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Chapter 1

Emotional prosody

Emotional prosody is a paralinguistic as-
pect of language, consisting of features
including intonation, stress, pitch, and
volume. It is also known as the emotional
melody of speech. When someone speaks
to you, not only what someone says is
important, but also how someone speaks.
i.e. the tone of voice (Mitchell and Crow,
2005). The impact of saying to someone
“You are a workaholic” has different
meanings, depending on whether the
tone of your voice is angry or playful.
Emotional prosody gives information
about the intention and emotional state
of the speaker. Not being able to under-
stand this information, and other social
cues correctly, might lead to serious
problems in social communication. This
will be discussed in the paragraph on so-

cial cognition and schizophrenia.

A well established finding of neuroscience
is that language is primarily lateralized to
the left hemisphere. This means that in
healthy (right-handed) people, the left
hemisphere is dominant for language
processing. Although such a role for the
left hemisphere has been firmly esta-
blished for processing of a range of lin-
guistic aspects such as syntax and se-
mantics, a number of lesion and imaging
studies however, have revealed that the
right hemisphere plays an important role
in emotional prosody perception. The ex-
tent of the lateralization of emotional

prosody to the right hemisphere differs
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between studies. Some researchers argue
that it is solely the right hemisphere that
pro-cesses emotional prosody (Ross et
al., 1997;Ross, 1981;Ross and Monnot,
2008). Others have shown that bilateral
brain regions are involved, with an
asymmetry to the right
(Mitchell et al., 2003;Vingerhoets et al.,

2003). Deficits in emotional prosody per-

hemisphere

ception have also been found after left
hemisphere lesions (Adolphs et al., 2002;
Hornak et al., 2003). Studies examining
the neural substrate of emotional prosody
perception have revealed a network in-
cluding bilateral regions in superior and
middle temporal gyri and orbital and infe-
rior frontal regions. Some studies have
also implicated subcortical structures
such as the amygdala (Sander et al.,
2005;Phillips et al., 1998) and the basal
ganglia (Pell and Leonard, 2003; Cancel-
liere and Kertesz, 1990). The results from
studies examining the neural substrate of
emotional prosody are as yet unclear with
respect to which brain areas are involved
in emotional prosody pro-cessing and
with regard to the extent of lateralization

of this function.

The aim of our studies in healthy subjects
with the research technique transcranial
magnetic stimulation (TMS) was to reveal
whether certain areas that have been
implied in emotional prosody processing
would be critically involved in the process

of emotional prosody perception and
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more specifically at what time point du-
ring this process. Regions of interest for
our first study (chapter 2) were based on
imaging studies revealing an association
with bilateral inferior frontal gyri (Ethofer
et al., 2006;Buchanan et al., 2000). For
the study described in chapter 3, the re-
gion of interest was based on a lesion
study, concluding that the fronto-parietal
operculum (FPO) is important for emo-
tional prosody perception (Adolphs et al.,
2002). Moreover, the FPO was also found

to be involved in emotional prosody per-

QOP1-4

ception in a TMS study (van Rijn et al.,
2005). Our study was a sequel and ex-
tension to this study of van Rijn et al.
(2005).

Impairments in social cognition have
been shown to be core deficits in schizo-
phrenia (Couture et al., 2006). Among
deficits

these, in emotion processing,

such as emotional prosody perception,
are argued to be important for under-
standing the disorder (Aleman and Kahn,

2005).

Imes

Caopyright @ 2006 Nature Publishing Group

MNature Reviews | Neuroscience

Figure 1 Cytoarchitectonic probability map of the cortex. Reprinted by permission
from Macmillan Publishers Ltd: Nature Reviews Neuroscience (Toga et al., 2006),
copyright (2006). The inferior frontal gyrus (IFG), the region of interest in chapter 2
is Brodmann area (BA) 45 in the fi-gure, (46 is not shown this region is located a bit
more frontal than BA 45). The region of inte-rest for the study described in chapter 3
is the fronto-parietal operculum, named PFop in the figure.
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Chapter 1

