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Abstract

Structural neuroimaging in psychosis: a systematic review and

economic evaluation

E Albon,' A Tsourapas,” E Frew,” C Davenport,' F Oyebode,? S Bayliss,'

T Arvanitis* and C Meads'”

' Department of Public Health and Epidemiology, University of Birmingham, UK

2 Health Economics Facility, University of Birmingham, UK
3 Queen Elizabeth Psychiatric Hospital, Birmingham, UK

* Department of Electronic, Electrical and Computer Engineering, University of Birmingham, UK

* Corresponding author

Objectives: To establish the clinical effectiveness and
cost-effectiveness of structural neuroimaging [structural
magnetic resonance imaging (MRI) or computed
tomography (CT) scanning] for all patients with
psychosis, particularly a first episode of psychosis,
relative to the current UK practice of selective
screening only where it is clinically indicated.

Data sources: Major electronic databases were
searched from inception to November 2006.

Review methods: A systematic review of studies
reporting the additional diagnostic benefit of structural
MRI, CT or combinations of these in patients with
psychosis was conducted. The economic assessment
consisted of a systematic review of economic
evaluations and the development of a threshold analysis
to predict the gain in quality-adjusted life-years
(QALYS) required to make neuroimaging cost-effective
at commonly accepted threshold levels (£20,000 and
£30,000 per QALY). Sensitivity analyses of several
parameters including prevalence of psychosis were
performed.

Results: The systematic review included 24 studies of
a diagnostic before—after type of design evaluating the
clinical benefit of CT, structural MRI or combinations in
treatment-naive, first-episode or unspecified psychotic
patients, including one in schizophrenia patients
resistant to treatment. Also included was a review of
published case reports of misidentification syndromes.
Almost all evidence was in patients aged less than

65 years. In most studies, structural neuroimaging
identified very little that would influence patient
management that was not suspected based on a
medical history and/or physical examination and there
were more incidental findings. In the four MRI studies,
approximately 5% of patients had findings that would

© Queen’s Printer and Controller of HMSO 2008. All rights reserved.

influence clinical management, whereas in the CT
studies, approximately 0.5% of patients had these
findings. The review of misidentification syndromes
found that 25% of CT scans affected clinical
management, but this may have been a selected and
therefore unrepresentative sample. A threshold analysis
with a |-year time horizon was undertaken. This
combined the incremental cost of routine scanning with
a threshold cost per QALY value of £20,000 and
£30,000 to predict the QoL gain required to meet
these threshold values.

Routine scanning versus selective scanning appears to
produce different results for MRl and CT. With MRI
scanning the incremental cost is positive, ranging from
£37 to £150; however, when scanning routinely using
CT, the result is cost saving, ranging from £7 to £108
with the assumption of a 1% prevalence rate of
tumours/cysts or other organic causes amenable to
treatment. This means that for the intervention to be
viewed as cost-effective, the QALY gain necessary for
MRI scanning is 0.002-0.007 and with CT scanning the
QALY loss that can be tolerated is between 0.0003 and
0.0054 using a £20,000 threshold value. These
estimates were subjected to sensitivity analysis. With a
3-month time delay, MRI remains cost-incurring with

a small gain in QoL required for the intervention to be
cost-effective; routine scanning with CT remains cost-
saving. When the sensitivity of CT is varied to 50%,
routine scanning is both cost-incurring or cost-saving
depending on the scenario. Finally, the results have
been shown to be sensitive to the assumed prevalence
rate of brain tumours in a psychotic population.
Conclusions: The evidence to date suggests that if
screening with structural neuroimaging was
implemented in all patients presenting with psychotic
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symptoms, little would be found to affect clinical
management in addition to that suspected by a full
clinical history and neurological examination. From an
economic perspective, the outcome is not clear. The
strategy of neuroimaging for all is either cost-incurring
or cost-saving (dependent upon whether MRl or CT is

used) if the prevalence of organic causes is around 1%.

However, these values are nested within a number of
assumptions, and so have to be interpreted with
caution. The main research priorities are to monitor

the current use of structural neuroimaging in psychosis
in the NHS to identify clinical triggers to its current use
and subsequent outcomes; to undertake well-
conducted diagnostic before-and-after studies on
representative populations to determine the clinical
utility of structural neuroimaging in this patient group,
and to determine whether the most appropriate
structural imaging modality in psychosis should

be CT or MRI.
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Glossary and list of abbreviations

Technical terms and abbreviations are used throughout this report. The meaning is usually clear from
the context, but a glossary is provided for the non-specialist reader. In some cases, usage differs in the
literature, but the term has a constant meaning throughout this review.

Glossary

Threshold analysis A threshold analysis
explores the level of outcome required to
achieve levels of cost-effectiveness that are
generally regarded as acceptable. This level is
normally within the range £20,000-30,000 per
quality-adjusted life-year (QALY). Normally
within an economic evaluation, the change in
quality of life (QoL) as a result of the
intervention is used to compute the ‘cost per

QALY value. The calculation within a
threshold analysis, however, is different as the
change in QoL is unknown, so instead of the
cost per QALY being estimated, the acceptable
‘cost per QALY values are used
(£20,000-30,000 per QALY) to compute the
QoL gain/loss required to achieve cost-
effectiveness.

List of abbreviations
AQoL Assessment of Quality of Life EQ-5D EuroQoL instrument
ARIF Aggressive Research Intelligence FEP first-episode psychosis
Facility
HRQoL  health-related quality of life
BNF British National Formulary
ICD International Classification of
CI confidence interval Diseases
CCT cranial computed tomography ICER incremental cost-effectiveness ratio
CT computed tomography MRI magnetic resonance imaging
CVA cerebrovascular accident (stroke) MS multiple sclerosis
DSC dynamic susceptibility contrast MTA medial temporal lobe atrophy
DSM Diagnostic and Statistical Manual NICE National Institute for Health and
of Mental Disorders Clinical Excellence
EEG electroencephalogram NMR nuclear magnetic resonance
EIP Early Intervention in Psychosis continued
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Glossary and list of abbreviations

List of abbreviations continued

NOS
NPH
NRR
PET
PSS
QALE
QALY

QoL

QUADAS

not otherwise specified

normal pressure hydrocephalus
National Research Register
positron emission tomography
Personal Social Services
quality-adjusted life expectancy
quality-adjusted life-year

quality of life

Quality Assessment of Diagnostic

Accuracy Studies in Systematic
Reviews

RBS
rCBV
RCT
SD
SDH
SF-36

SPECT

WM(H)

radionucleotide brain scan
regional cerebral blood volume
randomised controlled trial
standard deviation

subdural haematoma

Short Form with 36 Items

single photon emission computed
tomography

white matter (hyperintensities)

All abbreviations that have been used in this report are listed here unless the abbreviation is well known (e.g. NHS), or
it has been used only once, or it is a non-standard abbreviation used only in figures/tables/appendices in which case
the abbreviation is defined in the figure legend or at the end of the table.
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Executive summary

Background

Psychosis is a term used to describe a group of
conditions in which severe symptoms of mental
illness such as delusions and hallucinations occur,
accompanied by the inability to distinguish
between subjective experience and reality, and
usually there is a lack of insight. Psychosis can be
categorised as organic or functional. Organic
psychoses can be caused by a variety of
conditions including strokes, brain injury,
encephalitis, Alzheimer’s disease, Parkinson’s
disease, multiple sclerosis, temporal lobe
epilepsy and brain tumours. Functional psychoses
include schizophrenia and mood disorders

such as mania, bipolar disorder and puerperal
psychosis.

The prevalence of organic causes of psychosis
varies with age, being lower in younger than older
patients. Patients with psychosis may also have
additional pathology such as space-occupying
brain lesions. The main factors that would lead
the clinician to suspect an organic cause of
psychosis or additional pathology should be
discovered during the initial clinical history and
examination.

Indications that an organic cause is more likely
include an acute onset, features of delirium such
as clouding of consciousness, disorientation in
time and place, disturbance of memory, impaired
attention, fluctuation of conscious awareness and
visual hallucinations. A neurological history

and examination would look for a recent history
of malignancy and/or focal neurological symptoms
or signs, but these are not always present.
Additional confirmatory tests would be used,
depending on the diagnosis hypothesised.
However, structural neuroimaging can also be
used in all patients presenting with psychosis,
irrespective of clinical suspicion, to screen for
any additional pathology that would affect the
clinical management of the patient. This may
include structural magnetic resonance imaging
(MRI) or computed tomography (CT)

scanning, but frequently this is not undertaken
in the UK.

© Queen’s Printer and Controller of HMSO 2008. All rights reserved.

Objectives

The objectives were to establish the clinical
effectiveness and cost-effectiveness of structural
neuroimaging (structural MRI and CT scanning)
for all patients with psychosis, particularly a first
episode of psychosis, relative to the current UK
practice of selective screening only where it is
clinically indicated.

Methods

A systematic review of studies (of any study design)
reporting the additional diagnostic benefit of
structural MRI, CT or combinations of these in
patients with psychosis was conducted. The
comparator was any current standard practice of
diagnostic workup without structural
neuroimaging. Only studies reporting clinically
relevant outcomes were included. MEDLINE,
EMBASE, the Cochrane Library, PsycINFO and
CINAHL were searched from inception to
November 2006. Inclusion, quality assessment and
data extraction were undertaken in duplicate.
Studies were assessed qualitatively only. The
economic assessment consisted of a systematic
review of economic evaluations and the
development of a threshold analysis to predict the
gain in quality-adjusted life-years (QALYSs)
required to make neuroimaging cost-effective at
commonly accepted threshold levels (£20,000 and
£30,000 per QALY). Sensitivity analyses of several
parameters including prevalence of psychosis were
performed.

Results

Effectiveness

A total of 25 studies were included in this
systematic review. There were 24 studies of a
diagnostic before—after type of design evaluating
the clinical benefit of CT, structural MRI or
combinations in treatment-naive, first-episode or
unspecified psychotic patients, including one in
schizophrenia patients resistant to treatment. Also
included was a review of published case reports of
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misidentification syndromes. Almost all evidence
was in patients aged less than 65 years. In most
studies, structural neuroimaging identified very
little that would influence patient management
that was not suspected based on a medical history
and/or physical examination and there were more
incidental findings. In the four MRI studies,
approximately 5% of patients had findings that
would influence clinical management, whereas in
the CT studies, approximately 0.5% of patients
had these findings. The review of misidentification
syndromes found that 25% of CT scans affected
clinical management, but this may have been a
selected and therefore unrepresentative sample.

Cost-effectiveness

The objective of the economic analysis was to
measure the difference in costs and benefits of
scanning all patients with CT or MRI compared
with selective scanning under standard care as any
benefit from scanning all patients would only be
realised in cases where organic causes were not
immediately obvious to the clinician as the
treatment pathway would only be altered in these
patients.

A decision-analytic model was not possible as it
required information on the differential response
to treatment by cause and the impact upon quality
of life (QoL) from having an early diagnosis as
opposed to a late diagnosis of an organic cause,
which could not be found in the literature. A
threshold analysis with a 1-year time horizon was
undertaken. This combined the incremental cost
of routine scanning with a threshold cost per
QALY value of £20,000 and £30,000 to predict the
QoL gain required to meet these threshold values.

Routine scanning versus selective scanning
appears to produce different results for MRI and
CT. With MRI scanning the incremental cost is
positive, ranging from £37 to £150; however, when
scanning routinely using CI; the result is cost
saving, ranging from £7 to £108 with the
assumption of a 1% prevalence rate of
tumours/cysts or other organic causes amenable to
treatment. This means that for the intervention to
be viewed as cost-effective, the QALY gain
necessary for MRI scanning is 0.002-0.007 and
with CT scanning the QALY loss that can be

tolerated is between 0.0003 and 0.0054 using a
£20,000 threshold value. These estimates were
subjected to sensitivity analysis. With a 3-month
time delay, MRI remains cost-incurring with a
small gain in QoL required for the intervention to
be cost-effective; routine scanning with CT
remains cost-saving. When the sensitivity of CT is
varied to 50%, routine scanning is both cost-
incurring or cost-saving depending on the
scenario. Finally, we have shown that, not
surprisingly, the results are sensitive to the
assumed prevalence rate of brain tumours in a
psychotic population.

Discussion and conclusions

First-episode psychosis is not clearly defined or
universally accepted. There is a paucity of good-
quality evidence on the clinical benefits of
structural neuroimaging in psychosis on which to
base this health technology assessment. The
evidence to date suggests that if screening with
structural neuroimaging was implemented in all
patients presenting with psychotic symptoms
under 65 years old, little would be found to affect
clinical management in addition to that suspected
by a full clinical history and neurological
examination. From an economic perspective, the
outcome is not clear. The strategy of
neuroimaging for all is either cost-incurring or
cost-saving (dependent upon whether MRI or CT
is used) if the prevalence of organic causes is
around 1%. However, these values are nested
within a number of assumptions, meaning that
they have to be interpreted with caution.

Recommendations for further research
The main research priorities are to monitor the
current use of structural neuroimaging in
psychosis in the NHS to identify clinical triggers
to its current use and subsequent outcomes. In
addition, well-conducted diagnostic before and
after studies on representative populations are
required to determine the clinical utility of
structural neuroimaging in this patient group.
There also needs to be research to determine
whether the most appropriate structural imaging
modality in psychosis should be CT or MRI.
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Chapter |

Aim and background

he aim of this review is to establish the clinical

effectiveness and cost-effectiveness of
structural neuroimaging [structural computed
tomography (CT) and magnetic resonance
imaging (MRI) scanning] for patients with
psychosis, particularly a first episode of psychosis,
relative to current UK practice.

Description of psychosis

Psychosis is a term used to describe a group of
conditions in which severe symptoms of mental
illness such as delusions and hallucinations occur,
accompanied by the inability to distinguish between
subjective experience and reality, and usually there
is a lack of insight.! Psychosis is considered to be a
symptom of severe mental illness but not a
diagnosis in itself. Psychosis can develop at any age
from childhood to late old age.?®

There is no International Classification of Diseases
(ICD)-10 classification of psychosis per se.* The
most important categories are F20-F29
Schizophrenia, schizotypal and delusional
disorders. This includes schizophrenia, as the most
important member of the group, schizotypal
disorder, persistent delusional disorders and a
larger group of acute and transient psychotic
disorders.* Other important categories are F30.2
(Mania with psychotic symptoms), F31 (Bipolar
affective disorder) and F32.3 (Severe depression
with psychotic symptoms).

Within the ICD-10 classification, psychosis occurs
in the following:

F03 Unspecified dementia, presenile,
psychosis not otherwise specified
(NOS), senile psychosis NOS

F04 Organic amnesic syndrome, not
induced by alcohol or other
psychoactive substances, including
Korsakov’s psychosis

FO5 Delirium, not induced by alcohol

and other psychoactive substances,

includes infective psychosis

Organic delusional (schizophrenia-

like) disorder, schizophrenia-like

psychosis in epilepsy

F06.2

© Queen’s Printer and Controller of HMSO 2008. All rights reserved.

F06.8 Other specified mental disorders due
to brain damage and dysfunction
and to physical disease, epileptic
psychosis NOS

F09 Unspecified organic or symptomatic
mental disorder, psychosis organic
NOS, symptomatic NOS

Psychotic disorder following
psychoactive substance abuse
Schizophrenia, schizotypal and
delusional disorders

Mania with psychotic symptoms
Bipolar affective disorder, current
episode manic with psychotic
symptoms

Bipolar affective disorder, current
episode severe depression with
psychotic symptoms

Severe depressive episode with
psychotic symptoms

Recurrent depressive disorder,
current episode severe with psychotic
symptoms F44 Associative
(conversion) disorders including
hysterical psychosis

Severe mental and behavioural
disorders associated with the
puerperium, not elsewhere classified,
puerperal psychosis

Childhood autism, infantile
psychosis

Atypical childhood autism, atypical
childhood psychosis

Other childhood disintegrative
disorder, disintegrative psychosis,
symbiotic psychosis

Asperger’s syndrome (psychotic
episodes occasionally occur in early
adult life).

F10.5-19.5
F20-29
F30.2
F31.2

F31.5

F32.3

F33.3

F53.1

F84.0
F84.1

F84.3

F84.5

In Diagnostic and Statistical Manual of Mental
Disorders (DSM)-IV, psychosis is described
principally in the chapter on Schizophrenia and
other psychotic disorders (including
schizophreniform disorder, schizoaffective disorder,
delusional disorder, brief psychotic disorder,
shared psychotic disorder, psychotic disorder due
to a medical condition and substance-induced
psychotic disorder [from alcohol, amphetamine,
cannabis, cocaine, hallucinogen, inhalant, opioid,
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phencyclidine, sedative, hypnotic or anxiolytic and
other (or unknown) substance)].?

First-episode psychosis (FEP) is a term that refers
to the first time that a person presents with
psychosis. However, there are several issues
associated with this term:

e The date of presentation of the first episode
does not usually coincide with the onset of the
condition because the person could have had
psychotic symptoms for years without
presenting to a health professional and often
psychosis has a gradual onset.

e The duration of untreated psychosis is
important because it predicts response to
treatment.’

e A first episode could continue for 10 years or
more without remission, even when the patient
is having treatment.”

Therefore, in a group of patients in their first
episode, some may have had psychosis for only a
few weeks and have not yet received treatment,
whereas some may have had psychosis for years
and have been treated for years, constituting very
different populations within this group definition.
A 2-year limit for first-episode duration has been
suggested by a few,”® but this is not generally
accepted. Alternatively, others have suggested that
a neuroleptic naive population is more indicative
of a population of patients at the start of a
psychotic illness.”

When a person first presents with an FEP, making
a definitive diagnosis such as schizophrenia may
not immediately be possible. DSM-IV requires that
a patient has symptoms for 6 months before a
diagnosis of schizophrenia can be made,” but
ICD-10 does not have this requirement.*

In an Australian case series of 95 young people
aged 13-25 years presenting with an FEP, the
diagnosis was schizophrenia (44%), bipolar
disorder (14%), substance-induced psychosis (14%),
schizophreniform (12%), major depression with
psychosis (5%), psychosis NOS (5%), brief psychotic
disorder (4%), schizoaffective disorder (1%) and
non-psychotic disorder (2%).1° In a UK prevalence
study of people aged 25-74 years with psychosis
living in private households, the diagnosis was
schizophrenia (49%), bipolar disorder (42%), both
(4%) and no diagnosis (6%).'!

Aectiology, pathology and prognosis
The actual structural cause of psychosis is
unknown, that is, whether there is a location of a

single or multiple lesions in specific parts of the
brain that are responsible for this symptom
occurring. There is some debate as to whether a
specific lesion actually exists and schizophrenia,
for example, may be a product of an
abnormally functioning cerebral system.'
There is some evidence for a social contribution
to aetiology."?

2

Historically, there have been two main categories
of psychosis — organic and functional. Organic
psychoses were those in which an identifiable
structural brain lesion is associated with
psychotic symptoms such as delusions and
hallucinations. Organic psychoses include
cerebrovascular accidents, traumatic brain injury,
Alzheimer’s dementia, Parkinson’s disease,
Huntington’s disease, multiple sclerosis,
encephalitis, temporal lobe epilepsy and brain
tumours. Functional psychoses include
schizophrenia and mood disorders such as mania,
bipolar disorder and puerperal psychosis.
Atypical psychosis is a term sometimes used to
describe psychosis with unusual features
including those of organic psychotic disorders.
Drug misuse can also precipitate (usually) short-
lived psychotic symptoms.

Symptoms that would suggest that an organic
cause of psychosis is more likely include an acute
onset, features of delirium such as clouding of
consciousness, disorientation in time and place,
disturbance of memory, impaired attention,
fluctuation of conscious awareness and visual
hallucinations. Symptoms and signs of a space-
occupying lesion in the brain (localising signs)
include upper motor neurone paralysis, sensory
loss, cranial nerve lesions, nystagmus and speech
or hearing difficulties.

It is estimated that in 5-10% of psychosis patients
there is an organic cause.'* However, the most
common causes of psychosis vary by age and
gender. For example, young adults who develop
psychotic symptoms are mostly diagnosed with a
functional psychosis, particularly schizophrenia.!
Schizophrenia is rare pre-puberty, and in younger
age groups males are more commonly affected
than females.'® Most causes of psychosis in the
elderly are organic. In one case series of
psychogeriatric patients, the final diagnosis was
dementia (31%), organic psychosis (25%),
depressive illness (23%), schizophrenia (11%),
affective psychosis (8%) and anxiety (2%).!” Where
functional psychosis does occur in older people, it
tends to affect a higher proportion of women than
men.'®
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Causes of organic psychoses

Psychosis secondary to a brain tumour is rare. The
prevalence of brain tumours in psychiatric patients
is approximately 1.2% (using C'T' scanning), but
this does not distinguish between psychotic
patients also with brain tumours and patients with
brain tumours causing psychotic symptoms.'? The
classic symptoms of brain tumours causing raised
intracranial pressure are headache, papilloedema
and vomiting, but these may not appear until late-
stage or at all in a few patients. Other symptoms
include mental deterioration and localising signs,
but again these may be missing in a few patients.!”
Primary brain tumours tend to be gliomas, which
include astrocytomas (including glioblastoma
multiforme), medulloblastomas, ependymomas
and oligodendromas. Other primary brain
tumours include meningiomas, acoustic tumours
and pituitary tumours. Secondary tumours
(metastases) also occur, particularly from lung,
breast and kidney primary tumours. However, a
previous history of primary malignancy is usually
present when these occur. Most tumours that cause
psychotic symptoms are in the temporal lobe,
particularly on the left side, but can be caused by
tumours in other regions including the frontal and
parietal lobes and the corpus callosum. Patients
with psychosis secondary to brain tumours tend to
have more simple delusions and a tendency to be
paranoid and thought disorders are relatively
rare.'? Visual hallucinations are more common
and auditory hallucinations tend to be simple,
such as buzzing or ringing.!” There may be
clouding of consciousness, confusion or
disorientation in time, place or person that may
suggest delirium (previously known as an acute
organic brain syndrome). Delirium is characterised
by disordered orientation, memory, intellect,
judgement and affect and caused by diffuse
impairment of brain tissue.? All of these
symptoms are atypical so would lead the clinician
to suspect an organic rather than a functional
cause of psychosis.

It is very rare that patients who have had a stroke
will present with psychosis and with no other
clinical signs and symptoms of a stroke. With
regard to brain injuries, in a large cohort of brain-
injured servicemen from Finland, approximately
10% developed psychotic symptoms within
approximately 5 years.?! It has been suggested
that the incidence of schizophrenia is higher
following in utero exposure to the influenza virus.
Limbic encephalitis is associated with psychotic
symptoms and can be caused by Epstein—Barr,
cytomegalovirus, rubella, herpes simplex, measles
and HIV viruses.?! In patients with Alzheimer’s
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disease, psychosis is often a non-cognitive
condition that accompanies dementia whereas in
Parkinson’s disease patients, treatment with anti-
Parkinsonian drugs is the most frequent cause of
psychotic symptoms.*? People with multiple
sclerosis rarely develop psychotic symptoms due to
their illness.?! Incidence estimates of
schizophrenic symptoms in temporal lobe epilepsy
vary widely.?! Psychosis in epilepsy can occur
immediately before, during or after a seizure (pre-
ictal, ictal and post-ictal) or between seizures
(inter-ictal). Pre-ictal events are the classic aura of
temporal lobe epilepsy, ictal events include
features of psychosis that are regarded as psychic
equivalents (classically termed psychomotor fits),
post-ictal events present as post-seizure confusion
or delirium and inter-ictal psychosis is the so-
called schizophrenia-like psychosis of epilepsy.
Ordinarily, the psychotic symptoms are described
as episodic rather than continuing, with normal
functioning between episodes.?

The kinds of symptoms and signs that would be
checked to establish whether a patient has an
organic cause of psychosis are listed in Table 1.

Prognosis

Because psychosis is a term that refers to a group
of disorders or conditions, the prognoses vary
depending on the primary disorder. Although all
psychotic conditions reduce life expectancy, when
considering different conditions such as
schizophrenia, schizoaffective disorder and bipolar
psychosis, on average, schizophrenia may have a
worse prognosis and bipolar psychosis a better
prognosis.** Prognosis may also vary with age of
onset. In young people, an insidiously developing
form of psychosis with personality and
developmental abnormalities is at risk of a poorer
outcome than a single acute attack in a previously
normal adolescent.'® The prognosis for older
people over the age of 40 years seems to be better
than those with a first episode under the age of
40 years.?

In schizophrenia, five different patterns of course
have been described:**

¢ single psychotic episode with complete
remission

¢ single psychotic episode with incomplete
remission

e two or more psychotic episodes with complete
remissions between episodes

e two or more psychotic episodes with incomplete
remissions between episodes

e continuous (unremitting) psychotic illness.
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TABLE | Summary of findings looked for to indicate organic causes of psychosis

Condition Findings

Temporal lobe epilepsy

Psychosis episodic with normal functioning between episodes

CVA Very rare to experience psychosis without localising signs and symptoms such as muscle
weakness, paralysis, focal neurological signs of rapid onset such as apraxia, dysphasia,

hemianopia
Brain injury

Brain tumours — secondary
rapid onset

Brain tumours — primary
Encephalitis
Parkinson’s disease

Multiple sclerosis

Alzheimer’s dementia

CVA, cerebrovascular accident (stroke).

In a cohort study of 112 patients presenting with
an FEP (64% schizophrenia), 10% were dead at
the 10-year follow up. Of the 49 who were
followed up for lifestyle outcomes, 40 had been
living independently for at least 5 years but 48
had either intermittent or regular neuroleptic
medication.?®

Patients with chronic psychosis (mostly
schizophrenia) can be ill for many years. As they
get older they can ‘graduate’ from adult
psychiatric services to old-age psychiatry. The
physical health of these graduates is often poor
and death rates from vascular disorders and other
common physical conditions are higher than in
the mentally well population,?” except possibly for
cancer.?® Antipsychotic medication also causes a
variety of side-effects, including a rare but
potentially fatal neuroleptic malignant
syndrome.?’

There is evidence that early intervention in FEP
is effective in promoting functional recovery and
preventing relapses.®*” In an analysis of 462
participants of an antipsychotic drug trial, the
strongest predictors of remission were shorter
duration of untreated psychosis and treatment
response at 6 weeks.?!

Epidemiology of psychosis

Incidence of psychosis

There is some UK-specific information on
physician/research nurse defined incidence of
psychosis, but there is more research specific to
schizophrenia or functional psychoses rather than

History of trauma, skull X-ray indication of trauma

Past history of malignancy, usually focal neurological symptoms and signs often of relatively

Usually focal neurological symptoms and signs
Relatively acute onset, headache and drowsiness
Psychosis usually caused by anti-Parkinsonian drugs

Upper motor neurone lesions, muscle weakness, patchy sensory loss or tingling, diverse
relapsing and remitting course

Disorientation in time, place or person, disturbance of memory, impaired attention

all psychoses. In a recently published healthcare
needs assessment of severe mental illness, the
mean international annual incidence of
schizophrenia using a strict definition was
estimated to be 0.11 per 1000 (range 0.07-0.17
per 1000) and using a wider definition was 0.24
per 1000 (range 0.07-0.52 per 1000).%? It has
been suggested that there has been a small but
steady decline in the incidence of schizophrenia
over the last few years,32 but it is unclear whether
this applies to all psychoses. A Nottingham, UK,
study examining the incidence of first-episode
psychotic disorders in two cohorts, 1978-80 and
1992—4, found that the age-standardised incidence
rates for schizophrenia and related disorders
(ICD-10 F20-29) was 0.14 per 1000 per year.*?
They found that the rate for all psychoses rose
slightly (but not statistically significantly so) but
the rate for schizophrenia only had a significant
decline. This suggested that an apparent
reduction in schizophrenia incidence over time
was likely to be due to the range of other psychosis
diagnoses being made in the later cohort.*®

A study of the annual incidence of schizophrenia
and non-affective psychosis in London found a
rate of 0.22 per 1000 [95% confidence interval
(CI) 0.15 to 0.29 per 1000].>* In a recent Irish
study, the annual incidence of all psychoses in
people aged over 15 years was estimated to be
0.32 per 1000.%°

In a study of adolescents aged up to 18 years, the
3-year reported incidence of ICD-10 functional
psychosis was 5.9 per 100,000,? which equates to
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an annual incidence of 0.017 per 1000 general
population and 0.17 per 1000 adolescents at risk.

With regard to the incidence of self-reported
psychotic symptoms in the general population, a
recent UK study estimated rates to be 3.9% in 18
months (n = 2379)*® (which equates to an annual
incidence of psychotic symptoms of 26 per 1000).
In the same sample, 7.6% had recovered by
follow-up from having psychotic symptoms at
baseline and 3.3% had persistent psychotic
symptoms at both baseline and follow-up.

Prevalence of psychosis

There have been two fairly recent UK-based
prevalence studies (Zable 2). In both of these
surveys, a random sample of households was
selected and one adult aged between 16 and 64 or
16 and 74 years interviewed per household. Both
surveys found a prevalence of psychosis of
approximately 4.5-5 per 1000 population.

The prevalence of psychosis varies by age, gender
and ethnic group. Age variation can be seen in
Tuble 3."' However, from Hospital Episode
Statistics, only 0.2% of episodes are in patients
aged 0-14 years, 83.3% are in patients aged
15-59 years and 16.5% in patients aged 60 years
or over.®’

In a sample of 200 people with psychosis, 48%
were male and 52% were female.!! In the First
National Survey of Psychiatric Morbidity, there was
an equal prevalence of psychosis in men and
women.*® In the Nottingham cohorts study, in the
1992—4 cohort 58% were men and 42% were
women.*® In the study in London, there were 54%
men and 46% women.>* However, in the study of
adolescents, there were 72% men and 28%
women.? This is an indication that women have a
much lower incidence of psychosis than men at
age 15-24 years, but after this age the rates in
women gradually become similar to those in
men.*? From recent Hospital Episode Statistics,
59% of the finished episodes were in men and
41% in women.®’

TABLE 2 UK prevalence of psychosis

Reference Country

First national survey of psychiatric =~ UK
morbidity3®

Second national survey of UK
psychiatric morbidity*’
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Sample type

Random sample households, 12,730 adults
aged |6-64 years interviewed

Random sample households, 8,580 adults 0.5
aged 16-74 years interviewed

TABLE 3 Age distribution of psychosis

Age (years) % of sample (n = 200)"!

16-24 2
25-34 12
35-44 26
45-54 27
55-64 20
65-74 14

The prevalence of functional psychosis in the UK
appears to vary by ethnic group. In one study in
London, the incidence rates for broad
schizophrenia were estimated to be 0.3 per 1000
for whites, 0.36 per 1000 for Asians and 0.59 per
1000 for African-Caribbean patients.*’ A second
study in London found that the incidence ratio in
all ethnic minority groups compared with the
white population for schizophrenia was 3.6 (95%
CI 1.9 to 7.1) and for non-affective psychosis 3.7
(95% CI 2.2 to 6.2).* Results from the First
National Survey of Psychiatric Morbidity found a
higher rate of functional psychosis in African,
African-Caribbean and ‘Black-other’ participants
but a lower rate in South Asians after controlling
for socio-demographic and risk factors
(employment status, social class, type of housing
tenure, age, gender, access to car, stressful life
events, perceived social support). However, both of
these estimates could have been accounted for by
chance alone (Tuable 4).*!

Mortality from psychosis

UK mortality figures for all psychoses are not
available. The mortality rates between 1996 and
2004 for schizophrenia as an underlying cause
were 0.7 per million for men and 0.8 per million
for women.*? The mortality rates where the death
certificate mentioned schizophrenia were 8.2 per
million for men and 7.1 per million for women.*?

The suicide rate for psychosis has been estimated
at 7.52 per 1000 patient years but this is based on
a small number of suicides in the sample only.*?
It is also estimated that there is a 4% lifetime

Physician/research nurse
defined prevalence (%)

0.45 (functional psychosis)
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TABLE 4 Estimates of odd ratios of psychosis in ethnic groups

Ethnic group

White

African, African-Caribbean and ‘Black other’
South Asian (Indian, Pakistani, Bangladeshi)
Other

suicide rate in psychotic patients*® and the lifetime
suicide attempt rate is around 22%.!'! A review of
the literature between 1939 and 1998 estimated
that the 20-year suicide rate in schizophrenia is
between 14 and 22%.%*

Significance of psychosis for patients in
terms of ill-health (burden of disease)
A patient may suffer one or several episodes of
psychosis of varying lengths before they come to
the attention of the health services.** First point
of contact usually comes via a health professional
such as a GP but other contacts can be from
religious officials or faith healers or from the
criminal justice system.*’

People with psychosis tend to have poor quality of
life (QoL). There are widespread problems with
social and sexual relationships and in the
performance of activities of daily living.*® A longer
duration of untreated psychosis is correlated with
a worse QoL,‘”‘49 worse treatment outcome®® and
worse prognosis.® QoL tends to be lower where
people with psychosis are single,”! have psychiatric
co-morbidity,”! poor premorbid adjustment,*’
longer duration of psychotic symptoms*® and poor
social relations and finances.”®

From a service user’s perspective, being an NHS
inpatient has been described as “horrible, scary,
surviving the system, institutionalised, feeling
strange, labelled, used in experiments, no
choice”.%® Patients in this study valued one-to-one
contact and personal relationships with carers,
active involvement in care, choice and the feeling

that their opinions mattered.’”

Significance of psychosis for the NHS
In 2005-6 there were 41,600 NHS finished
episodes and 2,617,500 bed days in England due
to psychotic illnesses.’” The mean length of stay
for categories of primary psychosis diagnosis
(using four-character codes) varied between

33 days (acute and transient psychotic disorder,
unspecified) and 329 days (residual
schizophrenia).37

Odds ratio 95% CI
1.00
2.97 0.66 to 13.36
0.43 0.05 to 3.72
2.22 0.46 to 10.66

Because of the finding that early intervention
improves symptoms and relapse rates, an
international consensus statement on the
management of young people with psychosis has
been developed on behalf of the World Health
Organization and the International Early Psychosis
Association.”® This lists a number of 5-year goals
in the care and treatment of young people with
psychosis, including improving access and
engagement, raising community awareness,
promoting recovery, family engagement and
support and improved practitioner training. In
the UK there have been several initiatives aimed
at the promotion of specialist early intervention
services for psychosis.”> Another strategy has been
to try to educate GPs to recognise the signs of
early psychosis.*®

Current service provision

Diagnostic pathway for psychosis

In the UK, a history is taken from patients and
their relatives or friends and a standard
examination is carried out (physical, mental state
and neurological examinations) to assess possible
causes of FEP. The neurological history and
examination looks for motor, sensory or cognitive
deficits. Following this, laboratory investigations
(haematological, biochemical, microbiological) and
an electroencephalogram (EEG) may be required,
depending on possible diagnoses. An EEG is
rarely requested for patients with psychosis and it
is usually because temporal lobe epilepsy or focal
brain lesions are suspected.

The main factors that would lead the clinician to
suspect an organic cause of psychosis should be
discovered during the initial clinical process.
Indication that an organic cause is more likely
include an acute onset, features of delirium such
as clouding of consciousness, disorientation in
time and place, disturbance of memory, impaired
attention, fluctuation of conscious awareness and
visual hallucinations. A neurological history and
examination would look for a recent history of
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malignancy and/or focal neurological symptoms or
signs, but these are not always present. If an
organic cause is suspected, an appropriate
confirmatory test would be used, depending on
the diagnosis hypothesised, and this may include
MRI or CT scanning.'*%" In the USA it is now
increasingly considered good clinical practice to
have MRI or CT scans for all patients presenting
with first-episode psychosis, even where no organic
cause is suspected.'* However, in the American
Psychiatric Guidelines, MRI or CT imaging is only
indicated for patients where the clinical picture is
unclear or where there are abnormal findings from
a routine examination.’®

If no organic cause of psychosis is suspected
following the standard clinical process, it is
assumed that the patient has a functional
psychosis.’® However, there is a possibility that an
organic cause of psychosis may have been missed
in this group because, for example, no focal
neurological symptoms and signs were present. CT
or MRI scanning could possibly be used in this
situation to find cases of psychosis with an organic
cause missed in the initial clinical process.

