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Abstract

Schizophrenia isa disabling psychiatric disorder characterised by positive symptoms
(those which the patients experience and are abnormal by their presence such as
hallucinations) and negative signs (when the patients lack some element of normal
behaviour such as poverty of speech). Frith (1992) suggested that some of the signé and
symptoms of schiszhrenia reflect a dysfunction of “willed” actions while the processes
involved in “stimulus driven” actions remain largely intact. The patients can perform
routine acts elicited by environmental stimuli, but have difficulty in producing
spontaneous behaviour in the absence of external cues. The aim of this thesis is to
examine this hypothesis using a variety of experimental paradigms and procedures to
asses willed initiation and preparation as well as willed suppression of action in

schizophrenia.

The aim of Study 1 was to assess the initiation and preparation of willed actions in 10
patients with schizophrenia and 13 controls using reaction time (RT) tasks that differ in
the degree to which they involve volitionally controlled versus stimulus-driven
responses. Subjects performed a visual simple RT (SRT), an uncued four choice
reaction time (CRT) and a fully cued 4 choice RT task. For both groups, fully cued
CRTs were significantly faster than the uncued CRTs. However, the S1-S2 interval had
a differential effect on CRTs in the two groups. For the normals fully cued CRTs and
SRTs were equivalent when S1-S2 intervals were 800 ms or longer. A similar pattern
of effects was not seen in the patients with schizophrenia, for whom the fully cued CRT
were unexpectedly equivalent to SRT for the 200 ms interval and expectedly for the
1600 ms S1-S2 interval, but not the 3200 or 800 ms intervals. Patients with
schizophrenia were able to use the advance information inherent in SRT or provided by

the precue in fully cued CRT to speed up RT relative to uncued CRT. However, in the



latter task, where the volitional demands of programming are higher since a different
response has to be prepared on each trial, patients showed some unusual and

inconsistent interval effects suggesting instability of attentional set.

Study 2 examined performance of 11 patients with schizophrenia and 13 normal
controls on two motor tasks (placing pegs in a pegboard and repetitive index finger
tapping) under unimanual, bimanual and dual task conditions. The patients with
schizophrenia placed fewer pegs and had reduced tapping speed in unimanual and
bimanual conditions compared to controls. However the decrement in bimanual
performance as a percentage of unimanual performance was not significantly different
for the patients and controls on either the pegboard or tapping tasks. In contrast under
dual task conditions, for the patients peg placement actually improved relative to
unimanual pegboard task, whereas tapping performance deteriorated compared to the
unimanual tapping, a decrement that was significantly greater for the patients. Thus the
improvement in the visually guided pegboard task was at the expense of the repetitive

tapping task.

The aim of Study 3 was to examine the above hypothesis by measuring movement
related potentials (MRPs) prior to self-initiated and externally-triggered movements in
three groups: 6 patients with schizophrenia with high ratings of negative signs, 5
patients with of schizophrenia with high ratings of positive symptoms and 6 normal
controls. Subjects lifted their right index finger at an average rate of once every 3
seconds in two conditions, either as self-initiated movements, or as a response to a tone
while MRPs were recorded from frontal, fronto-central, central and parietal sites. The
patients with schizophrenia and high ratings of negative signs had significantly reduced

amplitude of MRPs for the late and peak components and reduced slope of the early and



late MRPs prior to self-initiated movements. These group differences were not found
prior to externally-triggered movements. The patients with schizophrenia with higher
ratings of positive symptoms did not differ significantly from the normal controls in
terms of amplitude or slope of MRPs prior to self-initiated or externally-triggered

movements.

Studies 4, S and 6 examined willed suppression. Go no-go RT tests have both a relevant
stimulus requiring a response and to-be-ignored stimuli requiripg the response to be
withheld, i.e. response inhibition. The aim of Study 4 was to examine the ability to
withhold a response in conditions with increased complexity of decision-making for
identifying ‘go’ stimuli in 14 patients with schizophrenia and 12 normal controls. The
aim of Study 5 was to examine the ability to withhold a response in conditions with
greater dimensional overlap between the non-target no-go and the target go stimuli in 14
patients with schizophrenia and 12 normal controls. The patients were divided into two
groups, the ‘high symptom’ group consisted of the 7 patients with ratings of positive
symptoms higher than the group median of 9, and the ‘low symptom’ group consisted of
the 7 patients with positive symptom ratings below 9. The patients with ‘high
symptom’ ratings had slower RTs than the controls which were significant for the SRT
conditions of both tasks, and approached significance for the CRT conditions of both
tasks. The differences in SRT or CRT between the ‘low symptom’ group and the
controls were not statistically significant for either task. In Study 5 the controls showed
greater slowing between CRT1 and CRT2 than between CRT2 and CRT3 , whereas the
RTs of ‘low symptom’ patients did not differ at all between CRT1 and CRT2 and
slowed greatly for CRT3. Both patient groups had slower response times than controls

in the Hayling test, and produced significantly fewer words in the alternating word



fluency task compared to the controls. Performance on the cognitive tasks correlated

with performance on the no-go tasks.

Negative priming refers to the slowing of reaction times that occurs when an ignored
distractor stimulus in a first trial (prime) becomes the target stimulus in the subsequent
trial (probe) (Tipper, 1985). Unlike normal controls, patients with schizophrenia fail to
show significant negative priming, that is, the significant delay of reaction times on
probe trials are not present (Beech et al., 1989; David, 1995). The aim of study 6 was to
examine the spatial negative priming effect in schizophrenia using a new paradigm that
allows the effects of perceptual mismatch on RT to be considered independently of any
spatial negative priming effects. The patients with schizophrenia did not show any
spatial negative priming in conditions with or without perceptual mismatch. These
results constitute the first unequivocal demonstration of impaired inhibitory processes in

schizophrenia based on reduced negative priming effects.

These results provide some overall but not uniformly consistent support for the
hypothesis that patients with schizophrenia have an impairment in willed action while

stimulus driven action remains intact.
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CHAPTER 1

An Introduction to Schizophrenia

1.1 What it Schizophrenia?
1.1.1 Diagnostic Criteria

Schizophrenia is a severely disabling psychiatric disorder characterised by many
different symptoms. Kraepelin (1906) first described dementia praecox, later to be
known as schizophrenia, in terms of a functional psychosis for which there was no
known organic cause. He spoke of the gradual development of the illness, and the
difficulty of pinpointing its onset. He stated that in most cases, if there is improvement
it is only temporary. Bleuler (1911) first used the term ‘schizophrenia’ to refer to the
‘splitting of psychic’ functions. He described schizophrenia as a group of psychoses
that vary in severity, are sometimes chronic, and offer little chance of complete
recovery. Today there is still no known cause for schizophrenia. It is not characterised
by a single symptom, but is diagnosed based on the presence of a series of abnormal
symptoms and behaviours persisting for 6 months and overall impainﬂent in social

functioning (See Table 1.1).

1.1.2 Epidemiology and Course
The lifetime risk of developing schizophrenia is about 1 in 100 (DSM-IV, 1994) and the
age of onset is usually the early to middle twenties for men and the late twenties for
women (DSM-IV, 1994). It is equally common in men and women and appears to be

unrelated to cultural or social factors (DSM-IV, 1994).
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Table 1.1 Diagnostic Criteria for Schizophrenia

A. Characteristic Symptoms: 2 or more of the following *:

1. Delusions

2. Hallucinations

3. Disorganised Speech (e.g., frequent derailment or incoherence)

4. Grossly Disorganised or Catatonic Behaviour

5. Negative Signs i.e. affective flattening, alogia, or avolition
*Only one of these symptoms are required if the delusions are bizarre or
hallucinations consist of a voice keeping a running commentary on the person’s
behaviours or thoughts, or two or more voices conversing with each other.