Schizophrenia

Kraepelin was the first who described
what is now called schizophrenia (1899)
(in (Jones and Buckley, 2006)). He used
the term ‘dementia praecox’, for a syn-
drome of catatonia, hebephrenia and de-
mentia paranoides. About ten years later
Bleuler recognized the same syndrome
also in youth and went on to use the term
‘schizophreniagruppe’, because he argued
that splitting or tearing apart of the psy-
chic functions that occurred in the syn-
drome formed the unifying feature and
not the older age or deteriorating course
(in (Cutting and Shepherd, 1987). He
described in 1908 the disease as a de-
coupling of emotion, thoughts, and be-
haviour. The modern definition of schizo-
phrenia includes many of the symptoms
as observed and classified by Kraepelin
and to a lesser extend by Bleuler. Its
symptoms are defined in the in the inter-
nationally broadly used DSM classification
of psychiatric diseases. Following the
classification of schizophrenia according
to the DSM-1V, it is in most cases a
chronic disease. The symptoms of schizo-
phrenia may affect many of the patient’s
and behaviour. Its

thoughts, feelings,

characteristics may include: abnormal
perceptions in the form of hallucinations;
aberrant inferential judgments that result
in extraordinary beliefs and delusions;
distorted thought construction that mani-
fests as a disorder of language; unusual
often restricted emotion, volition and he-

donia; various cognitive problems mainly
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affecting memory and executive func-
tions; seemingly strange behaviour un-
derstandable only in the context of these
unusual experiences and abnormal con-
trol systems; finally, both motoric and

developmental dimensions.

Symptoms like hallucinations and delu-
sions are frequently classified as positive
symptoms. Symptoms like lack of initia-
tive and interest are often classified as
negative symptoms. Not in the DSM-IV
classification are the often observed cog-
nitive symptoms, e.g. memory problems,
and impairments in attention and pro-
blem solving. Impairments in a fourth
domain, the social cognition, are the main

subject of this thesis.

The group of patients fulfilling the DSM-
IV criteria of schizophrenia is very he-
terogeneous (Jones and Buckley, 2006).
Schizophrenia is mostly regarded as a
neurocognitive disorder, with cognitive
functions and the underlying neural sys-
tem being most characteristic for the di-
sease (Nuechterlein and Dawson, 1984;
Heinrichs and Zakzanis, 1998). These are
undeniably important characteristics;
recently it has been proposed however,
that aberrant social-emotional processing
and its neural substrate may be even
more important for understanding the
disorder (Aleman and Kahn, 2005; Pink-
ham et al., 2003). Social-emotion pro-

cesses forms part of social cognition, i.e.
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all information processing underlying so-
cial interaction (see next paragraph)
(Brothers, 1990). A growing body of evi-
dence exists on impairments in social
cognition in schizophrenia and more spe-
cifically on impairments in emotion pro-
cessing. Disturbances in emotion can be
divided in emotional expression, emotion
perception, and experience of emotions.
Schizophrenia patients show abnormali-
ties in all three domains. The experience
of emotion can however also be at normal
(Kring and Earnst, 1999;Aghevli et al.,
2003) or increased levels (Myin-Germeys
et al., 2000). Abnormalities in neural sys-
tems involved in emotion processing have
also been found. Different studies have
revealed abnormal activation of the most
important emotion related brain area, the
amygdala, in during emotion processing
in schizophrenia (Rasetti et al., 2009;Hall
et al., 2008;Li et al., 2009). Most of these
studies reported reduced activation of the
amygdala to negative stimuli, which has
been suggested to arise from an in-
creased response to neutral stimuli (Hall
et al., 2008). This is in line with the influ-
ential theory of aberrant salience, as will

be described later (Kapur, 2003).

Schizophrenia is a syndrome usually ha-
ving an onset in early adult life. Most pa-
tients develop symptoms between the
ages of 16 and 26. The true beginning of
the disease is often difficult to date. A
collection of suspicious and disabling fea-

tures may occur as a prodrome to schizo-

phrenia. These prodromal features can be
described as "“not being themselves”,
“something is not quite right”, and mani-
fest as withdrawal from previous social
roles, impairment in general functioning,
behaviour others see as odd, altered
emotions, deterioration in personal hy-
giene, difficulties communicating with

others, strange ideas, unusual experi-

ences and restricted drive (Jones and
2006).

phase follows the acute phases of illness

Buckley, A residual or stable
and treatment. The features of this phase
often resemble the prodromal phase with
frequently some attenuated psychotic
phenomena. However, emotional blunting
or flattening of affect and impairments in

social functioning are common.