Management of psychosis

Almost all patients with psychosis will be referred
to the psychiatric services in the first instance,
unless there are symptoms and signs of other
pathology, in which case they may be referred to
other medical specialties but have a psychiatrist
advise on the psychotic aspects of the presenting
symptoms. Treatment for psychosis depends on
the cause of psychosis. The most common cause of
psychosis is schizophrenia. Treatment for this in
primary and secondary care should follow the
National Institute for Health and Clinical
Excellence (NICE) Clinical Guideline®® and
include both psychological and pharmacological
treatments. Psychological treatment includes
family therapy and cognitive-behavioural therapy.
There is a good evidence base that psychological
treatments, particularly cognitive-behavioural
therapy, are effective in patients with psychosis.’
Pharmacological treatment can include
conventional antipsychotics (phenothiazine
derivatives or similar) or atypical antipsychotics
such as olanzapine or risperidone. The term
‘treatment resistance’ is used to describe patients
who have not responded to at least two
antipsychotic medications from different classes
prescribed at adequate doses for sufficient periods,
usually defined as 6-8 weeks. If patients are
treatment resistant they can then be offered
clozapine.®’ Clozapine is licensed for the
treatment of schizophrenia only in patients who

1
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are unresponsive to or intolerant of conventional
antipsychotic drugs.? Clozapine can cause
agranulocytosis so patients must be monitored
with blood tests. Patients can die from this and
from other adverse effects such as myocarditis or
cardiomyopathy.??

Between one-fifth and one-third of patients with
schizophrenia have a poor response to treatment
despite an adequate treatment trial.% For
example, 39% of people diagnosed with
schizophrenia do not respond after up to 8 weeks
of chlorpromazine treatment.%® Patients who are
resistant to treatment should be distinguished
from those who initially respond to treatment and
then deteriorate. C'T' or MRI scanning may be
used in these situations to determine whether an
intra-cranial lesion may be a cause of treatment
resistance.

In patients with bipolar disorder with psychotic
symptoms, antipsychotic medication such as
olanzapine or risperidone or the use of
electroconvulsive therapy if the depressive illness
is severe is recommended.** Other patients who
have psychotic symptoms will mostly be treated
with antipsychotic medication in addition to the
treatment for the condition that they have.

Variation in services

An audit of early intervention in psychosis services
in England in 2005 identified 117 teams, of which
63 were operational with case-managed patients.%
It found that there were variations in service
structure and delivery, treatment and support
offered and resources available across teams. Most
of the teams appear to offer a service to people
under the age of 35 years. For 23 teams, the
estimated duration of untreated psychosis varied
between 2 and 24 months.

National service frameworks

In 2004, the NHS National Plan included the
target that all young people who experience an
FEP will receive early and intensive support. The
Planning and Priorities Framework (Department
of Health 2003-6) included T16 - to reduce the
duration of untreated psychosis to a service
median of less than 3 months (individual
maximum less than 6 months) and provide
support for the first 3 years for all young people
who develop first episode psychosis by 2004. The
Child and Adolescent Mental Health Services
Target and Children’s National Service Framework
(Department of Health 2003) included the target
to provide comprehensive early intervention
services by 2006.%
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In 2006, a National Early Intervention in Psychosis
(EIP) programme was started, jointly funded by
the National Institute for Mental Health in
England, part of the Care Services Improvement
Partnership and Rethink.®® The aims of this
programme are the early detection of psychosis,
reduced duration of untreated psychosis and to
place emphasis on the first 3-5 years following
onset for the later biological, psychological and
social outcomes. This programme also includes
research into the cost-effectiveness of early
intervention services for psychosis.%

There do not appear to be targets for service
provision for older people who develop FEP.

Description of technology under
assessment

Neuroimaging (also called brain imaging) allows
the non-invasive visualisation of the anatomical
structure and neuropsychological function of the
brain. Neuroimaging can be broadly categorised
as either structural (MRI and CT scanning) or
functional [functional MRI and positron emission
tomography (PET) scanning]. In structural
neuroimaging, the focus is on the anatomical
structure in order to assist in the diagnosis of
intracranial pathology. Functional neuroimaging
investigates brain function and dysfunction, in
particular by localising and visualising the
metabolic changes of brain neural circuitry
underlying mental processes and cognitive
functions.

This project investigates the two structural brain
imaging techniques that are currently used within
the NHS - standard magnetic resonance imaging
(MRI) and standard computed (axial) tomography
(CT) scanning. Therefore, the techniques not
discussed here include functional MRI,
diffusion-weighted MRI, diffusion tensor imaging,
perfusion MRI, magnetic spectroscopy, photon
emission tomography, single photon emission
tomography or other research forms of imaging.
Also not investigated here are standard
ultrasonography, brain angiographic imaging or
electroencephalography.

CT scanning

CT scanning was introduced in the 1970s and is
now widely used as a diagnostic technique in the
NHS. A CT scan is a form of X-ray tomographic
imaging (i.e. visualisation by sectioning) where a
series of X-rays are used to visualise two-
dimensional ‘slices’ through the body.

In standard X-ray imaging, a uniform X-ray beam
traverses the part of the body to be visualised. As
the beam passes through the body tissues,
radiation interacts via the phenomena of
absorption and scatters to produce a beam of
remnant X-rays that varies in intensity according
to the tissue characteristics of the anatomical
structure passed through. This remnant beam is
detected through an intensifying process (i.e.
image intensifying screens, fluoroscopic image
intensifier, etc.) and is then recorded
photographically to produce a two-dimensional
image on a film. The film then undergoes
automated photochemical processing to produce
the final image. Because the X-ray beam travels
through a considerable number of tissues, the
resulting image can contain indistinct or unclear
regions.

X-ray tomography is a radiographic imaging
technique where the X-ray beam emitter (X-ray
tube) on one side of the body and the film-
intensifying screen receiving the image on the
other side of the body are moved in opposite
directions around a focal point within the body.
This enables the focal point to be visualised much
more clearly because the structures above and
below it do not have as much intensity of beam as
the focal point. X-ray tomography enables small
areas of the body to be visualised more clearly.
With conventional X-ray tomography, the
structures above and below the focal point are still
seen as blurring on the images.

CT uses a computer to reconstruct mathematically
two-dimensional ‘slices’ through the body, also
known as cross-sectional images. A well-focused
X-ray beam on one side of the patient is passed
through the patient, focusing on a very small area,
and the resulting absorption and scattering are
recorded on the other side of the patient by a
large array of sensitive detectors. Each element of
the array constructs the remnant X-ray projection
of the body that the beam focuses on and is
recorded as a numerical value of radiation
intensity. The X-ray beam emitted through the
X-ray tube of the system, together with the array
of detectors, is rotated through a small angle and
another projection is recorded. This process is
repeated many times (so that the total rotation is
180-360° at least) in order to record sufficient
numerical values of the remnant X-ray intensities.
These values are combined mathematically in a
two-dimensional matrix of picture elements
(pixels) to reconstruct a two-dimensional cross-
sectional digital image of the part of the body
being visualised. Each pixel is assigned a greyscale
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value, corresponding to the remnant X-ray
intensities. Greyscale values range between white
(corresponding to structures that fully absorb the
original X-ray beam, such as bone) and black
(corresponding to structures that do not absorb
the original X-ray beam, such as air). With
multiple projections, a picture is made of pixels of
various greyscales representing a cross-sectional
slice through the part of the body being visualised.

In order to perform a CT scan, the body must not
be moving. Where the chest or abdomen is
recorded, the patient must hold their breath.

There exist a variety of systematic errors (artefacts)
that can affect the quality of the CT images:%"%

e Partial-volume effects arise because of slight
inconsistencies from measured projections taken
along the same path of tissue. This is one
reason why it is important to conduct a 360°
rotation scan so as to compensate for such
inconsistencies by combining data from
projections in opposite directions.

e Volume averaging occurs when the displayed
two-dimensional image is reconstructed from
data averaged from three-dimensional tissue.
Each pixel may misrepresent anatomy and miss
small pathological areas so slices above and
below the slice being examined should be
checked.

e Beam hardening occurs where there is less
attenuation and scattering at the end of the
beam after it has passed through most of the
patient, as opposed to the beginning of the
beam where it has only just entered the patient.
Beam hardening artefacts appear as dark
streaks or dark areas just next to areas of high
density such as bone.

e Motion artefacts occur when the patient moves
during the scan, including breathing, heartbeats
and peristalsis. Motion artefacts commonly
cause blurring or prominent streaks at high to
low density tissue interfaces.

e Streak artefacts occur from very high density
objects such as tooth fillings and orthopaedic
hardware as two-dimensional reconstruction
algorithms cannot cope with extreme differences
in radiation attenuation in the interface
between these objects and adjacent soft tissue.

Because of these artefacts, C'1 scanning does not
have 100% sensitivity and specificity in the
diagnosis of lesions in the brain. White matter in
the brain is less dense than grey matter and so
appears darker on a CT scan. CT scans will only
detect differences in density so lesions of the same
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density as surrounding tissue will not be
detected.®® Where this is the case, iodine-based
contrast agents injected into a vein may be used to
help visualise these lesions.

CT scanning is a painless, non-invasive procedure
(unless contrast dye is used) that takes

15-30 minutes. The machine makes a whirring
noise as the trolley moves the patient
automatically through the ring of the machine.
There tend not to be claustrophobic reactions.
Contrast dye can occasionally cause relatively mild
immediate or delayed allergic reactions in
approximately 3% of patients and severe reactions
(such as hypotension, loss of consciousness or
cardiac arrest) in 0.04% of patients.”

Disadvantages of CT scanning

The main disadvantage of CT scanning is the dose
of radiation that is absorbed during the process.

It is estimated that 40% of all radiation exposure
in patients from diagnostic imaging comes from
CT scanning.68 Because of this, there are some
radiologists who are reluctant to use CT scanning
on patients under the age of 40 years. (Dr R] West,
Queen Elizabeth Psychiatric Hospital, Birmingham:
personal communication, March 2007).

MRI scanning

MRI is a powerful diagnostic imaging tool that was
developed mainly between 1974 and 1985. MRI
started to be introduced into clinical practice in
the 1980s and is now commonly used in major
medical centres.

MRI is also a tomographic imaging technique that
exploits the nuclear magnetic resonance (NMR)
phenomenon, which originates from the
paramagnetic properties of atomic nuclei. The
complete description of the complex physics of
the NMR phenomenon, which can be given in
terms of both classical Newtonian mechanics and
quantum mechanics, is beyond the scope of this
project. However, a simple and summarised
description is necessary for the reader to
understand the imaging method. MRI exploits the
ability of a small number of hydrogen atoms
(protons) within the human body to absorb and
emit radio waves (at similar levels of frequency as
FM radio) when placed in a strong magnetic field.
These protons behave as small dipole magnets,
aligning with the strong external magnetic field,
where the net effect of this alignment creates a
magnetisation for the whole body — so the human
body can behave like a dipole magnet. Because of
the different concentrations of protons in different
tissues and the inherent paramagnetic
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characteristics of these protons within their
complex biochemical environment, tissue
magnetisation absorbs and emits radio wave
energy in a way that can be differentiated and
detected.%®

When compared with CT, the diagnostic and
clinical significance of MRI is from two main
physical characteristics. First, image data
acquisition in MRI does not require the use of any
ionising radiation. Second, the magnetic
resonance signal is formed from the contribution
of four important tissue characteristics:

¢ the density of hydrogen atoms in the human
body (known also as proton density)

e T1I tissue relaxation time (an indication of how
quickly a tissue can become magnetised)

e T2 relaxation time (an indication of how quickly
a tissue loses its magnetisation)

¢ the presence of flow or motion within tissue.

During an MRI scan, these four characteristics are
exploited by the use of combinations of
radiofrequency pulses so that a slice can be
selected and magnetic resonance signals from this
slice can be encoded in two dimensions. These
combined radiofrequency pulses are called pulse
sequences. In any typical sequence, a
radiofrequency gradient is applied in the direction
of the main magnetic field while enough
information is collected in order to compute
mathematically a digital image, where each pixel
intensity corresponds to a magnetic resonance
signal from which the proton density, T1, T2 and
motion characteristics can be interpreted.

Many pulse sequences have been developed over
the years. In broad categories, these include the
spin-echo sequences (and their fast equivalents of
multiple spin-echo sequences), the
inversion—recovery sequences, the gradient echo
sequences and the echo-planar imaging sequences.
Each of these sequences exploits the four tissue
characteristics in a different way, in order to
provide imaging of different anatomical,
morphological and functional information of the
body. So, for example, in the case of spin-echo
brain imaging, T1 weighted images are good for
identifying fat, subacute haemorrhage and
proteinaceous fluids, whereas T2 weighted images
provide more sensitive detection of oedema and
pathological lesions

Safety of MRI scanning
Magnetic field is measured in tesla
(1 T = 10,000 gauss. The Earth’s magnetic field is

approximately 0.5 gauss.) The MRI scanners
commonly used in medical practice are between
0.5 and 3 T magnetic strength. Research machines
for human brain scanning can have up to 7 T. A
higher magnetic field improves the signal-to-noise
ratio, permitting a higher resolution picture or
faster scanning times. However, higher field
strengths require more expensive magnets with
higher maintenance costs, and have increased
safety concerns. In general, MRI is a relatively safe
diagnostic technique and few difficulties are
encountered in clinical practice. The safety
concerns are of five main kinds:

e The high-strength magnetic fields will affect all
magnetic objects near the MRI scanner. Patients
with pacemakers cannot have an MRI scan
because the magnetic field can prevent the
pacemaker from working. This also applies to
cochlear implants, insulin pumps,
neurostimulators and others. Metal objects
inside the body such as shotgun fragments or
surgical hardware may move under the influence
of the magnetic field and cause serious damage
to the person. Metallic objects near the machine
can become dangerous projectiles (e.g. metal
buckets, pens, drip poles) because they can be
sucked into the aperture of the MRI scanner.
Also, the magnetic strip on bank cards and
credit cards can be wiped clean of all details.

e The energy generated inside the body from an
MRI scanner can cause body heating. This can
result in hyperthermia, particularly in obese
persons and those who cannot control their
body temperature well. However, this is very
rarely a problem in routine use.

e The rapidly alternating electric field caused by
the magnetic field could cause peripheral nerve
stimulation, resulting in muscle twitching. This
could be dangerous if it affected cardiac muscle.
Therefore, there is now a safety limit to ensure
that this does not occur.

¢ The MRI machine when working is very noisy —
up to 130 dB, which is similar to the sound of a
jet engine at take-off. The higher tesla
machines are slightly noisier than lower tesla
machines but patients must wear ear protection
at all times in all machines.

e MRI scanners use liquid helium to cool the
magnets. If the helium suddenly boils it can
escape into the MRI room (which is relatively
well sealed because of the noise) and displace
the oxygen, asphyxiating the patient. This is
Very rare.

A recent European Physical Agents
(Electromagnetic Fields) Directive initially set the
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limit to 2 T, but this has now been relaxed,”!
possibly because of the high definition available
on brain scans with 3-T machines.

Practical considerations of MRI scanning

In order to perform an MRI scan, the body should

not be moving. The main types of artefacts that

can occur are as follows:”

e distortions due to magnetic objects inside the
body, which can give a patch of signal void
(known as magnetic susceptibility artefacts)

¢ motion artefacts which can cause blurring and
ghosting (faint duplicate objects) of images

e interfaces between fat and water which can
cause lines of high signal intensity and signal
void (known as chemical shift artefacts)

e truncation errors in the interface between
tissues of sharply differing contrast, resulting in
parallel bands of light and dark signal

¢ image wraparound artefacts where one part of
the anatomy interferes with another part in the
same plane.

During a brain MRI scan, the patient lies on a
narrow bed in a constricted tunnel-like area and
their head is placed in a birdcage-like magnetic
coil approximately 5 cm wider in diameter than
the patient’s head. The head is prevented from
moving to eliminate motion artefacts by using
padding inside the coil. The patient stays still in
the MRI machine for 30 minutes or more. The
MRI scanning procedure is very noisy so patients
must be willing to wear earplugs and can also get
fairly hot, particularly in the high-tesla machines,
and this can make them feel uncomfortable. In a
systematic review of anxiety-related reactions in
patients undergoing MRI scanning, between 4 and
30% of patients were affected by anxiety in some
way. These included panic attacks (1.5% of 3000
patients) and claustrophobia (2.7% of 1160
patients). It was estimated that between 4.3 and
10% of patients have reactions sufficiently severe
to require that the procedure has to be modified,
postponed or cancelled.”

The sizes of the trolley and aperture of the MRI
scanner mean that people who weigh over

20 stone (127 kg) will be unlikely to fit inside the
machine safely.

A disadvantage of MRI scanning is the number of
false-positive results. In a retrospective series of
1000 healthy volunteers, 82% of the MRI results
were completely normal. Only 1.1% required
urgent referral (three arachnoid cysts, two
cavernous angiomata, two benign lesions requiring
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further imaging, one oligodendroglioma, one
astrocytoma and one aneurysm).74 The remaining
16.9% may have been worried by a ‘positive MRI
finding’ of no medical consequence.

Comparison of CT and MRI

MRI scanning provides considerably higher
picture resolution than CT and so is the preferred
option for imaging purposes. MRI scanning is
better able to picture the soft tissues of the brain
whereas CT scanning is more effective at picturing
bone and hard tissues. MRI scanning can be used
in pregnant women because there is no known risk
to the foetus that has been demonstrated so far,
whereas CT scanning is contraindicated because of
the X-radiation.

Current use of neuroimaging for
psychosis including in the NHS

A CT or MRI image can visualise pathology but
can also demonstrate the morphological
characteristics of the brain. MRI visualises soft
tissues well and has much better resolution than
CT and so tends to be used for morphological
studies. In psychosis there are two main ways that
an MRI scan can be assessed for morphological
attributes:

1. Region of interest. This is where the radiologist
focuses on the main parts of the brain that are
thought to be different in schizophrenics
compared with healthy people. These are well-
defined structures and include right and left
lateral ventricles, temporal horns, third
ventricle, total ventricles, hemispheres, frontal
volumes, temporal lobes, hippocampus,
amygdala, parahippocampus, superior
temporal gyrus, caudate and the whole brain
including white matter and grey matter.”®

2. Voxel-based morphometry. A voxel is a three-
dimensional volume element of patient tissue
and the tissue composition for each voxel is
averaged for display as a pixel. Voxel-based
morphometry is an automated whole-brain
analysis of the patient, specifically to determine
the density or concentration of white and grey
matter in each part of the whole brain between
different groups of patients.”

There have been several large systematic reviews
of morphological research studies of region of
interest'2””7® and voxel-based morphometry,”®
trying to establish whether there are any specific
structures or attributes in the brain that are
unique to schizophrenia and cause the condition.
These systematic reviews have included up to 50
studies or more, but to date no unique or specific
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structures have been found.”® However, a very
recent meta-analysis of voxel-based studies of grey
and white matter has identified regions of
structural brain changes in first-episode
schizophrenia. These include structural deficits in
the caudate nucleus, thalamus and white matter
close to the uncinate fasciculus (Ellison-Wright I,
Bullmore E, Cambridge University: personal
communication, June 2007).

There is very little routinely collected UK
information on the use of CT and structural MRI
imaging for psychosis. From NHS reference costs,
approximately 70,000 CT tests and 57,600 MRI
tests are performed per year, but these are not
specifically head scans. UK pathways to care
research tends not to mention investigations
routinely performed.”5

Discussion with local clinical experts has suggested
that routine practice is different in adult
psychiatry compared with old age psychiatry.
Within adult psychiatry, people presenting with
psychosis tend not to be sent for a CT or MRI
scan unless there are additional symptoms or
clinical signs, such as an acute onset, features of
delirium such as clouding of consciousness,
disorientation in time and place, disturbance of

memory, impaired attention, fluctuation of
conscious awareness, recent history of malignancy
and/or focal neurological symptoms or signs.
There is often a long waiting list for MRI

(3-12 months) that reduces the usefulness of this
investigation in the acute stages of psychosis. The
CT waiting list is usually shorter (2—4 weeks). In
old age psychiatry, more patients with psychosis
tend to be sent for a CT or MRI scan, possibly
because of the greater prevalence of organic
psychotic conditions, and this trend is

increasing.

Costs of CT and MRI scans

The acquisition cost of a CT machine is high,
approximately £500,000, and for an MRI scanner
the cost is higher, between £1 and 2 million. The
cost of an MRI system also includes the space in
which the machine and computerised equipment
are housed. Each machine must also have regular
maintenance. There are also staff costs for working
the machines and staff training to be taken into
account.

The costs of MRI and CT scans are available from
2005-6 NHS reference costs (Code RBF1 and
RBC5, respectively) and are estimated to be £244
for an MRI and £78 for a CT scan.?!
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Chapter 2

Definition of the decision problem

he decision problem for this assessment is to

determine whether it is more clinically and
cost-effective to screen all new psychotic patients
with either a CT or structural MRI scan or
whether it is more clinically and cost-effective to
use only structural neuroimaging in those
psychotic patients presenting with symptoms
and/or signs of additional pathology (i.e. organic
cause of psychosis, space-occupying lesions in the
brain or other conditions that may aftect clinical
management of the patient). This is not a
diagnostic accuracy question per se but a diagnostic
or therapeutic yield leading to patient outcomes
from improved treatment decisions.

An ideal study design for a standard decision
problem, where use of imaging in addition to
standard diagnostic workup for a condition is
being evaluated, would be a randomised trial.
However, in this situation, if newly diagnosed
psychotic patients were randomised to a strategy
of either scan all or scan only when well-defined
clinical criteria suggested that a scan was
warranted and each group was followed up, it
would be difficult to determine the appropriate
outcomes. This is because multiple conditions are
being sought. If health-related QoL and mortality
due to undetected treatable conditions were the
outcomes measured, the sample size would need
to be massive.

Another type of study design that could answer
this type of question is a diagnostic before—after
study. In this type of study there would be a
baseline clinical assessment of the patient with
psychosis, then the patient would undergo
structural neuroimaging followed by a second
clinical assessment of the patient. The key
question would be whether the neuroimaging
undergone will affect the subsequent clinical
assessment and patient management and
ultimately the patient’s health. This type of study
is easier and quicker to perform than an RCT™
but is subject to a number of limitations.*> Some
of these can be overcome by careful planning and
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conduct of the study, including the need to carry
out the study prospectively, careful specification of
eligible participants, consecutive recruitment,
independent review of pre-and post-test clinical
assessment and strict adherence to a study
protocol. However, before-after studies have
inherent limitations including a possible
discrepancy between stated clinical assessment and
actual clinical action and subconscious bias about
the benefits of the new technology. If the clinician
knows that a test is subsequently going to be
performed, they may delay making a definitive
diagnosis. Also, there can be no comparison of
patient outcomes because all have had the new
test. In general, it is considered that before-after
studies tend to be biased in favour of new
interventions so when no benefit is found, it is
unlikely that a stronger study design on the same
question, such as an RCT, will find a benefit.?

Psychotic patients can develop additional
pathology at any time during their life. In some
patients this may be hidden, or occult, but in
others it may be a cause of treatment resistance or
deterioration in a patient who initially responds to
antipsychotic treatment. It would be useful to
know whether all psychosis patients who are
treatment resistant or are deteriorating should be
referred for structural neuroimaging, or whether it
is more clinically or cost-effective to use structural
neuroimaging in those deteriorating or treatment-
resistant patients presenting with symptoms and/or
signs of additional pathology. A well-designed
before—after study may be appropriate here,
particularly in patients whose condition is
deteriorating, because of the speed of completion
of such a study and the need to investigate and
give appropriate treatment. Also of interest to this
evaluation would be an investigation of time to
diagnosis or appropriate treatment.

Not included in this assessment is any evaluation
of the usefulness of CT and structural MRI to
detect brain morphological characteristics as the
clinical significance of these is currently unknown.
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Chapter 3

Assessment of clinical effectiveness

Methods for reviewing
effectiveness

Identification of studies

A scoping search based on the Aggressive Research
Intelligence Facility (ARIF) search protocol was
undertaken to identify systematic reviews and
background material (see Appendix 1).

For the main clinical effectiveness review the
following sources were searched:

e bibliographic databases: Cochrane Library
(Wiley) 2006 Issue 4 (CENTRAL); MEDLINE
(Ovid) 1966 to November week 3 2006;
MEDLINE (Ovid) In-Process and Other Non-
Indexed Citations 4 December 2006; EMBASE
(Ovid) 1980 to 2006 week 48; CINAHL (Ovid)
1982 to November week 4 2006; PsycINFO
(Ovid) 1967 to November week 4 2006

e citations of relevant studies

e research registries of ongoing trials included the
National Research Register, Current Controlled
Trials and Clinical Trials.gov

¢ relevant Internet resources

¢ handsearching of appropriate journals: Magnetic
Resonance in Medicine (1985-2007), NMR in
Biomedicine (1985-2007)), American Journal of
Psychiatry (1985-2007)

e further information from contact with relevant
experts.

Details of all search strategies are given

Appendix 2. No language or date restrictions were
applied. All citations were exported, or entered by
hand, into Reference Manager version 11 (ISI,
Carlsbad, CA, USA).

Additional searches were carried out on the
comparative sensitivity of CT and MRI scanning,
and were used to inform part of the economic
evaluation (see the section ‘Estimation of model
parameters for the threshold analysis’, p. 65).

Inclusion and exclusion criteria and
process

Three reviewers (EA, CM, CD) independently
scanned all titles and abstracts identified by the
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searches for inclusion. The full text was obtained
for potentially relevant articles. Publications in
foreign languages were assessed using the English
abstract where available or a translator was used.

Inclusion criteria
Studies were included in the review of effectiveness
if they met the following criteria.

Population

Adults or children presenting with psychosis,
particularly an FEP. Psychosis was considered to be
a first episode if the study described psychosis as
new, first or of recent onset, a new or first hospital
admission for psychosis, first contact with any
medical services for psychosis or antipsychotic
treatment naive. In cases where it was unclear
whether the population were presenting with a
first episode, the study was included and clearly
marked as such.

Judgement on whether a condition was considered
to be psychotic was made according to the
categories in Appendix 3 following clinical input
(FO).

Studies investigating populations of mixed
psychiatric patients that had a subgroup of
psychotic patients were included if other criteria
were met.

In order to capture the subgroup of psychotic
patients with a possible psychiatric misdiagnosis,
or those who were experiencing a change in their
pre-existing psychotic disorder, we also looked for
studies evaluating:

e patients who had a prior diagnosis of a
psychotic disorder but were failing to respond
to treatment

e patients who had a prior diagnosis of a
psychotic disorder, had previously responded to
antipsychotic treatment but had a recent
deterioration in their condition.

Intervention (diagnostic investigation)
Structural MRI or CT with or without contrast
media.
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Comparator

Current standard NHS practice without MRI or CT
neuroimaging, or before MRI or CT neuroimaging.
Current practice was taken to mean medical and
psychiatric history, physical and neurological
examination, EEG, mental state examination and
laboratory investigations, or any combination of
these as considered appropriate by the clinician.

Outcomes

Any clinically relevant outcomes including number
(or percentage) of patients with scans identifying
abnormalities; number with pathology that would
influence patient care and was not suspected based
on history and/or physical examination and the
pathology found; incidental pathology found;
number (or percentage) of patients with a scan
affecting their clinical treatment; and number (or
percentage) of patients with a change in diagnosis
due to the scan, time to diagnosis, confidence in
diagnosis.

Pathology considered potentially to influence
patient care included cerebral infarction, cerebral
space-occupying lesions, subdural haematoma,
encephalitis, demyelinating disease and arachnoid
cyst. Cerebral structural abnormalities such as
white matter lesions, cavum septi pellucidi and
atrophy were considered to be incidental unless
stated otherwise in the study text. Two reviewers
with input from a clinician (FO) judged
pathological findings to be either incidental or to
influence patient care when details were not
provided in the text.

The outcomes above were modified from those
listed in the protocol. During piloting of the data
extraction form it was found that studies did not
report morbidity and mortality, did not report
cerebral abnormalities as a cause of psychosis and
employed a number of definitions of ‘information
of clinical value’. Information on severity and
progression of FEPs was not available since studies
did not report follow-up. Subsequent service use
(including frequency and duration of hospital
admissions), health-related quality of life (HRQoL)
and adverse effects due to the use of CT/MRI
neuroimaging were also not reported.

Study design

Any designs that gave diagnostic yield, including
prospective or retrospective before and after
studies, were included.

Exclusion criteria
Studies employing functional imaging techniques
such as magnetic resonance spectroscopy, diffusion

weighted MRI, diffusion tensor imaging, perfusion
MRI or PET were excluded.

Studies were excluded where the primary aim of
the study was to investigate the cerebral
morphometry (such as shape, size or volume
measurements) associated with psychosis or a
specific psychotic illness.

Individual case reports were excluded.

Data extraction strategy

Data extraction from included studies was carried
out independently by two reviewers (EA and CM).
Study characteristics, outcome results and aspects
of study quality were collected using a
standardised form (see Appendix 4). Any
discrepancies were resolved by discussion and,
where necessary, by involvement of a third
reviewer.

Quality assessment strategy

There is no validated quality assessment tool for
diagnostic before and after studies. Therefore, an
evaluation was made of test accuracy quality
assessment tools to determine whether any could
be tailored to meet the needs of this review. The
Quality Assessment of Diagnostic Accuracy Studies
in Systematic Reviews (QUADAS) tool®* (see
Appendix 5) was chosen but was modified to
capture more appropriately the quality and
validity issues apparent in the included studies.
The full tool was piloted on a selection of studies
prior to full data extraction and subsequently
modified (see Appendix 5). However, the modified
QUADAS tool did not fully capture all of the
quality criteria that needed to be considered.
Therefore, the quality assessment strategy
included four additional questions:

e What was the explanation given for patients
who did not receive a scan?

e Were the patients recruited consecutively?

e Was the study and/or collection of clinical
variables conducted prospectively?

e Who performed the clinical evaluation and
image analysis?

Following tabulation of quality criteria, possible
threats to study validity were discussed.

Rationale and details of the QUADAS
tool modification

The aim of the QUADAS tool is to assess the
quality of studies of diagnostic accuracy, that is,
studies designed to evaluate how well an index test
(being evaluated by the study) performs compared



Health Technology Assessment 2008; Vol. 12: No. 18

with a reference standard. In the standard
QUADAS tool the reference standard is the best
available method to determine the presence or
absence of the condition of interest. For the
purpose of this review, we interpreted the
reference standard to be current practice plus CT
or MRI, and the index test to be current practice
alone. The aim of the review was to investigate the
added value of using CT or MRI in addition to
current practice in the investigation of patients
with psychotic symptoms for additional
pathological findings. Current practice was
defined as any test(s) or investigation(s), or any
combination of tests that would be carried out as
part of the initial care of a psychotic patient.

The QUADAS tool was modified for the reasons
explained above. The modified version has
questions 3 and 7 removed (see Table 5).

Question 3 in the standard tool is “Is the reference
standard likely to classify the target condition
correctly?” Unlike most diagnostic yield studies
where a single target condition is investigated, this
review had several target conditions, namely any
organic disorder with the potential to cause
psychosis, including cerebrovascular accident
(CVA), various vascular disorders and brain
tumours (7able 1). The best structural
neuroimaging method to determine the presence
or absence of these conditions varies depending
on the condition. For example, CT is considered
better than MRI for diagnosing calcification,

whereas MRI is the gold standard for the
diagnosis of space-occupying lesions. For the
purposes of this review, it was necessary to assume
that the addition of CT and/or MRI to current
practice would increase the accuracy of current
practice in diagnosing causes of psychosis.

Item 7 in the standard tool, “Was the reference
standard independent of the index test (i.e. the
index test did not form part of the reference
standard)?”, was also removed since the index test
(current practice) is part of the reference standard
(current practice plus CT or MRI). In this case
patients would not receive CT or MRI alone.

Data synthesis

Study characteristics and results were tabulated.
Analysis was qualitative, conclusions being based
on patterns revealed in the tables of included
studies. It was not possible to pool results for
quantitative analysis due to the scarcity of data,
the poor quality of included studies and the
heterogeneity of study characteristics.

Clinical effectiveness results

Quantity and quality of research
available

The number of potentially relevant studies
identified and screened for retrieval was 3526. Of
these, 2941 were excluded on the basis of title and

TABLE 5 Modified version of the QUADAS quality assessment tool used in the effectiveness review

Question Item

Yes/no/unclear

No.?

I Was the spectrum of patients representative of patients who will receive the test
in practice?

2 Were the selection criteria clearly described? (inclusion/exclusion)

4 Is the period between neuroimaging® and current practice alone short enough to be
reasonably sure that the target condition did not change between the two tests?

5 Did the whole sample (W) or a random selection (R) of the sample receive verification
of diagnosis using neuroimaging?

6 Did the patients receive the same neuroimaging regardless of current practice alone?

8 Was the execution of current practice described in sufficient detail to permit its replication?
9 Was the execution of neuroimaging described in sufficient detail to permit its replication?
10 Were the results from current practice alone interpreted without knowledge of the results

of neuroimaging?
I Were the neuroimaging results interpreted without knowledge of the current practice?
12 Were the same clinical results available when test results were interpreted as would be
available when the test is used in practice?
13 Were uninterpretable/intermediate test results reported?
14 Were reasons for non-scan patients explained?

9 Numbers from the original QUADAS tool have been retained.
b “Neuroimaging” = neuroimaging in addition to current practice.
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abstract. A full copy of the article was retrieved
where there was any doubt about its relevance.
The full text of 585 articles was retrieved for
scrutiny against the inclusion and exclusion
criteria. During this process, an additional 95
articles were identified through searching of
bibliographies of relevant studies, the Internet and
handsearching of relevant journals. A total of 680
articles were obtained in full text. A total of 655
articles were excluded. Of these, 221 were
excluded purely on the basis of reporting only
morphometric data (volume, size and shape of the
brain). The other reasons for exclusion were a lack
of relevant data (review article) or that the article
addressed a psychiatric condition without
associated psychosis. A list of the morphological
studies and reviews which were excluded is given
in Appendix 6.

There were no relevant systematic reviews
identified by the searches. There were no
randomised controlled trials (RCTs) evaluating the

effectiveness of structural neuroimaging in any
psychosis or FEP identified. There were no cohort
or case—control studies looking at the impact of
neuroimaging on subsequent management of
psychosis. There were no studies investigating
structural neuroimaging in psychosis (or
subgroups of psychosis) looking at mortality,
severity of psychosis, progression of psychosis or
subsequent service use. There were no RCTs
comparing CT with MRI as a diagnostic strategy
in patients with psychosis.

There were 25 articles discussing 25 studies that
were included in the review of effectiveness.?”85-108
This included one study described in a Russian
language article'”” and one review of individual
case reports of misidentification syndromes.'’®
This last review was included because it was the
only evidence above a case report that was
identified by our searches in these rare disorders.
A summary of the search process, reasons for
exclusion and results is given in Figure 1.

Articles identified by searches
n = 4546

Removal of 1020 duplicates
n = 3526

Articles excluded on the basis

of title and abstract

A4

n = 2941

Articles identified from other sources
for which full text was obtained
(current journal searches, Internet,
handsearching of bibliographies)

n =95

Articles for which full text
was obtained
n = 585

»
»

A4

Inclusion and exclusion criteria
applied to full text
n = 680

A4

Included articles
n=25
(25 studies)

Excluded articles n = 655

221 Morphometric data only

222 Psychosis was not first episode,

no relevant outcomes

108 Review/no data

49  Psychiatric condition without
> psychosis

16  No MRI/CT or no scan results

Il Case report

10 Not relevant

8 No outcomes for FEP patients

7 Reference unobtainable

3 Functional MRI

18 FIGURE I QUOROM flow diagram
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Twenty-four of the included studies could be
described as before-after studies,®? that is,
comparing intended management policies before
and after knowledge of neuroimaging test results,
but many were not explicit about their
management policies before structural
neuroimaging or about being diagnostic
before—after studies. None were diagnostic
accuracy studies and so did not report sensitivity,
specificity, predictive values, likelihood ratios,
diagnostic odds ratios or receiver operating
characteristic curves.