B. Social/ Occupational Dysfunction: 1 or more major areas of functioning, such as
work, interpersonal relations, or self-care, are markedly below the level achieved
prior to onset.

C. Duration: Continuous signs of the disturbance persist for at least 6 months. The 6-
month period must include at least 1 month of symptoms that meet criterion A.

D. Exclusions: The disturbance is not due to the direct physiological effects of a

substance (e.g., a drug of abuse, a medication) or a general medical condition.

From the American Psychiatric Association: Diagnostic and Statistical Manual of

Mental Disorders, edition 4, Washington, DC, APA, 1994,

The onset and course of schizophrenia is variable. Many individuals either perform
below siblings in school, or have trouble in adulthood holding down jobs and are
usually employed at a lower level than their parents. This leads to ‘downward drift’ and
as a result, more patients with schizophrenia are reported from the lower levels of the

socio-economic strata. Individuals normally go through a prodromal stage marked by
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slow development of various signs and symptoms such as social withdrawal,
deteriorating hygiene or sudden outbursts of anger. Often family members will refer to
the individual as ‘going through a phase’. Later the appearance of clear characteristic
symptoms such as auditory hallucinations or firmly held delusions lead to the individual
seeking/ being sent for hospital treatment, at which point schizophrenia is usually
diagnosed. The course of schizophrenia varies among individuals. Some report many
fluctuations between episodes of severe symptoms and remission while others remain
chronically ill. Complete remission is rare. Of those who remain chronically ill, some

show a stable course while others worsen progressively.

1.2 Heterogeneity of Schizophrenia

Schizophrenia is universally accepted as a heterogeneous disorder (Andreasen et al.,
1999) as patient profiles differ greatly in terms of the neurophysiological dimensions as
well as the clinical dimensions of aetiolgy, treatment response, outcome, cognitive

dysfunction and most importantly the diagnosis and symptoms.

1.2.1 Aetilogical Heterogeneity
Although, by definition, schizophrenia is diagnosed in the absence of any physical
injury to the brain, a substantial amount of research has been conducted to discover the

underlying organic nature of schizophrenia.

Twin and adoption studies have shown that an inherited vulnerability to schizophrenia
exists (Kendler, 1983; Kety et al.,, 1968; Kety et al.,, 1994), but the search for a
‘schizophrenia gene’ has not refuted the heterogeneity argument. = Whereas
schizophrenia was found to be linked to chromosome 5 in several British and Icelandic

families (Sherrington et al., 1988) there was no link between schizophrenia and that
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chromosome in a large Swedish family (Kennedy et al., 1988). A link between
schizophrenia and chromosome 22 has been reported by some (Coon et al., 1994;
Vallada et al., 1995) but not found by others (Kalsi et al., 1995). While there is a
general belief that genetic factors play an important role in schizophrenia, as
monozygotic twins have a concordance rate of 48% instead of 100%, it appears that in
addition to genetic predisposition some combination of environmental factors also are

involved (Wright and Woodruff, 1995).

It is also accepted that a large proportion of patients diagnosed with schizophrenia are
sporadic cases as no relatives have suffered from the disorder (Dalen and Hays, 1990).
Explanations for the sporadic cases of schizophrenia include obstetric complications
during birth or a viral infection during pregnancy. While studies have reported links
between obstetric complications and schizophrenia (Dalaman et al., 1999; Eagles et al.,
1990; Lane and Albee, 1966; Woerner et al., 1971), most individuals born with obstetric
complications do not go on to develop psychiatric disorders (Buka et al., 1993). A
study of the Finnish influenza epidemic of 1957 reported increased rates of
schizophrenia in people exposed to viral infections during the second trimester of
development (Mednick et al.,1988), but this finding was not replicated in a Scottish
study of influenza epidemics (Kendall and Kemp, 1989) and subsequently other studies
have found no association between schizophrenia and influenza prevalence at any

month of prenatal life (Westergaard et al., 1999).

1.2.2 Heterogeneity in Treatment Response and Qutcome
Conventional antipsychotics have been administered for more than 40 years to treat
schizophrenia, yet there seems to be no standard dosage. Instead a patient’s medication

is often determined by trial and error, adjusting the dose until symptoms reduce or
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extrapyramidal side-effects prevent an increase. The dosage of antipsychotic drugs only
weakly predicts their therapeutic effects and there is marked individual variability in the
handling of antipsychotics (Davis 1974). Early studies found that approximately 10%
of patients are either worse or show no change with antipsychotic treatment and about
20% of patients only improve minimally (Cole et al., 1964; Goldberg 1985). More
recent studies have shown that 50 to 75 percent of patients with schizophrenia respond
favourably to conventional antipsychotics (Lautin et al., 1980; Mattes et al., 1985,
Pickar et al., 1992; Siris et al., 1987) suggesting that 25 to 50 percent-of patients with

schizophrenia have an unsatisfactory response to conventional antipsychotics.

The new atypical antipsychotics, for example Clozapine, differ from the conventional
antipsychotics in that they do not produce standard or ‘typical’ dopamine receptor
blockade effects in animals (Farde et al., 1992; Meltzer et al.,, 1989). They were
designed to produce fewer extrapyramidal side-effects and some studies have reported
an improvement in the negative signs (Meltzer et al., 1986, Coryell et al., 1990) but not

all have reported this improvement (Johnstone et al., 1979, Angrist et al., 1980).

The outcome of schizophrenia varies greatly across individuals (Davidson and
McGlashan 1997). Length of hospitalisation differs, as seen in a longitudinal study
where the mean duration of hospitalisation was 13.7 months over a 10-year period with
a range of less than one month to 120 months (Johnstone 1992). Long-term outcome
differs as well. Generally patients with lower ratings of pre-morbid social relationships
and life skills have a greater chance of poor long-term functioning than those with
higher pre-morbid ratings (Fenton and McGlashan, 1987), but reports show that some
patients fully recover while others remain continuously incapacitated and many lie in

between (Riecher-Rossler and Rossler, 1998; McGlashan and Carpenter, 1988; Angst,
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1988; Lin and Kleinman, 1988). While it is generally accepted that outcome is poor for
patients having a long duration of illness, there are still reports of late onset

improvement in patients with schizophrenia (McGlashan 1986).

1.2.3 Cognitive Neuropsychological Heterogeneity
Cognitive impairment in schizophrenia has been reported in thousands of studies since
Kraepelin’s and Bleuler’s clinical accounts of schizophrenia in areas including
attention, memory and abstract reasoning and problem solving (Gold and Harvey,
1993). While it is widely accepted that patients with schizophrenia have an underlying
cognitive deficit, the exact nature of this deficit has not been determined. The
heterogeneity of cognitive dysfunction in schizophrenia lies in both the degree of
impairment and in performance deficits (Shallice et al., 1991). Although many studies
have reported impaired performance of patients with schizophrenia on a particular task,
there are always exceptions, for example, performance on the Wisconsin Card Sort Task
was impaired in patients with schizophrenia in a study by Weinberger et al. (1986) yet
Braff et al. (1991) found no significant differences between patients and controls on this

task.