Who gets schizophrenia?
The risk of developing schizophrenia over
one’s lifetime is just under 1 % (Tandon
et al., 2008;Jones and Buckley, 2006).
Environmental and genetic factors are
involved in its causation. Urbanicity, male
gender, migration, winter birth, obstetric
and perinatal complications such as early
childhood brain damage and well as can-
nabis or stimulant use in puberty are
found to be associated with a higher risk
to develop schizophrenia (Saha et al,,
2006;Tandon et al., 2008).

affected family member substantially in-

Having an

creases the risk of developing schizo-
phrenia. First-degree relatives of people
with schizophrenia (though this is a mat-

ter of debate) have a 3- 7% risk for

13
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schizophrenia, this is 5-10 fold higher
than for those with no schizophrenia in
the family (Jones and Buckley, 2006).
This risk increases as the degree of ge-
netic affinity with the affected family
member increases (Kendler et al., 1993).
A meta-analysis on twin studies of

schizophrenia, found an estimate of
heritability of 81% (95% confidence in-
terval, 73%-90%) (Sullivan et al., 2003).
This means that twin studies have consis-
tently found that among monozygotic
twins the concordance for the disease is
more than a three-fold greater than
among dizygotic twins. However, the au-
thors also determined that there are
small significant common environmental
effects on liability to schizophrenia (point
11%; 95% CI, 3%-19%)

(Sullivan et al., 2003). Studies examining

estimate,

genetics in schizophrenia have pointed at
several genes that possibly contributes to
liability to the disease, one of these may
be the COMT gene. Probably, liability for
schizophrenia is built up in layers with
multiple genes, including COMT, interac-
ting with environmental factors such as
prenatal risk factors, stress or drug use.
At the level of the brain, schizophrenia
may involve structural changes to diffe-
rent brain structures. The most consisting
finding from neuroimaging studies on
structural correlates of schizophrenia is
enlarged cerebral ventricles, first found
30 yrs ago (Johnstone et al., 1976). But
also changes to the prefrontal cortex, the

corpus callosum (Wolkin and Rusinek,
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2003) and to temporal regions (Lui et al.,
2009) have been shown. Abnormalities in
lateralization have been found in the
temporal regions and in the ventricles,
which may be related to the aetiology of
psychosis (Sommer et al., 2001; John-
1989;Crow, 1990). It is

thought that schizophrenia must involve

stone et al.,

many brain systems or sub-systems and,
maybe even more important, their (func-

tional) connections.

At present, there is no cure for schizo-
phrenia; treatments are most effective
when they are used in combination: cog-
nitive behavioural

rapy,
education, family interventions, and so-

therapy, psychothe-

medication treatment, psycho-

cial support. Various pharmacological
therapies have been developed giving rise
to different pharmacological models. The
most influential of these models is the
dopamine hypothesis, a model that fo-
cuses on imbalances in dopaminergic ac-
tivity of the brain. According to this hy-
pothesis, hyperactivity of the sub-cortical
dopaminergic pathways mediates symp-
toms of psychosis, while hypo-activity of
prefrontal dopaminergic pathways medi-
ates negative and cognitive symptoms.
The theory has been expanded, linking
dopamine dysregulation to alterations in
synaptic connectivity in the prefrontal
cortex and that this alteration is related
with N-methyl-D-aspartate (NMDA) hypo-
function. Antipsychotic medication in use

until 2009 target all the dopamine hyper-



Introduction

activity, while some antipsychotics may
also influence the glutaminergic (NMDA)

system and other systems.

The dopamine hypothesis was a theoreti-
cal basis for the complementary hypothe-
sis of ‘aberrant salience’ that aims to in-
tegrate findings from not only pharma-
cology but also biology and phenomeno-
logy in psychosis (Kapur, 2003). Dopa-
mine is again the protagonist of this the-
ory, especially its function in reward and
reinforcement is thought to play a central
role in the limbic system. The dopamine
system has a mediating role in motiva-
tional salience. This means that the limbic
dopamine system mediates the transla-
tion of the neural representation of an
external stimulus from a neutral and un-
attractive bit of information into an at-
tractive or aversive entity (Berridge and
Robinson, 1998). Under normal circum-
stances, the limbic dopamine system is a
mediator of contextually relevant sali-
ences. In patients who experience psy-
chosis the limbic dopamine system may
become a creator of aberrant salience
(Kapur, 2003). It has been proposed that
before developing psychosis, patients
develop an abundant release of dopa-
mine, especially in the limbic system,
independent of context or experiences.
This leads to misattribution of salience
and motivational significance to external
and internal stimuli. In the earliest stages
of a psychosis, this leads to the assign-