Some studies included one or more comparator
groups?-95:97.99.10L102107 ywhich took the form of a
healthy control population or patients with
another psychiatric diagnosis. The effectiveness of
CT or MRI neuroimaging in healthy subjects or
non-psychotic patients was not relevant to this
review, so this information was not extracted. The
remaining studies did not formally recruit patients
into a comparator group but reported outcomes
based on categories of psychiatric diagnosis. These
were combined where possible to make one
psychosis category.

Study characteristics

Ten studies®”-87:90:94.96.98.99.105-107 were designed to
determine the prevalence of abnormal scan
findings in a psychiatric population and appear to
be cross-sectional in nature. The remaining studies
sought to evaluate the use or impact of structural
neuroimaging in various psychiatric
populationss>$6.89.91.93.95,10010L104 o ¢ examine
relationships between scan results and other
clinical features.38:9%97:102.103

Eighteen studies employed CT scanning for
structural neuroimaging.®7-35-89:91-96.100,103,104,106-108
Four studies investigated MRI scans®*97:9%10% and
three studies used either C'T or MRI to identify
cerebral abnormalities in the patient
population.:101.102

In all included studies (except for the review of
case reports'?®), it was intended that the patient
population received either CT or MRI (or both).
None of the studies reported any follow-up over
time. Eight studies were of a prospective
design®®-89-90.95.97.98.102.106 513 11 studies were
retrospective, 56:83:92-94.96.100.101,104,105,107 pye
studies employed a retrospective review of
medical records in conjunction with additional
prospective data collection.?”87:91:99103 1¢ yyaq
not always clear from the text whether studies
were prospectively or retrospectively

conducted.
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Study design appeared to be of poor quality and
was poorly reported. None of the included studies
were RCT5s or had a high-quality diagnostic
before—after study design to address the question
of whether the routine (or other) use of CT or
MRI is of clinical use in FEP patients.

Publication dates of the CT studies ranged from
1980'% t0 2007,% with eight in the 1980s and
nine in the 1990s. MRI studies were published
more recently. As expected, none of the included
MRI studies were published in the 1980s. Apart
from advances in image resolution, the technique
of CT scanning has not changed significantly over
time so that in this respect, early studies are
unlikely to differ significantly from those
published more recently. It is possible that the
seven studies employing MRI may differ in the
range and type of abnormalities detected since the
technology of MRI has advanced over time and
can be carried out in a number of different ways.
One MRI study'® employed a low-field 0.02-T
MRI scanner, which is not representative of MRI
scanners used in current NHS practice.

Ten studies originated in the USA, four in the UK,
three in Australia and two each in Canada and
South Africa. For the country of origin for the
remaining studies, see Table 6.

Nine of the included studies gave a clear
indication in the text that some or all of the
patient population was in the FEP

stage 8%-88-90.94.95.99.10L104 The patient population
recruited in the study by Gewirtz and colleagues®*
was those with a first hospital admission for
psychotic illness. Sample sizes ranged from 30 to
168. The study carried out by Lesser and
colleagues” had a high proportion of psychotic
patients with illness duration of 2 years or less.

The definition of a first episode was found to vary
between studies, and was often not clearly stated.
For this reason, 13 studies, which recruited
patients with psychosis without evidence in the
text of a first eyisode, were
included.57-86:87.91-93,96,97,100,102,103,105,107 T} age
studies met all other inclusion criteria. Sample
sizes for FEP studies ranged from 14 to 244.

Where studies had patients described as first
episode and chronic schizophrenia described in
different groups, only the FEP patients have been
described here.

The study conducted by Cunningham-Owens and

colleagues' investigated a population of 136
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chronic schizophrenic patients. This study was
included as the only evidence of unsuspected
intracranial disease in a treatment refractory
psychotic population identified by the searches.
The review of case reports'®® of misidentification
syndromes did not report whether these patients
were new onset psychotics or not.

Diagnostic tests conducted in addition to
structural neuroimaging included medical and
psychiatric history, physical and neurological
examinations, biochemical tests, blood tests,
toxicological screens, mental state examinations,
EEG, functional neuroimaging and psychiatric
rating scales. In general, details of these
assessments were poorly reported and it was often
not clear what other assessments had been made.

The outcome most frequently reported was the
number and type of cerebral abnormalities
detected by scanning. These were sometimes
presented in categories based on referral status,
clinical significance, intracranial location or
whether diffuse or focal. Actual pathology was
reported by most studies. Included study
characteristics are summarised in Table 6.

Critical review and synthesis of
information

These sections are reported in five categories:
studies in psychotic or FEP patients where the
neuroimaging was by (a) CT, (b) MRI or (c) both
CT and MRI, (d) studies in treatment-refractory
patients and (e) review of patients with
misidentification syndromes.

Patient characteristics

CT studies

Of the 16 studies employing CT alone, six
recruited FEP patients.®>88:89:94.95.104 The gudy
conducted by Gewirtz and colleagues® recruited
patients on the basis of a first admission for
psychotic illness. The definition of what
constituted FEP was not clearly stated in any of
the six studies, suggesting that there may be
variation in the FEP patient population between
studies. It is likely, however, that most patients will
have had no or very little treatment for a psychotic
illness. The duration of illness, a crude measure
that may or may not include prodromal illness,
was not reported by any of the six studies.

The remaining 10 studies®”36:87:91-93.96,100,103,107
recruited general psychiatric patients with a
proportion of these being psychotic. Where the
text indicated that a disorder was psychotic, the
number of patients with this disorder was included

in the total of psychotic patients recorded in

Table 7. Where no indication was given, patients
with a diagnosis of schizophrenia were assumed to
be psychotic and included in the subgroup with
psychosis. Depression and bipolar disorders were
not considered psychotic unless indicated in the
study text. In studies recruiting general psychiatric
patients, there was no indication that the psychotic
patients were in their first episode. Duration of
illness was not reported except by Larson and
Colleagues,96 who had over 50% of the study
population with an illness duration of 6 months or
less. Therefore, of 16 CT studies, seven appeared
to have patient populations in their first episode
or the early stage of a psychotic illness.

All CT studies recruited the study population from
hospitalised inpatients, although four
studies®*9%96:193 3150 included outpatients.

Six studies®”#8799100 gave some indication that
they excluded patients with neurological
abnormalities on examination. Four further
studies®®#%93-9 yeported that a small proportion
of included patients had neurological symptoms
and signs (two patients out of 127,% 8/4559 1/20%
and 2/47%). The study by Battaglia and Spector®
stated that the three patients with neurological
symptoms and signs all had normal CT scans. The
study by Colohan and colleagues®! had 14/53
psychiatric patients with neurological abnormalities.
All patients included in the study by Emsley and
colleagues® had suspicion of an intracranial lesion
pre-scan, which suggested the presence of
neurological symptoms and signs. Similarly, the
patients recruited by Roberts and Lishman,'%? if
referred for clinical reasons (others in this study
were research participants), were selected on the
basis of a suspicion or needing to eliminate the
presence of a cerebral abnormality. The studies by
Larson and colleagues” and Vavilov and
colleagues'’” both included psychotic patients with
abnormal neurological examinations but gave no
further details. It was not clear whether the
psychotic patients in the studies by Gewirtz and
colleagues” and Schemmer and colleagues'** had
any neurological signs and symptoms at the start
of the study. It should be noted that although
some studies excluded patients with neurological
symptoms and signs, the corresponding inclusion
criteria included a referral for a CT scan (where
scanning was not part of the routine diagnostic
work-up). In these patients it may have been
necessary to ‘rule out’ organic pathology.

The setting varied between studies. Most were
conducted at general hospitals®®89-91-93.95.96.100
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a tertiary mental health hospital 578687193 Roberts
and Lishman'®® conducted their study at the
Maudsley Hospital, which may have a higher
proportion of atypical cases than that seen in a
general hospital. The study by Gewirtz and
colleagues® was conducted at a community service
unit. The study by Bain®® was based at a military
medical centre with a high proportion of young
adults. It was not clear what the setting was for the
studies by Schemmer and colleagues'** and
Vavilov and colleagues.'"?

Patient characteristics including those discussed
above are summarised in Tuble 7. Only one study®
investigated CT scanning specifically in an
adolescent population. The study by Vavilov and
colleagues'’” recruited patients including those
below the age of 10 years. The studies by Colohan
and colleagues”! and Larson and colleagues”
included patients from 14 years old and McClellan
and colleagues'*’ from 16 years old. All other
studies recruited patients aged 18 years and over.
Mean ages were usually reported for the entire
study population, which may have included non-
psychotic patients as indicated in Table 7. Most
studies appeared to have a mean age within the
30-40 years range.’”-86-88:929495 Fiye studies all
had a patient population with a mean of 40 years
or above 91:93:96.100.103 The study by Battaglia and
Spector® had a mean age of 26 years whereas
Schemmer and colleagues'** did not report a
mean age.

The proportion of females to males was roughly
50% across most studies, except for the study by
Bain,®® with only 20% female, and Battaglia and
Spector,89 with only 33% female. Proportions were
usually reported for entire samples rather than
specifically for FEP or psychosis patients alone.

MRI studies

Table 8 summarises patient characteristics for the
four studies employing MRI alone.?%-97:9:105
Borgwardt and colleagues” and Lubman and
colleagues” stated that they recruited FEP
patients, whereas studies by Lesser and
colleagues®” and Wahlund and colleagues’
included psychotic patients as a subgroup of a
more general psychiatric population. As with the
CT studies, a clear definition of first episode was
not given in either FEP study. Lubman and
colleagues” reported duration of illness of less
than 1 year. The mean duration of illness for
patients in the study by Lesser and colleagues®’
was 18 months, suggesting a sample with a high
proportion of psychoses in the early stage of
illness. Borgwardt and colleagues” and Wahlund

05

© Queen’s Printer and Controller of HMSO 2008. All rights reserved.

and colleagues'’® gave no details of illness
duration. Of the four MRI studies, three?%97-99
appeared to have a study population in their first
episode or early stages of psychosis.

The general hospital was the setting for three
studies.””%1% The study by Borgwardt and
colleagues® recruited from an outpatient clinic in
a general hospital.

Outpatients were recruited in the studies by
Borgwardt and colleagues,” in- and outpatients by
Lesser and colleagues’” and inpatients by
Wahlund and colleagues.'?® It was not clear
whether the study by Wahlund and colleagues'?®
had also recruited outpatients. The study by
Lubman and colleagues” recruited patients
already involved in collaborative research studies.
Since full inclusion criteria for the research studies
were not given, it is difficult to ascertain what
effect this type of study population may have on
generalisability, but it must certainly be treated
with caution.

All four studies gave some indication that patients
with neurological abnormalities had been
excluded from the study population. For example,
studies by Borgwardt and colleagues® and
Lubman and colleagues” described this as
“without suggestion of organic disease”.

The age range differed between the studies using
MRI neuroimaging. The study by Lesser and
colleagues”” recruited patients over the age of

45 years, and hence had a mean age of 57 years.
The mean age for patients in the study by
Borgwardt and colleagues” was 30 years and only
22 years in the study by Lubman and colleagues.”
These mean ages were for the FEP or psychotic
sample alone. Wahlund and colleagues'®® gave no
details of ages for the study population.

CT/MRI studies

Table 9 summarises patient characteristics for the
three studies employing either CT or MRI
scanning.”®1°11%2 The study by Lesser and
colleagues” did not report the reason for 11
patients receiving an MRI and one receiving a CT
scan. The study by McKay and colleagues'®! did
not report either the proportion of patients
receiving MRI or CT or the reasons. The study by
Miller and colleagues'’? reported that three
patients were given a CT scan instead of MRI due
to a pacemaker (one) and claustrophobia (two).
One patient was too large to be given any scan.
The study by McKay and colleagues'®! recruited
patients aged 15-26 years with FEP. The studies by

31
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Assessment of clinical effectiveness

Lesser and colleagues” and Miller and
colleagues'"? recruited patients over the age of

45 years (mean age was over 60 years in both
studies) with psychotic disorder NOS and late-
onset psychosis, respectively. The mean duration
of illness for the population in the study by Lesser
and colleagues” was 4 years but 12 of the 16
patients had illness lasting 2 years or less, and
eight of these received a scan. The study by
McKay and colleagues'’! did not report illness
duration. The mean duration of illness for the
patients in the Miller and colleagues'*® study was
20 months. All three studies therefore suggest
populations either in the FEP stage or in the early
stages of the illness.

All three studies recruited in- and outpatients
from a general hospital'*'% or a veterans affairs
medical centre.”® The studies by Lesser and
colleagues”™ and Miller and colleagues'’® both
excluded patients with neurological symptoms and
signs on examination. The study by McKay and
colleagues'”! did not give details of neurological
examinations.

Treatment-refractory psychosis
The patient characteristics are shown in Table 10
for the one study in treatment-refractory

patients.'” The mean age and proportion who
were female were not reported for this chronic
schizophrenic population. Average duration of
illness was not reported but patients were
recruited from both in- and outpatient
environments. One patient was recruited with
neurological symptoms.

Misidentification syndromes

Table 11 shows the patient characteristics for the
review of case reports of misidentification
syndromes.!”® The mean age was given for the
whole sample rather than the 80 cases that
received a CT scan. There was no evidence to
suggest any cases were in the FEP stage.

Details of neuroimaging

CT studies

As can be seen from Tuable 12, six

studies®> 80888994100 reported that scanning was
given as part of the routine diagnostic work-up on
admission. It was not clear whether this was also
the case for the study by Schemmer and
colleagues.'™ Patients were scanned following
referral in the studies by Evans®® and Larson and
colleagues,96 and for clinical reasons in the studies
by Colohan and colleagues,”’ Emsley and
colleagues,92 Roberts and Lishman'%® and Vavilov

TABLE 10 Patient characteristics of an included study where the psychosis is treatment refractory

Reference No. of Mean age  Proportion
patients [range] female (%)
with FEP/  (years)
psychosis based on

sample
sizen

Cunningham- 136 NR NR

Owens et al.,  psychotic

1980'%

(UK)

Inpatient/ Inclusion/ Mean Neurological
outpatient exclusion duration symptoms and
of illness signs at study
entry
In- and Inclusion: NR Yes
outpatients chronic
schizophrenia 1/136 had mild

left hemiparesis

TABLE |1 Patient characteristics of a review of case reports of misidentification syndromes

Reference No. of Mean age  Proportion
patients [range] female (%)
with FEP/  (years)
psychosis based on

sample
size n

Forstl, 80 case 42 57

1991108 reports [NR] I NR

(UK) involving n = 260
psychosis
+ scan

Inpatient/ Inclusion/ Mean Neurological
outpatient exclusion duration symptoms and
of illness signs at study
entry
NR Various NR NR



Health Technology Assessment 2008; Vol. 12: No. 18

TABLE 12 Details of neuroimaging — CT studies

Reference

Adams et al., 1996%°
(Canada)

Agzarian et dl., 2006%
(Australia)

Ananth et al., 1992%
(USA)

Ananth et al., 1993%7
(USA)

Bain, 1998°%8
(USA)

Battaglia and Spector,
1988
(USA)

Colohan et dl., 1989°'
(Ireland)

Emsley et al., 19862
(South Africa)

Evans, 1982%
(UK)

Gewirtz et al., 1994%*
(USA)

Jeenah and Moosa,
2007%
(South Africa)

Larson et al., 1981%
(USA)

McClellan et al.,
1988!%0
(USA)

Roberts and Lishman,
198403
(UK)

Schemmer et al.,
1999'%4
(Canada)

Vavilov et al., 1993'%7
(Russia)

No. of patients with

FEP/psychosis who received CT

98 FEP

24| psychotic

37 mostly psychotic

27 psychotic

127 FEP

45 FEP

29 psychotic

43 psychotic

19 (+ 1 with neurological signs)
psychotic

168 FEP

47 FEP

39 psychotic

142 psychotic

244 psychotic

NR

721 psychotic

Reason for scan
(taken from study text)

Routine on admission

Routine on admission

Random selection from study
population

Study

Routine on admission

Routine on admission

Clinical

Suspicion of intracranial lesion

Referral

Routine on admission

Study

Referral

Routine on admission

Clinical: suspicion of/needing
to eliminate presence of
intracranial lesion

Research: requirement for
various studies

?Routine on admission

Psychiatrist request for
appearance of atypical
symptoms, positive results
of other examinations,
organic causes of mental
ill-health assumed, pre-
electro-convulsive therapy,
resistance to medical
treatment
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Details of imaging

NR

NR
379/397 (96%) non-contrast
18/397 (4%) contrast

NR

NR

NR

NR

NR

NR
Siemens Somaton 2 whole-
body scanner

NR
EMI 1010

NR

NR

NR
EMI 1010 or AS&E Pfizer
0500 or GE CT/T 8800

NR

NR
160 x 160 matrix 1010 head
scanner

NR

Somaton-CR machine in
standard mode — 4-mm basal
slices, 8-mm meatal slices.
Contrast enhancement using
i.v. bolus of water-soluble
dye 0.5 ml/kg for 8/721

(19) in schizophrenia group.
Statistical analysis using IBM
AT-286
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and colleagues.'"” Patients were scanned for the
purpose of the study in two studies.’”% The study
by Ananth and colleagues®” scanned patients on
the basis of random selection from the study
population. No further details were given.

Reporting of the machine used and the scanning
process was generally poor. Five studies?>93-96:103.107
reported the type of CT scanner used. The
remaining CT studies gave no details whatsoever.
Agzarian and colleagues®® and Vavilov and
colleagues'’” reported that 4% and 1% were
contrast scans, respectively.

MRI studies

Patients received an MRI scan for the purpose of
the study in three of the four MRI studies.?*97%
MRI scanning was routinely given within

3 months of the first contact or referral to
psychiatric services in the study by Wahlund and
colleagues.'” Details of the scanner and imaging
process were given in full in all four studies.
Borgwardt and colleagues,” Lesser and
colleagues”” and Lubman and colleagues® all

TABLE 13 Details of neuroimaging — MRI studies

Reference No. of patients with
FEP/psychosis who
received MRI
Borgwardt et al., 30 FEP Study
20067
(Switzerland)
Lesser et al., 1991%7 14 psychotic Study
(USA)
Lubman et al., 2002°° 152 FEP Study

(Awustralia)

Wahlund et al., 1992'%°
(Sweden)

170 psychotic

Reason for scan

used 1.5-T machines, whereas Wahlund and
colleagues'® used a 0.02-T machine, which
does not represent that used in current clinical
UK practice. This information is shown in
Table 13.

CT/MRI studies

Lesser and colleagues® scanned patients either as
part of the diagnostic work-up or for the purpose
of the study. It is not clear how these two groups of
patients may have differed, since patients were
excluded if they had neurological symptoms and
signs. Miller and colleagues'’? scanned patients
for the study. It was not clear from the text why
patients were scanned in the study by McKay and
colleagues.'’! Tt was likely that the reasons for
scanning were clinical, since this was a
retrospective review of medical records. The
studies by Lesser and colleagues” and Miller and
Colleaguest both employed 1.5-I"' MRI machines,
with full details of the process reported. McKay
and colleagues'’! did not report details of the
machine or process used. Details are summarised
in Table 14.

8

Details of imaging

|.5-T clinical scanner system (VISION, Siemens).
Dual echo images were acquired parallel to the
anterior and posterior commissure (AC-PC) line
(first echo time 20 ms, second echo time 85 ms;
repetition time 4300 ms, 50 slices of 3-mm slice
thickness covering the entire brain; matrix size
256 x 192, field of view 23 x 17.25 cm,
respectively)

Picker MRI |.5 T

Multiple plane axial scans along cantomeatal line
from skull base to vertex in 10-mm sections,
repetition time 2000 ms, echo times 20 and

100 ms to give T1 and T2 weighted scans.
Coronal plane through entire brain at 10-mm
intervals. Sagittal plane inversion—recovery images
through lateral ventricles with repetition time
2500 ms and inversion time of 600 ms. All scans
with two repetitions to maintain image quality

Signa 1.5 T with studies that contained at least a
3D volumetric spoiled gradient recalled echo in
steady state (SPGR) sequence which generated
124 contiguous |.5-mm coronal slices

Routine within NR
3 months of first

Low-field MRI 0.02 T

contact/referral
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TABLE 14 Details of neuroimaging for CT/MRI studies

Reference No. of patients with
FEP/psychosis who

received MRl or CT

Reason for scan

Details of imaging

Lesser et al., 1992% 8 <2 years illness Study/diagnostic Picker MRI, 1.5 T, scans in multiple planes, axial
(USA) duration work-up scans along cantomeatal line from skull base to
MRII1,CT | vertex in |0-mm sections, repetition time

2000 ms, echo times 20 and 100 ms to give T|
and T2 weighted scans. Coronal plane through
entire brain at 10-mm intervals. Sagittal plane
inversion—recovery images through lateral
ventricles with a repetition time of 2500 ms and
inversion time of 600 ms. All scans with two
repetitions to maintain image quality

McKay et al., 2006'°' 52 FEP Unclear, 2clinical NR

(Australia) proportion MRI:CT NR  evaluation

Miller et al., 1991'2 24 Study MRI Picker scanner, |.5-T, superconducting

(USA) 3 given CT instead of magnet. Scans in multiple planes, axial scans along

MRI — not clear
Suggests these were
patients, not controls

Treatment-refractory psychosis and
misidentification syndromes

The study by Cunningham-Owens and
colleagues'” gave information on the scanner
used and the process of imaging (Table 15).
Patients were scanned for the purpose of the study.
The review of case reports of misidentification
syndromes by Forstl'®® did not report details of the
CT machine or process used for the 80 individual
cases who received a scan. Details of reasons for
scanning were not given but were likely to have
been for clinical reasons (diagnostic work-up),
since these case reports were not involved in
research studies.

TABLE |5 Details of neuroimaging — treatment-refractory psychosis

Reference No. of patients with
FEP/psychosis who
received CT
Cunningham-Owens 136 Study
etal., 1980'%
(UK)

© Queen’s Printer and Controller of HMSO 2008. All rights reserved.

Reason for scan

cantomeatal line from skull base to vertex in
|0-mm sections, repetition time 2000 ms, echo
times 20 and 100 ms to give T| and T2 weighted
scans. Coronal plane through entire brain at
I0-mm intervals. Sagittal plane inversion-recovery
images through lateral ventricles with repetition
time 2500 ms and inversion time of 600 ms. All
scans with two repetitions to maintain image

quality

Quality of included studies

The text below describes the quality issues
associated with the five categories of studies. The
summary quality tables can be found in
Appendix 7.

CT studies

External validity. The first question addressed by
the modified QUADAS tool (see Table 5, p. 17) is
essential to the application of study data to the
review question. The population of patients
assumed to be seen in practice for the purpose of
this review question was those presenting with a
first episode, or at the early stage of the illness,

Details of imaging

EMI CT 5005 whole-body scanner at 120 kVP
using a 65-second scan time. Scans examined on
an EMI Mk Il independent viewing console
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antipsychotic treatment naive, without focal
neurological symptoms and signs (since those with
overt signs on neurological examination would be
likely to be channelled into neurology services).
Patients were of any age and gender. Patients
could be seen in a psychiatric in- or outpatient
setting.

Six studies®®88:89.94.95.104 yecryited patients in
the FEP stage. Half of the study population
recruited by Larson and colleagues” had a
duration of illness of less than 6 months. It is
therefore likely that the patient populations in
these studies are a better representation of the
patients seen in practice for the review
question.

The studies that indicated that patients with
neurological symptoms and signs were largely, or
completely, excluded?®”8%-89.93,95,100 might be
expected to represent better the patients likely to
be seen in practice. It was not clear whether the
psychotic patients in the studies by Gewirtz and
colleagues” and Schemmer and colleagues'* had
any neurological symptoms and signs at the start
of the study.

The studies with the patient population most
closely representing the patients in practice are
therefore those of Adams and (:olleagues,85 Bain,®®
Battaglia and Spector® and Jeenah and Moosa.”®
The remaining studies either recruited general
psychiatric patients, with a proportion of these
being psychotic, and/or included patients with
neurological abnormalities.

The population in the study by Adams and
colleagues® was restricted to adolescents, and
therefore would represent only this population in
practice. The populations recruited by the studies
by Bain®® and Battaglia and Spector® were largely
under 30 years of age and so cannot reliably
represent an older population in practice. The
study by Jeenah and Moosa® recruited patients
who were generally older and again, using this
study to represent patients in practice must take
this into consideration.

Internal validity. In all cases, except for the study
by Adams and colleagues, it was not clear
whether the results of other assessments (usually
routine assessments reflecting clinical practice)
were interpreted without knowledge of the scan
results. It was clear that the scan results were used
in combination with the results of other
assessments in making a diagnosis in the study by
Adams and colleagues.®®

Descriptions of study population selection criteria
were generally poor, but with some studies giving
a little more information than others. Of the
studies most likely to represent the patient
population in practice, those by Adams and
colleagues,® Battaglia and Spector® and Jeenah
and Moosa” provided reasonable details of
inclusion and exclusion criteria. The period
between the CT scan and other assessments being
carried out was not well reported. The studies by
Adams and colleagues,® Bain® and Battaglia and
Spector® were among those giving an indication
of the timing of when assessments were carried
out. In all studies, except that by Ananth and
Colleagues,87 it was intended that the whole study
population would receive the scan. The latter
study®” only scanned a random selection of the
study population. Information on whether all
patients received the same CT scan was not given
in any studies except for those by Agzarian and
colleagues®® and Vavilov and colleagues,'"” who
reported that 4% and 1% of patients, respectively,
received a contrast scan. The imaging process was
well reported by Vavilov and colleagues.'"” Details
of other assessments were not reported in any CT
studies.

The studies by Ananth and colleagues,57 Emsley
and colleagues” and Jeenah and Moosa® all
appear to have interpreted the scan results without
knowledge of the other assessments. The study by
Gewirtz and colleagues™ stated that a
neuroradiologist read the scan blind to the
original scan report. It was not clear whether the
results of other assessments were available when
interpreting the scan. In all other studies, except
that by Roberts and Lishman,'?® it was not clear
whether the scan results had been interpreted
without knowledge of the results of other
assessments. The Roberts and Lishman study
had results of other assessments available when
interpreting the scan results.

103

In most cases it was not possible to tell whether
the same clinical results were available when test
results were interpreted as would be available in
practice. The study by Adams and Colleagues,85
however, appeared to represent a similar
availability of results as expected in clinical
practice.

Uninterpretable or intermediate test results were
reported in six studies.?>86:95:96:103.104 13 3]] these
cases, actual pathology for the FEP or psychosis
patients was not reported. The final modified
QUADAS question is whether study withdrawals were
explained. In 12 studies,?7:86-89.91:92.95.96,100,103,104,107
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withdrawals were not reported. In the studies by
Adams and colleagues,® Ananth and colleagues®”
and Evans and colleagues,” withdrawals were
reported but no reasons given. The study by
Gewirtz and colleagues® was the only one to
report numbers withdrawn and reasons.

Additional quality criteria were collected and
tabulated for the CT studies (see Table 46 in
Appendix 7). The number of patients who did not
receive a scan was only reported by Adams and
colleagues,®® Ananth and colleagues®” and Evans
and colleagues.”® Reasons for non-scans were not
stated in any of these three studies. The remaining
studies did not give any indication of numbers of
patients not receiving a scan. Recruitment was
carried out on a consecutive basis in six
studies.?>80:92-949 [ the remaining studies, it was
not clear how recruitment had been conducted.

Clinical variables were collected prospectively in
the studies by Adams and colleagues,®® Battaglia
and Spector® and Jeenah and Moosa.”” The
studies by Ananth and colleagues®”®” and Gewirtz
and colleagues® relied on retrospective diagnostic
data with a prospectively conducted scan®”%” or
prospective re-evaluation of scan results.”* The
remaining CT studies appeared to have relied on
retrospective data alone. The reporting of how
and when clinical variables were collected was
poor.

The person performing clinical evaluation and
scan analysis was given in the study text in most of
the CT studies. This was not clearly reported in
five studies,56-96:100.104,107

To summarise, based on the quality criteria above,
the studies by Adams and colleagues,®® Battaglia
and Spector® and Jeenah and Moosa® are more
likely to provide the reliable information relevant
to this review question because of external validity.
However, it should be remembered that all
included studies for this review are of a before and
after type design and are very poorly reported,

and so have low internal validity.

MRI studies

External validity. The results of the modified
QUADAS criteria for the MRI studies are given in
Table 47 in Appendix 7. The studies by Borgwardt
and colleagues” and Lubman and colleagues®
both recruited patients with an FEP. There was
very little information on the psychotic patients
recruited in the study by Wahlund and
colleagues.'’® The study population in the study
by Lesser and colleagues’” had a diagnosis of late-

© Queen’s Printer and Controller of HMSO 2008. All rights reserved.

onset major depression with psychosis. Although
these patients were likely to be in the early stage
of the illness (mean duration of illness was

18 months), these patients are likely to differ from
patients with FEP with no prior diagnosis or
treatment.

Although not well reported, all four MRI studies
gave some indication that patients did not have
neurological symptoms and signs. As noted in the
section on CT studies, it was assumed that patients
seen in practice were not likely to have
neurological abnormalities on examination. Three
studies recruited adult patients.”*9"% The fourth
study'® did not give details of the patient age
range or mean.

The patients recruited in the study by Lubman
and colleagues” had already been involved in
collaborative research studies. Details were not
provided, making it difficult to ascertain how the
study population might differ from those likely to
be seen in practice. Overall, it is likely that the
studies with the population most representative of
those likely to be seen in practice are those by
Borgwardt and colleagues” and Lubman and
colleagues.”

Internal validity. Descriptions of study population
selection criteria were adequate for all MRI studies
except that by Wahlund and colleagues.'"® The
period between the MRI scan and other
assessments being carried out was not clearly
stated in the studies by Lubman and colleagues’
and Wahlund and colleagues.'® It was possible to
identify the timing of assessments in the studies by
Borgwardt and colleagues” and Lesser and
colleagues.”’ In all studies it was intended that the
whole study population would receive the scan.

9

Whether all patients received the same MRI scan
regardless of other assessments was not stated in
any of the four studies. The imaging process was
well reported in the studies by Borgwardt and
Colleagues,90 Lesser and Colleagues97 and Lubman
and colleagues,” although they gave no details of
the other assessments that were performed.
Wahlund and colleagues'® did not give details of
either the imaging process or other assessments.

In all cases, it was not clear whether the results of
other assessments were interpreted without
knowledge of the scan results. The scan results
were interpreted without knowledge of the
patient’s diagnosis in the studies by Borgwardt
and colleagues,” Lesser and colleagues’’ and
Lubman and colleagues.”® It was not clear how

39
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scan results had been interpreted in the study by
Wahlund and colleagues.'?” It was not possible to
tell whether the same clinical results were
available when test results were interpreted as
would be available in practice in any of the four
MRI studies.

Uninterpretable or intermediate test results were
reported in the study by Wahlund and
colleagues'® since actual pathology was not clearly
stated. The study by Borgwardt and colleagues”
mentioned that six patients did not receive a scan,
but did not give reasons. The other three

studies?” %1% did not report numbers of
withdrawals.

The additional quality criteria for the MRI studies
are shown in Table 48 in Appendix 7. The only
study to comment on the number of patients who
did not receive a scan was that by Borgwardt and
Colleagues,90 although reasons were not given. It
was not clear whether patients had been recruited
consecutively in the studies by Borgwardt and
colleagues,” Lubman and colleagues® and
Wahlund and colleagues.'”® Lesser and
colleagues” did not recruit patients consecutively.
Clinical variables were collected prospectively by
Borgwardt and colleagues” and Lesser and
colleagues”” and possibly by Lubman and
colleagues.” The study by Wahlund and
colleagues'” appeared to be using retrospective
data. Neuroradiologists either read the scans or
were involved alongside a psychiatrist in all four
studies.

In summary, the study by Borgwardt and
colleagues® is likely to provide better quality
evidence of relevance to this review question, but
interpretation of the results should be treated with
caution due to the very small sample size.

CT/MRI studies

External validity. Table 49 in Appendix 7 shows the
modified QUADAS criteria for the three studies
using MRI or CT scanning. The study by McKay
and colleagues'’! was the only one to recruit
patients in the FEP stage. The study by Lesser and
colleagues” recruited patients with psychotic
disorder NOS over age 45 years, some of whom
were in the early stage of the illness (under

2 years’ duration). The study by Miller and
colleagues'"? also recruited patients over age

45 years, but with late-onset psychosis. The two
study populations?!%? were highly selected groups
of patients, who may differ significantly from those
patients seen in clinical practice for this review
question.

Both the studies by Lesser and colleagues” and
Miller and colleagues'’? gave some indication that
patients did not have neurological symptoms and
signs. Overall, it is likely that the study by McKay
and colleagues'’! recruited the population most
useful to the review question, despite the lack of
information on the presence of neurological
symptoms and signs.

Internal validity. Descriptions of study population
selection criteria were adequate for all three
CT/MRI studies. The period between the C1/MRI
scan and other assessments being carried out was
not clearly stated in the studies by Lesser and
colleagues” and McKay and colleagues.'”! Only
12 out of the 16 study patients received a scan in
the former study” and only 52 out of 117 in the
latter.'°! Tt was not clear how these patients had
been selected.

For all three studies, some patients received an
MRI scan, whereas others received a CT scan. MRI
scanning differs from CT scanning in several ways,
making it difficult to interpret the group level
results. Details of other assessments were not
reported in any of the three studies. The imaging
process was well reported in the studies by Lesser
and colleagues98 and Miller and colleagues,102 but
no details were given by McKay and colleagues.'"!

In all three studies, it was not clear whether the
results of other assessments were interpreted
without knowledge of the scan results. The scan
results were interpreted without knowledge of the
patient’s diagnosis in the studies by Lesser and
colleagues® and Miller and colleagues.'’? It was
not clear how scan results had been interpreted by
McKay and colleagues.'! It was not possible to
tell whether the same clinical results were available
when test results were interpreted as would be
available in practice in any of the three studies.

Uninterpretable or intermediate test results were
reported in the study by McKay and colleagues'"!
since actual pathology was not clearly stated. The
study by Miller and colleagues'®? reported that
one patient was too large for either MRI or CT
scanning. The study by Lesser and colleagues”™
stated that four patients did not receive a scan, but
did not give reasons. The study by McKay and
colleagues'”! did not report withdrawals.

Table 50 in Appendix 7 reports results of the
additional quality criteria. The study by Lesser
and colleagues™ recruited the study population
consecutively. It was not clear how patients had
been recruited by the studies by McKay and
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colleagues'! and Miller and colleagues.'”® The

studies by Lesser and colleagues”™ and Miller and
colleagues'”? both collected clinical variables
prospectively and had scans read by
neuroradiologists who were blind to subject
diagnosis. The study by McKay and colleagues'"!
relied entirely on retrospective data and did not
report who performed clinical evaluation or image
analysis.

Overall, the studies by Lesser and Colleaguesg8 and
Miller and colleagues'’? were of higher quality but
the study populations are not likely to be
representative of those patients seen in practice.

Treatment-refractory psychosis

The modified QUADAS criteria and additional
quality assessment are reported in Tables 51 and 52
in Appendix 7. The study population recruited by
Cunningham-Owens and colleagues!' were
chronic schizophrenics who did not appear to be
responding to treatment. This was a highly
selected group of patients and the results should
only be generalisable to treatment refractory
patients. However, the selection criteria were not
well reported in this study. Brief details of
scanning were given, but in most cases the
modified QUADAS criteria were not clearly
reported. The numbers of patients withdrawn
from the study or not receiving a scan were not
stated, recruitment was not consecutive and it was
not entirely clear whether clinical variables had
been collected prospectively. Overall, this study
was of very poor quality.