There have been numerous attempts to derive subtypes of schizophrenia based on
cognitive function (Goldstein, 1990; Heinrichs and Awad, 1993; Goldstein and
Shemanksy, 1995). These authors found widespread cognitive heterogeneity among fhe
patients with schizophrenia, but they discovered four to five groups around which the
results cluster. The two extreme clusters include one group with near normal cognitive
function and one group with greatly impaired cognitive function while the middle

groups were moderately impaired on the cognitive tasks, differing on the amount of
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psychomotor impairment (Goldstein, 1990; Heinrichs and Awad, 1993; Goldstein and
Shemansky, 1995). Thus within these groups of patients with schizophrenia there were
very differing results, from practically normal to severely impaired performance on
tasks such as the WSCT, the California Verbal Learning Test, The Purdue Pegboard,
Trail Making Test. An attempt to discover significant associations among four similar
WAIS-R-based clusters and symptom profiles proved unsuccessful (Seaton et al., 1999).
Other studies have failed to find an association between ratings of symptoms and
cognitive impairment (Dickerson et al., 1991) although many studies have found that
neuropsychological deficits appear to be associated with negativé signs (Johnstone et

al., 1976, Frith 1992, Braff et al., 1991, Merriam et al., 1990).

Outside influences may add to the heterogeneity of cognitive function in schizophrenia,
such as age at testing, length of illness, length of institutionalisation, amount of
education, intellectual level, medication level, type of medication (typical vs atypical
antipsychotics) comorbidity or neurological complaints but the diversity of cognitive
function in schizophrenia is most likely explained by the heterogeneity within

schizophrenia itself (Goldstein and Shemansky, 1995).
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1.2.4 Heterogeneity of Symptoms
Perhaps the area of greatest heterogeneity in schizophrenia is in the classification and
diagnosis of the disorder. While Kraepelin (1906) divided the disorder into four
subtypes (catatonic, hebephrenic, paranoid and simple) Bleuler (1911) focused on two
types of symptoms, fundamental symptoms (disturbances of associations and changes in
emotions) and accessory symptoms (including hallucinations, delusions and abnormal
behaviours). Later Schneider (1959) suggested that certain positive symptoms such as
commentary hallucinations, thought withdrawal and insertion, which are not seen in

other disorders, could be considered the defining characteristics of schizophrenia.

The experiences of patients with schizophrenia vary greatly. Imagine a man who has
little facial expression, remains in bed most of the day, fails to even get up to turn on or
off the television, responds to questions in single word answers and has no desire to
speak or even be close to his family and friends. Now imagine a woman who is
convinced that someone is bugging her home and tracing her every move by radar,
reports that she hears creaks or noises in the house that are caused by the ‘people’ who
are stalking her, writes letters to members of parliament and governmental officials on a
daily basis and enters chat rooms on the internet discussing the problems of her
surveillance for hours on end. Then imagine a third person, who speaks with extreme
rapidity and has a tendency to choose words that rhyme rather than completing a
thought, who hears people talking to him even when he is alone and who believes that
his thoughts are not his own but placed there by some outside entity. It is amazing that
three people with such varying experiences could be suffering from the same disorder.

Yet they would all receive a diagnosis of schizophrenia.
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There is even heterogeneity in modern psychiatry’s diagnosis of schizophrenia which
relies on two major classification systems, DSM IV and ICD10. While the DSM IV
requires duration of symptoms for 6 month for a diagnosis of schizophrenia, the ICD10

requires only 1 month.

Fundamental research in the phenomenology of schizophrenia has supported a
dichotomy of symptom profiles in schizophrenia (Strauss et al., 1974; Crow 1980,
Andreasen and Olsen, 1982; Andreasen et al., 1982). It was believed that the positive
symptoms such as hallucinations and delusions were prominent in the acute stage of
schizophrenié (Type I) while the negative signs and symptoms were thought to prevail

in the chronic stage of schizophrenia (Type II).

Positive symptoms are those which patients experience that make them different from
others, such as hallucinations and delusions. The patient must report these symptoms -
because they are not observable. They are closely linked with acute schizophrenia and
are normally alleviated by neuroleptic drugs. The negative features exist when patients
lack some element of normal behaviour, as seen in flattening of affect, poverty of
speech and social withdrawal, and are usually associated with chronic schizophrenia.
Because they are noted by some ‘absence’ of normal behaviour and are not dependant
on the patient’s self reported symptoms, Frith (1992) suggests that the label ‘negative

signs’ is more accurate than ‘negative symptoms’.
gn Yy

False beliefs that the patient firmly holds are known as delusions. For instance, a
patient may believe the CIA or the police are looking for him for a crime that he has not
committed or to help them with their investigations. Another patient may believe there

is a bullet implanted inside her head, when in fact there is no entry wound, and she has
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never actually been shot. Sometimes a patient may have a grandiose belief that he is a
famous person or a religious entity. These delusions can be firmly held and the patient
may make up long and involved stories to explain many parameters of his or her life in

order to justify or explain the delusion.

Table 1.2. The Symptoms and Signs of Schizophrenia

Positive Symptoms Negative Sigﬂs

e Thought insertion /thought withdrawal / thought e Poverty of speech
broadcast

e Thoughts spoken aloud/ thought echo e Poverty of action

e Auditory hallucinations (third or second person) e Social withdrawal

o Delusions of control and reference e Flattened affect

e Paranoid delusions e Avolition

e Stereotyped behaviour ¢ Catatonic behaviour

Thought disorder (disorganised speech)

Adapted from Frith (1992). The Cognitive Neuropsychology of Schizophrenia. LEA:

Hove

Hallucinations can be of any sensory modality, for example seeing things that are not
present or experiencing unusual smells but are usually auditory. During auditory
hallucinations a patient may hear voices talking about him/her in the third person, or the
voices may speak to him/her directly or he/she may hear two or more voices discussing

his/her movements or thoughts.
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Thought disorder, or disorganised speech, is characterised by a speech pattern that is not
fluent and difficult to understand. A patient may slip off track from one topic to another
loosely related topic or choose words that rhyme rather than choosiﬁg words that
complete a thought. Sometimes there is ‘pressure of speech’ and the patient speaks

rapidly and compulsively and is difficult to interrupt.

Catatonic behaviour is extreme lack of movement. The patient may be frozen or locked

into a position, even a seemingly uncomfortable position for hours.

An example of grossly disorganised behaviour would be dressing in a completely
inappropriate manner - such as wearing only shorts and no shoes or shirt in the middle
of winter, or saying things or doing things in public which are completely inappropriate,
or collecting strange and worthless things. Perseveration refers to the intrusion of a
response that was previously correct but is no longer relevant. When asked the day a
person with schizophrenia may correctly answer ‘Tuesday’, and then when asked the
month the patient might respond ‘Tuesday’ and when asked his favourite colour he
might respond ‘Tuesday’. Although the patient understands the questions he is unable
to inhibit that first response. Stereotyped movements (stereotypy) occur when a patient
makes the same movement over and over again to no particular end, sometimes in a
ritualistic manner insisting that something terrible will happen if the sequence is broken.
An example would be a patient touching his glasses then his nose then his hair, then
repeating this series three times in a row, over 100 times a day - with an apparent

inability to inhibit the urge to repeat the sequence.

The negative signs include blunt affect, which is marked by lack of facial expression,

and poor eye contact. Alogia is a restriction in the fluency of thought and speech,
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noticeable by the one-word answers a patient may give to open-ended questions and a
lack of additional information offered in conversation. A patient with severe negative
signs may fail to bathe or change clothing daily and may have trouble completing tasks
once started. He/she may also have few interests, or may not enjoy things as much as
he/she used to, and suffer from an overall decrease in initiation of goal-directed

behaviour (avolition).