ment of exaggerated importance to cer-

tain perceptions and ideas and may in-
duce a perplexing state. This can also be
described as a greater awareness, or a
fascination for normally insignificant
stimuli. Delusions can develop as a top-
down cognitive explanation for these ex-
periences of aberrant salience. The misat-
tribution of salience to for other people
neutral internal or external stimuli, e.g.
neutral expressions in others, can also
induce anxiety. According to this hy-
pothesis, hallucinations arise from the
abnormal salience of internal representa-
tions of perceptions and memories. This
could explain the gradual differences in
severity of hallucinations, whereby some
people classify their hallucinations as
their own internal thought, others as their
own voice, and others as a third party.
These events and experiences, together
with other characteristics described in
patients who are prone to psychosis re-
lated to schizophrenia, such as a ten-
dency to jump to conclusions (Startup et
al., 2008), deficits in attributional style
and theory of mind (Lee, 2004;Penn et
al., 2008) and abnormal levels of percep-
tual aberrations and ideation might inter-
act with each other and lead to a more
severe development of delusions and hal-
lucinations (Kapur, 2003). The symptoms
may deteriorate by the fact that patients
with schizophrenia often show deficits in
psychosocial functioning (Brekke et al.,
2007) in cognition and in interpersonal
The

symptoms and deficits with the aberrant

relations. interaction between the
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neurochemistry determines different phe-
nomenology of psychosis across individu-

als.

Another influential theory is the one pro-
posed by Crow. The functional signifi-
cance of hemispheric asymmetry has not
been clarified yet. According to some
theories the specialization of one hemi-
sphere for a certain function has the ad-
vantage of no competition for processing
between two identical messages, which
implies a higher processing speed
(Hugdahl, 2000). Simultaneous activation
of homologue brain regions in both hemi-
spheres is thought to blurr and slow down
processing (Hugdahl

Westerhausen, 2009). A variation of this

information and

theory is that specializing one hemi-
sphere for a particular function leaves the
other hemisphere free to perform other
(additional)
1994;Levy, 1977). Hugdahl and Wester-

hausen

functions (Ringo et al,,

have proposed that cerebral
asymmetry may have evolved as a re-
sponse to the evolutionary need for more
effective interspecies communication, i.e.
language (Hugdahl
2009).

and Westerhausen,

Crow links abnormal Iateralization of
brain regions involved in language pro-
cessing that has been found in schizo-
phrenia, to the development of psychosis
1990;Crow, 2000;2008). Accor-

ding to this hypothesis,

(Crow,
a diminished

cerebral asymmetry of language related

16

brain areas is the key to the brain
changes in schizophrenia. Crow argues
that schizophrenia is the price homo
sapiens pays for an evolutionary adapta-
requires left
(2000;Crow,

1990). From this concept developed the

tion for language which

hemisphere specialisation
idea that language and psychosis are
closely related, more specifically, it is
thought that they have a common origin,
probably located on the X-chromosome
(Crow, 2000).

lateralization for

Anomalies in cerebral

language in schizophrenia have been
widely reported. Not only for left hemi-
sphere language functions (Sommer et
al., 2001;Li et al., 2007;Artiges et al.,
2000;Dollfus et al., 2005;Weiss et al.,
2006;Weiss et al., 2004) but, interes-
tingly some studies have also found ab-
normal lateralization for emotional pro-
sody (Mitchell et al., 2004;Bach et al.,
2009), a function that is normally latera-
lised to the right hemisphere (van Rijn et
al., 2005;Adolphs et al., 2002).

Social cognition in schizophrenia
Most research focuses on negative or
positive symptoms in schizophrenia. Im-
pairments in social functioning are, how-
ever, a severe debilitating characteristic
of the disease that merit further atten-
tion. Impairments in social functioning
form one of the most devastating symp-
toms in schizophrenia. Not being able to

develop and maintain a social network



Introduction

and a stable work environment often
leads to social isolation (Pinkham and
2001;

Yager and Ehmann, 2006). According to

Penn, 2006;Corrigan and Penn,
Lee and colleagues, miscommunication is
an important factor leading to deficits in
2004).

miscommunications consist of misidenti-

social functioning (Lee, These
fying social information, like social rules,

expressed emotions, and intentions of
others. This can be partly due to a dis-
ability to understanding abstract expres-
sions (Lee, 2004). It is thought that im-
pairments in social cognition underlie so-
cial dysfunctioning (Couture et al., 2006).
Social cognition can be defined as “the
mental operations underlying social inter-
actions, which include the human ability
to perceive the intentions and disposi-
tions of others” (Pinkham et al., 2003;

Brothers, 1990).