Misidentification syndromes

The modified QUADAS quality tool was not used
as it did not apply to this review of case reports.
The number of patients with misidentification
syndromes seen in practice is small and it is not
clear whether the cases collected in the review by
Forstl'® would be representative of those seen in
practice. Case reports are often of lower quality
and they are likely to be specially selected and so
unrepresentative of a sample of patients with
misidentification syndromes.

Outcomes

CT studies

Table 16 shows the results from the CT studies.
The psychiatric diagnoses show the numbers and
types of diagnosis for each study. Where possible
the original, admission or study entry diagnosis
was extracted. Unless indicated in the text, it was
assumed that psychiatric diagnoses were non-
psychotic. There was considerable variation
between studies in the classification of diagnoses
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as psychotic or not. It was not clear whether this
was due to different criteria used to make
diagnoses (e.g. ICD-10 or DSM-IV-R), difference
in the personnel making the diagnosis (e.g. ward
physician or psychiatrist) or to a genuine
difference in presentation. This difficulty arose
because some diagnoses can be psychotic or non-
psychotic and often the text was not explicit.

Generally, depression and bipolar disorders were
considered to be non-psychotic but the study by
Adams and colleagues® included mania and
depression in among the FEP diagnoses, whereas
that by Agzarian and colleagues® excluded
depression and bipolar affective disorder. The
studies by Agzarian and colleagues,®® Jeenah and
Moosa® and Schemmer and colleagues'** only
state the number of patients who were psychotic
and give no further breakdown of disorders within
this. Some studies included the numbers
diagnosed with other disorders such as dementia,
personality disorder, anxiety disorder, delirium
and conversion disorder, which would not be
expected to be psychotic. Other studies did not
provide this level of detail.

The proportion of patients with scans identifying
abnormalities ranged from 0 to 58%. Six studies
all had 0-12% of patients with an abnormal

scan, 89-88:89.94100.107 goyr studies reported 19-33%
of patients with abnormalities.’”*1:929 There were
41 and 58% of patients with an abnormal scan in
the studies by Roberts and Lishman'%* and
Evans,” respectively. The number of patients with
scans identifying abnormalities was not reported
for psychotic patients in the studies by Agzarian
and colleagues,®® Ananth and colleagues®” and
Larson and colleagues.” The text was not clear
about the number of abnormalities in psychotic
patients in the study by Schemmer and
colleagues.'*

Incidental findings, namely pathology that would
not influence patient care, were also extracted
from the included studies and are shown in

Table 16. Atrophy, calcification, old infarctions,
some cysts, cavum septum pellucidum and other
morphological variants were all considered
incidental unless indicated otherwise in the text.

Pathology identified by scanning that would
influence patient care and that was not suspected
based on the other assessments included subdural
haematoma or effusion, hamartoma, cavernoma,
tumours and infarctions, unless stated otherwise in
the text that no action was taken. This did not
include pathology that would influence patient
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care but could be identified by medical history or
a physical/neurological exam. Where it was not
clear from the text, a decision was made based on
clinical judgement. An abnormality that might, or
might not, influence patient care was included
with the ‘pathology influencing patient care’ data
for the purposes of results presentation in this
review. The studies by Adams and colleagues® and
Roberts and Lishman'®® did not report the
number and details of pathology. The study by
Agzarian and colleagues® did not provide details
for the psychotic patients. Eight studies all had no
patients with pathology that would influence
patient care and that was not suspected based on
the other assessments.3789-91-98.96.100 The spudy by
Ananth and colleagues57 had one patient (3.7%)
and that by Gewirtz and colleagues® had five
patients (3.0%) with pathology that would
influence care and was not suspected from other
assessments. The study by Jeenah and Moosa®
reported that for FEP and non-FEP psychotic
patients combined there were six patients (10.9%)
with pathology that would influence patient care
and that was not suspected based on the other
assessments. Information was not given for FEP
patients alone. There were 13 (1.8%) of the
patients in the study by Vavilov and colleagues'
that had pathology that would influence patient
care but it was not clear whether other assessments
had played a role in their identification. The text
was not clear for the study by Schemmer and
colleagues.!**

07

Whether a scan result was likely to affect clinical
treatment was either reported in the study text or
determined using clinical judgement. The
percentage of patients with a scan affecting clinical
treatment was zero for six studies.3%87:8992.98.100 1,
the study by Bain,® 0.8% of patients had a scan
affecting clinical treatment, 1.2% in the study by
Gewirtz and colleagues® and 1.8% in the study by
Vavilov and colleagues.'’” The studies by Ananth
and colleagues,’” Jeenah and Moosa® (FEP and
non-FEP psychotic patients combined) and
Colohan and colleagues® all reported much higher
percentages of patients: 7.4, 10.9 and 13.8%,
respectively. Four studies either did not report this
outcome or the text was not clear.5¢-96:103.104

There were no patients with a change in diagnosis
due to the scan in six studies.3%87:91:93.100.104 g5y
3.7 and 0.1% of patients had a change in
diagnosis due to the scan in the studies by Ananth
and Colleaguesf’7 and Vavilov and Colleagues,107
respectively. Change in diagnosis due to the scan
was not reported or was not clear from the text for
cight studies.56:38:89.92.94-96.103

© Queen’s Printer and Controller of HMSO 2008. All rights reserved.

Overall, there was very little or no pathology
reported in nine studies that would influence
patient care that was not suspected from other
assessments. Three further studies reported 3, 4
and 11% of patients with pathology not suspected
from other assessments that would influence
patient care. The percentage of patients with a
scan affecting clinical treatment was zero or very
low in nine studies. Three studies showed higher
percentages of patients with a scan affecting
treatment. There were no changes in diagnosis
due to the scan in six studies. There were between
0.1 and 3.7% of patients who had a change in
diagnosis due to the scan in two studies.

MRI studies

Table 17 shows the results from the MRI studies.
A breakdown of psychiatric diagnoses was not
reported in any of the four studies except that by
Lesser and colleagues,”” whose psychotic patient
subgroup was composed entirely of patients with
major depression with psychosis.

The proportion of patients with scans identifying
abnormalities was reported by all four studies and
ranged from 3.5 to 64.3%. The studies by
Borgwardt and colleagues,” Lubman and
colleagues” and Lesser and colleagues’” gave full
details of incidental findings. The reporting in the
study by Wahlund and colleagues'® was poor.
Three studies® 7% provided details of pathology
identified by scanning, that would influence
patient care and that was not suspected based on
the other assessments. The study by Borgwardt
and colleagues” had one patient (3.3%), that by
Lesser and colleagues97 three patients (21.4%) and
that by Lubman and colleagues® 13 patients
(8.6%) with pathology influencing care and not
suspected from other assessments. The percentage
of patients with a scan affecting clinical treatment
was 3.3, 8.6 and 21.4% in the studies by Borgwardt
and colleagues,” Lubman and colleagues® and
Lesser and colleagues,”’ respectively. Again, there
was not enough information provided in the study
by Wahlund and colleagues.'”® Borgwardt and
colleagues” reported that no patients had a
change in diagnosis due to the scan and there was
only one patient with a change in diagnosis due to
the scan in the study by Lubman and colleagues®
(0.7%). There were 21.4% of patients that had a
change in diagnosis due to the scan in the study
by Lesser and colleagues.”’

Overall, three MRI studies provided information
of value to the review question.?*9:% Pathology
that would influence patient care that was not
suspected from other assessments and the
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percentage of patients with a scan affecting
clinical treatment was seen in all three studies in
approximately 3, 9 and 21% of patients. A
similar range was seen for the percentage of
patients with a change in diagnosis due to the
scan (0-21.4%).

CT/MRI studies

Table 18 shows the results from the studies
employing a combination of CT and MRI.
Psychiatric diagnoses were reported by all three
studies. All patients in the study by Lesser and
colleagues” had a diagnosis of psychotic disorder
NOS. The study by McKay and colleagues'"! gave
full details of the breakdown of FEP patient
diagnoses but seven patients did not have a
diagnosis. The study by Miller and colleagues'
gave details of the diagnoses for the psychotic
subgroup.

The proportion of patients with scans identifying
abnormalities was reported as 7.7%,101 499,102
and 62.5%" (the last for patients with illness
duration of 2 years or less). Incidental findings
were reported in the studies by Lesser and
colleagues” and Miller and colleagues,'%? but
full details were not given in that by McKay and
colleagues.'"!

There were no patients with pathology
influencing patient care and not suspected from
other assessments in the study by McKay and
colleagues.'”! The studies by Lesser and
colleagues” and Miller and colleagues'
reported 8.3% and 4.2% of patients respectively.
The percentage of patients with a scan affecting
clinical treatment was 12.5% and 4.2% for the
studies by Lesser and colleagues” and Miller
and colleagues,'?? respectively. In the study by
McKay and colleagues,'’! it was not clear how
many patients had a scan affecting clinical
treatment. There were only two patients with a
change in diagnosis due to the scan in the study
by Miller and colleagues102 (8.3%). No patients
had a change in diagnosis due to the scan in the
study by McKay and colleagues'®! and this was
not reported in that by Lesser and colleagues.”
Overall, percentages of patients with a scan
affecting clinical treatment, with pathology that
would influence patient care that was not
suspected from other assessments, or with a
change in diagnosis due to the scan were low.

Treatment-refractory psychosis
Table 19 shows the outcomes for the study by
Cunningham-Owens and colleagues'?® in chronic

schizophrenics. There were 8.8% of patients who

had a scan identifying an abnormality; 2.2% of
patients had pathology that would influence
patient care and that was not suspected from other
assessments. These same patients had a scan
affecting clinical treatment but the percentage of
patients with a change in diagnosis due to the scan
was not reported.

Misidentification syndromes

The number and type of misidentification
syndromes for all cases reviewed by Forstl'*® are
shown in Table 20. Within these syndromes, the
most common diagnosis was schizophrenia (132
cases) and affective disorder (30 cases). No other
information was given. A breakdown of syndromes
and diagnoses for the 80 patients who received a
CT scan was not given. The number of patients
with a scan identifying an abnormality was not
clearly reported. Thirty-nine patients were shown
to have cortical atrophy, nine had a brain
infarction and 20 had focal lesions. It was not
clear whether some patients may have had an
infarction in addition to cortical atrophy. Some
85% of patients were shown to have cerebral
pathology if each patient was counted only once.
Incidental pathology of cortical atrophy was seen
in 39 patients and old infarctions in nine patients.
Pathology that would influence patient care was
seen in 20 patients. It was not clear from the text
whether other assessments had resulted in
suspicion of a lesion. There were 25% of patients
who had a scan affecting treatment. The
percentage of patients with a change in diagnosis
due to the scan was not reported.

Subgroup outcomes

Two studies reported a breakdown of
abnormalities by age and/or gender. The study
by Jeenah and Moosa” reported data for FEP
and non-FEP patients combined (Zable 21). Also
in this study 9/20 patients with an abnormal scan
were male and 11 were female. The study by
Gewirtz and colleagues™ reported the frequency
of cortical atrophy by age (not reported here
because cortical atrophy is not considered to
affect clinical management of the patient). The
study by Vavilov and colleagues'"” reported the
numbers of tumours, cerebral pathology and
vascular damage by age group (1able 22).

Discussion of clinical effectiveness
results

Quantitative analysis of the results of the
included studies was not possible due to the high
level of methodological heterogeneity between
studies and the poor reporting of relevant
outcomes.
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TABLE 21 Subgroup results — abnormal scan by age group

Age group Number of patients with
(years) abnormal scan (%)
18-30 6/25 (24)

31-45 1/12 (8.3)

46—60 6/10 (60)

>60 7/8 (87.5)

Only six CT studies, two MRI studies and one
MRI/CT study were identified that recruited FEP
patient populations. The remaining 10 CT; two
MRI and two MRI/CT studies recruited psychotic
patients in various stages of the illness. These
studies were included since very little relevant
information was identified in FEP patients and the
definition of first episode was found to vary
between studies.

The methodological quality of included studies
was poor. Classifying the study design was difficult
since the studies did not conform to conventional
trial designs but were mostly similar to a
before-after type of study design. Studies were
often designed to assess prevalence of intracranial
abnormalities, which suggested a cross-sectional
design, but results were presented in the form of a
case series. Sixteen studies relied on retrospective
data from medical records — a source of
information bias. The QUADAS checklist not only

TABLE 22 Subgroup results — pathology by age group

Age group (years) Tumours, no. (%)

(no. in study, n)

<I|0 3(8.1)
n =37

11-20 2(1.7)
n=119

21-30 3 (2.0)
n = 148

3140 2 (1.7)
n=120

41-50 0(0)
n=178

51-60 I (1.0)
n =99

61-70 2(2.9)
n =69

>70 0(0)
n =153

© Queen’s Printer and Controller of HMSO 2008. All rights reserved.

revealed that studies were likely to be poorly
conducted, but also poor reporting of patient
selection, the neuroimaging process, other
assessments that were carried out and blinding of
image analysis and clinical evaluation. It should be
noted that the QUADAS tool was applied even
though the studies were not designed to compare
a reference standard with an index test but were
more of a before-after design. Sample sizes were
generally not large, varying from eight to 721
patients (median 52 patients). Sample sizes ranged
from eight to 168 patients in the studies of FEP
patients. Sampling bias is likely to be a factor
affecting the results of all the included studies.
Individual patient information was provided by a
number of studies. Overall, the internal validity of
the included studies is questionable.

The included studies were highly heterogeneous
with respect to the patient population. Two studies
specifically recruited adolescent or adolescent and
young adult patients. Two studies recruited only
patients over 45 years old. Four studies included
children or adolescents within an adult
population. The remaining studies recruited adult
populations. As discussed in the background
section, the causes of psychosis change with age
(see the section ‘Aetiology, pathology and
prognosis’ p. 2). It might be expected that a
greater number of patients with scans affecting
clinical treatment would be seen in studies with an
older population.

Cerebral pathology, Vascular damage,

no. (%) no. (%)
3(8.1) 0(0)

2(1.7) 0(0)

3(2.0) 1 (0.7)
2(1.7) | (0.8)
0 (0) 33.8)
I (1.0) 6(6.1)
2(2.9) 13 (18.8)
0 (0) 10 (18.9)
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Studies that stated included patients were in the
FEP stage did not generally explain how this was
defined. Even within the FEP studies, it was not
clear whether individual patients had entered the
study at a similar point in their illness progression.
Patients with a chronic psychotic disorder may
differ from those in the early stages of the illness,
for several reasons. There is evidence that in
schizophrenia, chronicity causes changes in brain
structure. There may also be an effect on brain
structure from the long-term use of antipsychotic
medication. In addition, FEP patients are likely to
have untreated symptoms that may cause practical
difficulties for neuroimaging. Finally, the
definition of ‘current practice’ is likely to differ in
FEP patients to those with long-term illness in
terms of investigations and review of diagnosis.

The presence or absence of neurological
symptoms and signs in the study population is
likely to affect greatly the number of cerebral
abnormalities identified since they are an
indicator of possible structural organic disease. In
the context of current NHS practice, most
psychiatric patients presenting with overt
neurological signs and symptoms will be seen and
managed by the Department of Neurology and
will not, therefore, be seen by mental health
services in the first instance. Studies assessing
patients presenting with psychosis in the absence
of neurological signs and symptoms are of
particular relevance to the review question. This
patient group are more likely to be seen by
psychiatric services and may have an occult
organic cause of psychosis.

There were no FEP studies where it was clearly
stated that patients did not have neurological
abnormalities. Three studies® "% recruited FEP
patients who probably did not have neurological
symptoms and signs. Three studies®®***® included
FEP patients with neurological symptoms and
signs, but numbers were very small.

The reason for neuroimaging varied between
studies but could be roughly grouped into
referral/clinical reasons, routine on admission and
for the purpose of the study. Studies recruiting
patients for neuroimaging based on referral or for
clinical reasons might be expected to have a
higher number of patients with abnormalities.
However, this was not seen in practice.

All studies had varying proportions of psychotic
diagnoses, making it difficult to compare results
between studies. Different proportions of psychotic
diagnoses within a study could have an effect on

how well the study population represents that seen
in practice. Whether cerebral structural
abnormalities, such as infarction and tumours, are
more likely to be identified in certain psychotic
disorders than others is a matter for continued
debate.

The setting of the included studies also varied.
Those studies conducted in general hospitals
might recruit a different severity of psychotic
illness to those set in tertiary psychiatric hospitals.
The clinician carrying out the clinical assessment
or the radiographic interpretation is also
important to the external validity of the studies. It
was often not reported who did the clinical
assessment or whether it was a single person or a
consensus from more than one person. It would
have been useful to know whether it was a
neurologist or a psychiatrist performing the
neurological examination and whether they were
fully trained or during a training placement.
Similarly, it would have been useful to know if a
psychiatrist or neuroradiologist was interpreting
the neuroimaging report. Also, assessments
conducted in a research setting are likely to be
different to those conducted in a busy psychiatric
assessment unit. Lastly, only four CT studies and
no MRI studies were conducted in the UK. The
above factors may affect the external validity, or
generalisability, of the study results to routine
clinical practice.

It was not possible to do formal meta-analysis of
the results due to the study design and quality of
the studies. However, looking across the spread of
results it was estimated that MRI may demonstrate
lesions requiring a change in clinical management
of approximately 5% (approximate range 0-10%).
For CT the corresponding figures are
approximately 0.5% (approximate range 0-5%).
With only one poor-quality study upon which to
comment on the use of structural neuroimaging in
treatment-refractory psychosis, it is not possible to
draw reliable conclusions. However, chronic
schizophrenia patients with a poor response to
treatment are an important population seen in
clinical practice. The study showed that 2.2% of
patients may benefit from a scan.

Discussion of results by subgroup (age, gender)
was not possible due to lack of reporting.

The review of case reports of misidentification
syndromes did not provide clear data for any of
the outcomes considered for this review. It is
possible that 25% of study patients had a scan that
affected their clinical treatment. The most
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common diagnosis within misidentification
syndromes was schizophrenia. Whether it would be
justified to extrapolate the results seen for studies
in which a large number of patients were
diagnosed with schizophrenia to the patients with
misidentification syndromes cannot be reliably
concluded from this review.

The results discussed above suggest that using
structural neuroimaging in FEP as a tool to be
used in addition to current standard practice is
not an effective method to detect organic causes of
psychosis; however, the results were based on a

© Queen’s Printer and Controller of HMSO 2008. All rights reserved.

small number of poorly conducted and poorly
reported studies.

Given the lack of benefit of structural
neuroimaging found in patients with psychosis
and no additional symptoms and signs, it has been
suggested that structural neuroimaging should
only be used where there is an uncertain or poor
medical history available, symptoms and/or signs
of an organic cause of psychosis or a space-
occupying brain lesion, or where there is a positive
past medical history.®
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Chapter 4

Assessment of cost-effectiveness

his chapter is organised into the following

sections: (1) an overview of previous literature
on the cost and cost-eftectiveness of structural
neuroimaging in psychosis; (2) an overview of
previous literature reporting the utility-based QoL
of patients with psychosis; and (3) a threshold
analysis to explore the cost-effectiveness of
structural neuroimaging in FEP.

Systematic review of existing
cost-effectiveness evidence

Search strategy and numbers of

papers found

A comprehensive search for literature on the cost
and cost-effectiveness of structural neuroimaging
in FEP was carried out. The strategies are given in
full in Appendix 2. Studies on costs, QoL, cost-
effectiveness and modelling were identified from
the following sources:

e bibliographic databases: MEDLINE (Ovid) 1966
to November week 3 2006, EMBASE (Ovid)
1980 to 2006 week 47, Cochrane Library
(Wiley) 2006 Issue 4, (CENTRAL) DARE and
NHS EED and the Office of Health Economics
HEED database November 2006 issue

industry submissions

Internet sites of national economic units.

Searches were not limited by date and there were
no language restrictions.

One reviewer (EF) scanned all titles and abstracts
identified by the searches for inclusion. The full
text was obtained for potentially relevant articles,
which were then categorised into type of study by
two health economists. Studies were included in
the review of cost-effectiveness if they met the
following criteria:

e Population: initially adults or children
presenting with psychosis, particularly an FEP.
This was then expanded to look at any patients
with mental health problems.

Intervention (diagnostic investigation):
structural MRI or CT with or without contrast
media.

© Queen’s Printer and Controller of HMSO 2008. All rights reserved.

e Comparator: current standard NHS practice
without MRI or CT neuroimaging, or before
MRI or CT neuroimaging.

e Study design: cost, cost-effectiveness,
cost—utility, cost-benefit, cost—consequences or

QolL.

A total of 967 abstracts were identified. Of these,
46 were regarded as potentially relevant and full
papers were requested. It was found that no
papers reported directly on the cost-effectiveness
of neuroimaging in patients with FEP. As a
consequence, the inclusion criteria were
broadened to encompass papers that reported the
use of neuroimaging within the mental health
clinical area more generally as it was felt that this
would still provide useful information to inform
the overall economic evaluation. For the QoL
papers, all papers reporting utility-based QoL
values within the mental health clinical field were
also included.

In summary, seven papers were classified as
economic evaluations. There were also two cost
papers and 11 QoL papers. There were 24 papers
that were regarded as non-relevant.

Data extraction was conducted by one reviewer.
No formal quality assessment was conducted
because these papers were not used to contribute
information to an economic model.

The following section contains a summary of the
seven papers classified as economic evaluations.

Review of previous literature on the
cost-effectiveness of neuroimaging
within mental health

Appendix 8 contains full details of the review of
the economic evaluation papers. No economic
evaluation reporting the cost-effectiveness of
neuroimaging in FEP was identified. It was found
that five papers explored the cost-effectiveness of
neuroimaging within mental health more
generally and these results are summarised in
Table 23.

Because of the inconsistency in the measurement
and objective of the economic evaluations, it was
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TABLE 23 Summary of review of economic evaluation papers

Reference Intervention

Mooney et al., 1990'”’ Routine versus selective MRI for detection of MS

Simon and Lubin,
1985'!"! of dementia

McMahon et dl.,
2000''?
in Alzheimer’s disease centre

Evens and Jost,
1977'"*

Szczepura et dl.,
1991'"°

Use of CT to diagnose surgically treatable causes

Explore the cost-effectiveness of standard
diagnostic strategy versus functional neuroimaging

Cost-effectiveness of CCT versus RBS in patients
with suspected intracranial pathology

Is MRI in routine neuroscience worth its cost?

Results

ICER: US$4877/QALY

ICER: selective scanning versus routine
scanning with CT: <$50,000/QALY

Comparing MRI with CT incremental cost
ranges from US$46,000 for 60-year-olds to
US$144,000 for 80-year-olds

MRI plus DSC MRI versus standard strategy
= ICER US$479,500/QALY

US$14| per correct diagnosis using CCT
US$51 per correct diagnosis using RBS

Average cost of scanning patient =
£176.40

Marginal cost per diagnostic change = £626

DSC, dynamic susceptibility contrast; ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life-year;

RBS, radionucleotide brain scan.

not possible to synthesise the results in the form of

a pooled analysis. As such, the review of the
economic papers comprises a qualitative
description of the main study findings and not
data that can be used directly to populate an
economic model.

Review of utility-based QoL papers

in FEP

This section provides an overview of the utility-
based QoL information reported in the 10 studies
(11 papers) identified in the literature search. As
mentioned previously, the inclusion criteria were
broadened to encompass papers that report QoL
within the mental health clinical field more
generally to inform further economic analysis.
Only one paper was identified that measured QoL
in a sample of patients who had been classified
using the ICD-9 criteria (diagnosis of psychotic
disorder). This paper will be reviewed in full. The
remaining 10 papers reported QoL within a
population of patients who had been diagnosed
with schizophrenia (ICD-10). It is generally
accepted that the symptom profile and severity of
symptoms are very similar for patients with
established schizophrenia and psychosis.!!® These
QoL values are therefore potentially useful for the
economic evaluation and are reviewed and
reported in Appendix 9. As Voruganti and
colleagues'!” reported later results from the same
study as Awad and colleagues® only the study by

17

Voruganti and colleagues''” is summarised in

Appendix 9.

Herrman and colleagues''®

This study sets out to assess the validity of the
World Health Organization’s short Quality of Life
instrument (WHOQOL-Bref) and the Assessment
of Quality of Life (AQoL) for measuring HRQoL
in people receiving long-term community
treatment for psychosis.

The WHOQOL-Bref has 26 items and provides
unweighted measurement on four domains:
physical, psychological, social and the
environment. The best possible QoL score is 100.
The AQoL is a multi-attribute utility instrument
and contains 15 questions covering five
dimensions of HRQoL.: illness, independent
living, social relationships, physical senses and
psychological well-being. Prior to this study,
neither of these instruments had previously been
used in patients with psychosis. There were 173
patients who took part in the study who were aged
18-64 years and had a diagnosis of a psychotic
disorder (ICD-9). The study took place in the
State of Victoria, Australia. During interviews,
patients were administered with a series of self-
completed questionnaires that contained the
Short-Form with 36 Items (SF-36) instrument,
which is a health status profile instrument that can
be used to derive utility information.
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All patients were receiving treatment for a
persistent psychotic disorder. Overall, the SF-36
instrument produced scores of 48.1 and 42.2 for
the physical and mental categories, respectively
(Table 24). The AQoL produced a mean utility
value of 0.50 for the patients. When the care
managers completed the AQoL instrument as a
proxy, an overall utility value of 0.45 was produced.
The authors compared these scores with those for
the general population and found patient scores
to be significantly lower on all WHOQOL-Bref
domains, AQoL domains and utility scale (analysis
of variance, F-range: 15.14-193.07; p < 0.01 for
all comparisons). On average, utility scores were
37% lower than population norms.

The authors report that patients had little
difficulty in completing these instruments and that
psychotic patient’s self-reported HRQoL should be
included in outcome evaluation.

TABLE 24 Qol values for patients with psychosis

Appendix 9 provides a summary of the nine
papers that report QoL in patients with
schizophrenia. These values provide potential to
be used as a proxy for the QoL experienced by
patients with psychosis. Utility scores can only be
derived from SF-36/12 scores when fully
disaggregated scores are reported, so five of the
nine papers are not useful as only aggregated
SF-36/12 scores are provided. Four papers

report utility values for patients with
schizophrenia'!”!1%121 and two of these report
values for a treated and untreated state.'?%!?!
Three of the four papers report patient-rated
values whereas the other!!” used psychiatric nurses
to rate preferences. Table 25 reports the patient-
rated values along with average utility scores
calculated across the three papers. In summary,
the average utility scores for a schizophrenia
patient are estimated as 0.5 for untreated and 0.75
for treated patients.

Instrument Psychosis treated Source
SF-36:
Physical (PCS) (mean =+ SD) 48.1 (£9.1) Herrman et al., 2002''®
Mental (MCS) (mean = SD) 42.2 (x=11.2) (age: 18—64 years)
AQolL utility:
Patients: mean (SD) 0.50 (0.31) Herrman et al., 2002''®
Case managers (proxy): mean (SD) 0.45 (0.24) (age: 18—64 years)

TABLE 25 Utility scores reported for patients diagnosed with schizophrenia®

Before treatment After treatment Duration of Age range of Source
treatment patients (years)
0.729 0.775 | year after treatment 18-85 Lenert et al., 2005''®
0.538 0.596 Lenert et al., 2005''8
0.5 0.85 6 months after treatment <40 years Montes et al., 2003 '?'
0.5 0.86 Montes et al., 2003 '?!
0.4 0.65 Montes et al., 2003'?!
0.473 0.73 Montes et al., 2003'2!
0.396 0.67 Montes et al., 2003 '?!
0.467 0.64 Montes et al., 2003 '
0.77 ‘Stabilised’ Mean: 34 Voruganti et al., 2000'"7
0.85 Voruganti et al., 2000'"7
0.8l Voruganti et al., 2000'"”
Average
0.5 0.75

@ There are several utility values reported in each paper because these utility values have been elicited using different

methods, as detailed in Appendix 8.
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Independent economic assessment

This section provides details of a threshold
analysis developed by the assessment team to
evaluate the cost-effectiveness of the routine use of
structural neuroimaging (CT or MRI) in the
diagnosis of various conditions associated with an
FEP compared with the standard diagnostic
strategy. The objective was to estimate the
difference in costs and the difference in outcomes
of routine use of MRI or CT compared with the
standard diagnostic strategy within the UK, which
is typically scanning only when medical history or
physical findings have suggested an increased
likelihood of an organic cause of psychosis. The
details of the economic analysis are described in
the following sections.

Methods

To estimate the benefits and the economic costs of
using alternative screening strategies, the
framework of a threshold analysis that follows
patients for 1 year was used. A 1-year time horizon
was adapted for pragmatic reasons due to paucity
of data. Ideally, a longer time frame would have
been used in the analysis, but there was no
information reporting these eftects. All costs were
calculated from the perspective of the NHS and
Personal Social Services (PSS) and were estimated
in 2005-6 UK£ (inflation indices from Netten and
Curtis'??). Costs and benefits were not discounted
due to the model assessing 1 year only.

Description of the models

In the UK, a patient who is experiencing an FEP
will initially receive a standard examination
(history, physical, mental state and neurological
examinations, blood and urine tests) to determine
possible causes. Indication of an organic cause of
psychosis from mental state examination includes
an acute onset, features of delirium such as
clouding of consciousness and fluctuation in
conscious awareness, disorientation in time and
place, disturbance of memory, impaired attention
and visual hallucinations. Where no organic cause
of psychosis is suspected, it is assumed that the
patient has a functional psychosis.”® Under
standard practice, if an organic cause is suspected
an appropriate confirmatory test would be used,
which may include CT or MRI scanning. There
are many organic causes of psychosis, such as
temporal lobe epilepsy, stroke, brain injury,
encephalitis, dementia, Parkinson’s disease,
multiple sclerosis and brain tumours. Some of
these organic causes will have associated signs and
symptoms that are immediately obvious to the
clinician, leading to a rapid diagnosis and referral

to the appropriate speciality. These causes are
detailed in Table 1, p. 4

The primary objective of the economic analysis
was to measure the difference in costs and benefits
of scanning all patients with MRI or CT compared
with selective scanning under standard care. Any
benefit from scanning all patients will only be
realised in cases where the organic causes are not
immediately obvious to the clinician as the
treatment pathway will only be altered in these
patients (under standard care patients with
obvious symptoms will receive an automatic
referral to a consultant who specialises in that
organic cause). For this reason, the Birmingham
economic model sought to consider only the
organic causes of psychosis that were likely to
benefit from routine neuroimaging, i.e. causes
with signs/symptoms that may not be immediately
obvious to the clinician. These are:

e epilepsy
e brain tumour
o dementia.

The most common causes of psychosis vary
significantly with age. It is more common to find
epilepsy causing psychosis among young adults
whereas dementia is more common in an older age
group. To address this distinction, the economic
analysis was originally set up to model the cost-
effectiveness of neuroimaging in two age groups:
less than 65 years and 65 years and older. It was
assumed that possible organic causes of psychosis
in the younger age group (<65 years) were either
epilepsy, brain cyst (benign or malignant) or brain
tumour and in the older age group, either
dementia or brain cyst or tumour. The two models
therefore had the following possible outcomes
following an initial clinical assessment of a patient
with a first episode of psychosis:

<65 years
¢ functional psychosis
e organic cause: epilepsy
e organic cause: brain cyst or tumour.

65 years and over
functional psychosis
organic cause: dementia
e organic cause: brain cyst or tumour.

Model structure

To explore the cost-effectiveness of neuroimaging
using a conventional decision-analytic model,
information on the differential response to
antipsychotic drug therapy by type of cause
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(organic and functional) was required. This type of
model structure is outlined in Figures 2 and 3 for
each of the age groups considered.

There are four possible diagnostic strategies
within the model:

. Scan all patients.

. Scan all patients who do not respond to first-
choice antipsychotic therapy (olanzipine).

. Scan all patients who do not respond to
second-choice antipsychotic therapy
(risperidone).

. Scan all patients who do not respond to third-
choice antipsychotic therapy (clozapine).

N —

This model structure provided a way of estimating
the incremental cost-effectiveness of scanning
patients at various stages within the diagnostic
pathway. Thus, in addition to producing an
estimate of the difference in cost and benefit from
routine scanning versus no routine scanning, it
could also give results for different selective
scanning strategies (defined as only scanning
patients who failed on either first, second- or
third-choice antipsychotic therapy).

Despite the rationale of the original economic
model structure, the clinical effectiveness review of
neuroimaging identified no papers reporting
detection of dementia with psychosis following
either a CT or a MRI scan (see the section
‘Clinical effectiveness results’, p. 17) and epilepsy
cannot be diagnosed by CT or MRI. Therefore,
there were no results to populate these treatment
pathway arms within the economic model. As a
consequence, the model structure had to be
redesigned to allow for only one organic cause to
be detected from either a C'T or MRI scan: brain
cyst or tumour. The two distinct model structures
defined previously by age groups (<65 years and
65 years and over) were no longer necessary, as
the detection of brain cyst/tumour was common to
both model structures. The redesigned model
structure therefore covered both age groups and is
outlined in Figure 4.

This model structure assumed that patients who
have an organic cause of psychosis will not
respond to antipsychotic treatment. However,
discussions with clinical experts revealed that this
assumption does not hold in practice as it is
possible that patients who have an organic cause
of psychosis could respond to antipsychotic
treatment (Upthegrove R, Queen Elizabeth
Psychiatric Hospital, Birmingham: personal
communication, 2007).

© Queen’s Printer and Controller of HMSO 2008. All rights reserved.

The decision-analytic model described above had
to be reconsidered as it required information not
only on the differential response to treatment by
cause but also information on the impact upon
QoL of having an early diagnosis as opposed to a
late diagnosis of an organic cause. Such QoL
information was not found in our literature review.
Due to these complexities inherent within the
various causes (and treatment) of psychosis (and
QoL eftects), it was decided that the appropriate
form of analysis under these circumstances would
be to undertake a threshold analysis.

Threshold analysis

A threshold analysis predicts the quality-adjusted
life-year (QALY) gain required for the programme
to be regarded as cost-effective. By combining the
incremental cost of routine scanning with a
threshold cost per QALY value of £20,000 and
£30,000, the QoL gain required to meet these
threshold values can be estimated. It is recognised
that this form of analysis is limited because of its
inability to consider detailed progress of patients
through treatment pathways and the impact that
routine scanning would have had on this process.
However, without the data to populate such a
model, it is our view that a threshold analysis
provided the best alternative and can give, at the
very least, an idea of the range of incremental
costs and incremental benefits associated with
doing routine versus selective scanning.

To enable this analysis, a list of all cost-incurring
events of the two strategies (routine versus
selective scanning) was listed (Zable 26). For the
same reasons as before, only patients with a brain
tumour/cyst were considered as the organic cause.

Table 26 outlines the aspects of patient
management that determine the difference in cost
between the two strategies (routine and selective
scanning). The focus was on the cost difference
between the two strategies and therefore costs
common to both strategies automatically cancel
out. Table 26 categorises the cost by type of patient
(functional and organic). For the functional
psychosis patients, the difference in cost was
determined by the extra cost of scanning all
patients under the routine strategy so it is the cost
of either MRI or CT; all other costs remain as
before. For the brain tumour/cyst patients, the cost
difference was determined by the period that
antipsychotic medication was provided before a
later diagnosis within the selective screening
strategy (cost of treatment). Obtaining information
on the exact period that patients were left
undiagnosed under the selective screening
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TABLE 26 Cost-incurring events for cohort of patients with first episode psychosis

Condition Routine scanning

Functional psychosis Cost of physical examination

Cost of neurological examination
Cost of baseline blood tests

Cost of neuroimaging
Cost of Rx?