These abnormal signs (patient’s behaviour) and symptoms (reports of mental state) can
be brought on by other brain abnormalities such as tumours or drug abuse, but it is
particularly in the absence of any such organic explanation that the diagnosis of

schizophrenia is reached.

Neuroleptic medications are effective in the control of most positive symptoms, but
negative signs are not usually affected by them. Although neuroleptic medication can
produce side effects that resemble these negative signs, Kraepelin reported episodes of
poverty of speech, poverty of action and asociality in people with ‘dementia praecox’
long before neuroleptic medicines were used. It is important to note that there is not a
direct relationship between positive symptoms and negative signs. The ratings seem to
be uncorrelated (Frith, 1992). Hemsley (1977) suggests that the negative signs of
patients with schizophrenia are secondary to the ‘information overload’ which they
experience. In order to adapt to the constant bombardment of information they develop
these negative signs, such as poverty of speech and social withdrawal, as strategies to
reduce the effects of the attentional impairment. But, more recent research has shown
that on average, negative signs emerge a few years earlier than the positive symptoms
but the patient is not diagnosed as suffering from schizophrenia until the positive

symptoms are reported by the patient (Hafner and an der Heiden, 1997).
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Liddle, (1995) suggests that the heterogeneity of schizophrenia is best described in
terms of multiple dimensions of a single illness. Liddle (1987a,b, 1995) proposed that
three subtypes of schizophrenia exist based on symptom type: psychomotor poverty,
disorganization, and reality distortion. As the psychomotor poverty subtype greatly
resembles the negative signs or symptoms of schizophrenia, Liddle effectively divided
the positive symptom category into two distinct subtypes allowing for more emphasis to
be placed on the disorganization of thought disorder. The exact quality and number of
symptom dimensions in schizophrenia is still fervently debated. The different
dimension of symptoms determined in a group of patients with schizophrenia depends
on both the sample of patients tested and the collection of symptoms assessed
(Johnstone and Frith, 1996). The positive symptoms are generally reported by the
patient and are not confounded by movement or affect disorders. An auditory
hallucination is rarely confused with a trait found in a healthy population. Negative
signs can possibly resemble depression or the akinesia resulting from neuroleptic drugs.
There is evidence of depression in schizophrenia both in first episode patients (Wassink
et al.,, 1999; Koreen et al., 1993) and in chronic older patients (Zisook et al., 1999).
Research has shown, however, that patients with high ratings of negative signs do not
rank high on depression (Pogue-Guile and Harrow, 1984; Johnstone and Frith, 1996).
Instead, ratings of hallucinations and delusions are more often linked with depressed

state and suicidal ideas (Johnstone and Frith, 1996).

Carpenter and colleagues (1988) have further delineated the group of negative signs by
suggesting that there are primary and secondary negative signs. The primary, or ‘deficit
symptoms’ are the enduring, core negative signs of schizophrenia such as anhedonia

and blunted affect. These signs are central to the diagnosis of schizophrenia and are
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seen prior to, during, and after the onset of the positive symptoms. The secondary
symptoms, however, are those negative signs that may be considered consequential to
other symptoms or treatment of schizophrenia. For example, withdrawing to one’s
room all day because of avolition and asociality is different than withdrawing to one’s
room all day because one cannot stand to be around others because they constantly ‘read
my mind’, ‘place thoughts inside my head’ and ‘say and think abusive things about me’.
Thus the same behaviour, retreating to one’s room all day, can be either a deficit or a
secondary symptom. When trying to determine the nature of the symptom the focus of
the symptom (either primary or secondary) must be considered. Another example
offered by Carpenter et al. (1988) is depression-induced anhedonia. The anhedonia
should improve when the depression is treated, whereas primary anhedonia generally is
not alleviated with medication. Thus the‘ primary negative symptoms differ from the
secondary symptoms in that they are less responsive to state changes, and thus are
enduring traits of schizophrenia. Instead of positive and negative symptoms of
schizophrenia, Carpenter et al. (1988) recommend the terms deficit and non-deficit
schizophrenia. Deficit schizophrenia is demarcated by two or more ‘deficit’ symptoms
which are present in an ‘enduring manner’ and include flattened affect, anhedonia,
poverty of speech with curbing of interest and decrease in curiosity, lack of sense of
purpose, and diminished social drive and these symptoms are not fully accounted for by
depression, anxiety, medication effects, or environmental deprivation. Non-deficit
schizophrenia would be traditional schizophrenia without the above symptoms. Both

deficit and non-deficit schizophrenia may be found to include secondary symptoms.
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1.2.5 Neurophysiological Heterogeneity
The structure of the brain in schizophrenia has been examined through imaging
techniques and post-mortem examination. One common finding in imaging studies in
schizophrenia is lateral ventricular enlargement (Weinberger, 1979a) yet there is at least
one report of reduced ventricles in patients with schizophrenia (Andreasen et al., 1982).
There have also been reports of widening of the third ventricle (Nyback et al., 1982) and
cortical and cerebellar atrophy (Weinberger et al, 1979b, 1979c). Other findings
suggest that compared to controls the brain in schizophrenia has smaller temporal-
limbic volume (Suddéth et al., 1989; Rossi et al., 1990; Andreasen et al., 1990; Breier et
al., 1992; Bogerts et al., 1993), although others have not found differences between the
two groups (Zipurski et al., 1994; Colombo et al., 1993). There is one report that basal
ganglia volume is increased in patients with schizophrenia following exposure to typical
neuroleptics and is decreased following exposure to atypical neuroleptics (Corson et al.,
1999). When differences are found between patients and controls, they are seen on
average, across large numbers of patients and the individual brain of a patient with
schizophrenia may not appear different from a normal brain (Andreasen, 1984; Frith,

1992).

Post-mortem studies have reported differences between the brains of patients with
schizophrenia and normal controls since Alzheimer (1897) reported cortical cell loss in
patients with schizophrenia. More recent studies have found reduced volume of the
hippocampus and amygdala (Bogarts et al., 1985) and increased striatal volume
(Heckers et al., 1990). Some have found glial abnormalities in the brains of patients
with schizophrenia (Jacob and Beckmann, 1986; Johnstone et al., 1994) while others

have not (Roberts et al., 1986, 1987).
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1.3 Diagnostic and Symptom Rating Instruments

In order to diagnose a person with schizophrenia, a clinician must use the diagnostic
tools such as the DSM IV or the ICD10. However, for the most effective treatment or a
thorough investigation a clinician or researcher commonly uses a rating scale to
determine exactly from which of the many signs and symbtoms a patient with
schizophrenia is suffering. The Brief Psychiatric Rating Scale (Overall and Gorham,
1962) is a widely used rating scale, but it covers a wide selection of symptoms and is
not designed to cover specific symptoms of schizophrenia in detail (Gur et al., 1991).
There is an overlap among items, it lacks clear operational definitions, and there is not a
clear link between the items on the scale and the symptoms of schizophrenia
(Manchanda et al., 1989). In addition, Krawieka et al. (1977) point out that it is not
sensitive to changes over time. Krawieka et al. (1977) wanted to create a scale that was
short and easily administrable yet could be used reliably to assess chronic patients while
being sensitive to any changes in symptom status. Previous scales other than the BPRS
[the Wittenborn (Wittenborn, 1955), the Mental Schedule (Spitzer et al., 1964), the In-
Patient Multi-dimensional Psychiatric Scale (IMPS) (Lorr et al., 1963), the Present State
Examination (Wing et al., 1967), The Clinical Interview Schedule (Goldberg et al.,
1970)] were considered too long to be useful as such an instrument (Krawieka et al.,
1977). As a result a 5-point rating scale was created which was simple to administer,
was sensitive to symptom changes in the patient, and was a reliable classification of
patients according to Wing’s Scales. Half of the ratings are based on the patient’s
replies to questions and the other half are based on the rater’s clinical observation of
abnormal phenomena. The Krawieka Manchester Scale is reported to provide the best
compromise among conciseness, specificity of symptoms of schizophrenia, and

sensitivity to change (Manchanda et al., 1989).
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The Comprehensive Psychopathological Rating Scales (CPRS) as designed to rate items
sensitive to change with treatment (Asberg et al., 1978). The scale is written with clear
descriptions and guidelines for rating severity (Manchanda et al., 1989). It is longer
than the Manchester scale and covers some of the positive and the negative symptoms
of schizophrenia but also covers items that would not be considered primary symptoms

of schizophrenia such as suicidal thoughts, sleepiness and aches and pains.

