior frontal gyrus and thewere the left inferior frontal gyrus and the

right middle temporal gyrus (Fig. 1). Asright middle temporal gyrus (Fig. 1). As

the individual became aware of the halluci-the individual became aware of the halluci-

nation, this activation extended to the leftnation, this activation extended to the left

insula as well as the left inferior frontalinsula as well as the left inferior frontal

gyrus, and to the middle and superior tem-gyrus, and to the middle and superior tem-

poral gyri bilaterally. There was also activ-poral gyri bilaterally. There was also activ-

ation in the right middle frontal gyrus andation in the right middle frontal gyrus and

the right sensorimotor cortex (probablythe right sensorimotor cortex (probably

related to the action of button-pressing).related to the action of button-pressing).

After the hallucination had subsided theAfter the hallucination had subsided the

activation in the insula persisted and thereactivation in the insula persisted and there

was additional involvement of the orbito-was additional involvement of the orbito-

frontal cortex (Fig. 1). Activation withinfrontal cortex (Fig. 1). Activation within

most of the above regions was evident inmost of the above regions was evident in

both the individual activation maps.both the individual activation maps.

DISCUSSIONDISCUSSION

These results demonstrate activation of theThese results demonstrate activation of the

left inferior frontal gyrus prior to the per-left inferior frontal gyrus prior to the per-

ception of auditory verbal hallucinations,ception of auditory verbal hallucinations,

with activation in the temporal cortexwith activation in the temporal cortex

mainly occurring when the participant sub-mainly occurring when the participant sub-

sequently perceived auditory speech. Assequently perceived auditory speech. As

the left inferior frontal region is normallythe left inferior frontal region is normally

activated during the generation of inneractivated during the generation of inner

speech (Shergillspeech (Shergill et alet al, 2001), this is consis-, 2001), this is consis-

tent with the notion that these hallucina-tent with the notion that these hallucina-

tions result from the misidentification oftions result from the misidentification of

self-generated verbal material (Frith &self-generated verbal material (Frith &

Done, 1989). The timing of the activationDone, 1989). The timing of the activation

in the temporal cortex suggests that thesein the temporal cortex suggests that these

regions are more involved in the actualregions are more involved in the actual

perception of auditory hallucinations. Theperception of auditory hallucinations. The

hallucination may thus begin with the gen-hallucination may thus begin with the gen-

eration of auditory verbal material in theeration of auditory verbal material in the

left inferior frontal cortex, followed byleft inferior frontal cortex, followed by

conscious awareness of external speechconscious awareness of external speech

coincident with the subsequent engagementcoincident with the subsequent engagement

of temporal cortical areas (Dierksof temporal cortical areas (Dierks et alet al,,

1999; Lennox1999; Lennox et alet al, 1999; Shergill, 1999; Shergill et alet al,,

2000), perhaps reflecting direct communica-2000), perhaps reflecting direct communica-

tion through frontotemporal connectionstion through frontotemporal connections

(Shergill(Shergill et alet al, 2002)., 2002).
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Fig. 1Fig. 1 Ascending transverse sections through the brain from left to right, with the right side of the brainAscending transverse sections through the brain from left to right, with the right side of the brain

shown in the left side of each image, atshown in the left side of each image, at7718,18,777,7,772, +26 and +42mmrelative to the intercommissural plane,2, +26 and +42mmrelative to the intercommissural plane,

illustrating the areas activatedbefore (top row), during (middle row) and after (bottomrow) hallucinations. (a)illustrating the areas activatedbefore (top row), during (middle row) and after (bottomrow) hallucinations. (a)

Regions of significant activation occurring 9 s before the button-press signalling the onset of the hallucinationRegions of significant activation occurring 9 s before the button-press signalling the onset of the hallucination

are shown in yellow and include the left inferior frontal gyrus (Talairach coordinates [are shown in yellow and include the left inferior frontal gyrus (Talairach coordinates [xx,,yy,,zz]]7723, 22,23, 22,777), the7), the

rightmiddle temporalgyrus (55,rightmiddle temporal gyrus (55,7728,28,777) andposterior cingulate gyrus (6,7) andposterior cingulate gyrus (6,7750, 26); (b) activation coinciding50, 26); (b) activation coinciding

with the button-press involves themiddle temporal gyri bilaterally (with the button-press involves themiddle temporal gyri bilaterally (7758,58,7717,17,777; 52,7; 52,7736,36,772), the retro-2), the retro-

splenial cortex (9,splenial cortex (9,7728,28,772), the anterior cingulate gyrus (0, 33, 26) and right sensorimotor cortex (40,2), the anterior cingulate gyrus (0, 33, 26) and right sensorimotor cortex (40,7717,17,

42); (c) activation 9 s after the button-press in the bilateral orbitofrontal cortex (32, 39,42); (c) activation 9 s after the button-press in the bilateral orbitofrontal cortex (32, 39,7718;18;7717, 44,17, 44,7718).18).
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