Organic cause:
brain tumour/cyst

Cost of physical examination
Cost of neurological examination
Cost of baseline blood tests

Cost of neuroimaging

Cost of surgery

Selective scanning (usual care) Cost difference (£)

Cost of physical examination
Cost of neurological examination
Cost of baseline blood tests

Cost of
Cost of Rx? neuroimaging
Cost of physical examination

Cost of neurological examination
Cost of baseline blood tests

Cost of neuroimaging

Cost of Rx*
Cost of surgery

Cost of Rx?

9 Rx, treatment with atypical antipsychotic drugs (average patient).

strategy proved to be a challenge for this review
and, so as to explore this uncertainty, we assumed
a variable period of 6 and 12 months. This was
varied in a sensitivity analysis to 3 months. Cost of
treatment for brain tumour/cyst is common to
both strategies as it was assumed that even in the
selective screening strategy, a diagnosis (and
subsequent treatment) of a brain tumour/cyst
would be achieved within the 12-month period.
This analysis assumes that clinicans are able to
predict accurately and refer those with organic
causes under the selective screening arm. There
are therefore no costs associated with scanning
patients who have functional psychosis and thus a
true negative result under the selective scanning
arm. Although this may seem an unrealistic
assumption, we had no data informing us of the
rate of patients who are likely to be within this
category.

Together, these costs (for both functional and
organic patients) determined the incremental cost
of performing routine versus selective scanning,
which was then combined with a threshold cost
per QALY value of £20,000 and £30,000 to
determine the QALY gain required to make
routine scanning cost-effective.

Estimation of model parameters for the threshold
analysis

Costs

All patients within the analysis were assumed to
receive an initial standard examination comprising
history, physical, mental state and neurological
examinations, and blood and urine tests regardless
of the diagnostic strategy. These costs were
assumed to be equivalent for both diagnostic

© Queen’s Printer and Controller of HMSO 2008. All rights reserved.

strategies within the analysis and were therefore
excluded from further analysis.

The costs of MRI and CT scanning were drawn
from 2005-6 NHS reference costs (Code RBF1
and RBC5, respectively)®! and set at £244 for MRI
and £78 for CT scanning.

Costs of drug therapy and monitoring

Patients with functional psychosis receive
antipsychotic medication provided as a predefined
sequence of drugs. The sequence of drugs chosen
for the model was based on an audit of atypical
antipsychotic drug use within the West Midlands
(Department of Medicine, University of Keele)
alongside clinical expert advice. It was assumed
that following diagnosis of FEP a patient would
receive olanzapine as the first-choice drug, and if
this drug failed then risperidone was the second-
choice drug. If the patient failed to respond to or
was intolerant to both olanzapine and risperidone,
then clozapine was assumed to be the third-choice
drug. Annual cost of drug therapy was derived
from the BNF 53, March 2007,'%% and estimated
assuming two levels of dosage that were varied
within the analysis. A detailed breakdown of how
these costs were derived is available in

Appendix 11.

Patient response to each drug was assumed to be
monitored over an 8-week period comprising

2 weeks of a titration dose followed by 6 weeks of a
maintenance dose. The costs associated with this
monitoring phase were determined by a
proportional split of patients receiving either
hospital or home care. The proportional split
between hospital and home care was varied within
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TABLE 27 Drug therapy and monitoring costs for antipsychotic medication

Drug name and duration of
treatment

Olanzapine for 52 weeks

Olanzapine for 8 weeks
Risperidone for 44 weeks

Olanzapine for 8 weeks
Risperidone for 8 weeks
Clozapine for 36 weeks

the analysis from 0/100 to 50/50 hospital/home
split to explore the effect of this assumption. The
values of 20/80 and 50/50 split between home and
hospital were chosen following consultation with a
clinical expert (Upthegrove R, Queen Elizabeth
Psychiatric Hospital: personal communication,
February 2007). The unit cost for an inpatient stay
was derived from NHS reference costs 2005-6
(£243) and for a home visit (£73).'%2 Annual costs
associated with drug therapy and monitoring are
summarised in Table 27.

To determine the average cost of antipsychotic
treatment, information on response to drug
therapy was extracted from a Health Technology
Assessment report reviewing the cost-effectiveness
of atypical antipsychotic drugs in schizophrenia.'?*
These response rates were then used as statistical
weights (Table 28) to apply to the drug and
monitoring cost to determine the average patient
cost of antipsychotic treatment (Zable 29).

The economic analysis assumed that the treatment
for brain cyst/tumour was not altered following an
earlier detection with CT or MRI. The analysis
therefore assumed no deterioration in the disease
state from being detected at a later stage with
standard practice compared to early stage
detection under routine scanning. It is
acknowledged that this is a large assumption but
for pragmatic reasons was unavoidable.

Costs of treatment for a brain tumour were
extracted from Blomqyist'?® and are reported in
Table 30. The authors reported direct and indirect
costs of brain tumour. Direct costs included
diagnosis of brain tumour (CT or MRI), major
surgery, radiation therapy and cytostatics (drugs
used in the treatment of malign tumours). Indirect
costs were 75% of the total cost of brain tumour
and included costs due to sickness leave episodes,
early retirements and mortality. Indirect costs were

Drug cost (£):
lower-higher dose

1,250-2,383
990-1,468

1,178-1,726

Monitoring costs (£):
hospital/home split

0/100 20/80 50/50
4,105 6,005 8,856
8,210 12,010 17,713
1,231 18,105 26,569

TABLE 28 Response to drug therapy?

Drug Probability of response Weights
Olanzapine 0.54 0.2523
Risperidone 0.84 0.3925
Clozapine 0.76 0.3551
Sum |

9 Assumption: response to a drug is independent to
response to another drug.

TABLE 29 Cost of treatment for an average patient with
psychosis

Drug cost (£)
3 months® 6 months® 12 months

Lower dose 173 556 1,122
Higher dose 301 908 1,791

Monitoring cost (£):
hospital/home split

0/100 20/80 50/50

8,632 12,628 18,623

9 Cost items for the 3-month scenarios considered in the
sensitivity analysis were calculated by dividing the
6-month items by 2, excluding clozapine.

b Olanzapine/risperidone/clozapine for 6 months is an
approximate estimate since clozapine should be given
for a minimum of 6 months.

excluded because the analysis was done from an
NHS perspective. Note that the cost of treating
and/or managing a tumour (including cost of
surgery) does not affect the analysis because it
would be the same for both routine and selective
scanning.
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TABLE 30 Cost of brain tumour treatment

Year Diagnosis  Therapy Total
1996 (US$) 925.44 13,535 14,460
2006 (US$)° 1,308.96 19,143.55  20,452.51
2006 (UK£)® 659.44 9,644.33 10,303.77

9 Inflated using Unit Costs of Social Care, 2006 Pay and
Prices Index.
b Converted using ft.com exchange rate.

Probability of detection with MRI/CT

The additional systematic review (see Appendix
10) estimated the test accuracy rates for detecting
brain tumours/cysts to be 100% for MRI and above
90% for a CT scan. The probability of a brain
tumour/cyst being detected following an MRI scan
was extracted from the clinical effectiveness review
(see Chapter 3, Table 16) and estimated to be
approximately 1% (see results for Vavilov and
colleagues'”” on p. 46). Since MRI was estimated
to have a sensitivity rate at or close to 100%, it was
assumed that the prevalence of brain tumour/cysts
among a psychotic patient population was 1% and
thus the probability of detecting brain tumours in
a cohort of patients was 1% with an MRI and 0.9%
with a CT (assuming that 0.1% with CT were false
negatives).

Quality of life

One of the principal difficulties in this analysis was
that there was no access to utility-based QoL data
to give information on the utility gain from an
earlier/accurate diagnosis compared to a ‘late’
diagnosis for the group of patients who have a
brain tumour/cyst. It was assumed that a utility
gain will be achieved (and indeed an improvement
in prognosis) by providing a patient with a correct
diagnosis earlier in their treatment pathway, but
estimation of this gain would be purely arbitrary.
As a consequence, it was thought to be more
informative to explore what QoL (and QALY gain)

TABLE 31 Costs of two strategies when scanning with MRI

was required to make routine scanning cost
effective for a full cohort of patients diagnosed
with an FEP.

Results

Routine scanning using MRI

Table 31 outlines the cost events that determine
the difference in cost between the selective and
routine screening strategy when using MRI.

The incremental cost of routine versus selective
scanning was directly affected by three aspects of
uncertainty within the analysis:

1. period of treatment for brain tumour under
selective scanning (6 or 12 months)

2. antipsychotic drug dosage (higher or lower
dose)

3. hospital and home split within the monitoring
phase (0/100, 20/80 or 50/50 hospital/home).

To explore the effect of this uncertainty, Table 32
presents the incremental cost for routine versus
selective screening for each of the possible
scenarios.

The scenarios have been ordered by incremental
cost (for each individual patient) and show routine
scanning to be more expensive than selective
scanning. The difference in cost is mainly driven
by the proportion of patients assumed to be
monitored either at home or at hospital. The
greatest cost difference was apparent when the
largest proportion of patients were monitored at
home (0/100 split), so it was this assumption that
was having the biggest impact upon the
incremental cost.

Threshold analysis for MRI
Where an intervention is more costly than its
alternative, a threshold analysis predicts the QALY

gain necessary to meet the threshold value of
£20,000 and £30,000 per QALY. The last two pairs

Condition Proportion Routine scanning Selective scanning Cost difference
(%) (usual care)

Functional psychosis 99 Cost of initial tests Cost of initial tests

Cost of MRI

Cost of Rx Cost of Rx Cost of MRI
Organic cause: Cost of initial tests Cost of initial tests
brain tumour/cyst Cost of MR Cost of Rx (6/12 months)

Cost of MRI Cost of Rx
Cost of surgery Cost of surgery (6/12 months)

© Queen’s Printer and Controller of HMSO 2008. All rights reserved.
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TABLE 32 Incremental cost of routine versus selective scanning

Scenario Duration (months) Hospital/home split Dose Incremental cost (£)
I 6 0/100 Lower 149.68
2 6 0/100 Higher 146.16
3 12 0/100 Lower 144.02
4 12 0/100 Higher 137.33
5 6 20/80 Lower 109.72
6 6 20/80 Higher 106.20
7 12 20/80 Lower 104.06
8 12 20/80 Higher 97.37
9 6 50/50 Lower 49.77
10 6 50/50 Higher 46.25
I 12 50/50 Lower 44.11
12 12 50/50 Higher 37.42

of columns of Table 33 present the results for an
individual patient if that individual was a ‘general’
patient and for the individual if they were a ‘brain
tumour’ patient.

This table predicts that as the incremental cost
from having routine scanning in place increases,
so too does the QALY gain required (for the
individual) for routine scanning to be regarded as
cost-effective at acceptable threshold levels. As
logic would predict, when focusing just on the
QoL of brain tumour patients, the QALY gain
required from having an early detection needs to
be even greater (scenario 1, threshold value of
£20,000: QALY gain 0.007 for full cohort versus
0.748 for brain tumour patients only).

Routine scanning using CT

Tuble 34 outlines the cost events that determine
the difference in cost between the selective and
routine screening strategy when using CT. As CT

TABLE 33 Threshold analysis for routine MRI scanning

Scenario Duration Hospital/ Dose
(months) home split
| 6 0/100 Lower
2 6 0/100 Higher
3 12 0/100 Lower
4 12 0/100 Higher
5 6 20/80 Lower
6 6 20/80 Higher
7 12 20/80 Lower
8 12 20/80 Higher
9 6 50/50 Lower
10 6 50/50 Higher
I 12 50/50 Lower
12 12 50/50 Higher

has a 90% sensitivity of detecting brain
tumours/cysts, using the prevalence of 1%, it was
estimated that 0.1% of patients would have a false
negative result.

For those patients who had a false negative result
under routine scanning, it was assumed (as in
selective scanning) that after a period of
treatment, they would receive an MRI which would
correctly diagnose the brain tumour. It was also
assumed that under routine scanning, this
treatment would be the same as under selective
scanning. Again as in the MRI case, to explore the
uncertainty around the duration, dosage and
monitoring costs, Table 35 presents the
incremental cost (for each individual patient) for
routine versus selective screening for each of the
possible scenarios using CT.

Each of the scenarios presented in Table 35 are
cost saving and so instead of the threshold

Incremental QALY gain QALY gain (brain
cost (£) (all patients) tumour patients)

£20,000 £30,000 £20,000 £30,000
149.68 0.007 0.005 0.748 0.499
146.16 0.007 0.005 0.731 0.487
144.02 0.007 0.005 0.720 0.480
137.33 0.007 0.005 0.687 0.458
109.72 0.005 0.004 0.549 0.366
106.20 0.005 0.004 0.531 0.354
104.06 0.005 0.003 0.520 0.347
97.37 0.005 0.003 0.487 0.325
49.77 0.002 0.002 0.249 0.166
46.25 0.002 0.002 0.231 0.154
44.11 0.002 0.001 0.221 0.147
37.42 0.002 0.001 0.187 0.125
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TABLE 34 Costs of two strategies when scanning with CT

Condition Proportion
(%)
Functional psychosis 99

Organic cause: |
brain tumour/cyst

True
positive
0.9%

False
negative
0.1%

TABLE 35 Incremental cost of routine versus selective scanning

Scenario Duration (months)
I 6
2 6
3 12
4 12
5 6
6 6
7 12
8 12
9 6

10 6

I 12

12 12

Routine scanning Selective scanning Cost difference
(usual care) (£)
Cost of initial tests Cost of initial tests
Cost of CT
Cost of Rx Cost of Rx Cost of CT
Cost of initial tests Cost of initial tests Cost of CT -
Cost of CT Cost of Rx (6/12 months) cost of MRI —
Cost of MRI cost of Rx
Cost of surgery Cost of surgery (6/12 months)
Cost of initial tests Cost of initial tests Cost of CT
Cost of CT Cost of Rx (6/12 months)
Cost of Rx (6/12 months) Cost of MRI
Cost of MRI Cost of surgery
Cost of surgery
Hospital/home split Dose Incremental cost (£)
0/100 Lower -6.89
0/100 Higher -10.06
0/100 Lower -11.98
0/100 Higher -18.00
20/80 Lower —42.85
20/80 Higher —46.02
20/80 Lower —47.95
20/80 Higher -53.97
50/50 Lower -96.81
50/50 Higher -99.98
50/50 Lower -101.90
50/50 Higher -107.92

analysis predicting the individual QALY gain
necessary to meet the threshold value of £20,000
and £30,000 per QALY, it will predict the QALY
loss at which the decision on cost-effectiveness
grounds changes. If the QALY loss is greater than
the threshold, then the QALY loss is not justified
by the cost saving. Any QALY loss less than the
threshold (and any QALY gain) would result in
routine scanning being viewed as cost-effective.
The scenarios have been ordered by incremental
cost and all show routine scanning using CT to
be cost-saving compared with selective scanning.
The greatest cost saving (£108) was within the
scenario where the highest proportion of patients
were being hospitalised during the monitoring
phase (50/50 split). However, even when the
proportion of patients being hospitalised was
zero, the dosage was low and the duration of
treatment was 6 months, the intervention was

still cost saving.
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Threshold analysis for CT
The results of the threshold analysis for CT for
each of the scenarios are presented in Table 36.

This table predicts that as the cost saving becomes
greater, so too does the loss in QALYs that can be
tolerated for routine scanning to be regarded as
cost-effective at acceptable threshold levels. The
QALY loss is at its greatest in scenario 12
(proportion of patients being hospitalised 50%,

12 months of treatment under selective screening,
12 months of treatment for patients with false
negatives and dose of antipsychotic treatment

high).

Sensitivity analysis

The threshold analysis for both MRI and CT
showed that routine scanning versus selective
scanning incurs a cost with MRI and is cost-saving
with CT. By ranking the scenarios by incremental
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TABLE 36 Threshold analysis for routine CT scanning

Scenario Duration Hospital/ Dose
(months) home split
I 6 0/100 Lower
2 6 0/100 Higher
3 12 0/100 Lower
4 12 0/100 Higher
5 6 20/80 Lower
6 6 20/80 Higher
7 12 20/80 Lower
8 12 20/80 Higher
9 6 50/50 Lower
10 6 50/50 Higher
I 12 50/50 Lower
12 12 50/50 Higher

cost, it can be deduced that the hospital/home
proportional split had the greatest impact upon
the result. Within this category, the most
conservative assumption of no patients being
hospitalised and all patients being monitored at
home cannot be altered any further to ‘reduce’
this monitoring cost as the only alternative was to
assume that patients incurred no monitoring cost
whatsoever, and this seemed somewhat unrealistic.

Time

A major area of uncertainty within the analysis
centres on the period of inaccurate diagnosis
under the selective screening strategy. There was
no information on the average length of time that
a brain tumour/cyst patient would go undetected

TABLE 37 Sensitivity analysis: 3-month ‘time delay’

Scenario Duration Hospital/ Dose
(months) home split
Scanning using MRI
I 3 0/100 Lower
2 3 0/100 Higher
3 3 20/80 Lower
4 3 20/80 Higher
5 3 50/50 Lower
6 3 50/50 Higher
Scanning using CT
I 3 0/100 Lower
2 3 0/100 Higher
3 3 20/80 Lower
4 3 20/80 Higher
5 3 50/50 Lower
6 3 50/50 Higher

Incremental QALY loss QALY loss (brain
cost (£) (all patients) tumour patients)
£20,000 £30,000 £20,000 £30,000

-6.89 -0.0003 -0.0002 -0.0344 -0.0230
-10.06 -0.0005 -0.0003 -0.0503 -0.0335
-11.98 —-0.0006 -0.0004 -0.0599 -0.0399
-18.00 -0.0009 -0.0006 -0.0900 -0.0600
—42.85 -0.0021 -0.0014 -0.2143 -0.1428
—46.02 -0.0023 -0.0015 -0.2301 -0.1534
—47.95 -0.0024 -0.0016 -0.2397 -0.1598
-53.97 -0.0027 -0.0018 -0.2698 -0.1799
-96.81 -0.0048 -0.0032 -0.4840 -0.3227
-99.98 -0.0050 -0.0033 -0.4999 -0.3333
-101.90 -0.0051 -0.0034 -0.5095 -0.3397
-107.92 -0.0054 -0.0036 -0.5396 -0.3597

under usual care. In this analysis it was assumed
that treatment for psychosis is administered a
variable length of time of 6 and 12 months. For
the sensitivity analysis, this period was altered to
3 months to determine the impact upon the

overall results. The results are presented in
Table 37.

With a time delay of 3 months before accurate
diagnosis is achieved under the selective screening
strategy, routine scanning with MRI is cost
incurring and with CT it is still cost saving.

Sensitivity rate
It was assumed in the basecase analysis that CT
had a 90% sensitivity rate for detecting brain

Incremental QALY gain/loss QALY gain/loss
cost (£) (all patients) (brain tumour
patients)
£20,000 £30,000 £20,000 £30,000
153.51 0.008 0.005 0.768 0.512
152.23 0.008 0.005 0.761 0.507
113.55 0.006 0.004 0.568 0.378
112.27 0.006 0.004 0.561 0.374
53.60 0.003 0.002 0.268 0.179
52.32 0.003 0.002 0.262 0.174
-3.45 -0.0002 -0.0001 -0.0172 -0.0115
—4.59 -0.0002  -0.0002 -0.0230 -0.0153
-39.41 -0.0020 -0.0013 -0.1970 -0.1314
—40.56 -0.0020 -0.0014 -0.2028 -0.1352
-93.36 -0.0047 -0.0031 -0.4668 -0.3112
-94.51 -0.0047 -0.0032 -0.4726 -0.3150
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tumours/cysts. This allowed for a 0.1% rate of false
negatives (10% of the prevalence rate). To explore
the affect of this assumption, this sensitivity rate
was altered to 50%, thus allowing for a 0.5% rate
of false negatives. These results are presented in
Table 38.

With the sensitivity rate of 50%, routine scanning
using CT versus selective scanning produces a
result that is cost saving within scenarios 9-12 and
cost incurring within scenarios 1-8.

Prevalence rate

On the basis of the clinical effectiveness systematic
review (assuming a 100% sensitivity rate for MRI),
it was estimated that the prevalence of a brain
tumour/cyst among the study population was 1%.

TABLE 38 Sensitivity analysis: 50% sensitivity rate for CT

Scenario Duration Hospital/ Dose
(months) home split
I 6 0/100 Lower
2 6 0/100 Higher
3 12 0/100 Lower
4 12 0/100 Higher
5 6 20/80 Lower
6 6 20/80 Higher
7 12 20/80 Lower
8 12 20/80 Higher
9 6 50/50 Lower
10 6 50/50 Higher
I 12 50/50 Lower
12 12 50/50 Higher

To explore the effect of this assumption, the
prevalence of a brain tumour/cyst was altered to
0.5% and 5%. These results are presented in
Tables 39 and 40 for MRI and in Tables 41 and 42
for CT.

Altering the prevalence rate of brain tumours/cysts
changes the direction of results when considering
routine scanning using MRI. The results of the
sensitivity analysis show that when we assume a
prevalence rate of 5%, routine scanning is cost
saving and thus a loss in QALYs can be tolerated
to make it cost-effective at acceptable threshold
levels. When the prevalence rate is altered to
0.05%, routine scanning is cost incurring and thus
a QALY gain was necessary to meet the threshold
value of £20,000 and £30,000 per QALY. Where

TABLE 39 Prevalence of brain tumour in study population: 0.5% — results for MRI

Scenario Duration Hospital/ Dose
(months) home split
| 6 0/100 Lower
2 6 0/100 Higher
3 12 0/100 Lower
4 12 0/100 Higher
5 6 20/80 Lower
6 6 20/80 Higher
7 12 20/80 Lower
8 12 20/80 Higher
9 6 50/50 Lower
10 6 50/50 Higher
I 12 50/50 Lower
12 12 50/50 Higher

Incremental QALY gain/loss QALY gain/loss
cost (£) (all patients) (brain tumour
patients)
£20,000 £30,000 £20,000 £30,000
30.84 0.0015 0.0010 0.1542 0.1028
29.08 0.0015 0.0010 0.1454 0.0969
28.01 0.0014 0.0009 0.1401 0.0934
24.67 0.0012 0.0008 0.1233 0.0822
10.86 0.0005 0.0004 0.0543 0.0362
9.10 0.0005 0.0003 0.0455 0.0303
8.03 0.0004 0.0003 0.0402 0.0268
4.69 0.0002 0.0002 0.0234 0.0156
-19.12 -0.0010 -0.0006 -0.0956 -0.0637
-20.88 -0.0010 -0.0007 —-0.1044 -0.0696
-21.95 -0.0011  -0.0007 -0.1097 -0.0732
-25.29 -0.0013  -0.0008 -0.1265 -0.0843
Incremental QALY gain QALY gain (brain
cost (£) (all patients) tumour patients)
£20,000 £30,000 £20,000 £30,000
196.84 0.010 0.007 1.968 1.312
195.08 0.010 0.007 1.951 1.301
194.01 0.010 0.006 1.940 1.293
190.67 0.010 0.006 1.907 1.271
176.86 0.009 0.006 1.769 1.179
175.10 0.009 0.006 1.751 1.167
174.03 0.009 0.006 1.740 1.160
170.69 0.009 0.006 1.707 1.138
146.89 0.007 0.005 1.469 0.979
145.13 0.007 0.005 1.451 0.968
144.06 0.007 0.005 1.441 0.960
140.71 0.007 0.005 1.407 0.938
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TABLE 40 Prevalence of brain tumour in study population: 5% — results for MRI

Scenario

wWoOoONOTULTDAWDND —

TABLE 41 Prevalence of brain tumour in study population: 0.5% — results for CT

Scenario

VWoONOULTAWN —

Duration
(months)

12
12

12
12

12
12

Duration
(months)

12
12

12
12

12
12

Hospital/
home split

0/100
0/100
0/100
0/100
20/80
20/80
20/80
20/80
50/50
50/50
50/50
50/50

Hospital/
home split

0/100
0/100
0/100
0/100
20/80
20/80
20/80
20/80
50/50
50/50
50/50
50/50

Dose

Lower
Higher
Lower
Higher
Lower
Higher
Lower
Higher
Lower
Higher
Lower
Higher

Dose

Lower
Higher
Lower
Higher
Lower
Higher
Lower
Higher
Lower
Higher
Lower
Higher

Incremental
cost (£)

—227.60
—245.20
—255.90
-289.35
—427.40
—445.00
—455.70
—489.15
—-727.15
—744.75
—755.45
—-788.90

Incremental
cost (£)

35.56
33.97
33.01
30.00
17.57
15.99
15.03
12.02
-9.40
-10.99
-11.95
-14.96

TABLE 42 Prevalence of brain tumour in study population: 5% — results for CT

Scenario

wWoONOTULTDAWDND —

72

Duration
(months)

12
12

12
12

12
12

Hospital/
home split

0/100
0/100
0/100
0/100
20/80
20/80
20/80
20/80
50/50
50/50
50/50
50/50

Dose

Lower
Higher
Lower
Higher
Lower
Higher
Lower
Higher
Lower
Higher
Lower
Higher

Incremental
cost (£)

—-346.44
-362.28
=371.91
—402.02
-526.26
-542.10
-551.73
-581.84
—-796.04
-811.88
-821.51
-851.61

QALY loss
(all patients)
£20,000 £30,000
0.011 0.008
0.012 0.008
0.013 0.009
0.014 0.0l
0.021 0.014
0.022 0.015
0.023 0.015
0.024 0.016
0.036 0.024
0.037 0.025
0.038 0.025
0.039 0.026
QALY gain/loss

(all patients)

£20,000 £30,000
0.0018 0.0012
0.0017 0.0011
0.0017 0.001 I
0.0015 0.0010
0.0009 0.0006
0.0008 0.0005
0.0008 0.0005
0.0006 0.0004
-0.0005 -0.0003
—-0.0005 -0.0004
-0.0006 -0.0004
-0.0007 -0.0005
QALY loss
(all patients)
£20,000 £30,000
0.017 0.012
0.018 0.012
0.019 0.012
0.020 0.013
0.026 0.018
0.027 0.018
0.028 0.018
0.029 0.019
0.040 0.027
0.041 0.027
0.041 0.027
0.043 0.028

QALY loss (brain
tumour patients)

£20,000 £30,000
0.228 0.152
0.245 0.163
0.256 0.171
0.289 0.193
0.427 0.285
0.445 0.297
0.456 0.304
0.489 0.326
0.727 0.485
0.745 0.497
0.755 0.504
0.789 0.526
QALY gain/loss
(brain tumour
patients)
£20,000 £30,000
0.3556 0.2370
0.3397 0.2265
0.3301 0.2201
0.3000 0.2000
0.1757  0.1172
0.1599 0.1066
0.1503 0.1002
0.1203 0.0801
-0.0940 -0.0627
-0.1099 -0.0733
-0.1195 -0.0797
-0.1496 -0.0997

QALY loss (brain
tumour patients)

£20,000

0.346
0.362
0.372
0.402
0.526
0.542
0.552
0.582
0.796
0.812
0.822
0.852

£30,000

0.231
0.242
0.248
0.268
0.351
0.361
0.368
0.388
0.531
0.541
0.548
0.568
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the cost is greater, the lower the incremental cost,
the lower the QALY gain required to make the
intervention cost-effective. Tables 41 and 42
present the results for CT. The effects of altering
the prevalence of brain cyst/tumour was explored
among the study population by keeping the
sensitivity of a CT detecting a brain tumour/cyst
constant at 90% [estimate provided by the test
accuracy systematic review (see Appendix 10)].

When the prevalence is set at 0.5% (1able 41),
there was no longer a cost saving and therefore a
QoL gain was necessary to meet the threshold
value of £20,000 and £30,000 per QALY. However
there was a cost saving for scenarios 9-12 where
the hospital/home split was 50/50. This can be
explained by the fact that the monitoring cost was
higher under those scenarios and hence the 10%
of the cases missed by scanning selectively with CT
(sensitivity 90%) were more costly than scanning
all patients routinely.

When the value of prevalence was set to 5%,
routine scanning using CT versus selective
scanning produced a result that was cost saving for
all patients.

Discussion of the economic evaluation
The benefits of routine scanning will be
experienced by the group of patients who have an
organic cause of psychosis with signs and
symptoms that are not immediately obvious to the
clinician. This is because with routine scanning, an
earlier diagnosis can be achieved avoiding the use
of antipsychotic medication and potentially
improving the prognosis of the patient. Apart
from receiving an early scan following the initial
diagnosis of psychosis, the treatment pathway of
all other patients will remain the same.

The organic causes that are likely to benefit from
routine scanning were identified as brain
tumour/cyst and possibly dementia. Epilepsy
would not be diagnosed with CT or MRI scanning.
No studies were found in the clinical effectiveness
review on the identification of epilepsy or
dementia with psychosis being identified by either
a CT or MRI scan. The analysis thus reduced to
consideration of just brain tumour/cysts.

The original economic model structure was based
on the proposition that patients with an organic
cause will fail to response to antipsychotic
medication. This proposition was unfounded,
however, and together with the lack of information
on QoL effects meant that the appropriate form of
economic analysis was to undertake a threshold
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analysis. From this analysis it appears that it is
possible to obtain different results for routine
scanning versus selective scanning when
consideration is given to MRI and CT. With MRI
scanning the incremental cost is positive, ranging
from £37 to £150; however, when scanning
routinely using CT, the result is cost saving,
ranging from £7 to £108 with the assumption of a
1% prevalence rate of tumours/cysts or other
organic causes amenable to treatment. This means
that for the intervention to be viewed as cost-
effective the QALY gain necessary for MRI
scanning is 0.002-0.007 and with CT scanning the
QALY loss that can be tolerated is between 0.0003
and 0.0054 using a £20,000 threshold value.
These estimates were subjected to sensitivity
analysis. With the 3-month time delay, MRI
remains cost incurring with a small gain in QoL
required for the intervention to be cost-effective;
routine scanning with CT remains cost saving.
When the sensitivity of CT is varied to 50%,
routine scanning is either cost incurring or cost
saving, depending on the scenario. Finally, we
have shown that, not surprisingly, the results are
sensitive to the assumed prevalence rate of brain
tumours in a psychotic population.

Discussion therefore needs to focus on the QoL
effects of scanning all patients. One might argue
that there is a disutility associated with an MRI
scan with respect to the noise and the
claustrophobic nature of the procedure. This
needs to be offset against the QoL impact for all
the patients with a brain tumour/cyst who receive
an early diagnosis under routine scanning and
thus potentially a better prognosis. It is
considered here that this would result in a QoL
gain for these patients.

A weakness in the analysis is that it only considers
the effect of scanning all patients over 12 months.
This is largely due to data limitations as there was
no information on the impact of early scanning on
the prognosis of a brain tumour/cyst patient.
However, it is likely that the QoL gain from an
early diagnosis goes beyond 12 months and this
has been ignored in the analysis but could further
support the implementation of routine scanning.
Another limitation of the analysis is the
assumption that no mortality effects will occur
within the cohort. The analysis only considers
brain tumours/cysts as an organic cause due to
paucity of data within dementia. The model also
assumes that under selective scanning, clinicians
will accurately suspect and refer patients with
organic causes, thus there will be no true negative
cases as a result of scanning.
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If it is agreed that the effects of routine scanning
would not cause a QoL loss overall, and the
prevalence of organic causes is approximately 1%,
then our analysis has shown the intervention to
be cost saving with CT. For MRI to be regarded
as cost-effective then a small gain in QoL is
required. This result is apparent due to the
expense of antipsychotic medication and the
associated cost of treatment following a delayed
diagnosis.

The economic analysis is limited, however, by the
great paucity of data and the complexity of
psychosis. A number of assumptions were used
within the analysis and the results should be
interpreted in the light of these caveats. The
threshold analysis is heavily influenced by the
prevalence rate of brain tumours and cysts within
a psychotic population and, without further
research to determine this rate accurately, these
results should be treated cautiously.
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Chapter 5

Assessment of factors relevant to the NHS and
other parties

ecent NHS policy with respect to FEP has

focused on ensuring early access to
assessment and intervention (Department of
Health, 2003-6) and includes the development of
the National Early Intervention in Psychosis
programme.“® This initiative is in response to the
evidence base linking the length of untreated
psychosis with reduced quality of life and a worse
prognosis®*”% and providing intensive,
integrated, sustained outreach-based care during a
critical period in the course of illness.®> Despite
reported problems with funding and inequities in
access, the number of individuals served by early
intervention teams increased from ~1000 to
12,000 between 2002 and 2007."%°

It is not clear precisely how neuroimaging in FEP
would contribute to the aims of early intervention
in psychosis programme. Neuroimaging is not an
investigation that would be a prerequisite for the
commencement of anti-psychotic treatment.
Psychosis is a symptom requiring treatment, and
identification of underlying pathology may change
a diagnosis or alter clinical management but
would not include withholding treatment for
psychosis per se.

Potential benefits of neuroimaging in psychosis
include the utility for patients and carers of an
early and more accurate diagnosis, including
identification of reversible causes of psychosis or
co-morbidity. This in turn may shorten the time
over which anti-psychotics are needed, reduce
stigma associated with certain psychiatric
diagnoses and promote timely intervention.
However, the clinical effectiveness review suggests
that a policy of screening all FEPs would result in
small numbers of clinically significant findings:
0.5% (0-5%) when CT is used and 5% (0-10%)
when MRI is used. On the basis of one study
concerned with treatment-refractory psychosis,'
the number of clinically significant findings
appears to increase in patients with chronic
psychosis (point estimate 2% with CT). However,
the yield of findings that impact on diagnosis or
management must be balanced against the
proportion of findings of unknown clinical
significance or incidental findings (10% for MRI

06
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and 5% for CT). These incidental findings may
lead to further investigation with associated costs
and associated anxiety on behalf of patients and
carers. A further consideration is the anxiety
associated with undergoing neuroimaging
investigations themselves. MRI in particular is
associated with anxiety reactions in a considerable
number of patients (4-30%).”> Only one study in
the clinical effectiveness review provided any
information on patients in whom scanning was not
possible'”? and only a minority of studies in the
review of test accuracy (see Appendix 10) gave this
information. It is likely that in practice these types
of reactions will be more common in psychotic
patients. The issue of consent under such
circumstances must also be considered. Finally, CT
delivers a dose of radiation to the head. Given
that those presenting with an FEP are likely to
include considerable numbers of young patients,
the ethics of screening this patient group with CT,
given the low yield of abnormalities, is
questionable.

Any potential benefit of neuroimaging in psychosis
has to be interpreted in the light of the poor
quality of included studies. In addition, it has
been demonstrated likely that different imaging
techniques have different test accuracies (see
Appendix 10) and that test accuracy will be
dependent on the underlying pathology. Apart
from cost considerations, it has not been possible,
given the existing evidence base, to recommend
one mode of imaging over another in a
heterogeneous group of patients with psychosis.
No direct comparisons of the relative performance
of CT and MRI were identified in the clinical
effectiveness review and indirect comparisons are
complicated by the multiplicity of target disorders
that may be revealed by neuroimaging. Evidence
therefore does not allow investigation of more
targeted use of imaging.

New developments in CT and MRI technology,
including interventional neuroradiology, and
government guidelines for the investigation and
treatment of acute stroke and cancer, have added
to workload pressure by increasing patient
throughput and the complexity of examination.
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A report by the British Society of
Neuroradiologists'?’ further identified that
referrals from non-neurological specialities
(including psychiatry) have contributed to the
pressure on consultant workload. The report cites
barriers to local service development including the
substantial costs associated with the technology,
facilities to house the technology and staff
capacity. Although the development of ‘hub and
spoke’” arrangements, with consultant
neuroradiologists providing visiting support to
radiologists working in district general hospitals,
may increase capacity, it is unclear whether this
will be sufficient to manage increases in demand.
Current, typical waiting times are of the order of
2—4 weeks for CT investigation and 3-12 months
for MRI.