The Scale for the Assessment of Negative Symptoms (SANS) (Andreasen, 1983) was
the first rating scale offering a thorough assessment of negative signs in schizophrenia
(Andreasen, 1989). Poverty of speech, poverty of content of speech, affective blunting,
avolition, ahedonia, and attentional impairment were combined to give a reliablé rating
of the ‘negative’ features of schizophrenia. The Scale for the Assessment of Positive
Symptoms (SAPS) (Andreasen, 1984) allows for a comprehensive assessment and
global ratings of hallucinations, delusions, positive formal thought disorder
(derailments, tangentiality, incoherence and distractible speech) and bizarre behaviour.
These two scales offer a complete set of rating scales to measure the signs and
symptoms of schizophrenia that are sensitive to changes over time. Although these
scales are longer than the Krawieka Manchester Scale (Krawieka et al., 1977) they offer
more thorough coverage of the symptoms, but with practice can be administered

relatively quickly.

Factor analytic studies from the Iowa Group have shown that the negative signs in the
SANS, omitting attention and inappropriate affect, load as a single cohesive factor while
the positive symptoms of the SAPS load on two main factors, disorganized symptoms
(including inappropriate affect from the SANS) and florid psychotic symptoms

(Andreasen 1983, 1984; Andreasen and Grove 1986; Andreasen and Olson, 1982;
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Andreasen et al., 1995; Arndt et al.,, 1991; Miller et al., 1993) similar to the Liddle

division (1987a,b).

Other rating scales have been developed over time. A few of the more prevalent are the
Lewine, Fogg and Meltzer Scale, (Lewine et al., 1983), which combines items from the
Nurses Obserlvation Scale for Inpatient Evaluation (Honigfeld et al., 1966) and the
Schedule for Affective Disorders and Schizophrenia (Endicott and Spitzer, 1978); the
Pogue-Geile and Harrow Negative Symptom Scale (1985), which is a negative
symptom scale derived from the Behaviour Rating Schedule of the Psychiatric
Assessment Interview (Carpenter et al., 1976); and the Positive and Negative Syndrome
Rating Scale (PANNS) (Kay et al., 1992). Kay and colleagues (1992) developed the
PANNS in order to provide a rating scale without a strict positive/negative dichotomy.
The PANNS offers a 30-item scale for which the symptoms break down into four
symptom complexes, negative, positive, excited and depressed. The PANNS is superior
to the SAPS/SANS, according to Merriam, Kay et al. (1990) because of its "(1)
standardized interview; (2) detailed operational criteria for all items at rating levels; (3)
parallel assessment of positive, negative, and general symptoms to permit direct
comparisons; (4) selection of ‘primary’ negative symptoms (Carpehter et al., 1985),
which is essential for construct and content validity (Zubin 1985); and (5) intensive
psychometric standardization that has supported the scale’s inter-rater, retest, and
internal reliability as well as the contstruct, concurreﬁt, and predictive validity" (Kay et

al., 1987, 1988) (p183).

Further analysis by the PANNS study group (White et al., 1997) used factor analysis on
a sample of over 1,000 patients with schizophrenia, yet none of their models fit the data

for such a large sample. Half of the subjects’ data were used for reanalysis and the
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group confirmed a five-factor model including positive, negative, dysphoric mood,

activation, and autistic preoccupation.

With so many scales rating the different symptoms of schizophrenia comparisons of the
more popular ones have emerged. Gur et al. (1991) examined the reliability of the
BPRS, the SANS/SAPS and Carpenters deficit/ non-deficit distinction. One drawback
of the BPRS is that it tends to give an overall rating of severity of schizophrenia rather
than specifying the symptom profile of the patient (Gur et al., 1991). The SANS/SAPS
and the BPRS measured corresponding dimensions of schizophrenia symptomatology
without direct overlab. Cluster analysis revealed that most patients with low negative
symptom scores had non-deficit syndrome, whereas patients with high negative
symptom scores had deficit syndrome. Dollfus and Brazo (1997) used cluster analysis
to compare the SANS/SAPS and the PANNS. Both sets of scales produced a four-
cluster solution, with positive, negative, mixed and mild clusters. Further analysis of
these data revealed a five-cluster solution, which divided the positive cluster into a
disorganized and a non-disorganized cluster on both sets of scales. Based on the
findings of comparison studies the different scales are generally reliable and valid,
although some discrepancies exist (Fenton and McGlashan, 1992), for example the
SAPS/SANS includes attention as a ‘negative’ sign whereas it is not classified as such
in the PANSS or BPRS. Because the subtype classification is still hotly debated, i.e.,
positive/ negative, deficit/ non-deficit, psychomotor-poverty/ psychotic/ disorganized,
the rating scales appear to be most useful for symptom ratings rather than a subtype

classification.
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1.4 Physiological Hypotheses of Schizophrenia

1.4.1 Dopamine Hypothesis

It has been suggested that the positive symptoms of schizophrenia are caused by
increased dopminergic activity in the brain (Wright and Woodruff, 1995). The
“dopamine hypothesis” (Randrup and Munkvad, 1972) is supported by the effectiveness
of neuroleptics which are dopamine antagonists at treating some of the positive
symptoms of schizophrenia and the fact that dopamine-releasing amphetamines can
cause schizophrenic-like symptoms such as paranoia and hallucinations. Parkinson’s
disease is a movement disorder with tremor, akinesia and rigidity as the cardinal
symptoms. Schizophrenia and Parkinson’s disease share certain symptoms such as
akinesia (poverty of action) and bradykinesia (slowness of movement initiation and
execution). The symptoms of Parkinson’s disease are caused by a dopamine deficiency
in the substantia nigra and putamen (Gotham et al., 1988) and replenishing dopamine
through medication alleviates the symptoms (Birkmayer et al., 1974). Sometimes
giving the patient with Parkinson’s disease too much dopaminergic medication will
result in schizophrenia-like symptoms, such as hallucinations. One suggestion is that in
schizophrenia there is an underactive dopaminergic system in the dorsolateral prefrontal
cortex coupled with increased subcortical dopaminergic activity in the striatum
(Weinberger et al., 1991). The reduced frontal dopamine may lead to the negative signs
that resemble those seen in Parkinson’s disease, while the increased dopamine in the
striatum may lead to the positive symptoms. Another possibility is that the dopamine
receptors are more sensitive in schizophrenia. In partial support of this view, Okubo et
al. (1997) have reported that in patients with schizophrenia, the binding of a radioactive
tracer to dopamine receptors (D1) is reduced in the prefrontal cortex. This reduction

was linked to both the severity of negative signs and impaired performance on the
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Wisconsin Card Sorting Task (WCST) a task believed to depend on the integrity of the

dorsalateral prefrontal cortex for its normal performance (Weinberger et al., 1986).