Emotion perception forms part of social
cognition and has been shown to be im-
paired in schizophrenia patients. Not only
prosodic emotion perception but also fa-
cial emotion perception has been shown
to be disturbed in schizophrenia (Edwards
et al., 2002). This disturbed emotion per-
ception can already be detected in the
early stages of the development of
schizophrenia (Edwards et al., 2001; Ed-
wards et al., 2002;Mandal et al., 1998).

Studies have shown discrepant results
with regard to the relationship between

symptom dimensions and emotion per-

ception. Positive symptoms (hallucina-
tions and delusions) have been reported
to correlate with impairments in facial
emotion perception (Heimberg et al.,
1992;Schneider et al., 1995) and vocal
emotion perception (Shea et al., 2007). A
relationship between more basic neuro-
cognitive functioning and emotion per-
ception from faces and voices has also
been found (Bozikas et al., 2004; Tre-
2006;Schneider et al., 1995).

There are mixed findings on the correla-

meau,

tion between negative symptoms and
emotion perception (Schneider et al.,
1995;Mueser et al., 1996;Hofer et al.,
2009). The relationships between

pairments

im-
in perceiving emotional ex-
pressions and clinical variables merits
further clarification. Another question that
remains to be investigated is how these
impairments might result in misattribu-

tions of emotions in others.

With our studies (chapter 5 and 6) we
wanted to extend the knowledge about
the relationship between emotion percep-
tion in others and symptom dimensions.
In these studies, a five-factor model of
the PANSS was used to measure symp-
tom dimensions (van der Gaag et al.,
2006). This model was the result of a
ten-fold cross-validation over a large
sample of in- and outpatients with
schizophrenia (van der Gaag et al., 2006)
generating five stable factors with little
overlap

reflecting: positive symptoms,

negative symptoms, disorganization

17
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symptoms,

distress (see table 1).

excitement and emotional

Table 1 PANSS five-factor model, Adapted from Van der Gaag et al. (2006)

PANSS items

P1 Delusions

P3 Hallucinations

G9 Unusual thought con-
tent

P6 Suspiciousness

P5 Grandiosity

G1 Somatic concern

N6 Lack of spontaneity

N1 Blunted affect
N2 Emotional withdrawal

N4 Apathetic social with-
drawal

G7 Motor retardation

N3 Poor rapport

G16 Active social avoid-
ance

N7 Stereotyped thinking
G11 Poor attention

G10 Disorientation

P2 Conceptual disorgani-
zation

N5 Difficulty in abstrac-
tion

G5 Mannerism

G12 Lack of judgment and

insight

G13 Disturbance of voli-
tion

G15 Preoccupation

G14 Poor impulse control
P4 Excitement

P7 Hostility

G8 Uncooperativeness
G2 Anxiety

G6 Depression
G3 Guilt
G4 Tension

Positive
symptoms

1.493
(.016)

.964 (.021)
.975 (.021)

.846 (.020)

.522 (.023)
.296 (.022)

.105 (.020)

-297
(.024)

.212 (.025)

Negative

symptoms

1.316
(.015)
1.160
(.015)
1.106
(.015)
1.054
(.017)
.784 (.017)
1.188
(.016)
.690 (.020)

-421

(.026)

.291 (.026)

.348 (.017)

Disorgani-
zation
symptoms

.407 (.020)

.942 (.017)
.829 (.017)
.470 (.019)
1.380
(.023)
1.109
(.022)
.672 (.018)
.770 (.023)

.622 (.025)

.784 (.019)

Excitement Emotional
distress
.354 (.020)
.321 (.026)
.402 (.022)
.232 (.016)
.166 (.022) .223 (.020)
.312 (.019)
.921 (.018)
.851 (.018)
.797 (.019)
.673 (.020)
1.215
(.018)
.637 (.020)
.514 (.020)
.262 (.020) .724 (.019)

Bold loadings were found in 10/10 analyses; italic loadings were found in 9/10 analy-
sis; underlined loadings were found 6-8/10; normal loadings were found 3-5/10.
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Magnetic Resonance Imaging

In the next paragraphs a short introduc-
tion to the techniques used in the ex-
periments included in this thesis will be
given. Magnetic Resonance Imaging
(MRI) is a non-invasive way to study and
visualize the structures of the living hu-
man brain. This method measures the
concentration of water in different tissue
types, based on the magnetic resonance
of protons. A 3 Tesla MRI system (Philips
Intera) has been used at the BCN Neuro-
Imaging Center, in Groningen. For the
experiments described in our studies, we
made an anatomical scan for each sub-
ject. These scans result in high-resolution
images with large contrasts between grey
and white matter and cerebrospinal fluid.
This allows the identification of separate
brain regions and the determination of

the subject’s specific cerebral anatomy.