Based on recent UK epidemiological studies and
population statistics,*®!?® the number of cases of
FEP occurring per year in England and Wales can
be estimated as approximately 7476.
Neuroimaging all cases of FEP would cost between
£583,128 and £1,824,144 (NHS reference costs
2005-6%1) depending on whether CT or MRI is

used. This is likely to be an underestimate of the
true cost as abnormalities detected on CT may
require additional imaging with MRI to determine
their precise clinical significance; a diagnostic
work-up pattern that can be observed in three of
the included studies in the review of clinical
effectiveness®®®%1%! and one in the review of
relative test accuracy of CT and MRI (see
Appendix 10). In addition, the cost of modifying
or rescheduling imaging in this patient group may
not be insignificant as refusal rates are likely to be
in excess of the 5-10% quoted in the literature.”

Mental health expenditure is reported to be 8-9%
of NHS expenditure.'®® The opportunity costs
associated with a decision to undertake routine
neuroimaging in this patient group need to be
considered, in particular, the continued need to
ensure equitable access to effective treatments and
good-quality care in patients with psychosis.?*65120
In addition, the opportunity cost of routine
neuroimaging in FEP compared with the broader
work profiles of diagnostic and interventional
neuroradiology require consideration.
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Chapter 6

Discussion

Statement of principal findings

Clinical effectiveness

High-quality evidence of the benefit of CT or MRI
in patients with psychosis was not found. All of the
included studies most resembled diagnostic
before-after studies. There were no studies found
on time to correct diagnosis or certainty of
diagnosis.

There were 16 CT studies, six of which were in
FEP patients, plus one CT study in treatment-
refractory psychosis (schizophrenia) and one
review of case reports of misidentification
syndromes. There were four MRI studies, two of
which were in FEP patients. There were three
CT/MRI studies, one of which was in FEP patients.

Almost all of the studies were small, so probably
underpowered to find a significant additional
benefit of structural neuroimaging. The only large
study!'%” (n = 721) included an unspecified
proportion of patients with neurological symptoms
and signs, so cannot address the question of
whether structural neuroimaging is of benefit in
patients with psychosis and no clinical suspicion of
additional pathology. It was not considered viable
to contact the authors for information on the
proportion of patients in this study with no
neurological symptoms and signs of additional
pathology. No studies were found in which
patients had specifically experienced deterioration
in psychotic symptoms.

In the CT studies, the percentage of patients with
a scan affecting treatment was zero or less than
1.8% in nine studies, four of which were in FEP
patients. Three studies in non-FEP patients
reported up to 14% of patients with a scan
affecting treatment. There were no patients with a
change in diagnosis due to the scan in six studies
(two of these studies were in FEP patients). In two
non-FEP studies, 0.1 and 4% of patients were
given a new diagnosis due to the scan. This
information was not reported by the remaining
studies.

For MRI studies, two FEP studies reported that
only 3 and 9% of FEP patients had a scan affecting
treatment. A third non-FEP study reported that
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21% of patients had a scan affecting treatment.
There were 1% (FEP), 3% (FEP) and 21% (non-
FEP) of patients who had a change in diagnosis
due to the scan. The fourth study did not provide
any useful information.

For studies using CT or MRI, 4 and 13% of non-
FEP patients had a scan affecting treatment. It was
not clear how many patients had a scan affecting
treatment in the single FEP study. No FEP
patients had a change in diagnosis due to the scan
(one study), but 8% of non-FEP patients had a
change in diagnosis due to the scan (one study).

In the single study of treatment-refractory
schizophrenic patients, 2% of patients had a scan
affecting clinical treatment but the percentage of
patients with a change in diagnosis due to the scan
was not reported.

In a review of case reports of misidentification
syndromes, 25% of patients had a scan affecting
treatment. The percentage of patients with a
change in diagnosis due to the scan was not
reported.

The studies where the patient group was not
specified to be FEP or treatment naive possibly
had more clinically significant findings but the
accuracy of this is difficult to determine.

The included studies were of a design similar to a
before—after study and most used retrospective
data. All studies were low in the hierarchy of
evidence, with poor levels of reporting. The
internal and external validity of the included
study was questionable.

Cost-effectiveness

There were no industry submissions for this
technology appraisal. No articles were found
that reported directly on the cost-effectiveness of
structural neuroimaging (or any form of
neuroimaging) in patients with psychosis. There
were five papers, including one based in the UK
(1991), that explored the cost-effectiveness of
neuroimaging within mental health and
neurology (including multiple sclerosis, dementia,
neurological diagnosis and intracranial

pathology).
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The UK study measured the diagnostic certainty
and impact on patient management of MRI in
neurosciences. This large cost/outcome descriptive
study (n = 782) was based on a diagnostic
before-after study. It found overall cost savings of
procedures replaced by MRI of £81 per patient
and a marginal cost per diagnostic change of

£626.

One Australian paper reported the QoL in a
sample of 173 patients with psychosis using two
questionnaire measures including SF-36. The
physical symptoms mean [standard deviation (SD)]
score was 48.1 (9.1) and for mental symptoms was
42.2 (11.2). Nine papers reported QoL in patients
with schizophrenia, using SF-36, SF-12, standard
gamble, time trade-off or the EuroQoL instrument
(EQ-5D). Putting these results together suggested
an average utility for a person with schizophrenia
before treatment of 0.5 and after treatment of

0.75.

Economic model

A decision-analytic model was not possible as it
required information on the differential response
to treatment by cause and the impact upon QoL
from having an early diagnosis as opposed to a
late diagnosis of an organic cause, which was not
found in the literature review.

A threshold analysis with a 1-year time horizon
was undertaken. This combined the incremental
cost of routine scanning with a threshold cost per
QALY value of £20,000 and £30,000 to predict the
QoL gain required to meet these threshold values.
The analyses produced different results for MRI
and CT. With MRI, the incremental cost is
positive, ranging from £37 to £150, hence for the
intervention to be viewed as cost-effective the
QALY gain necessary is between 0.002 and 0.007.
With CT, the result is cost saving, ranging from £7
to £108, hence the QALY loss that can be
tolerated is between 0.003 and 0.054 using a
£20,000 threshold value. These estimates were
subjected to sensitivity analysis relating to
assumptions about the duration of antipsychotic
treatment, sensitivity of C'T and prevalence rate of
brain tumours within a psychotic population.

With the 3-month time delay in diagnosis under
selective screening, MRI remains cost incurring
with a small gain in QoL required for the routine
scanning to be cost-effective. For CT, routine
scanning remains the cost-saving option. When
the sensitivity of CT is varied to 50%, routine
scanning is either cost saving or cost incurring
depending on the scenario. The results are

sensitive to the prevalence rate of brain tumours
within a psychotic population.

Strengths and limitations of the
assessment

Strengths of the assessment

The definition of FEP is not clearly defined or
universally accepted. Studies with treatment-naive
psychotic patients only could have been included,
but the few studies found in new onset psychotic
patients did not clearly state whether all included
patients had no anti-psychotic treatment before
they had a brain scan. Therefore, in order to
increase the usefulness of the clinical effectiveness
review, the inclusion criteria were broadened so
that more studies in psychotic patients could be
reviewed. This was done because it became
obvious during the course of the review that it
would be difficult to establish whether FEP
patients were any more or less likely to have
unsuspected brain lesions than a more general
group of psychotic patients. Also, it was difficult to
determine how accurately having a first episode
was measured and whether the first episode
studies were comparable to each other because
first episode was not clearly defined.

Well-established systematic review techniques were
used. A very wide search looking at a large
number of full papers was considered necessary in
order to ensure that no relevant studies were
missed. This was particularly important for studies
including manic, depressed and bipolar patients,
where the condition may or may not have been
psychotic in the patients described.

It is possible that a form of publication bias may
have affected the research base available for this
systematic review. Where there is a new technology
available, there tends to be great enthusiasm for
its uptake. If a study does not find a benefit of the
new technology, there may be reluctance to
publish. However, it is noticeable that in the case
of the studies evaluating C1; most did not find
beneficial effects of the additional use of CT scans
in diagnostic workups in psychotic patients with
no additional symptoms and signs. It cannot be
proven that the reason for such a small number of
studies found evaluating structural MRI was
because of this type of publication bias. It is highly
likely that any study demonstrating the usefulness
of a new imaging modality would have been
published, so more unpublished studies may exist
but they are more likely to demonstrate a lack of
effect rather than a benefit.
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No economic evaluation reporting the cost-
effectiveness of neuroimaging in FEP was
identified. Therefore, our economic evaluation is
probably the first to be attempted in this area. A
decision-analytic model was attempted but there
was insufficient information to populate this, so
rather than using estimates which could have been
relatively inaccurate, a more basic threshold
analysis was completed instead.

The assessment of the clinical benefits of
structural neuroimaging would normally be the
next step after having assessed the diagnostic
accuracy of CT and structural MRI. However, no
information on sensitivity and specificity of
structural neuroimaging in psychosis was found.
Therefore, one of the strengths of this report is
the incorporation of a systematic review of the test
accuracy of CT and MRI in patients with
Alzheimer’s disease, epilepsy and primary and
secondary brain tumours.

Limitations of the assessment

There is a paucity of good-quality evidence on the
clinical benefits of structural neuroimaging on
which to base this health technology assessment.
There were no RCTs, cohort or case—control
studies of the benefits of CT or MRI
neuroimaging in psychosis. Also, no studies found
were reporting clinical outcomes of structural
neuroimaging where patients had a mean age of
over 65 years.

Although there are large numbers of CT and
structural MRI studies in treatment-naive or FEP
patients, only morphological outcomes were
reported in most of these studies and so they were
excluded from this systematic review. The brain
morphology in psychotic patients was mostly
compared with brain morphology in healthy
volunteers or other psychiatric patients. To date,
no systematic reviews of either region of interest
or voxel-based morphology have demonstrated
morphological changes of clinical use for the care
of psychotic patients. Therefore, this systematic
review could not make use of the information from
these reviews.

The included studies did not conform to the
traditional model of a diagnostic accuracy study,
which reports sensitivity, specificity or other
diagnostic outcomes. However, the question in this
review was of a Phase IV type, that is, whether
patients who undergo this diagnostic test in
addition to a standard diagnostic work-up fare
better (in their ultimate health outcomes) than
those patients who have a standard diagnostic
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work-up alone.'® This type of question has also
been described as providing a diagnostic yield.
There is little published research about the type of
studies required to answer this type of question.
The main options are RCTs or before-after
studies. RCT5 are often the best type of study
design in most instances but may not be
appropriate here. However, before—after studies
have a number of inherent weaknesses which
cannot all be solved by careful study design and
conduct.® The included studies in this systematic
review were all similar to before—after studies.

One study was included that was a review of
published case reports rather than a before-after
type of study. The review of misidentification
syndromes was included because it was likely to be
the best evidence available on the use of structural
neuroimaging on these rare manifestations of
psychosis. However, this review may be biased in
that it is likely that only the more unusual
examples may have been written up for
publication. The review employed a systematic
search for appropriate studies published between
1955 and approximately 1990 so structural
neuroimaging would not have been available for
some of the earlier cases. However, there was a
very high rate of scans affecting clinical
management (25%) and it is unknown if this
would also be true in a before-after study of
misidentification syndromes.

In the case of structural neuroimaging in
psychosis, there is no single target condition
sought. When a CT or MRI scan is ordered, it is
unknown whether the patient will have a bony
lesion that will be picked out better in a CT scan
or a soft-tissue lesion that will more likely be
found on MRI. Therefore, for each patient it is
difficult to determine at the outset whether CT or
MRI will be more appropriate. In some instances
patients will undergo CT first and then MRI. We
have not been able to evaluate this strategy
because of a lack of evidence. It could be argued
that an appropriate study to address this difficulty
would be an RCT of CT versus MRI in patients
with psychosis. Different results would be obtained
in patients with psychosis who have no symptoms
and signs of additional pathology compared with
those with signs of organic psychosis or localising
symptoms and signs, depending on the exact
nature of the clinical picture.

There was no readily available quality assessment
tool that was completely appropriate for the
included studies. Therefore, it was necessary to
find a relatively appropriate tool (QUADAS -
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designed for test accuracy studies) and adapt it to
the current review. This was done in two ways —
removal of two of the items and changing the
wording of index and reference tests to relate
more accurately to the current review so that it
could be argued that the modified QUADAS tool
that we used will have different properties from
the full tool. However, the QUADAS description
does mention situations where each item may not
apply.84 The two items that were not used were
whether the reference standard was likely to
classify the target condition correctly (item 3) and
was the reference standard independent of the
index test (item 7). For item 3, it was presumed in
all cases that the reference test would classify the
target condition correctly and so did not
distinguish one study from another within the
systematic review. Second, we included a mini-
systematic review looking at the sensitivity and
specificity of CT and MRI to diagnose accurately
brain tumours, temporal lobe epilepsy and
Alzheimer’s dementia. For item 7, the index test
(clinical history and examination) could not form
part of the reference test (brain scan) because we
would then not be able to report the additional
value of structural neuroimaging.

Because the quality of the included studies was
poor, no meta-analysis was possible. Therefore, the
summary estimate of the number of scans
affecting clinical management of patients was
derived from an estimate from the results table
and correspondingly wide ranges were also
estimated.

A major limitation of the economic model is that
it is a threshold analysis. This type of analysis is
limited in its ability to consider the detailed
progress of patients through treatment pathways
and the impact that scanning would have on this
process.

A weakness in the threshold analysis is that it only
considers the effects of scanning all patients over
12 months. This is largely due to data limitations,
as there was no information on the impact of early
scanning upon the prognosis of a brain
tumour/cyst patient. However, it is likely that the
QoL gain from early diagnosis will go beyond

12 months and this has been ignored in the
analysis but could support the implementation of
routine scanning.

The treatment costs only take into account the
costs of antipsychotic medication. They do not
include the cost of subsequent treatment should
another condition be found following

neuroimaging or the cost of inappropriate
treatment following a false positive result.

Another limitation of the analysis is the
assumption of no mortality effects within the
cohort. Also, the model assumes that there is no
deterioration in disease state from being detected
at a later stage with standard practice compared
with being detected earlier from routine
neuroimaging. This may be approximately correct
only if the disease state is relatively slow to
develop. The model also assumed that clinicians
will accurately suspect and refer patients with
organic causes under the selective screening arm.

Uncertainties

There is uncertainty around the prevalence of
organic psychosis or the proportions of organic to
functional psychosis in the different age groups.
Although it is known that most younger people
experience a functional psychosis and many more
older people have organic causes, the precise
prevalence in the different age groups is currently
uncertain.

There remains considerable uncertainty around
the true added value of structural neuroimaging in
patients with psychosis (including an FEP) where
there are no symptoms and signs of additional
pathology. This is because of the poor quality of
the evidence found. As mentioned in Chapter 2, if
a before-after study has found no clinical benefit
of the new intervention, it is unlikely that a
stronger study design on the same question will
find a benefit. However, this cannot be known for
certain. Also, the before—after type of studies were
mostly of poor quality for this study design, so the
results found here may not be generalisable to a
better quality before—after study.

For the threshold analysis, there were considerable
uncertainties around the model parameters,
particularly the time delay between diagnosis of
psychosis and the scanning undertaken, whether
more patients are treated in hospital or at home,
the average dose of antipsychotic medication and
the prevalence of organic pathology that could be
found by structural neuroimaging. We are not
certain if the MRI studies found in the clinical
effectiveness review are the most accurate at
determining prevalence. It appears from the
threshold analysis that when the prevalence is 5%,
structural neuroimaging with CT or MRI is cost
saving. However, if the prevalence is more akin to
0.5%, as suggested by the CT studies in the
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clinical effectiveness review, then MRI is no longer
cost saving and CT is only cost saving if 50% of
patients are admitted to hospital.

The model was developed from the NHS
perspective. There may be societal benefits of
structural neuroimaging to patients such as the
QoL benefit of having a definitive diagnosis where
a patient has a condition such as a brain tumour
that may in part explain the psychotic symptoms
they are experiencing.

There was no information on the utility gain or
loss that would be experienced by patients with
psychosis who undergo structural neuroimaging.
Potential gains could be from having a more
accurate diagnosis or from ruling out serious
pathology. Also, there may be psychological gains
from having the condition being taken as
potentially a physical condition that would warrant
an investigative procedure. Potential QoL losses
could arise for CT from the dose of radiation to
the head to all who are scanned and from missed
pathology as CT is not 100% sensitive. Potential
QoL losses could arise for MRI from the noise and

claustrophobic nature of the investigation and
from incidental findings that could seriously worry
a psychotic patient. These could be seen as the
equivalent of false positive findings. If a person
with psychosis is very ill they may not be able to
cope with the investigation. Also, if serious,
inoperable pathology is found, an early scan may
cause loss of QoL compared with a later scan.

Other relevant factors

If CT or structural MRI was used to check for
serious pathology, such as brain tumours, that
would affect clinical management in patients with
psychosis and no other symptoms and signs of an
organic cause of psychosis and/or symptoms of a
space occupying lesion of the brain, then in effect
this could be seen as being more similar to a
screening test than a diagnostic test. As such, it
could be useful to examine the features of such a
programme to determine whether the established
criteria for screening tests could be used to assess
the programme. Some of the relevant issues are
discussed in Table 43.

TABLE 43 National Screening Committee criteria for appraising the viability, effectiveness and appropriateness of a screening

programme

Criterion

I. The condition should be an important health problem

2. The epidemiology and natural history should be adequately
understood and there should be a detectable risk factor,
disease marker, latent period or early symptomatic stage

3. All of the cost-effective primary prevention interventions
should have been implemented as far as practicable

4. There should be a simple, safe, precise and validated
screening test

5. The distribution of test values within the target population
should be known and a suitable cut-off level defined and
agreed
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Discussion

It is undoubtedly true that the conditions being screened
for are important health problems in terms of severity
rather than prevalence

We know a great deal about the epidemiology and
particularly the natural history of the conditions being
screened for, but not in their manifestations with psychosis
as the principle presentation. However, this group of
patients with psychosis specifically do not have any
symptoms and signs of additional conditions. The only
detectable risk factor is that found in the CT or structural
MRI scan

Not relevant in this situation

Both CT and structural MRI are relatively simple and safe
procedures and are also extremely precise and well
validated. Head CT does result in ionising radiation to the
head, which can cause further morbidity. There is the
potential for CT to cause more harm than good if there is
no pathology found in the scan

From the systematic review of before—after studies, we
estimate that the proportions of scans that affect clinical
treatment are approximately 5% (range 0-10%) for MRI
and 0.5% (range 0-5%) for CT. Also the proportions of
incidental findings (false positives ) are approximately 10%

continued
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TABLE 43 National Screening Committee criteria for appraising the viability, effectiveness and appropriateness of a screening
programme (cont’d)

Criterion

13.

82

. The test should be acceptable to the population

. There should be an agreed policy on the further diagnostic

investigation of individuals with a positive test result and
on the choices available to those individuals

. There should be an effective treatment or intervention for

patients identified through early detection, with evidence
of early treatment leading to better outcomes than late
treatment

. There should be agreed evidence-based policies covering

which individuals should be offered treatment and the
appropriate treatment offered

. Clinical management of the condition and patient

outcomes should be optimised by all healthcare providers
prior to participation in a screening programme

. There should be evidence from high-quality RCTs that the

screening programme is effective in reducing mortality or
morbidity

. There should be evidence that the complete screening

programme (test, diagnostic procedures,
treatment/intervention) is clinically, socially and ethically
acceptable to health professionals and the public

The benefit of the screening programme should outweigh
the physical and psychological harm (caused by the test,
diagnostic procedures and treatment)

Discussion

for MRI and 5% for CT. We can also estimate that MRI is
100% sensitive and CT is approximately 95% sensitive in
the detection of the target conditions. These are relatively
wide ranges. However, it is acknowledged that the
knowledge of test values needed for diagnosis is less than
that required for a screening programme. However, there
are some causes of organic psychosis where CT or MRI
cannot be used for diagnosis, particularly in temporal lobe
epilepsy

MR is generally acceptable to the population and is only
contraindicated in those patients with indwelling metal
parts. There is a refusal rate in the general public of
approximately 5-10% due to anxiety or claustrophobia
and this rate may be higher in people with psychosis

Further diagnostic investigation depends on the condition
found. There does not seem to be an evidence base of the
options for people with incidental findings following brain
scanning and whether and how these should be
communicated to patients in order to prevent anxiety

Once serious morbidity is detected by scanning, further
treatment follows according to the condition found. It is
assumed that early treatment, particularly for malignant
brain tumours, would almost always lead to better
outcomes than late treatment. For other organic causes,
e.g. dementia, this is not necessarily the case as early
diagnosis may make no difference to the subsequent
disease course

It is generally assumed that all patients with serious
conditions discovered by scanning should be offered
appropriate treatment

Not relevant in this situation

To date the only evidence is from before—after studies

Although screening using brain scanning is clinically
acceptable to health professionals and the public, this is
based on the understanding that it is a useful exercise.
There is a comment to NICE on the scope for this project
from a member of the Royal College of Psychiatrists:

“I suspect that doing a scan in first episode psychosis is
generally encouraged but it is done more to ease the
anxiety of the clinician than for any obvious benefit of the
patient.”

There is also an issue of whether it is possible to obtain
fully informed consent in patients who are very psychotic

If a patient with psychosis has a serious condition found
from brain scanning, this is obviously of benefit. However,
we do not know if there is much psychological harm from
the relatively high rates of false positives and incidental
findings.

continued



Health Technology Assessment 2008; Vol. 12: No. 18

TABLE 43 National Screening Committee criteria for appraising the viability, effectiveness and appropriateness of a screening

programme (cont’d)

Criterion

4. The opportunity cost of the screening programme
(including testing, diagnosis and treatment) should be
economically balanced in relation to expenditure on
medical care as a whole

I5. There should be a plan for managing and monitoring the
screening programme and an agreed set of quality
assurance standards

16. Adequate staffing and facilities for testing, diagnosis,
treatment and programme management should be
available prior to the commencement of the screening
programme

I7. All other options for managing the condition should have
been considered (e.g. improving treatment, providing
other services)

Although it is acknowledged here that structural
neuroimaging is used for diagnosis rather than
screening, the issues discussed in Table 43 suggest
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The opportunity cost of this screening programme is

considerable (see Chapter 5). It may appear that screening

for patients with psychosis and no other symptoms and
signs of addition pathology is not a cost-effective strategy

To date, it appears that the decision to screen varies
around the country and from one psychiatrist to another,
partly depending on availability and waiting times

There would be considerable costs if this screening
strategy was implemented (see Chapter 5)

The other main option for management is to rely on
clinical acumen to detect when patients develop early
signs of additional pathology

that there would be a considerable number of
issues and uncertainties that would need to be
investigated.

83






Health Technology Assessment 2008; Vol. 12: No. 18

Chapter 7

Conclusions

Implications for service provision

The current Local Delivery Plan for mental health
early intervention services includes the
requirement for psychosis services to provide a
quick diagnosis of the first onset of a psychotic
disorder and appropriate treatment including
intensive support in the early years.'*” The
intention is to reduce the duration of untreated
psychosis to a service median of less than

3 months (individual maximum less than

6 months). At the moment, structural
neuroimaging cannot help with the diagnosis and
treatment of psychosis per se. There is no current
requirement for all new psychosis patients to
undergo neuroimaging to screen for unsuspected
pathology. The evidence to date suggests that if
this type of screening were implemented, very
little would be found to affect clinical management
in addition to that suspected by a full clinical
history and neurological examination. If it is
agreed that the effects of routine scanning would
not cause a QoL loss overall, and the prevalence
of organic causes is approximately 1%, then the
analysis has shown the intervention to be cost
saving with CT and cost incurring with MRI. This
is because of the expense of antipsychotic
medication and the associated cost of treatment
following a delayed diagnosis. The threshold
analysis assumes that once an organic cause of
psychosis has been discovered, the patients will no
longer need antipsychotic medication, but does
not take into account the treatment costs
associated with the change in diagnosis. The
economic analysis is limited, however, by the great
paucity of data and the complexity of psychosis. A
number of assumptions were used within the
analysis and the results should be interpreted in
the light of these caveats.

Suggested research priorities

¢ There needs to be an assessment of which
patients with psychosis in the different age
groups are currently being sent for CT and MRI
and reasons for referral.

¢ There needs to be much better quality research
to answer the question of whether patients with
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psychosis and no symptoms and signs of
additional pathology should have a routine CT
or structural MRI scan. Ordinarily, the best
study design to answer this type of decision
problem would be an RCT. However, in this
situation, where neuroimaging is looking for a
wide range of conditions, it would be very
difficult to determine the appropriate
outcomes. This is because multiple conditions
are being sought. If HRQoL and mortality due
to undetected treatable conditions were the
outcomes measured, the sample size would
need to be massive. Because of this, a much
more appropriate study design would be a
diagnostic before-after study, which also
incorporated costs. If a properly conducted
before and after study showed little positive
benefit of structural neuroimaging, then it is
likely that there is no benefit. Paradoxically, it
may require that all new psychotic patients
under the age of 65 years be enrolled in such a
study to prove clearly that structural
neuroimaging is not warranted in these
patients. There are potential ethical problems
because the evidence base at the moment
suggests little benefit from screening and
potential harm, particularly from ionising
radiation if CT was used.

There needs to be a suitable study of the
additional benefits of structural neuroimaging
in patients over the age of 65 years. Anecdotal
evidence suggests that there is a higher relative
frequency of findings in this age group so it is
likely that this study may not need to be as large
as for the younger age groups. It is also possible
that, because of the higher prevalence of
organic psychosis in this group, structural
neuroimaging may be cost saving

There needs to be further research on whether
CT or structural MRI should be used in patients
with psychosis. This could be an RCT of CT
versus MRI. Different results would be obtained
in patients with psychosis who have no
symptoms and signs of additional pathology
compared with those with signs of organic
psychosis or localising symptoms and signs,
depending on the exact nature of the clinical
picture. Hence both those with and without
additional symptoms and signs would need to
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be enrolled and then assessed separately.
Alternatively, this could be a diagnostic
before-after study where all patients receive
both CT and MRI scans.

e The only evidence available of misidentification
syndromes (review of published case reports)

suggested a higher rate of scans affecting
clinical management (25%). It would be useful
to know if this would also be found in a
before-after study of misidentification
syndromes.
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Appendix |

ARIF search protocol (October 2006 version)

In the first instance the focus of ARIF’s response
to requests is to identify systematic reviews of
research. The following will generally be searched,
with the addition of any specialist sources as
appropriate to the request.

1. Cochrane Library
(a) Cochrane Database of Systematic Reviews
(CDSR)
(b) Database of Abstracts of Reviews of Effects
(DARE)
(c) Cochrane Central Register of Controlled
Trials (CENTRAL)
(d) Health Technology Assessment (HTA)
Database
2. ARIF Database
An in-house database of reviews compiled by
scanning current journals and appropriate
Internet sites. Many reviews produced by the
organisations listed below are included.
3. NHS CRD
(a) DARE
(b) Health Technology Assessment Database
(c) Completed and ongoing CRD reviews
4. Health Technology Assessments and Evidence
Based guidelines
(a) NICE appraisals and work plans for
TARs, Interventional Procedures and
Guidelines programmes, Public Health
excellence
(b) SBU - Swedish Council on Technology
Assessment in Health Care
(c) NHS Coordinating Centre for Health
Technology Assessments
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LCPXTo

10.

(d) Canadian Agency for Drugs and
Technologies in Health

(e) New Zealand Health Technology
Assessment

(f) STEER Reports (no longer published)

(g) Agency for Healthcare Research and
Quality (AHRQ)

(h) Alberta Heritage Foundation

(1) McGill Medicine Technology Assessment
Unit of MUHC (McGill University Health
Centre)

(j). Monash reports — Centre for Clinical
Effectiveness, Monash University

(k) US Department of Veterans Affairs

(I) NHS QIS (Quality Improvement Scotland)

(m) SIGN (Scottish Intercollegiate Guidelines
Network)

Clinical evidence

Bandolier

National Horizon Scanning Centre

TRIP Database

Bibliographic Databases

(a) MEDLINE - systematic reviews

(b) EMBASE - systematic reviews

(c) Other specialist databases

Contacts

(a) Cochrane Collaboration (via Cochrane
Library)

(b) Regional experts, especially Pharmacy
Prescribing Unit, Keele University (and
MTRAC) and West Midlands Drug
Information Service for any enquiry
involving drug products.

—_—
Naw
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Search strategies

Clinical effectiveness searches

Database: MEDLINE (Ovid) In-Process and Other
Non-Indexed Citations December 2004, 2006
Search strategy:

MRI.mp. or exp Magnetic Resonance Imaging/
magnetic resonance imag$.mp.
computerired axial tomography.tw.
X ray computed tomography.mp. or exp
Tomography, X-Ray Computed/
structural neuroimag$.tw.
neuroimag$.tw.

CT scan$.mp.

CAT mp.

9 brain imag$.mp.

10 or/1-9

11 first episode.mp.

12 structural.mp.

13 organic.mp.

14 secondary.mp.

15 or/11-14

16 psychosis.mp.

17 psychotic.mp.

18 mental disorder$.mp.

19 or/16-18

20 10 and 15 and 19

00 N =

o J O Ot

Database: MEDLINE (Ovid) 1966 to November
week 3 2006
Search strategy:

MRI.mp. or exp Magnetic Resonance Imaging/
magnetic resonance imag$.mp.
computerired axial tomography.tw.

X ray computed tomography.mp. or exp
Tomography, X-Ray Computed/
structural neuroimag$.tw.

neuroimag$.tw.

CT scan$.mp.

CAT mp.

9 brain imag$.mp.

10 or/1-9

11 exp Psychotic Disorders/ or psychosis.mp.
12 exp Psychoses, Substance-Induced/

13 exp Mental Disorders/

14 or/11-13

15 10 and 14

16 (systematic adj review$).tw.

17 (data adj synthesis).tw.

00 N =

o J O Ot

© Queen’s Printer and Controller of HMSO 2008. All rights reserved.

18 (published adj studies).ab.
19 (data adj extraction).ab.
20 meta-analysis/

21 meta-analysis.ti.

22 comment.pt.

23 letter.pt.

24 editorial.pt.

25 animal/

26 human/

27 25 not (25 and 26)

28 15 not (22 or 23 or 24 or 27)
29 or/16-21

30 28 and 29

31 first episode.mp.

32 structural.mp.

33 organic.mp.

34 secondary.mp.

35 or/31-34

36 30 and 35

37 30 or 36

Database: MEDLINE (Ovid) 1966 to November
week 3 2006
Search strategy:

magnetic resonance imag$.mp.
computeried axial tomography.tw.
X ray computed tomography.mp. or exp
Tomography, X-Ray Computed/
structural neuroimag$.tw.
neuroimag$.tw.

CT scan$.mp.

CAT.mp.

9 brain imag$.mp.

10 or/1-9

11 exp Psychotic Disorders/ or psychosis.mp.
12 exp Psychoses, Substance-Induced/
13 exp Mental Disorders/

14 or/11-13

15 10 and 14

16 first episode.mp.

17 structural.mp.

18 organic.mp.

19 secondary.mp.

20 or/16-19

21 randomized controlled trial.pt.

22 controlled clinical trial.pt.

23 randomized controlled trials.sh.
24 random allocation.sh.

00N

o ~J O Ot

MRI.mp. or exp Magnetic Resonance Imaging/

97



98

Appendix 2

25
26
27
28
29
30
31
32
33

34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

51
52
53
54

double blind method.sh.
single-blind method.sh.
or/21-26

(animals not human).sh.

27 not 28

clinical trial.pt.

exp clinical trials/

(clin$ adj25 trial$).ti,ab.
((singl$ or doubl$ or trebl$ or tripl$) adj25
(blind$ or mask$)).ti,ab.
placebos.sh.

placebo$.ti,ab.
random$.ti,ab.

research design.sh.

or/30-37

38 not 28

39 not 29

comparative study.sh.

exp evaluation studies/
follow up studies.sh.
prospective studies.sh.
(control$ or prospectiv$ or volunteer$).ti,ab.
or/41-45

46 not 28

47 not (29 or 40)

29 or 40 or 48

exp Case-Control Studies/ or exp "Case
Reports [Publication Type]"/
exp Cohort Studies/

49 or 50 or 51

15 and 20

52 and 53

Database: EMBASE 1980 to 2006 week 48
Search strategy:

1

o N

g O Ot

<©

10

12
13
14
15
16
17
18

MRI.mp. or exp Nuclear Magnetic Resonance
Imaging/

magnetic resonance imag$.mp.
computeried axial tomography.tw.

exp COMPUTER ASSISTED TOMOGRAPHY/
or exp COMPUTED TOMOGRAPHY
SCANNER/ or exp BRAIN TOMOGRAPHY/
structural neuroimag$.tw.

neuroimag$.tw.

CT scan$.mp.

CATmp.

brain imag$.mp.

or/1-9

psychosis.mp. or exp PSYCHOSIS/

exp Mental Disease/

psychotic$.mp.

or/11-13

first episode.mp.

structural.mp.

organic.mp.

secondary.mp.

19
20
21
22
23
24
25
26
27
28

29
30
31
32
33
34
35
36

37
38

or/15-18

10 and 14 and 19

randomized controlled trial/

exp clinical trial/

exp controlled study/

double blind procedure/

randomization/

placebo/

single blind procedure/

(control$ adj (trial$ or stud$ or evaluation$ or
experiment$)).mp.

((singl$ or doubl$ or trebl$ or tripl$) adj5
(blind$ or mask$)).mp.

(placebo$ or matched communities or
matched schools or matched populations).mp.
(comparison group$ or control group$).mp.
(clinical trial$ or random$).mp.
(quasiexperimental or quasi experimental or
pseudo experimental).mp.

matched pairs.mp.

or/21-34

exp CASE CONTROL STUDY/ or exp CASE
STUDY/

35 or 36

20 and 37

Database: CINAHL — Cumulative Index to
Nursing and Allied Health Literature 1982 to
November week 4 2006

Search strategy:

1

U b~ QO N

[o<BEN Jep]

<©

10

12
13
14
15
16
17
18
19
20
21
22
23

MRI.mp. or exp Magnetic Resonance
Imaging/

magnetic resonance imag$.tw.
computerired axial tomography.tw.
CAT'mp.

CT scan$.mp. or exp Tomography, X-Ray
Computed/

structural neuroimag$.tw.

neuroimag$.tw.

brain imag$.mp.

or/1-8

psychosis.mp. or exp Psychotic Disorders/
exp mental disorders/ or psychotic disorders/
psychotic$.mp.

or/10-12

first episode.mp.

structural.mp.

organic.mp.

secondary.mp.

or/14-17

9 and 13 and 18

9 and 13

exp Clinical Trials/

randomired.tw.

CASE CONTROL STUDIES/ or exp CASE
STUDIES/ or case.mp.
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24 cohort.mp.
25 or/21-24
26 20 and 25

Database: PsycINFO 1967 to November week 4
2006
Search strategy:

exp Neuropathology/

ct scan$.mp.

CATmp.

mri.mp. or exp Magnetic Resonance Imaging/
neuroimag$.tw.

exp Tomography/

or/1-6

exp mental disorders/
psychosis.mp. or exp Psychosis/
10 psychotic$.mp.

11 or/8-10

12 7 and 11

13 first episode.mp.

14 structural.mp.

15 secondary.mp.

16 exp organic brain syndromes/
17 organic.mp.

18 or/13-17

19 12 and 18

20 randomi?ed.tw.

21 exp Clinical Trials/

22 cohort.mp.

23 case.mp.

24 or/20-23

25 19 and 24

© 00 IO O OO N —

Cochrane Library (Wiley) 2006 Issue 4
(CENTRAL)
Search strategy:

#1 mri

#2 magnetic next resonance
#3 ¢t

#4 cat

#5 axial next tomography

#6 MeSH descriptor Tomography, X-Ray
Computed explode all trees

#7 MeSH descriptor Magnetic Resonance
Imaging explode all trees

#8 (#1 OR #2 OR #3 OR #4 OR #5 OR #6
OR #7)

#9 psychosis

#10 psychotic

#11 MeSH descriptor Psychotic Disorders
explode all trees

#12 MeSH descriptor Mental Disorders explode
all trees

#13 (#9 OR #10 OR #11 OR #12)

#14 (#8 AND #13)
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Cost-effectiveness searches

Database: MEDLINE (Ovid) 1966 to November
week 3 2006
Search strategy:

MRI.mp. or exp Magnetic Resonance Imaging/
magnetic resonance imag$.mp.

computeried axial tomography.tw.