1.4.2 ‘Hypofrontality’ hypothesis
Another hypothesis related to the dopamine surplus and deficiency hypothesis is that of
‘hypofrontality’. Negative signs and involuntary movements are also observed in
individuals with subcortical lesions (e.g. basal ganglia and thalamus) (Pantelis and
Nelson, 1994). Damage to the supplementary motor area (SMA) (Dick et al., 1986;
Deecke et al,, 1985) and the anterior cingulate (Devinsky et al., 1995) are also
associated with increased poverty of action. Based on the surface similarity of

symptoms, schizophrenia has been linked to a dysfunction within the frontal lobes.

Various regions of the basal ganglia are now known to be connected with different
regions of the prefrontal cortex (Alexander et al., 1986). Alexander et al. (1986) have
identified five circuits linking the frontal lobes with the basal ganglia via different
thalamic relays. These 5 circuits are shown in Figure 1.1. In the so-called ‘complex or
associative circuit’, the caudate nucleus projects to the dorsolateral prefrontal cortex via
the ventral anterior thalamic nucleus. This circuit is considered to be associated with
executive function (Cummings, 1995). Thus, damage anywhere in this circuit is
considered to result in impairment of executive function. Examples of such

damage would be poor recall but intact recognition, perseveration, difficulties in set

shifting, impaired response inhibition — many of which are seen in schizophrenia.

In the ‘motor’ circuit projections stem from the SMA, premotor area and the motor

cortex to the putamen and then on to the globus pallidus and substantia nigra and then to
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the ventral part of the thalamus before projecting back to the SMA. It has been
suggested that this circuit plays a part in initiation of internally-generated movements

(Alexander et al., 1986).

The ‘anterior cingulate’ or ‘limbic’ circuit connects the anterior cingulate cortex and the
ventral striatum via the medial dorsal nucleus of the thalamus. This circuit is
considered to be involved in regulation of motivation (Cummings, 1995). Damage to

this circuit results in apathy, reduced motivation, concentration and impaired inhibition.

Impairments such as apathy, poverty of action, perseveration or impaired response
inhibition are associated with dysfunction of several of these circuits. These circuits are
regulated by several neurotransmitters including dopamine, seratonin and acetylcholine
(Cummings, 1995). Decreased or increased dopamine in one part of a circuit could
potentially alter the efficient functioning of the whole circuit.  Thus, éome of the
cognitive deficits seen in schizophrenia, especially those associated with negative signs

may be linked to impaired dysfunction of complex, motor, or limbic circuits.
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Figure 1.1 Proposed Cortical-Basal Ganglia - Thalamic - Cortical Loops from Alexander et al. (1986)
The five circuits showing projections from specific areas of the frontal cortex to discrete areas of the striatum which project back to the originating frontal areas via distinct output
sections of the basal ganglia and the thalamus. Abbreviations are as follows: ACA: anterior cingulate; APA: arcuate premotor area; caudate, (b) body, (h) head; DLC: dorsolateral
prefrontal cortex; EC: entorhinal cortex, FEF: frontal eye fields; GPi: internal segment of the globus pallidus; HC: hippocampal cortex; ITG:inferior temporal gyrus; LOF: lateral
orbitofrontal cortex; MC: motor cortex; MDpl: medialis dorsalis pars paralamellaris; MDmc: medialis dorsalis pars magnocellularis; MDpc: medialis dorsalis pars parvocellularis:
PPC: posteriro parietal cortex; PUT: putamen; SC: somatosensory cortex; SMA: supplementary motor area; SNr: substantia nigra pars reticulata; STG: superior temporal gyrus;
Vame: ventralis anterior pars magnocellularis; Vapc: ventralis anterior pars parvocellularis; VLm: ventralis lateralist pars medialis; Vlo: ventralis lateralis pars oralis, VP: ventral
pallidum; VS: ventral striatum; cl-:caudolateral; cdm-:caudal dorsomedial; di-:dorsolateral; I-:lateral; Idm-: lateral dorsomdedial; m-:medial; mdm-:medial dorsomedial; pm:
posteromedial; rd-:rostrodorsal; ri-rostrolateral:rm-rostromedial; vm-:ventromedial; vi-:ventrolateral.
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Studies of regional cerebral blood flow (rCBF) have provided some support for the
hypofrontality hypothesis. For normal controls frontal rCBF increases in the
dorsolateral prefrontal cortex during the WCST. Patients with schizophrenia perform
poorly on this task and also fail to show increased rCBF in the dorsolateral prefrontal
cortex (Weinberger et al., 1986; Seidman et al., 1994). In a study on discordant
monozygotic twins Berman et al. (1992) found that each of the twins with schizophrenia
showed less activation of the dorsolateral prefrontal cortex during the WCST than the
unaffected twin. In the Tower of London task, another test that activates the prefrontal
cortex, patients with schizophrenia perform poorly and those with a higher rating of
negative signs do not show the increased rCBF in the frontal areas as compared to
normal controls (Andreasen et al., 1992). Other ‘studies have shown that increased
hypofrontality is linked with higher positive symptoms such as delusions and that the
degree of hypofrontality is reduced when these symptoms remit (Spence et al., 1998).
Patients with schizophrenia also show a general hypofrontality (lower anterior- posterior
gradient) compared to controls (Schroeder et al. 1994; DeLisi et al.,, 1995). Patients
with schizophrenia with negative signs have reduced activation of the dorsolateral
prefrontal cortex (Liddle et al., 1992; Wolkin et al., 1992) and smaller prefrontal
volume (Breier et al.,, 1992) while schizophrenia with disorganisation syndrome have
reduced activation of the anterior cingulate (Liddle et al., 1992). Across all subtypes of
schizophrenia parahippocampal rCBF impairment has beeﬁ reported (Friston et al.,
1992). Patients with schizophrenia have also shown decreased activation in the
sénsorimotor cortex and the SMA on a finger to thumb opposition task (Schroder et al.
1995) and pronation/supination wrist movements (Schroder et al., 1999). However, in a
verbal fluency task that was paced so that each group produced the same number of

responses, patients with schizophrenia did not show hypofrontality (Frith et al., 1995).

40



1.5 Cognitive-Anatomical Models of Schizophrenia

Due to the heterogeneous nature of schizophrenia, there is not one particular hypothesis
or theory that is accepted universally as the definitive explanation of all the signs and
symptoms. More than 100 years after Kraepelin first explored the disorder
schizophrenia is not fully understood. Schizophrenia manifests itself in many different
ways and as a result there have been many different attempts to explain exactly what is
happening in these people who, we say, are suffering from schizophrenia. A number of
cognitive-anatomical theories have been proposed to explain the symptoms of
schizophrenia, four of these theories will be briefly considered. These four models are
considered because they approach the immense task of explaining schizophrenia by
examining the symptoms from which the people with schizophrenia suffer and then
attempting to interpret the symptoms through an underlying cognitive theory. The
anatomical substrates supporting the theories are important, but first we need to be able
to explain why one patient’s symptoms differ so greatly from another and also explain
how one patient's symptoms can vary so greatly over time. These four theories examine
the symptoms by using experimental paradigms to attempt to determine what is
happening in the patient with positive symptoms and/or the patient with negative signs.
These are the theories of Hemsley (1987), Gray et al. (1991) Gruzelier (1984), and Frith

(1987, 1992).