Transcranial Magnetic Stimulation

Transcranial Magnetic Stimulation (TMS)
is a non-invasive, relatively painless, and
reversible method for intervening with
neural processing in the human brain. It
is used to complement other neuro-
imaging techniques to map cortical brain
functions or study central motor path-
ways and to evaluate cortico-cortical ex-
2002).

TMS is also used as a treatment of psy-

citability (Toga and Mazziotta,

chiatric disorders, like Parkinson, tinnitus,

depression, and auditory hallucinations.

Basic Mechanisms of TMS

The mechanism of TMS is based on Fara-
day’s law of induction (1831). He disco-
vered that a changing magnetic field cre-
ates an electric field. In TMS a very short,
powerful current (a pulse) is generated
‘coil” of wire
2000;
1993). This generates a

and passed through a
(Pascual-Leone et al,, Pascual-
Leone et al.,,
transient magnetic field with a maximum
strength of two Tesla (on the machine
used in the experiments from this thesis).
The researcher places the coil over the
scalp of the participant. The changing
magnetic field passes unimpeded and

painlessly through the tissue of the head.

The coil is designed in an eight-shape
such that it allows a focused magnetic
field. The changing magnetic field creates
a current in the participant’s brain,
thereby activating neurons at a depth of
1.5-2 cm. Importantly, a pulse may also
indirectly affect neurons in remote brain
regions that are functionally connected

with the stimulated area.

The actual effect of TMS depends on: the
of the

maximal output), the frequency of the

intensity of stimulation (in %

pulses (in pulses per second (Hz)), the
duration of stimulation, and the region of
stimulation (Wassermann et al., 2008).
Participants feel the pulses as a finger tap
on their head. For some people however,
the pulses are uncomfortable, depending

on the place of stimulation, especially if

19



Chapter 1

muscles may become stimulated. Stimu-
lating certain frontal areas, e.g. the infe-
rior frontal gyrus close to the temple,
might lead to face and jaw muscle

twitches.

There are different application forms of
The

first and oldest is single pulse, 1 pulse is

transcranial magnetic stimulation.
given over a single scalp position. With
repetitive TMS (rTMS) a series of pulses
is delivered in rapid succession, and the
effect is summated over time. Slow rTMS
or low frequency rTMS refers to a series
of 1 Hz or less (which means 1 pulse per
second or less). This has an inhibitory
effect on the brain and thus reduces cor-
tical excitability of the underlying cortex.
Fast rTMS or high frequency rTMS refers
to a series of 5 Hz or more. This has a
facilitating effect on the brain and tempo-
rarily enhances the excitability of the cor-
tex. It is not yet clear exactly how these
changes are effectuated in the brain. It
has been suggested that rTMS has effects
akin to the physiological mechanisms of
long term depression (LTD) and potentia-
tion (LTP) of neurons (Wassermann et al.,
2008). There are also indications that
rTMS

tems,

influences neurotransmitter sys-
such as dopaminergic pathways
(Wassermann et al., 2008) and GABA
(Daskalakis et al., 2002). RTMS may pro-
duce longer lasting changes especially
when administered in a repetitive way, in

intervals over longer durations of time.

20

TMS as a research tool

The advantage of TMS above other ima-
ging studies is that it allows the re-
searchers to make causal inferences: TMS
can be used as a virtual lesion technique
by reducing excitability (low frequency
rTMS) in a specified brain area tempora-
2003).

This can be analyzed by calculating

rily (Walsh and Pascual-Leone,

changes in performance variables on the
task. On the other hand, by stimulating
excitability of a brain region (high fre-
quency TMS), functions might be facili-
tated. By the use of fMRI, the brain areas
associated with a function of interest can
be studied, but whether this region is
critical cannot be revealed without ma-
nipulating functions for instance with
TMS. TMS does have limitations. Some-
times it is difficult to target the area of
interest precisely. As mentioned before,
the magnetic field not only affects under-
lying neurons, but also neighbouring ones
and functionally connected ones. Fur-
thermore, TMS can only reach gyri, but
not sulci and no brain areas that are
deeper than = 2 cm in the brain. How-
ever, sulci and brain areas deeper in the
brain may be targeted through TMS indi-
rectly as these areas may have network
connections with areas that can be

reached with TMS.