X ray computed tomography.mp. or exp
Tomography, X-Ray Computed/

5 structural neuroimag$.tw.

6 neuroimag$.tw.

7 CT scan$.mp.
8

00N

CAT.mp.
9 brain imag$.mp.
10 or/1-9

11 exp Psychotic Disorders/ or psychosis.mp.
12 exp Psychoses, Substance-Induced/
13 exp Mental Disorders/

14 or/11-13

15 10 and 14

16 economics/

17 exp "costs and cost analysis"/

18 cost of illness/

19 exp health care costs/

20 economic value of life/

21 exp economics medical/

22 exp economics hospital/

23 economics pharmaceutical/

24 exp "fees and charges"/

25 or/16-24

26 15 and 25

Database: EMBASE (Ovid) 1980 to 2006 week 47
Search strategy:

psychosis.mp. or exp PSYCHOSIS/
first episode psychosis.mp.
or/1-2
cost benefit analysis/
cost effectiveness analysis/
cost minimization analysis/
cost utility analysis/
economic evaluation/
(cost or costs or costed or costly or costing).tw.
0 (economic$ or pharmacoeconomic$ or price$
or pricing).tw.
11 (technology adj assessment$).tw.
12 or/4-11
13 3 and 12
14 2 and 12

— O 0 T O Ot 0O N —

Cochrane Library (Wiley) 2006 Issue 4 (CENTRAL)
Search strategy:

#1 mn
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#2 magnetic next resonance

#3

#4 cat

#5 axial next tomography

#6 MeSH descriptor Tomography, X-Ray
Computed explode all trees

#7 MeSH descriptor Magnetic Resonance
Imaging explode all trees

#8 (#1 OR #2 OR #3 OR #4 OR #5 OR #6
OR #7)

#9 psychosis

#10 psychotic

#11 MeSH descriptor Psychotic Disorders
explode all trees

#12 MeSH descriptor Mental Disorders explode
all trees

#13 (#9 OR #10 OR #11 OR #12)

#14 (#8 AND #13)

Database: OHE HEED November 2006 issue
Terms used:

Psychosis or psychotic and first or organic or
structural

Searches: decision analytic
models

Database: MEDLINE (Ovid) 1966 to November
week 3 2006
Search strategy:

MRI.mp. or exp Magnetic Resonance Imaging/
magnetic resonance imag$.mp.
computeried axial tomography.tw.

X ray computed tomography.mp. or exp
Tomography, X-Ray Computed/
structural neuroimag$.tw.
neuroimag$.tw.

CT scan$.mp.

CATmp.

brain imag$.mp.

10 or/1-9

11 exp Psychotic Disorders/ or psychosis.mp.
12 exp Psychoses, Substance-Induced/

13 exp Mental Disorders/

14 or/11-13

15 10 and 14

16 decision support techniques/

17 markov.mp.

18 exp models economic/

19 decision analysis.mp.

20 cost benefit analysis/

21 or/16-20

22 15 and 21

OO0 N =

g O Ot

<©

Database: MEDLINE (Ovid) 1966 to November
week 3 2006
Search strategy:

decision support techniques/

markov.mp.

exp models economic/

decision analysis.mp.

cost benefit analysis/

or/1-5

exp Psychotic Disorders/ or first episode

psychosis.mp.

8 exp Psychoses, Substance-Induced/ or
psychosis.mp.

9 or/7-8

10 6 and 9

N O Ot s OO N —

Quality of life

Database: MEDLINE (Ovid) 1966 to November
week 3 2006
Search strategy:

magnetic resonance imag$.mp.
computerired axial tomography.tw.

X ray computed tomography.mp. or exp
Tomography, X-Ray Computed/

5 structural neuroimag$.tw.

6 neuroimag$.tw.

7 CT scan$.mp.
8

00 N =

CATmp.
9 brain imag$.mp.
10 or/1-9

11 quality of life/

12 life style/

13 health status/

14 health status indicators/

15 or/11-14

16 exp Psychoses, Substance-Induced/ or exp
Psychotic Disorders/ or psychosis.mp.

17 first episode psychosis.mp.

18 or/16-17

19 15 and 17

20 10 and 15

21 18 and 15

22 19 or 20 or 21

Database: EMBASE 1980 to 2006 week 47
Search strategy:

1 quality of life.mp. or exp "Quality of Life"/
2 health status.mp. or exp Health Status/

3 life style.mp. or exp Lifestyle/

4 or/1-3

5 exp Organic Brain Syndrome/

MRI.mp. or exp Magnetic Resonance Imaging/
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6 organic psychosis.mp.
7 first episode.mp.

8 or/5-7

9 4 and 8

Supplementary searches to
populate model

Database: MEDLINE (Ovid) 1966 to November
week 3 2006
Search strategy:

1 CATd.

2 CT.

3 tomography.ti.
4 brain.tw.

5 neuro$.tw.

6 cost.ti.

7 or/1-3

8 or/4-5

9 7and6

10 9and 8

Database: MEDLINE (Ovid) 1966 to November
week 3 2006
Search strategy:

1 MRImp. or exp Magnetic Resonance Imaging/
cost effectiveness.mp. or exp Cost-Benefit
Analysis/

3 land?2

MRI.mp. or exp Magnetic Resonance Imaging/

exp Cost-Benefit Analysis/ or cost

effective$.mp.

4 and 5

MRI.ti.

magnetic resonance.ti.

7 or 8

[T

oo BN Ne)}
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10 cost effect$.ti.
11 9 and 10

Database: EMBASE (Ovid) 1980 to 2006 Week 47
Search strategy:

1 exp "COST BENEFIT ANALYSIS"/ or exp
"COST EFFECTIVENESS ANALYSIS'"/ or exp
"COST"/ or cost$.mp.

cost.ti.

brain$.mp.

neuro$.mp.

or/3-4

CAT'mp.

CT scan$.mp. or exp Computer Assisted
Tomography/

8 (computeri’ed adj2 tomography).mp.

9 or/6-8

10 9and 1 and 5

11 9and 2 and 5

N O Ot OO N

Database: EMBASE (Ovid) 1980 to 2006 week 47
Search strategy:

1  MRIL.mp. or exp Nuclear Magnetic Resonance

Imaging/
2 magnetic resonance imag$.mp.
3 or/1-2

4 exp "COST BENEFIT ANALYSIS"/ or exp
"COST EFFECTIVENESS ANALYSIS'"/ or exp
"COST"/ or cost$.mp.

5 4and3

6 cost.ti.

7 3and6

8 brain$.mp.
9 neuro$.mp.
10 or/8-9

11 10 and 7
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Appendix 3

Categorisation of conditions as psychotic
or otherwise

Disorder

Conditions required for an included study

Delusional misidentification syndromes in which psychosis is always a feature

Capgras syndrome

Frégoli syndrome

Delusion of subjective doubles
Intermetamorphosis
Reduplicative paramnesia

Psychotic syndromes in which psychosis is always a feature

Cotard’s syndrome

Charles Bonnet syndrome

Body dysmorphic disorder or dysmorphobia
Othello syndrome

Pathological jealousy

Erotomania

Psychotic depression

Schizophrenia

Conditions in which psychosis is a possible feature
Depression (including severe or major)
Unipolar depression

Dementia

Alzheimer’s disease

Frontotemporal dementia (FTD)
Systemic lupus erythematosus (SLE)
Delirium

Mood disorders

Personality disorder

Borderline personality disorder
Bipolar

Schizotypal personality disorder
Temporal lobe epilepsy

Conditions in which psychosis is not a feature
Parkinson’s disease (iatrogenic psychosis)

Mild cognitive impairment

Post traumatic stress disorder

Tardive dyskinesia

Autism

Obsessive compulsive disorder (OCD)
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Should meet criteria for first episode
Should meet criteria for first episode
Should meet criteria for first episode
Should meet criteria for first episode
Should meet criteria for first episode

Should meet criteria for first episode
Should meet criteria for first episode
Should meet criteria for first episode
Should meet criteria for first episode
Should meet criteria for first episode
Should meet criteria for first episode
Should meet criteria for first episode
Should meet criteria for first episode

Must mention ‘psychotic’ in abstract
Must mention ‘psychotic’ in abstract
Must mention ‘psychotic’ in abstract
Must mention ‘psychotic’ in abstract
Must mention ‘psychotic’ in abstract
Must mention ‘psychotic’ in abstract
Must mention ‘psychotic’ in abstract
Must mention ‘psychotic’ in abstract
Must mention ‘psychotic’ in abstract
Must mention ‘psychotic’ in abstract
Must mention ‘psychotic’ in abstract
Must mention ‘psychotic’ in abstract
Must mention ‘psychotic’ in abstract

Exclude in all circumstances
Exclude in all circumstances
Exclude in all circumstances
Exclude in all circumstances
Exclude in all circumstances
Exclude in all circumstances
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Appendix 4

Data extraction form

Trial details

Author, year [Trial name] Ref. manager no.

Country(ies) and years of recruitment

Trial design

CT/MRI system used

Reason for scanning given

Comparator

Standard examination

Setting

Comments:

Patient characteristics

Author, year, [Trial name]

Population

Patient numbers

Age (years) Mean (SD) [range]

Sex Proportion male (%)

Presenting diagnoses/previous
diagnosis and criteria (e.g. DSM-IV or
DSM-III-R or ICD-10)

Duration of illness Mean (SD) [range]

Age at diagnosis Mean (SD) [range]

Previous treatment for psychosis

Concomitant condition

Diagnosis and proportions of sample at
start of study

Diagnosis and proportions at end of study

Change in diagnosis following scan

Inclusion/exclusion criteria

Follow-up points (e.g. 3, 6, 12 months....)

Comments
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Outcomes

Author, year, [Trial name]

Time point

Mortality in scanned group due to
undetected treatable causes of FEP

Morbidity in scanned group due to
undetected treatable causes of FEP

Proportion of scans identifying unknown
or unsuspected organic causes of FEP

Pathology found (number)

Proportion of scans that ‘rule-out’ organic
causes of FEP

Proportion of scans revealing information
of clinical value

Proportion of scans identifying abnormal
pathology of no clinical importance

Severity and progression of FEP

Subsequent service use

Proportion did not scan (reasons)

Major adverse events due to scanning

Health-related quality of life

Length of untreated psychosis

Who performed clinical evaluation/image
analysis

Were clinical variables collected
prospectively or retrospectively?

No. of patients with/without potentially
reversible cause of psychosis as defined
by the neuroimaging results

Comments

Subgroup analyses

Author, year, [Trial name]

Age

Gender

Comments
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Appendix 5
QUADAS quality assessment tool

Author, year, [Trial name]

No. | Item y/n/unclear
1 | Was the spectrum of patients representative of patients who will receive the
test in practice?
2 | Were the selection criteria clearly described?
Is the reference standard likely to classify the target condition correctly?
4 | Is the period between reference standard and index test short enough to
be reasonably sure that the target condition did not change between the
two tests?
5 | Did the whole sample or a random selection of the sample receive verification
using a reference standard of diagnosis?
6 | Did the patients receive the same reference standard regardless of index test?
7 | Was the reference standard independent of the index test (i.e. the index
test did not form part of the reference standard)?
8 | Was the execution of the index test described in sufficient detail to permit
replication of the test?
9 | Was the execution of the reference standard described in sufficient detail to
permit its replication?
10 | Were the index test results interpreted without knowledge of the results of
the reference standard?
11 | Were the reference standard results interpreted without knowledge of the
index test?
12 | Were the same clinical results available when test results were interpreted
as would be available when the test is used in practice?
13 | Were uninterpretable/intermediate test results reported?
14 | Were withdrawals from the study explained?
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List of morphological

Ananth H, Popescu I, Critchley HD, Good CD,
Frackowiak RS, Dolan R]J, et al. Cortical and subcortical
gray matter abnormalities in schizophrenia determined
through structural magnetic resonance imaging with
optimized volumetric voxel-based morphometry. Am J
Psychiatry 2002;159:1497-505.

Andreasen N, Nasrallah HA, Dunn V, Olson SC,

Grove WM, Ehrhardt JC, et al. Structural abnormalities
in the frontal system in schizophrenia. A magnetic
resonance imaging study. Arch Gen Psychiatry
1986;43:136-44.

Antonova E, Kumari V, Morris R, Halari R, Anilkumar A,
Mehrotra R, et al. The relationship of structural
alterations to cognitive deficits in schizophrenia:

a voxel-based morphometry study. Biol Psychiatry
2005;58:457-67.

Aylward EH, Reiss A, Barta PE, Tien A, Han W, Lee J,
et al. Magnetic resonance imaging measurement of
posterior fossa structures in schizophrenia. Am J
Psychiatry 1994;151:1448-52.

Baare WFC, Van Oel CJ, Hulshoft Pol HE, Schnack HG,
Durston S, Sitskoorn MM, et al. Volumes of brain
structures in twins discordant for schizophrenia. Arch
Gen Psychiatry 2001;58:33—40.

Bachmann S, Pantel J, Flender A, Bottmer C, Essig M,
Schroder J, et al. Corpus callosum in first-episode
patients with schizophrenia — a magnetic resonance
imaging study. Psychol Med 2003;33:1019-27.

Bachmann S, Bottmer C, Pantel J, Schroder J, Amann M,
Essig M, et al. MRI-morphometric changes in first-
episode schizophrenic patients at 14 months follow-up.
Schizophr Res 2004;67:301-3.

Bagary MS, Foong ], Maier M, duBoulay G, Barker GJ,
Miller DH, et al. A magnetization transfer analysis of the
thalamus in schizophrenia. | Neuropsychiatry Clin Neurosci
2002;14:443-8.

Bagary MS, Symms MR, Barker GJ, Mutsatsa SH,

Joyce EM, Ron MA, et al. Gray and white matter brain
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from magnetization transfer imaging. Arch Gen Psychiatry
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networks subserving oculomotor function in first-
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first-episode schizophrenia and temporal lobe epilepsy.
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lesions in psychiatric patients: spatial distribution and
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imaging study. Psychiatry Res 2004;131:95-105.

Bogerts B, Ashtari M, Degreef G, Alvir JM, Bilder RM,
Lieberman JA, et al. Reduced temporal limbic structure
volumes on magnetic resonance images in first episode
schizophrenia. Psychiatry Res 1990;35:1-13.

Bottmer C, Bachmann S, Pantel J, Essig M, Amann M,
Schad LR, et al. Reduced cerebellar volume and
neurological soft signs in first-episode schizophrenia.
Psychiatry Res 2005;140:239-50.

Brambilla P, Cerini R, Gasparini A, Versace A,
Andreone N, Vittorini E, et al. Investigation of corpus
callosum in schizophrenia with diffusion imaging.
Schizophr Res 2005;79:201-10.

Breier A, Buchanan RW, Elkashef A, Munson RC,
Kirkpatrick B, Gellad F, et al. Brain morphology and
schizophrenia. A magnetic resonance imaging study of
limbic, prefrontal cortex, and caudate structures. Arch

Gen Psychiatry 1992;49:921-6. 109



110

Appendix 6

Bridle N, Pantelis C, Wood SJ, Coppola R, Velakoulis D,
McStephen M, et al. Thalamic and caudate volumes in
monozygotic twins discordant for schizophrenia. Aust

N Z J Psychiatry 2002;36:347-54.

Buchanan RW, Vladar K, Barta PE, Pearlson GD.
Structural evaluation of the prefrontal cortex in
schizophrenia. Am | Psychiatry 1998;155:1049-55.

Buchsbaum MS, Yang S, Hazlett E, Siegel BV ]Jr,
Germans M, Haznedar M, ¢t al. Ventricular volume and
asymmetry in schizotypal personality disorder and
schizophrenia assessed with magnetic resonance
imaging. Schizophr Res 1997;27:45-53.

Burns J, Job D, Bastin ME, Whalley H, Macgillivray T,
Johnstone EC, et al. Structural disconnectivity in
schizophrenia: a diffusion tensor magnetic resonance
imaging study. Br J Psychiatry 2003;182:439-43.

Cahn W, Pol HEH, Bongers M, Schnack HG,

Mandl RCW, van Haren NEM, ¢f al. Brain morphology
in antipsychotic-naive schizophrenia: a study of multiple
brain structures. Br J Psychiatry 2002;181 (Suppl
43):566-72.

Cahn W, Hulshoff Pol HE, Lems EB, van Haren NE,
Schnack HG, van der Linden JA, et al. Brain volume
changes in first-episode schizophrenia: a 1-year follow-
up study. Arch Gen Psychiatry 2002;59:1002-10.

Cahn W, van Haren NEM, Hulshoff Pol HE, Schnack
HG, Caspers E, Laponder DA]J, et al. Brain volume
changes in the first year of illness and 5-year outcome of
schizophrenia. Br J Psychiatry 2006;189:381-2.

Cannon TD, van Erp TG, Huttunen M, Lonngqyvist J,
Salonen O, Valanne L, et al. Regional gray matter, white
matter, and cerebrospinal fluid distributions in
schizophrenic patients, their siblings, and controls. Arch
Gen Psychiatry 1998;55:1084-91.

Chakos MH, Lieberman JA, Bilder RM, Borenstein M,
Lerner G, Bogerts B, et al. Increase in caudate nuclei
volumes of first-episode schizophrenic patients taking
antipsychotic drugs. Am | Psychiatry 1994;151:1430-6.

Chakos MH, Schobel SA, Gu H, Gerig G, Bradford D,
Charles C, et al. Duration of illness and treatment effects
on hippocampal volume in male patients with
schizophrenia. Br ] Psychiatry 2005;186:26-31.

Chua SE, Lam IWS, Tai KS, Tang WN, Chen EYH,

Lee PWH, et al. A method for rapid volumetric analysis
of structural magnetic resonance images of the brain.
Hong Kong J Psychiatry 2000;10:19-27.

Chua SE, Lam IW, Tai KS, Cheung C, Tang WN,

Chen EY, et al. Brain morphological abnormality in
schizophrenia is independent of country of origin. Acta
Psychiatr Scand 2003;108:269-75.

Cohen BM, Buonanno F, Keck PE Jr, Finklestein SP,
Benes FM. Comparison of MRI and CT scans in a
group of psychiatric patients. Am ] Psychiatry
1988;145:1084-8.

Colombo C, Bonfanti A, Scarone S. Anatomical
characteristics of the corpus callosum and clinical
correlates in schizophrenia. Eur Arch Psychiatry Clin
Neurosci 1994;243:244-8.

Connor SE, Ng V, McDonald C, Schulze K, Morgan K,
Dazzan P, et al. A study of hippocampal shape anomaly
in schizophrenia and in families multiply affected by
schizophrenia or bipolar disorder. Neuroradiology
2004;46:523-34.

Corey-Bloom ], Jernigan T, Archibald S, Harris M]J,
Jeste DV. Quantitative magnetic resonance imaging of
the brain in late-life schizophrenia. Am J Psychiatry
1995;152:447-9.

Corson PW, Nopoulos P, Andreasen NC, Heckel D,
Arndt S. Caudate size in first-episode neuroleptic-naive
schizophrenic patients measured using an artificial
neural network. Biol Psychiatry 1999;46:712-20.

Crespo-Facorro B, Kim J, Andreasen NC, O’Leary DS,
Bockholt HJ, Magnotta V, et al. Insular cortex
abnormalities in schizophrenia: a structural magnetic
resonance imaging study of first-episode patients
[published erratum appears in Schizophr Res
2001;51:183-4]. Schizophr Res 2000;46:35—43.

Crespo-Facorro B, Kim J, Andreasen NC, O’Leary DS,
Magnotta V. Regional frontal abnormalities in
schizophrenia: a quantitative gray matter volume and
cortical surface size study. Biol Psychiatry
2000;48:110-19.

Crespo-Facorro B, Nopoulos PC, Chemerinski E,

Kim JJ, Andreasen NC, Magnotta V, ¢t al. Temporal pole
morphology and psychopathology in males with
schizophrenia. Psychiatry Res 2004;132:107-15.

d’Amato T, Rochet T, Dalery J, Chauchat JH, Terra JL,
Arteaga C, ef al. Brain structural abnormalities in

schizophrenia: Relationship to clinical manifestations.
Encephale 1992;18:175-9 (in French).

Davatzikos C, Shen D, Gur RC, Wu X, Liu D, Fan Y,

et al. Whole-brain morphometric study of schizophrenia
revealing a spatially complex set of focal abnormalities.
Arch Gen Psychiatry 2005;62:1218-27.

Davidson LL, Heinrichs RW. Quantification of frontal
and temporal lobe brain-imaging findings in
schizophrenia: a meta-analysis. Psychiatry Res
2003;122:69-87.

Davis KL, Buchsbaum MS, Shihabuddin L,
Spiegel-Cohen J, Metzger M, Frecska E, et al.
Ventricular enlargement in poor-outcome
schizophrenia. Biol Psychiatry 1998;43:783-93.

Dean K, Fearon P, Morgan K, Hutchinson G, Orr K,
Chitnis X, et al. Grey matter correlates of minor physical
anomalies in the AeSOP first-episode psychosis study. Br
J Psychiatry 2006;189:221-8.

Degreef G, Ashtari M, Wu HW, Borenstein M, Geisler S,
Lieberman J, et al. Follow up MRI study in first episode
schizophrenia. Schizophr Res 1991;5:204-6.



Health Technology Assessment 2008; Vol. 12: No. 18

Degreef G, Ashtari M, Bogerts B, Bilder RM, Jody DN,
Alvir JM, et al. Volumes of ventricular system
subdivisions measured from magnetic resonance images
in first-episode schizophrenic patients. Arch Gen
Psychiatry 1992;49:531-7.

Degreef G, Lantos G, Bogerts B, Ashtari M,
Lieberman J. Abnormalities of the septum pellucidum
on MR scans in first-episode schizophrenic patients. Am
J Neuroradiol 1992;13:835-40.

DeLisi LE, Hoff AL, Schwartz JE, Shields GW,
Halthore SN, Gupta SM, et al. Brain morphology in
first-episode schizophrenic-like psychotic patients: a
quantitative magnetic resonance imaging study
[published erratum appears in Biol Psychiatry
1991;29:519]. Biol Psychiatry 1991;29:159-75.

DelLisi LE, Stritzke P, Riordan H, Holan V, Boccio A,
Kushner M, et al. The timing of brain morphological
changes in schizophrenia and their relationship to
clinical outcome [published erratum appears in Biol
Psychiatry 1992;31:1172]. Biol Psychiatry 1992;31:241-54.

DeLisi LE, Hoff AL, Neale C, Kushner M. Asymmetries
in the superior temporal lobe in male and female first-
episode schizophrenic patients: measures of the planum
temporale and superior temporal gyrus by MRI.
Schizophr Res 1994;12:19-28.

DeLisi LE, Tew W, Xie S, Hoff AL, Sakuma M,

Kushner M, et al. A prospective follow-up study of brain
morphology and cognition in first-episode
schizophrenic patients: preliminary findings. Biol
Psychiatry 1995;38:349-60.

DelLisi LE, Sakuma M, Tew W, Kushner M, Hoff AL,
Grimson R, et al. Schizophrenia as a chronic active brain
process: a study of progressive brain structural change
subsequent to the onset of schizophrenia. Psychiatry Res
1997;74:129-40.

DelLisi LE, Sakuma M, Kushner M, Finer DL, Hoff AL,
Crow T]J, et al. Anomalous cerebral asymmetry and
language processing in schizophrenia [published
erratum appears in Schizophr Bull 1997;23:536].
Schizophr Bull 1997;23:255-71.

DelLisi LE, Sakuma M, Ge S, Kushner M. Association of
brain structural change with the heterogeneous course
of schizophrenia from early childhood through five
years subsequent to a first hospitalization. Psychiatry Res
1998;84:75-88.

DeLisi LE, Sakuma M, Maurizio AM, Relja M, Hoff AL.
Cerebral ventricular change over the first 10 years after
the onset of schizophrenia. Psychiatry Res 2004;130:
57-70.

DeLisi LE, Hoff AL. Failure to find progressive temporal
lobe volume decreases 10 years subsequent to a first
episode of schizophrenia. Psychiatry Res 2005;138:265-8.

DeQuardo JR, Bookstein FL, Green WD, Brunberg JA,
Tandon R. Spatial relationships of neuroanatomic
landmarks in schizophrenia. Psychiatry Res 1996;67:
81-95.

© Queen’s Printer and Controller of HMSO 2008. All rights reserved.

DeQuardo JR, Keshavan MS, Bookstein FL,

Bagwell WW, Green WD, Sweeney JA, et al. Landmark-
based morphometric analysis of first-episode
schizophrenia. Biol Psychiatry 1999;45:1321-8.

Dewan M]J, Pandurangi AK, Lee SH, Ramachandran T,
Levy B, Boucher M, et al. A comprehensive study of
chronic schizophrenic patients. I. Quantitative
computed tomography: cerebral density, ventricle and
sulcal measures. Acta Psychiatr Scand 1986;73152-60.

Dickey CC, McCarley RW, Voglmaier MM,

Niznikiewicz MA, Seidman LJ, Hirayasu Y, et al.
Schizotypal personality disorder and MRI abnormalities
of temporal lobe gray matter. Biol Psychiatry 1999;45:
1393-402.

Dickey CC, McCarley RW, Voglmaier MM, Frumin M,
Niznikiewicz MA, Hirayasu Y, ef al. Smaller left Heschl’s
gyrus volume in patients with schizotypal personality
disorder. Am ] Psychiatry 2002;159:1521-7.

Dickey CC, McCarley RW, Voglmaier MM,

Niznikiewicz MA, Seidman L], Demeo S, et al. An MRI
study of superior temporal gyrus volume in women with
schizotypal personality disorder. Am J Psychiatry
2003;160:2198-201.

Dickey CC, Salisbury DF, Nagy Al, Hirayasu Y, Lee CU,
McCarley RW, et al. Follow-up MRI study of prefrontal
volumes in first-episode psychotic patients. Schizophr Res
2004;71:349-51.

Diwadkar VA, DeBellis MD, Sweeney JA, Pettegrew JW,
Keshavan MS. Abnormalities in MRI-measured signal
intensity in the corpus callosum in schizophrenia.

Schizophr Res 2004;67:277-82.

Duggal HS, Muddasani S, Keshavan MS. Insular
volumes in first-episode schizophrenia: Gender effect.
Schizophr Res 2005;73:113-20.

Elkis H, Friedman L, Wise A, Meltzer HY. Meta-analyses
of studies of ventricular enlargement and cortical sulcal
prominence in mood disorders. Comparisons with
controls or patients with schizophrenia. Arch Gen
Psychiatry 1995;52:735—46.

Emsley R, Roberts M, Smith R, Spangenberg ],
Chalton D. Disordered water homeostasis in

schizophrenia and cerebral ventricular size. Br J
Psychiatry 1995;166:501-6.

Ettinger U, Chitnis XA, Kumari V, Fannon DG,

Sumich AL, O’Ceallaigh S, et al. Magnetic resonance
imaging of the thalamus in first-episode psychosis. Am J
Psychiatry 2001;158:116-18.

Ettinger U, Kumari V, Chitnis XA, Corr PJ,
Crawford TJ, Fannon DG, et al. Volumetric neural

correlates of antisaccade eye movements in first-episode
psychosis. Am J Psychiatry 2004;161:1918-21.

Exner C, Weniger G, Schmidt-Samoa C, Irle E. Reduced
size of the pre-supplementary motor cortex and
impaired motor sequence learning in first-episode

schizophrenia. Schizophr Res 2006;84:386-96. Il



112

Appendix 6

Falkai P, Tepest R, Honer WG, Dani I, Ahle G,
Pfeiffer U, et al. Shape changes in prefrontal, but not
parieto-occipital regions: brains of schizophrenic
patients come closer to a circle in coronal and sagittal
view. Psychiatry Res 2004;132:261-71.

Fannon D, Tennakoon L, Sumich A, O’Ceallaigh S,
Doku V, Chitnis X, et al. Third ventricle enlargement
and developmental delay in first-episode psychosis:
preliminary findings. Br J Psychiatry 2000;177:354-9.

Farrow TF, Whitford TJ, Williams LM, Gomes L, Harris
AW. Diagnosis-related regional gray matter loss over two
years in first episode schizophrenia and bipolar
disorder. Biol Psychiatry 2005;58:713-23.

Federspiel A, Begre S, Kiefer C, Schroth G, Strik WK,
Dierks T, et al. Alterations of white matter connectivity
in first episode schizophrenia. Neurobiol Dis 2006;22:
702-9.

Flaum M, Swayze VW, O’Leary DS, Yuh WT,
Ehrhardt JC, Arndt SV, et al. Effects of diagnosis,
laterality, and gender on brain morphology in
schizophrenia. Am ] Psychiatry 1995;152:704-14.

Flugel D, O Toole A, Thompson PJ, Koepp M],
Cercignani M, Symms MR, et al. A neuropsychological
study of patients with temporal lobe epilepsy and
chronic interictal psychosis. Epilepsy Res 2006;71:117-28.

Flynn SW, Lang DJ, Mackay AL, Goghari V,

Vavasour IM, Whittall KP, et al. Abnormalities of
myelination in schizophrenia detected in vivo with MRI,
and post-mortem with analysis of oligodendrocyte
proteins. Mol Psychiatry 2003;8:811-20.

Foong J, Symms MR, Barker GJ, Maier M, Miller DH,
Ron MA, et al. Investigating regional white matter in
schizophrenia using diffusion tensor imaging.
Neuroreport 2002;13:333-6.

Frazier JA, Giedd JN, Kaysen D, Albus K, Hamburger S,
Aghband-Rad ], et al. Childhood-onset schizophrenia:
brain MRI rescan after 2 years of clozapine
maintenance treatment. Am J Psychiatry 1996;153:564-6.

Frumin M, Golland P, Kikinis R, Hirayasu Y,

Salisbury DF, Hennen ]J, et al. Shape differences in the
corpus callosum in first-episode schizophrenia and first-
episode psychotic affective disorder. Am J Psychiatry
2002;159:866-8.

Fukuzako H, Kodama S, Fukuzako T, Yamada K,
Hokazono Y, Ueyama K, et al. Shortening of the
hippocampal formation in first-episode schizophrenic
patients. Psychiatry Clin Newrosci 1995;49:157-61.

Fukuzako H, Kodama S, Fukuzako T, Yonezawa T,
Shiratani T, Kajiya Y, et al. Morphologic abnormalities of
the medial temporal lobe and cavum septi pellucidi in
schizophrenia. | Brain Sci 1997;23:306-10.

Gattaz WE, Rost W, Kohlmeyer K, Bauer K, Hubner C,
Gasser T, et al. CT scans and neuroleptic response in
schizophrenia: a multidimensional approach. Psychiatry
Res 1988;26:293-303.

Gharaibeh WS, Rohlf FJ, Slice DE, DeLisi LE. A
geometric morphometric assessment of change in
midline brain structural shape following a first episode
of schizophrenia. Biol Psychiatry 2000;48:398—405.

Giedd JN, Jeffries NO, Blumenthal J, Castellanos FX,
Vaituzis AC, Fernandez T, et al. Childhood-onset
schizophrenia: progressive brain changes during
adolescence. Biol Psychiatry 1999;46:892-8.

Gilbert AR, Rosenberg DR, Harenski K, Spencer S,
Sweeney JA, Keshavan MS, et al. Thalamic volumes in

patients with first-episode schizophrenia. Am J Psychiatry
2001;158:618-24.

Girgis RR, Diwadkar VA, Nutche JJ, Sweeney JA,
Keshavan MS, Hardan AY, et al. Risperidone in first-
episode psychosis: a longitudinal, exploratory voxel-
based morphometric study. Schizophr Res 2006;82:89-94.

Golden C]J, Graber B, Coffman J, Berg RA, Newlin DB,
Bloch S, et al. Structural brain deficits in schizophrenia.
Identification by computed tomographic scan density
measurements. Arch Gen Psychiatry 1981;38:1014-17.

Goldstein JM, Goodman JM, Seidman L], Kennedy DN,
Makris N, Lee H, ¢f al. Cortical abnormalities in
schizophrenia identified by structural magnetic
resonance imaging. Arch Gen Psychiatry 1999;56:

537-47.

Gordon CT, Frazier JA, McKenna K, Giedd J,
Zametkin A, Zahn T, et al. Childhood-onset
schizophrenia: an NIMH study in progress. Schizophr
Bull 1994;20:697-712.

Goriunova AV, Kozlovskaia GV, Kozlova IA,
Rimashevskaia NV, Savvateeva NI, Shimonova GN, et al.
Clinical computed tomographic correlations in children
from a group at high risk for schizophrenia. Zh
Nevropatol Psikhiatr Im S S Korsakova 1996;96:46-50 (in
Russian).

Greenstein D, Lerch J, Shaw P, Clasen L, Giedd ],
Gochman P, et al. Childhood onset schizophrenia:
Cortical brain abnormalities as young adults. J Child
Psychology 2006;47:1003-12.

Gunduz H, Wu H, Ashtari M, Bogerts B, Crandall D,
Robinson DG, et al. Basal ganglia volumes in first-
episode schizophrenia and healthy comparison subjects.
Biol Psychiatry 2002;51:801-8.

Gur RE, Cowell P, Turetsky BI, Gallacher F, Cannon T,
Bilker W, et al. A follow-up magnetic resonance imaging
study of schizophrenia. Relationship of neuroanatomical
changes to clinical and neurobehavioral measures. Arch
Gen Psychiatry 1998;55:145-52.

Gur RE, Maany V, Mozley PD, Swanson C, Bilker W,
Gur RC. Subcortical MRI volumes in neuroleptic-naive
and treated patients with schizophrenia. Am ] Psychiatry
1998;155:1711-17.

Gur RE, Turetsky BI, Cowell PE, Finkelman C, Maany V,
Grossman RI, et al. Temporolimbic volume reductions in
schizophrenia. Arch Gen Psychiatry 2000;57:769-75.



Health Technology Assessment 2008; Vol. 12: No. 18

Ha TH, Youn T, Ha KS, Rho KS, Lee JM, Kim IY, ¢t al.
Psychiatry research: Gray matter abnormalities in
paranoid schizophrenia and their clinical correlations.
Neuroimaging 2004;132:251-60.

Hao Y, Liu Z, Jiang T, Gong G, Liu H, Tan L, et al.
White matter integrity of the whole brain is disrupted in
first-episode schizophrenia. Neuroreport 2006;17:23—-6.

Harris JM, Yates S, Miller P, Best JJ, Johnstone EC,
Lawrie SM, et al. Gyrification in first-episode
schizophrenia: a morphometric study. Biol Psychiatry
2004;55:141-7.

Harvey I, Williams M, Toone BK, Lewis SW, Turner SW,
McGuffin P, et al. The ventricular-brain ratio (VBR) in
functional psychoses: the relationship of lateral
ventricular and total intracranial area. Psychol Med
1990;20:55-62.

Hata T. Structural brain MRI findings and relation to
birth weight in schizophrenia. Teikyo Med ] 2004;27:
323-30 (in Japanese).

Hirayasu Y, Shenton ME, Salisbury DF, Jun SK,

Wible CG, Fischer IA, et al. Subgenual cingulate cortex
volume in first-episode psychosis. Am J Psychiatry
1999;156:1091-3.

Hirayasu Y, McCarley RW, Salisbury DF, Tanaka S,
Kwon JS, Frumin M, et al. Planum temporale and
Heschl gyrus volume reduction in schizophrenia: a
magnetic resonance imaging study of first-episode
patients. Arch Gen Psychiatry 2000;57:692-9.

Hirayasu Y, Shenton ME, Salisbury DF, McCarley RW.
Hippocampal and superior temporal gyrus volume in
first-episode schizophrenia. Arch Gen Psychiatry
2000;57:618-19.