1.5.1 Hemsley’s (1987) Cognitive Model
In order to explain the heterogeneity in the phenomena and neuropathology of
schizophrenia Hemsley (1987, 1977, 1994) suggests that the behavioural and

experiential abnormalities in schizophrenia are due to a breakdown in the connection
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between stored information and existing sensory input. It is in the interaction of stored

memories and perception of current stimuli that the problems of schizophrenia arise.

Reduced influence of regularities of

/ past experience on current perception \

Reduced abiiity to make use Ambiguous unstructured
of redundancy and patterning sensory input

of input on cognitive tasks
Heightened awareness of

irrelevant stimuli Intrusion of unexpected/
unintended material from
long-term memory

Preference for and reduced /
symptoms in highly structured
predictable environments Delusional beliefs ——

Figure 1.2 Model of cognitive abnormalities and symptoms of schizophrenia (from

Hemsley, 1987, 1994)

Thus, according to Hemsley, the fundamental problem in schizophrenia is a disturbance
in perception. The influence of spatial and temporal regularities is weakened coupled
with a problem of material, normally just beyond the realm of focus, intruding into the
mind of the patient with schizophrenia (Hemsley, 1987). Memories are stored correctly,
according to Hemsley, but the automatic assessment of the relevance or the irrelevance
of features of sensory input is impaired, and as a result the patient with schizophrenia is
bombarded with ‘ambiguous, unstructured sensory input’ (Hemsley, 1994). The end
result would be the positive symptoms seen in schizophrenia like paranoia. With this
faulty system, things that should seem familiar may appear unfamiliar and things that

should be irrelevant may seem relevant. According to Hemsley (1994) two paradigms
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that have been studied both in animals and humans offer good examples of these

abnormalities.

Latent inhibition (LI) is a phenomenon first described by Lubow et al. (1982). After a
mouse has been exposed to a stimulus (such as a tone) it learns a stimulus-
reinforcement pairing (whenever there is a tone, there is also a food pellet) much slower
than a mouse not pre-exposed to that stimulus (Lubow et al. 1982). This same
phenomenon is seen in normal healthy humans, and in chronic medicated patients with
schizophrenia, but it is not seen in patients with acute schizophrenia (Baruch et al.
1988). An individual with acute schizophrenia who is pre-exposed to a stimulus notices
the stimulus-reinforcement pairing as quickly as the patient with schizophrenia with no
pre-exposure. According to Hemsley (1994), less attention is allocated to this
‘predictable redundant stimulus’ than the amount allocated if the stimulus is new. As
less attention is allocated to the redundant stimulus, the person pre-exposed to the
stimulus requires longer to notice the stimulus is paired with the reinforcement than a
person who was not pre-exposed. Thus, in schizophrenia, there must be a deficit in the
individual’s ability to reduce or inhibit the attention allocated to a redundant stimulus.
There is evidence that dopamine plays an important role since, in animal studies using
the LI paradigm dopamine agonists such as amphetamine reduce stimulus-
reinforcement detection time (Solomon et al. 1981). The phenomenon of LI returns if

neuroleptics are administered to block dopamine (Feldon and Weiner 1991).

The Kamin blocking effect (Lubow 1982) provides similar results. In this paradigm a
stimulus e.g. buzz is paired with another stimulus e.g. light in a pre-exposure phase. In
a second phase the pre-exposed group and a naive group are subjected to a compound

stimulus e.g. buzz and bell paired with the light stimulus. When the relation between
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the bell and the light is tested the pre-exposed group learns more slowly than the naive
group. This delay in learning is not seen in animals given amphetamine (Crider et al.,

1982) and is reduced in patients with acute schizophrenia (Jones et al., 1992).

With both of these paradigms, patients with schizophrenia are not experiencing
interference from the original exposure. This could be a failure of memory - the patient
with schizophrenia simply fails to remember that the buzz was previously paired with
the light, so in the second phase all the stimuli are as new to him/her as they are to
individuals not pre-exposed. Alternatively the deficit could be due to a limited
attentional system (e.g. Hirt and Pithers, 1991). A large system may hold ‘X’ on line
leaving enough space to handle peripheral input as well. This system may be distracted
by multiple input. A smaller system may be able to hold ‘X’ on line, but its capacity is
fully used and thus any other information or input is not accepted, or noticed or put ‘in’.
If a person with schizophrenia has a smaller capacity the redundant information is
simply never recognised as relevant information. Either way, from Hemsley’s point of
view, the inability to correctly register the new stimulus - response pairing is
fundamental to the problems seen in schizophrenia. This could explain, from our
example, the links our patient makes between the creaks of the house and the ‘people’
spying on her, instead of linking the creaks she hears to previous creaks that have been

present on- windy evenings.

1.5.2 Gray et al.’s (1991) Anatomical Model
Hemsley’s model is closely linked with Gray et al.’s (1991) anatomical model
accounting for the positive symptoms of schizophrenia, which centres on the functions
of the septohippocampal system (including the hippocampus, the subicular areas and the

cingulate cortex) and the motor functions of the basal ganglia. (See Figure 1.3). Gray et

44



al. (1991) propose that the caudate motor system (including the motor cortex, the
caudate-putamen and the substantia nigra) encodes the content of each step in a motor
program, while the accumbens system (ventral striatum and limbic cortex) works with
the caudate to engage switching from one step in a motor program to the next. The
caudate and accumbens systems also regulate behavioural responses to novel stimuli.
The septohippocampal system surveys the outcome of a motor step to see if it
corresponds with the expected outcome and then relays this back to the ventral striatum.
Projections from the amygdala to the ventral striatum regulate the motor program and
also transmit information about stimulus/response associations. The prefrontal cortex
oversees the system by regulating the activities of the caudate, accumbens and

septohippocampal systems.

Caudate Motor System
Motor Cortex
Caudate Putamen ————p 1. Encodes content of each step

Substantia Nigra

2. Switches from one step to next

Accumbens Motor System
Ventral Striatum (n. accumbens)
Limbic Cortex And
Prefrontal Cortex .
Cingulate Cortex 3. Regulates behavioural responses to
novel stimuli

[ %% 1
l

Septohippocampal System
Hippocampus —p
Subicular Area
Cingulate Cortext

4. Surveys outcome and relays this
to accumbens

5. Sequence of steps, running of programs and
Amygdala —p stimulus/response associations are guided to n.
accumbens from the amygdala

Figure 1.3 Anatomical model of cognitive function (adapted from Gray et al., 1991)
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Administering amphetamine causes increésed release of dopamine throughout the basal
ganglia causing disruption to the subicular input to the accumbens. According to Gray
et al., this would then interfere with the smooth running of motor programs and all their
intermediary steps resulting in the motor output of the striatal systems being controlled
by other means. One of the possible alternatives suggested by Gray et al. (1991) is that.
one movement or series of movements may take precedence over any others and occur
repetitively due to continued activity in the feedback loops between the caudate and
accumbens. Examples would be the stereotyped movements seen in amphetamine-
treated animals, and individuals with schizophrenia. Also, disruption of the input from
the subicular area to the ventral striatum impairs the transition between motor programs.
The authors suggest the resulting behaviour would be that a person’s attention would be
drawn towards novel stimuli or familiar stimuli will appear to be novel and treated as

such, which is also seen in schizophrenia.