Every TMS experiment starts with the

determination of the individual motor

threshold (MT). The MT is defined as the



Introduction

that

thumb movements in at least 5 out of 10

lowest intensity induces visible
trials when TMS is applied over the motor
cortex (Pridmore et al., 1998). In cogni-
tive experiments, the subject is then
seated in a comfortable chair in front of a
computer. Precise coil placement is ge-
nerally achieved by using a neural navi-

gator system.

In fundamental TMS research, in which
TMS can be used as a virtual lesion tech-
nique, two paradigms can be used: an
online and an offline design. In the online
design, TMS

mance of the task. This design can also

is applied during perfor-

be used to analyze the time pattern of
involvement of different brain areas in a
certain function, then the pulse(s) is
given at a given time point within a time-
window of interest. In the offline design,
tasks are performed after repetitive TMS
is given for a number of minutes. Per-
formance on the tasks is compared with
performance in a baseline condition. The
baseline condition can be either no TMS,
placebo TMS or TMS over a control area,
i.e. a brain region that has never been
shown to be related with the function of
interest. Which control condition is opti-
mal, is still a matter of debate. In con-
trast to lesion studies, which typically
measure behavioural deficits in terms of
reduced accuracies, the virtual lesions
induced by TMS generally manifest as
changes in response times (RTs), rather

than in percentages correct. TMS does

not inactivate a region in the same way
that a lesion does - instead it introduces
random transient neural firing (‘noise’)
into the process being performed. In
most cases this leads to prolonged res-
ponse times rather than actual errors
(Wassermann et al., 2008). This is pre-
sumably because the information that
remains unharmed in the neural network
is sufficient to compensate for the noise,
but this process requires extra time and
manifests as prolonged response times.
Consequently, increased reaction times
after TMS can indicate that the targeted
region is necessary for performing a task,

even in the absence of errors.

Before each application of TMS, all par-
ticipants have to complete a TMS check-
list, to exclude all persons who have any
of the potential risk factors such as metal
in the head, epilepsy (in the family), or
loss of consciousness in the past. Deli-
berations at the “International Workshop
on the Safety of Repetitive Transcranial
Magnetic Stimulation (June 5-7, 1996)",
made Wasserman (1998) propose guide-
lines for the safe use of TMS. These
guidelines specify the three dimensional
space defined by the variables of stimulus
intensity, duration and frequency within
which seizures are very unlikely to be
observed. When consulting these guide-
lines and making use of the checklist for
each participant, virtually all known risks
are eliminated. Generally, TMS appears to

be free from harmful effects (Wasser-
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mann et al., 2008). Research using ani-
mals and human volunteers has shown
little effect on the body in general as a
result of stimulation, and examination of
brain tissue submitted to thousands of
TMS pulses has shown no detectable
structural changes. Most common side-
effect is a little headache, but this can be
overcome by taking a paracetamol or will

subside spontaneously.

Neuronavigation

To optimize the precise localization of the
coil above a brain area of interest, neuro-
navigation systems have been developed.
With help of these systems it is possible
to select the area of interest based on
anatomical MR
MRI (fMRI) guided

is the most precise

individual or functional

images. Functional
TMS

method for TMS.

localization

For the TMS experiment described in
chapter 2, the Neural Navigator (NeNa)
was used to reliably localize the desired
stimulation
(Neggers et al., 2004). The NeNa is a
neuronavigation system developed by
fields

A transmitter

areas, of the participant

Neggers, based on magnetic
2004).

generates a pulsed magnetic field, which

(Neggers et al.,

induces an electric current in the marker
that is navigating to brain regions of in-
terest. This current is then interpreted by
an electronic unit to define locations in

3D space (Neggers et al., 2004).
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For the TMS experiment described in
chapter 3, we have used the BrainVoy-
ager TMS Neuronavigator (BrainInnova-
tion, Maastricht, The Netherlands). This
frameless stereotaxic system allows for
an online individual navigation of a TMS
coil above a specific anatomical area of
the brain, as well as a functional imaging-
guided navigation of the TMS coil to func-
tionally defined brain regions-of-interest.
This in contrast to the NeNa that only
allows offline navigation, meaning that
during TMS no visualization can be given
of correctness of placement and direction

of the coil.