Cools and Ellenbroek (1991) point out that while the striatal and accumbens systems are
responsible for switching motor programs, they may not work ‘in tandem’ as Gray et al.
(1991) suggest. According to research the striatal system is involved in the switching
mechanism in non cue-directed (or self-initiated) behaviour (Cools 1980, Cools et al.,
1990) while the accumbens system is involved in the switching mechanism for cue-
directed behaviour (Cools et al., 1990). Thus, the two systems oppose each other ‘more

like a seesaw’ (Cools and Ellenbroek, 1991).

The models of both Hemsley (1987) and Gray et al. (1991) attempt to offer an
explanation of the positive symptoms of schizophrenia - especially behaviours such as
perseveration, stereotypy, thought disorder and paranoia. Because the individual with

schizophrenia has difficulty making successful connections between the current state of
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the environment and previous experiences he or she produces behaviours or reactions
which, to the rest of us, appear odd. In the case of paranoia he or she sees coincidences
where none exist. In thought disorder a patient may choose to speak using words which
rhyme and are therefore linked phonetically rather than choosing words linked
semantically and would make sense. Because no alternative motor program is
generated, the stereotyped movement of touching one’s nose, then one’s glasses and
then one’s hair is repeated over and over hundreds of times each day. There is a lack of
inhibition to control these inappropriate behaviours. Both these models, however, do
little to account for the negative signs in schizophrenia, which are so debilitating and so
prevalent. The Cerebral Lateralization Hypothesis (Gruzelier, 1984) and Frith’s (1992)

model address the negative signs more directly.

1.5.3 Cerebral Lateralization Hypothesis (Gruzelier, 1984, 1991)
1.5.3.1 Cognitive evidence
It has been proposed that the two syndromes in schizophrenia are characterised by
opposite asymmetries in hemispheric activation (Gruzelier, 1984; Gruzelier, 1991).
Hemispheric specialization is fundamental to this theory and proposes that the left
hemisphere is linked with accelerated cognition, speech production and increased
behavioural activity and the right hemisphere is linked with negative affect (Gruzelier et
al.,, 1995). The ‘Active Syndrome’ has been associated with higher left hemispheric
activation than right and is characterized by the positive symptoms of behavioural over
activity, pressure of speech, grandiosity, paranoia, inappropriate affect, affective
delusion (Gruzelier 1999). The ‘Withdrawn Syndrome’ is associated with higher right
hemispheric activation than left and is characterized by the negative signs such as social
withdrawal, flattened affect, poverty of speech and motor retardation (Gruzelier et al.,

1999). A third syndrome, Schneiderian, not associated with laterality coexists with the
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other two and consists mainly of hallucinations (Gruzelier 1999). The Active and
Withdrawn Syndromes are linked with cognitive impairment, namely the active
syndrome is associated with poorer spatial than verbal performance whereas the
Withdrawn Syndrome is associated with poorer verbal than spatial performance
(Gruzelier et al., 1988). Further evidence of this active-withdrawn asymmetry has been
shown in schizoptypal personalities of normal subjects (Gruzelier, 1994; Gruzelier et
al., 1995). Individuals with a face-memory (a right hemisphere task) advantage on the
Warrington Memory Test (Warrington, 1984) displayed evidence of Withdrawn
Syndrome features such as flattened affect and few close friends while individuals with
a word-memory advantage (a left hemisphere task) showed a tendency toward the
Active Syndrome features, albeit weak, of odd speech. Furthermore, a single case study
revealed that a male student displayed a strong (extreme outlier) face-word discrepancy
prior to a first episode of schizophrenia and when later diagnosed with schizophrenia
presented with the Withdrawn and Schneiderian syndromes as would be expected by his
face-memory results (Gruzelier et al., 1995). In patients with schizophrenia males but
not females showed a word advantage in recognition memory in the active syndrome
whereas both sexes show a face recognition advantage in the withdrawn syndrome
(Halgren et al., 1994, Burgess and Gruzelier, 1997a, b). Longitudinal studies show that
the effects of memory deficits and their relation to the Active and Withdrawn
Syndromes change over time such that patients with Active Syndrome and a face
disadvantage showed a face advantage at a later testing time when they were suffering
from the Withdrawn Syndrome (Gruzelier 1999). There is evidence that patients with
schizophrenia are impaired in both femporohippocampal and frontohippocampal tests of
learning and memory (Hebb’s digit test, the Corsi block-span test and Petrides test of
spatial and non-spatial conditional learning test) (Gruzelier et al., 1988). The

hemispheric specialization in patients with schizophrenia was similar to results seen in a
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previous study investigating performance of neurological patients with left or right
hemisphere lesions (Milner 1982). The schizophrenia patients with lower left than right
hemisphere activation had similar performances to neurological patients with left
hemisphere lesions and schizophrenia patients with lower right than left activation had
results comparable to those of the right lesioned neurological patients (Gruzelier et al.,

1988).

1.5.3.2 Psychophysiological Evidence
The asymmetry syndromes were based on data-driven findings from research on
electrodermal orienting responses (Gruzelier 1981, Gruzelier and Manchanda 1982).
Skin conductance was measured on the fingers while the subject listened to tones. The
onset of the orienting response was approximately 1-5 s after the tone and habituation
was considered to have occurred when there was an absence of responses on two
successive trials. Laterality was determined by the mean response amplitude: right-left
+ right + left (Gruzelier and Davis 1995). Greater left than right activation was found in
patients with the positive symptoms of the Active Syndrome and greater right than left
hemispheric activation was found in the patients with the negative signs of the

Withdrawn Syndrome (Gruzelier 1981, Gruzelier and Manchanda 1982).

Further physiological evidence for the asymmetry in schizophrenia exists. Lateral eye
movements occur controlaterally to the more activated frontal eyefield (Gruzelier, 1999)
and studies have shown that patients with the Withdrawn Syndrome had more left-sided
eye movements while patients with the Active Syndrome had an increased number of
right-sided eyé movements (Gaebel et al., 1986). The Hoffman reflex is an index of
spinal motor asymmetry and reduced motoneuron excitability (Tan and Gurgen 1986).

Using this index, right hemisphere dominance was found to be associated with the
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symptoms of the Withdrawn Syndrome, while left hemisphere dominance was found to
be associated with the symptoms of Active Syndrome (Goode et al., 1981). However
one study found right asymmetry in a sample of patients with schizophrenia with both
the Active and the Withdrawn Syndromes (Tan and Gurgen, 1986). Studies using EEG
have found that a reduction in alpha activity, indicating greater activation, of the right
hemisphere was associated with symptoms of the Withdrawn Syndrome (Merrin and
Floyd, 1992) and reduction in alpha activity of the left hemisphere was associated with

symptoms of the Active Syndrome (Coger and Serafetinides, 1983).

Thus a number of different physiological measures have shown asymmetry in the
hemispheric functioning of patients with schizophrenia. Greater activation of the right
than left hemisphere is associated with symptoms of the Withdrawn Syndrome while
increased activation of the left hemisphere compared to the right :hemisphere is
associated with symptoms of the Active Syndrome. Furthermore, the results of
cognitive tasks that are hemisphere related have added more credence to the delineation
of the schizophrenia into Active and Withdrawn Syndromes. However, a patient
suffering from either of these syndromes may also show symptom of the Schneiderian
Syndrome. While the Cerebral Lateralization theory does a much better job at
addressing the negative signs of schizophrenia than Hemsley’s (1987) or Gray’s (1991)
models, this theory does not explain the basis of the Schneiderian symptoms, other than
to report that they are not hemisphere specific and may co-exist with either of the other

two syndromes.
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