For the Brainvoyager TMS neuronavigor,
Individual T1- weighed anatomical scans
were analyzed in Brainvoyager QX 1.8
Software package such that a three-
dimensional brain and a skin surface re-
presentation, were constructed and sulci
and gyri were clearly visible and the spe-
cific region of interest could be drawn
(BrainInnovation, Maastricht, The Nether-
lands). Anatomical landmarks were drawn
on the skin surface reconstruction. For
the co-registration of stereotaxic data
and MRI data, an ultrasound system was
used CMS30P (zebris,

many). The local spatial coordinate sys-

Tubingen, Ger-
tem and the coordinate system of the MR
space were co-registered. In this way,
the system is able to “see” where the
head of the participant is located in the 3-
D space and where the coil is located

relative the participant’s head. After this
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co-registration, the coil can be navigated
precisely above the brain region of inter-
est and all events (e.g. movements) oc-
curring around the head of the participant
in 3-D space are registered online and
visualized in real-time at correct positions
relative to the participant’s anatomical
reconstruction of the brain (Sack et al.,
2006), see figure 2.

Figure 2 Online navigation of TMS coil
towards brain region of interest, the
fronto-parietal operculum.

Outline of this thesis

The studies described in this thesis are
about emotion and language in healthy
subjects and in people with schizophre-
nia. Language and emotion form the two
corner stones of social communication,
and for both, functional cerebral asym-
metries have been found. With regard to
language, the left hemisphere is domi-
nant for most aspects, such as semantics,
grammar and syntax. The right hemi-
sphere however, has been shown to be

important for paralinguistic aspects, such

as emotional prosody, irony and meta-

phoric language (Mitchell and Crow,
2005; Mitchell et al., 2003;Pobric et al.,
2008). Regarding emotion processing,

theories assign different roles to the left
and right hemisphere. The valence hy-
pothesis states that hemispheric asym-
metry for emotion processing depends on
emotional valence (Hellige, 1993). The
right hemisphere is dominant for negative
emotions and the left hemisphere for
1993). An-

other theory divides affect into two basic

positive emotions (Hellige,

systems of approach and withdrawal
(Davidson et 1990;Kinsbourne,
1978). Kinsbourne theorized that the left

anterior region sub serves the approach

al.,

system and the homologous right hemi-
sphere region sub serves the withdrawal
system (Kinsbourne, 1978). Interestingly,
in both

language have been re-

in schizophrenia, disturbances
emotion and
ported and abnormalities in underlying
cerebral lateralization have been found.
The main part of the project described in
this thesis is about emotional prosody, an
aspect of language that bundles both lan-
guage and emotion. To be able to study
the possible aberrant lateralization of
emotional prosody in schizophrenia, the
neural substrate of this function first has
to be clarified in healthy controls. This
was the aim of chapters 2 and 3. The
study described in chapter 2 aims to
help elucidating the neural underpinnings
of emotional prosody by investigating the

involvement of left and right inferior fron-
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tal gyri in healthy subjects with the use of
TMS. These brain areas have already
shown to be associated in emotional
prosody perception in fMRI studies, we
wanted to study their critical involvement
and a possible difference between left
and right inferior frontal gyrus with re-
gard to this function using TMS. In chap-
ter 3, the temporal involvement of the
gyrus
and the right fronto-parietal operculum in

right anterior superior temporal

emotional prosody perception in healthy
subjects is investigated using an online
TMS design. Basis for this study is that
the process of emotional prosody percep-
tion is proposed to be a multi-step pro-
cess, each process being sub served by
separate brain regions. The temporal re-
gions are thought to be involved at an
earlier stage than the frontal regions,
which are thought to subserve the last
steps. Chapter 4 is a review and meta-
analysis to evaluate the consistency and
strength of the impairment in perception
of emotional prosody in schizophrenia,
using a quantitative review of published
experimental studies. In this study, we
wanted to review the literature on per-
ception of emotional prosody in schizo-
phrenia, to determine, by meta-analysis,
the magnitude, and nature of impair-
ments in perception of emotional prosody
in schizophrenia, and to identify factors
that significantly affect the magnitude of
the impairment. Chapter 5 aimed to ex-
tent the knowledge on the relation be-

tween clinical symptomatology and the
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recognition of emotion from language in a
group of 83 schizophrenia patients. The
ability to classify the emotions expressed
in content or intonation of spoken lan-
guage was correlated to five PANSS fac-
tors (Kapur, 2003). In chapter 6 misat-
tribution patterns in facial and vocal emo-
tion perception in schizophrenia are stu-
died in relationship with clinical sympto-
matology. In line with the aberrant sali-
ence theory, schizophrenia patients with
psychotic symptoms often misattribute
salience to stimuli that are experienced
as neutral by others. In real world com-
munication, this is expected to result in
all kinds of miscommunications, because
neutral expressions by others, may be
interpreted as emotional by patients with
a psychotic disorder. A summary of the
studies and a discussion with clinical im-
plications and future directions will be

provided in chapter 7.
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