Hirayasu Y, Tanaka S, Shenton ME, Salisbury DF,
DeSantis MA, Levitt J], et al. Prefrontal gray matter
volume reduction in first episode schizophrenia. Cerebral
Cortex 2001;11:374-81.

Ho BC, Andreasen NC, Nopoulos P, Arndt S,

Magnotta V, Flaum M, et al. Progressive structural brain
abnormalities and their relationship to clinical outcome:
a longitudinal magnetic resonance imaging study early
in schizophrenia. Arch Gen Psychiatry 2003;60:585-94.

Ho BC, Alicata D, Mola C, Andreasen NC.
Hippocampus volume and treatment delays in first-
episode schizophrenia. Am ] Psychiatry 2005;162:1527-9.

Hoff AL, Riordan H, O’Donnell D, Stritzke P, Neale C,
Boccio A, et al. Anomalous lateral sulcus asymmetry and
cognitive function in first-episode schizophrenia
[published erratum appears in Schizophr Bull
1994;20:248]. Schizophr Bull 1992;18:257-72.

Hoff AL, Neal C, Kushner M, DeLisi LE. Gender
differences in corpus callosum size in first-episode
schizophrenics. Biol Psychiatry 1994;35:913-19.

Hoff AL, Sakuma M, Wieneke M, Horon R, Kushner M,
DeLisi LE, et al. Longitudinal neuropsychological follow-
up study of patients with first-episode schizophrenia. Am
J Psychiatry 1999;156:1336-41.

© Queen’s Printer and Controller of HMSO 2008. All rights reserved.

Hoffler J, Braunig P, Kruger S, Ludvik M. Morphology
according to cranial computed tomography of first-
episode cycloid psychosis and its long-term-course:

differences compared to schizophrenia. Acta Psychiatr
Scand 1997;96:184-7.

Hoffman WEF, Ballard L, Turner EH, Casey DE. Three-
year follow-up of older schizophrenics: extrapyramidal
syndromes, psychiatric symptoms, and ventricular brain
ratio. Biol Psychiatry 1991;30:913-26.

Honer WG, Squires-Wheeler E, Smith GN, Sharif Z,
Chan S, Gewirtz G. Developmental abnormalities and
cortical sulcal enlargement in psychosis. Schizophr Res
1995;16:121-5.

Howard R, Mellers J, Petty R, Bonner D, Menon R,
Almeida O, et al. Magnetic resonance imaging
volumetric measurements of the superior temporal
gyrus, hippocampus, parahippocampal gyrus, frontal
and temporal lobes in late paraphrenia. Psychol Med
1995;25:495-503.

Howard R]J, Forstl H, Naguib M, Burns A, Levy R. First-
rank symptoms of Schneider in late paraphrenia:
Cortical structural correlates. Br J Psychiatry 1992;160:
108-9.

Howard RJ, Almeida O, Levy R, Graves P, Graves M.
Quantitative magnetic resonance imaging volumetry
distinguishes delusional disorder from late-onset
schizophrenia. Br | Psychiatry 1994;165:474-80.

Hulshoff Pol HE, Schnack HG, Bertens MGBC,

van Haren NEM, van dT, I, Staal WG, et al. Volume
changes in gray matter in patients with schizophrenia.
Am ] Psychiatry 2002;159:244-50.

James AC, James S, Smith DM, Javaloyes A. Cerebellar,
prefrontal cortex, and thalamic volumes over two time
points in adolescent-onset schizophrenia. Am ] Psychiatry
2004;161:1023-9.

Jang DP, Kim JJ, Chung TS, An SK, Jung YC, Lee JK,
et al. Shape deformation of the insula in schizophrenia.
Neuroimage 2006;32:220-7.

Jaskiw GE, Juliano DM, Goldberg TE, Hertzman M,
Urow-Hamell E, Weinberger DR, et al. Cerebral
ventricular enlargement in schizophreniform disorder
does not progress. A seven year follow-up study.
Schizophr Res 1994;14:23-8.

Jayakumar PN, Venkatasubramanian G, Gangadhar BN,
Janakiramaiah N, Keshavan MS. Optimized voxel-based
morphometry of gray matter volume in first-episode,
antipsychotic-naive schizophrenia. Progr Neuro-
Psychopharmacol Biol Psychiatry 2005;29:587-91.

Job DE, Whalley HC, McConnell S, Glabus M,
Johnstone EC, Lawrie SM, et al. Structural gray matter
differences between first-episode schizophrenics and
normal controls using voxel-based morphometry.
Neuroimage 2002;17:880-9.

Job DE, Whalley HC, McConnell S, Glabus M,
Johnstone EC, Lawrie SM, ¢t al. Voxel-based

113



114

Appendix 6

morphometry of grey matter densities in subjects at
high risk of schizophrenia. Schizophr Res 2003;64:1-13.

Jones DK, Catani M, Pierpaoli C, Reeves S]J, Shergill SS,
O’Sullivan M, et al. A diffusion tensor magnetic
resonance imaging study of frontal cortex connections
in very-late-onset schizophrenia-like psychosis. Am J
Geriatr Psychiatry 2005;13:1092-9.

Joyal CC, Laakso MP, Tiihonen ], Syvalahti E,
Vilkman H, Laakso A, et al. A volumetric MRI study of
the entorhinal cortex in first episode neuroleptic-naive
schizophrenia. Biol Psychiatry 2002;51:1005-7.

Joyal CC, Laakso MP, Tiihonen ], Syvalahti E,
Vilkman H, Laakso A, et al. The amygdala and
schizophrenia: a volumetric magnetic resonance
imaging study in first-episode, neuroleptic-naive
patients. Biol Psychiatry 2003;54:1302—4.

Kalus P, Buri C, Slotboom ], Gralla J, Remonda L,
Dierks T, et al. Volumetry and diffusion tensor imaging
of hippocampal subregions in schizophrenia. Neuroreport
2004;15:867-71.

Kalus P, Slotboom J, Gallinat J, Wiest R, Ozdoba C,
Federspiel A, et al. The amygdala in schizophrenia: a
trimodal magnetic resonance imaging study. Neurosci
Lett 2005;375:151-6.

Karson CN, Coppola R, Daniel DG. Alpha frequency in
schizophrenia: an association with enlarged cerebral
ventricles. Am J Psychiatry 1988;145:861—4.

Kasai K, Shenton ME, Salisbury DF, Hirayasu Y, Lee
CU, Ciszewski AA, et al. Progressive decrease of left
superior temporal gyrus gray matter volume in patients
with first-episode schizophrenia. Am J Psychiatry
2003;160:156-64.

Kasai K, Shenton ME, Salisbury DF, Hirayasu Y,
Onitsuka T, Spencer MH, et al. Progressive decrease of
left Heschl gyrus and planum temporale gray matter
volume in first-episode schizophrenia: a longitudinal
magnetic resonance imaging study. Arch Gen Psychiatry
2003;60:766-75.

Kasai K, Shenton ME, Salisbury DF, Onitsuka T,

Toner SK, Yurgelun-Todd D, et al. Differences and
similarities in insular and temporal pole MRI gray
matter volume abnormalities in first-episode
schizophrenia and affective psychosis. Arch Gen Psychiatry
2003;60:1069-77.

Kasai K, McCarley RW, Salisbury DF, Onitsuka T,
Demeo S, Yurgelun-Todd D, et al. Cavum septi pellucidi
in first-episode schizophrenia and first-episode affective
psychosis: an MRI study. Schizophr Res 2004;71:

65-76.

Kawasaki Y, Suzuki M, Nohara S, Hagino H,

Takahashi T, Matsui M, et al. Structural brain differences
in patients with schizophrenia and schizotypal disorder
demonstrated by voxel-based morphometry. Eur Arch
Psychiatry Clin Newrosci 2004;254:406-14.

Kegeles LS, Shungu DC, Anjilvel S, Chan S, Ellis SP,
Xanthopoulos E, et al. Hippocampal pathology in

schizophrenia: magnetic resonance imaging and
spectroscopy studies. Psychiatry Res 2000;98:163-75.

Keller A, Castellanos FX, Vaituzis AC, Jeffries NO,
Giedd JN, Rapoport JL, et al. Progressive loss of
cerebellar volume in childhood-onset schizophrenia. Am
J Psychiatry 2003;160:128-33.

Kelsoe JR Jr, Cadet JL, Pickar D, Weinberger DR.
Quantitative neuroanatomy in schizophrenia. A
controlled magnetic resonance imaging study. Arch Gen
Psychiatry 1988;45:533—41.

Keshavan MS, Haas GL, Kahn CE, Aguilar E, Dick EL,
Schooler NR, et al. Superior temporal gyrus and the
course of early schizophrenia: progressive, static, or
reversible? | Psychialr Res 1998;32:161-7.

Keshavan MS, Diwadkar VA, Harenski K, Rosenberg DR,
Sweeney JA, Pettegrew JW, et al. Abnormalities of the
corpus callosum in first episode, treatment naive
schizophrenia. | Neurol Neurosurg Psychiatry 2002;72:
757-60.

Keshavan MS, Sanders RD, Sweeney JA, Diwadkar VA,
Goldstein G, Pettegrew JW, ef al. Diagnostic specificity
and neuroanatomical validity of neurological
abnormalities in first-episode psychoses. Am ] Psychiatry
2003;160:1298-304.

Kim JJ, Crespo-Facorro B, Andreasen NC, O’Leary DS,
Magnotta V, Nopoulos P, et al. Morphology of the lateral
superior temporal gyrus in neuroleptic naive patients
with schizophrenia: relationship to symptoms. Schizophr
Res 2003;60:173-81.

Klausner JD, Sweeney JA, Deck MD, Haas GL, Kelly AB.
Clinical correlates of cerebral ventricular enlargement in
schizophrenia. Further evidence for frontal lobe disease.
J Nerv Ment Dis 1992;180:407-12.

Kleinschmidt A, Falkai P, Huang Y, Schneider T, Furst G,
Steinmetz H, et al. In vivo morphometry of planum
temporale asymmetry in first-episode schizophrenia.
Schizophr Res 1994;12:9-18.

Konick LC, Friedman L. Meta-analysis of thalamic size
in schizophrenia. Biol Psychiatry 2001;49:28-38.

Koo MS, Dickey CC, Park HJ, Kubicki M, Ji NY,

Bouix S, et al. Smaller neocortical gray matter and
larger sulcal cerebrospinal fluid volumes in neuroleptic-
naive women with schizotypal personality disorder. Arch
Gen Psychiatry 2006;63:1090-100.

Kovalev VA, Petrou M, Suckling J. Detection of
structural differences between the brains of
schizophrenic patients and controls. Psychiatry Res

2003;124:177-89.

Krull AJ, Press G, Dupont R, Harris MJ, Jeste DV. Brain
imaging in late-onset schizophrenia and related
psychoses. Int | Geriatr Psychiatry 1991;6:651-8.

Kubicki M, Shenton ME, Salisbury DF, Hirayasu Y,
Kasai K, Kikinis R, et al. Voxel-based morphometric
analysis of gray matter in first episode schizophrenia.
Neuroimage 2002;17:1711-19.



Health Technology Assessment 2008; Vol. 12: No. 18

Kumra S, Ashtari M, Cervellione KL, Henderson I,
Kester H, Roofeh D, ¢t al. White matter abnormalities in
early-onset schizophrenia: a voxel-based diffusion tensor
imaging study. J Am Acad Child Adolesc Psychiatry
2005;44:934—41.

Kwon JS, Shenton ME, Hirayasu Y, Salisbury DF,
Fischer IA, Dickey CC, et al. MRI study of cavum septi
pellucidi in schizophrenia, affective disorder, and
schizotypal personality disorder. Am J Psychiatry
1998;155:509-15.

Laakso MP, Tiihonen J, Syvalahti E, Vilkman H,
Laakso A, Alakare B, et al. A morphometric MRI study
of the hippocampus in first-episode, neuroleptic-naive
schizophrenia. Schizophr Res 2001;50:3-7.

Lang DJ, Kopala LC, Vandorpe RA, Rui Q, Smith GN,
Goghari VM, et al. An MRI study of basal ganglia
volumes in first-episode schizophrenia patients treated
with risperidone. Am J Psychiatry 2001;158:625-31.

Lang DJ, Khorram B, Goghari VM, Kopala LC,
Vandorpe RA, Rui Q, et al. Reduced anterior internal
capsule and thalamic volumes in first-episode psychosis.
Schizophr Res 2006;87:89-99.

Lang DJ-M. Basal ganglia structure and the effects of
neuroleptic treatment in schizophrenia. Diss Abstr Int B
Sci Eng 2003;63(12-B).

Lappin JM, Morgan K, Morgan C, Hutchison G,
Chitnis X, Suckling J, et al. Gray matter abnormalities
associated with duration of untreated psychosis.
Schizophr Res 2006;83:145-53.

Lawrie SM, Abukmeil SS, Chiswick A, EganV,

Santosh CG, Best JJ, et al. Qualitative cerebral
morphology in schizophrenia: a magnetic resonance
imaging study and systematic literature review. Schizophr
Res 1997;25:155-66.

Lawrie SM, Whalley H, Kestelman JN, Abukmeil SS,
Byrne M, Hodges A, et al. Magnetic resonance imaging
of brain in people at high risk of developing
schizophrenia. Lancet 1999;353:30-3.

Lawrie SM, Whalley HC, Abukmeil SS, Kestelman JN,
Donnelly L, Miller P, et al. Brain structure, genetic
liability, and psychotic symptoms in subjects at high risk
of developing schizophrenia. Biol Psychiatry 2001;49:
811-23.

Lawrie SM, Whalley HC, Abukmeil SS, Kestelman JN,
Miller P, Best J]J, et al. Temporal lobe volume changes in
people at high risk of schizophrenia with psychotic
symptoms. Br | Psychiatry 2002;181:138-43.

Lawrie SM, Whalley HC, Job DE, Johnstone EC.
Structural and functional abnormalities of the amygdala
in schizophrenia. Ann N Y Acad Sci 2003;985:445-60.

Lee CU, Shenton ME, Salisbury DF, Kasai K, Onitsuka T,
Dickey CC, et al. Fusiform gyrus volume reduction in
first-episode schizophrenia: a magnetic resonance
imaging study. Arch Gen Psychiatry 2002;59:775-81.

Lee JH, Lee Y], Oh SW. Schizophrenia and cerebral
laterality. Ann Acad Med Singapore 1985;14:91-4.

© Queen’s Printer and Controller of HMSO 2008. All rights reserved.

Lee JM, Kim SH, Jang DP, Ha TH, Kim JJ, Kim IY, ¢t al.
Deformable model with surface registration for
hippocampal shape deformity analysis in schizophrenia.
Neuroimage 2004;22:831-40.

Levitt JJ, McCarley RW, Dickey CC, Voglmaier MM,
Niznikiewicz MA, Seidman LJ, et al. MRI study of
caudate nucleus volume and its cognitive correlates in
neuroleptic-naive patients with schizotypal personality
disorder. Am ] Psychiatry 2002;159:1190-7.

Levy DL, Bogerts B, Degreef G, Dorogusker B,
Waternaux C, Ashtari M, et al. Normal eye tracking is
associated with abnormal morphology of medial
temporal lobe structures in schizophrenia. Schizophr Res
1992;8:1-10.

Lieberman J, Bogerts B, Degreef G, Ashtari M,
Lantos G, Alvir J, et al. Qualitative assessment of brain
morphology in acute and chronic schizophrenia. Am ]
Psychiatry 1992;149:784-94.

Lieberman J, Jody D, Geisler S, Alvir J, Loebel A,
Szymanski S, et al. Time course and biologic correlates
of treatment response in first-episode schizophrenia.
Arch Gen Psychiatry 1993;50:369-76.

Lieberman J, Chakos M, Wu H, Alvir |, Hoffman E,
Robinson D, et al. Longitudinal study of brain
morphology in first episode schizophrenia. Biol
Psychiatry 2001;49:487-99.

Lieberman JA, Alvir JM, Woerner M, Degreef G,
Bilder RM, Ashtari M, et al. Prospective study of
psychobiology in first-episode schizophrenia at Hillside
Hospital. Schizophr Bull 1992;18:351-71.

Lieberman JA, Jody D, Alvir JM, Ashtari M, Levy DL,
Bogerts B, et al. Brain morphology, dopamine, and eye-
tracking abnormalities in first-episode schizophrenia.

Prevalence and clinical correlates. Arch Gen Psychiatry
1993;50:357-68.

Lieberman JA. Pathophysiology in the clinical course of
schizophrenia. Int Clin Psychopharmacol 1998;
13(Suppl 1):S3-6.

Lieberman JA, Tollefson GD, Charles C, Zipursky R,
Sharma T, Kahn RS, ef al. Antipsychotic drug effects on
brain morphology in first-episode psychosis. Arch Gen
Psychiatry 2005;62:361-70.

Lim KO, Tew W, Kushner M, Chow K, Matsumoto B,
DeLisi LE, et al. Cortical gray matter volume deficit in
patients with first-episode schizophrenia. Am ] Psychiatry
1996;153:1548-53.

Lim KO, Hedehus M, Moseley M, de CA, Sullivan EV,
Pfefferbaum A, et al. Compromised white matter tract
integrity in schizophrenia inferred from diffusion tensor
imaging. Arch Gen Psychiatry 1999;56:367-74.

Loeber RT, Cintron CM, Yurgelun-Todd DA.
Morphometry of individual cerebellar lobules in
schizophrenia. Am ] Psychiatry 2001;158:952-4.

Lopez-Garcia P, Aizenstein HJ, Snitz BE, Walter RP,
Carter CS. Automated ROI-based brain parcellation

115



116

Appendix 6

analysis of frontal and temporal brain volumes in
schizophrenia. Psychiatry Res 2006;147:153-61.

MacDonald HL, Best JJ. The Scottish First Episode
Schizophrenia Study. VI. Computerised tomography
brain scans in patients and controls. Br | Psychiatry
1989;154:492-8.

Madsen AL, Karle A, Rubin P, Cortsen M, Andersen HS,
Hemmingsen R, et al. Progressive atrophy of the frontal
lobes in first-episode schizophrenia: interaction with

clinical course and neuroleptic treatment. Acta Psychiatr
Scand 1999;100:367-74.

Malla AK, Mittal C, Lee M, Scholten DJ, Assis L,
Norman RMG. Computed tomography of the brain
morphology of patients with first-episode schizophrenic
psychosis. J Psychiatry Newrosci 2002;27:350-8.

Marcelis M, Suckling J, Woodruff P, Hofman P,
Bullmore E, van O], ef al. Searching for a structural
endophenotype in psychosis using computational
morphometry. Psychiatry Res 2003;122:153-67.

Maric N, Kamer T, Schneider AT, Dani I, Jasovic GM,
Paunovic VR, et al. Volumetric analysis of gray matter,
white matter and cerebrospinal fluid space in
schizophrenia. Srp Arh Celok Lek 2003;131:26-30 (in
Serbian).

Marquardt RK, Levitt JG, Blanton RE, Caplan R,
Asarnow R, Siddarth P, et al. Abnormal development of
the anterior cingulate in childhood-onset schizophrenia:
a preliminary quantitative MRI study. Psychiatry Res
2005;138:221-33.

Massana G, Salgado-Pineda P, Junque C, Perez M,
Baeza I, Pons A, ef al. Volume changes in gray matter in
first-episode neuroleptic-naive schizophrenic patients
treated with risperidone. J Clin Psychopharmacol
2005;25:111-17.

Matsumoto H, Simmons A, Williams S, Pipe R,

Murray R, Frangou S, et al. Structural magnetic imaging
of the hippocampus in early onset schizophrenia. Biol
Psychiatry 2001;49:824-31.

Mazanek M, Angert T, Atzor K-R, Falkai P, Gansicke M,
Boor S, et al. MRT examination of asymmetry of the
planum temporale in twins and first episode
schizophrenics. Klin Neuroradiol 1997;7:83-92 (in
German).

McCarley RW, Salisbury DF, Hirayasu Y, Yurgelun-

Todd DA, Tohen M, Zarate C, et al. Association between
smaller left posterior superior temporal gyrus volume
on magnetic resonance imaging and smaller left
temporal P300 amplitude in first-episode schizophrenia.
Arch Gen Psychiatry 2002;59:321-31.

McDonald C, Grech A, Toulopoulou T, Schulze K,
Chapple B, Sham P, et al. Brain volumes in familial and
non-familial schizophrenic probands and their
unaffected relatives. Am | Med Genet 2002;114:616-25.

McIntosh AM, Job DE, Moorhead TW, Harrison LK,
Forrester K, Lawrie SM, et al. Voxel-based morphometry

of patients with schizophrenia or bipolar disorder and
their unaftected relatives. Biol Psychiatry 2004;56:
544-52.

McIntosh AM, Job DE, Moorhead TW], Harrison LK,
Lawrie SM, Johnstone EC. White matter density in
patients with schizophrenia, bipolar disorder and their
unaffected relatives. Biol Psychiatry 2005;58:254-7.

Mendelsohn A, Strous RD, Bleich M, Assaf'y,

Hendler T. Regional axonal abnormalities in first
episode schizophrenia: preliminary evidence based on
high b-value diffusion-weighted imaging. Psychiatry Res
2006;146:223-9.

Miller BL. Brain white-matter lesions and psychosis. Br
J Psychiatry 1989;155:73-8.

Mitelman SA, Buchsbaum MS, Brickman AM,
Shihabuddin L. Cortical intercorrelations of frontal area
volumes in schizophrenia. Neuroimage 2005;27:753-70.

Molina V, Reig S, Desco M, Gispert D, Sanz J,
Sarramea F, et al. Multimodal neuroimaging studies and
neurodevelopment and neurodegeneration hypotheses
of schizophrenia. Neurotox Res 2002;4:437-51.

Molina V, Reig S, Pascau J, Sanz J, Sarramea F,
Gispert |D, et al. Anatomical and functional cerebral
variables associated with basal symptoms but not
risperidone response in minimally treated
schizophrenia. Psychiatry Res 2003;124:163-75.

Molina V, Sanz J, Sarramea F, Benito C, Palomo T.
Lower prefrontal gray matter volume in schizophrenia
in chronic but not in first episode schizophrenia
patients. Psychiatry Res 2004;131:45-56.

Molina V, Sanz J, Reig S, Martinez R, Sarramea F,
Luque R, et al. Hypofrontality in men with first-episode
psychosis. Br J Psychiatry 2005;186:203-8.

Molina V, Sanz |, Sarramea F, Misiego JM, Benito C,
Palomo T, et al. Association between excessive frontal
cerebrospinal fluid and illness duration in males but not
in females with schizophrenia. Eur Psychiatry
2005;20:332-8.

Molina V, Sanz J, Sarramea F, Luque R, Benito C,
Palomo T. Dorsolateral prefrontal and superior
temporal volume deficits in first-episode psychoses that
evolve into schizophrenia. Eur Arch Psychiatry Clin
Neurosct 2006;256:106-11.

Moorhead TW, Job DE, Whalley HC, Sanderson TL,
Johnstone EC, Lawrie SM, et al. Voxel-based
morphometry of comorbid schizophrenia and learning
disability: analyses in normalized and native spaces
using parametric and nonparametric statistical methods.
Neuroimage 2004;22:188-202.

Moreno D, Burdalo M, Reig S, Parellada M, Zabala A,
Desco M, et al. Structural neuroimaging in adolescents
with a first psychotic episode. | Am Acad Child Adolesc
Psychiatry 2005;44:1151-7.

Nakamura K, Kawasaki Y, Suzuki M, Hagino H,
Kurokawa K, Takahashi T, et al. Multiple structural brain



Health Technology Assessment 2008; Vol. 12: No. 18

measures obtained by three-dimensional magnetic
resonance imaging to distinguish between schizophrenia
patients and normal subjects. Schizophr Bull 2004;30:
393-404.

Narr K, Thompson P, Sharma T, Moussai J,
Zoumalan G, Rayman J, et al. Three-dimensional
mapping of gyral shape and cortical surface
asymmetries in schizophrenia: gender effects. Am J
Psychiatry 2001;158:244-55.

Narr KL, Thompson PM, Sharma T, Moussai ],
Cannestra AF, Toga AW, et al. Mapping morphology of
the corpus callosum in schizophrenia. Cerebral Cortex
2000;10:40-9.

Narr KL, Cannon TD, Woods RP, Thompson PM,

Kim S, Asunction D, et al. Genetic contributions to
altered callosal morphology in schizophrenia. J Neurosci
2002;22:3720-9.

Narr KL, Thompson PM, Szeszko P, Robinson D,
Jang S, Woods RP, et al. Regional specificity of
hippocampal volume reductions in first-episode
schizophrenia. Newroimage 2004;21:1563-75.

Narr KL, Bilder RM, Kim S, Thompson PM, Szeszko P,
Robinson D, et al. Abnormal gyral complexity in
first-episode schizophrenia. Biol Psychiatry 2004;55:
859-67.

Narr KL, Bilder RM, Toga AW, Woods RP, Rex DE,
Szeszko PR, et al. Mapping cortical thickness and gray
matter concentration in first episode schizophrenia.
Cerebral Cortex 2005;15:708-19.

Narr KL, Toga AW, Szeszko P, Thompson PM,
Woods RP, Robinson D, et al. Cortical thinning in
cingulate and occipital cortices in first episode
schizophrenia. Biol Psychiatry 2005;58:32—40.

Narr KL, Bilder RM, Woods RP, Thompson PM,
Szeszko P, Robinson D, et al. Regional specificity of
cerebrospinal fluid abnormalities in first episode
schizophrenia. Psychiatry Res 2006;146:21-33.

Nasrallah HA, Calley-Whitters M, Jacoby CG. Cortical
atrophy in schizophrenia and mania: a comparative CT
study. J Clin Psychiatry 1982;43:439—41.

Neckelmann G, Specht K, Lund A, Ersland L,
Smievoll Al, Neckelmann D, et al. MR morphometry
analysis of grey matter volume reduction in
schizophrenia: association with hallucinations. Int J
Neurosci 2006;116:9-23.

Niemann K, Hammers A, Coenen VA, Thron A,
Klosterkotter J. Evidence of a smaller left hippocampus
and left temporal horn in both patients with first
episode schizophrenia and normal control subjects.
Psychiatry Res 2000;99:93-110.

Nierenberg ], Salisbury DF, Levitt JJ, David EA,
McCarley RW, Shenton ME, et al. Reduced left angular
gyrus volume in first-episode schizophrenia. Am J
Psychiatry 2005;162:1539-41.

© Queen’s Printer and Controller of HMSO 2008. All rights reserved.

Nopoulos P, Torres I, Flaum M, Andreasen NC. Brain
morphology in first-episode schizophrenia. Am |
Psychiatry 1995;152:1721-3.

Nopoulos P, Flaum M, Andreasen NC. Sex differences in
brain morphology in schizophrenia. Am J Psychiatry
1997;154:1648-54.

Nopoulos PC, Rideout D, Crespo-Facorro B, Andreasen
NC. Sex differences in the absence of massa intermedia
in patients with schizophrenia versus healthy controls.
Schizophr Res 2001;48:177-85.

Nugent AC, Milham MP, Bain EE, Mah L, Cannon DM,
Marrett S, et al. Cortical abnormalities in bipolar
disorder investigated with MRI and voxel-based
morphometry. Neuroimage 2006;30:485-97.

Nybick H, Wiesel FA, Berggren BM, Hindmarsh T.
Computed tomography of the brain in patients with
acute psychosis and in healthy volunteers. Acta Psychiatr
Scand 1982;65:403-14.

Ohnuma T, Kimura M, Takahashi T, Iwamoto N,

Arai H. A magnetic resonance imaging study in first-
episode disorganized-type patients with schizophrenia.
Psychiatry Clin Neurosci 1997;51:9-15.

Pardo P]J, Georgopoulos AP, Kenny JT, Stuve TA,
Findling RL, Schulz SC. Classification of adolescent
psychotic disorders using linear discriminant analysis.
Schizophr Res 2006;87:297-306.

Pariante CM, Vassilopoulou K, Velakoulis D, Phillips L,
Soulsby B, Wood SJ, et al. Pituitary volume in psychosis.
Br J Psychiatry 2004;185:5-10.

Pariante CM, Dazzan P, Danese A, Morgan KD,
Brudaglio F, Morgan C, et al. Increased pituitary volume
in antipsychotic-free and antipsychotic-treated patients
of the AEsop first-onset psychosis study.
Neuropsychopharmacology 2005;30:1923-31.

Park HJ, Levitt J, Shenton ME, Salisbury DF, Kubicki M,
Kikinis R, et al. An MRI study of spatial probability
brain map differences between first-episode
schizophrenia and normal controls. Neuroimage
2004;22:1231-46.

Peng C, Tang Y, Cui Q, Liu W. Structural brain
abnormalities in patients with depression and
schizophrenia: a MRI study. Zhongguo Linchuang Kangfu
2003;7:478-9 (in Chinese).

Phillips L], Velakoulis D, Pantelis C, Wood S, Yuen HP,
Yung AR, et al. Non-reduction in hippocampal volume
is associated with higher risk of psychosis. Schizophr Res
2002;58:145-58.

Prasad KM, Patel AR, Muddasani S, Sweeney ],
Keshavan MS. The entorhinal cortex in first-episode
psychotic disorders: a structural magnetic resonance
imaging study. Am J Psychiatry 2004;161:1612-19.

Prasad KM, Rohm BR, Keshavan MS. Parahippocampal
gyrus in first episode psychotic disorders: a structural
magnetic resonance imaging study. Prog Neuro-
Psychopharmacol Biol Psychiatry 2004;28:651-8.

117



118

Appendix 6

Prasad KMR, Chowdari KV, Nimgaonkar VL,

Talkowski ME, Lewis DA, Keshavan MS. Genetic
polymorphisms of the RGS4 and dorsolateral prefrontal
cortex morphometry among first episode schizophrenia
patients. Mol Psychiatry 2005;10:213-19.

Pressler M, Nopoulos P, Ho BC, Andreasen NC. Insular
cortex abnormalities in schizophrenia: relationship to
symptoms and typical neuroleptic exposure. Biol
Psychiatry 2005;57:394-8.

Preuss UW, Zetzsche T, Jager M, Groll C, Frodl T,
Bottlender R, et al. Thalamic volume in first-episode
and chronic schizophrenic subjects: a volumetric MRI
study. Schizophr Res 2005;73:91-101.

Price G, Bagary MS, Cercignani M, Altmann DR,

Ron MA. The corpus callosum in first episode
schizophrenia: a diffusion tensor imaging study. / Neurol
Newrosurg Psychiatry 2005;76:585-7.

Price G, Cercignani M, Bagary MS, Barnes TRE,
Barker GJ, Joyce EM, et al. A volumetric MRI and
magnetization transfer imaging follow-up study of
patients with first-episode schizophrenia. Schizophr Res
2006;87:100-8.

Puri BK, Hutton SB, Saeed N, Oatridge A, Hajnal ]V,
Duncan L, et al. A serial longitudinal quantitative MRI
study of cerebral changes in first-episode schizophrenia
using image segmentation and subvoxel registration.
Psychiatry Res 2001;106:141-50.

Puri BK, Saeed N, Richardson AJ, Oatridge A,

Hajnal JV, Bydder GM, et al. Schizophrenia syndromes
associated with changes in ventricle-to-brain ratios: a
serial high-resolution three-dimensional magnetic
resonance imaging study in first-episode schizophrenia
patients using subvoxel registration and semiautomated
quantification. Int J Clin Pract 2005;59:399—-402.

Quartini A, Piperopoulos O, Iannitelli A, Paolemili M,
Pucci D, Di BC, et al. Structural brain abnormalities in
schizophrenia: a qualitative MRI study. Riv Psichiatria
2005;40:156-63 (in Italian).

Rabins PV, Starkstein SE, Robinson RG. Risk factors for
developing atypical (schizophreniform) psychosis
following stroke. | Neuropsychiatry Clin Neurosci 1991;3:
6-9.

Raine A, Harrison GN, Reynolds GP, Sheard C,

Cooper JE, Medley I, ef al. Structural and functional
characteristics of the corpus callosum in schizophrenics,
psychiatric controls, and normal controls. A magnetic
resonance imaging and neuropsychological evaluation.
Arch Gen Psychiatry 1990;47:1060—4.

Raine A, Lencz T, Reynolds GP, Harrison G, Sheard C,
Medley I, et al. An evaluation of structural and
functional prefrontal deficits in schizophrenia: MRI and
neuropsychological measures. Psychiatry Res
1992;45:123-37.

Raine A, Lencz T, Yaralian P, Bihrle S, Lacasse L,
Ventura J, et al. Prefrontal structural and functional
deficits in schizotypal personality disorder. Schizophr Bull
2002;28:501-13.

Risch SC, Lewine RJ, Kalin NH, Jewart RD, Risby ED,
Caudle JM, et al. Limbic-hypothalamic—pituitary—
adrenal axis activity and ventricular-to-brain ratio
studies in affective illness and schizophrenia.
Neuropsychopharmacology 1992;6:95-100.

Rojas DC, Teale P, Sheeder J, Simon ], Reite M. Sex-
specific expression of Heschl’s gyrus functional and
structural abnormalities in paranoid schizophrenia. Am |
Psychiatry 1997;154:1655-62.

Rubin P, Hemmingsen R, Holm S, Moller-Madsen S,
Hertel C, Povlsen U], et al. Relationship between brain
structure and function in disorders of the schizophrenic
spectrum: single positron emission computerized
tomography, computerized tomography and
psychopathology of first episodes. Acta Psychiatr Scand
1994;90:281-9.

Rubin P. Neurobiological findings in first admission
patients with schizophrenia or schizophreniform
disorder. Dan Med Bull 1997;44:140-54.

Rupp CI, Fleischhacker WW, Kemmler G, Kremser C,
Bilder RM, Mechtcheriakov S, et al. Olfactory functions
and volumetric measures of orbitofrontal and limbic
regions in schizophrenia. Schizophr Res 2005;74:
149-61.

Sachdev P, Brodaty H, Rose N, Cathcart S.
Schizophrenia with onset after age 50 years. 2:
Neurological, neuropsychological and MRI
investigation. Br | Psychiatry 1999;175:416-21.

Sachdev P, Brodaty H, Cheang D, Cathcart S.
Hippocampus and amygdala volumes in elderly
schizophrenic patients as assessed by magnetic
resonance imaging. Psychiatry Clin Newrosci
2000;54:105-12.

Saijo T, Abe T, Someya Y, Sassa T, Sudo Y, Suhara T,
et al. Ten year progressive ventricular enlargement in

schizophrenia: an MRI morphometrical study. Psychiatry
Clin Newrosci 2001;55:41-7.

Salgado-Pineda P, Baeza I, Perez-Gomez M, Vendrell P,
Junque C, Bargallo N, et al. Sustained attention
impairment correlates to gray matter decreases in first
episode neuroleptic-naive schizophrenic patients.
Neuroimage 2003;19(2 Pt 1):365-75.

Sallet PC, Elkis H, Alves TM, Oliveira JR, Sassi E,
Campi de CC, et al. Reduced cortical folding in
schizophrenia: an MRI morphometric study. Am J
Psychiatry 2003;160:1606-13.

Sallet PC, Elkis H, Alves TM, Oliveira JR, Sassi E,
de Castro CG, et al. Rightward cerebral asymmetry in
subtypes of schizophrenia according to Leonhard’s
classification and to DSM-IV: a structural MRI study.
Psychiatry Res 2003;123:65-79.

Salokangas RK, Cannon T, Van ET, Ilonen T,
Taiminen T, Karlsson H, et al. Structural magnetic
resonance imaging in patients with first-episode
schizophrenia, psychotic and severe non-psychotic



Health Technology Assessment 2008; Vol. 12: No. 18

depression and healthy controls. Results of the
schizophrenia and affective psychoses (SAP) project.
Br J Psychiatry Suppl 2002;43:s58-65.

Sanfilipo M, Lafargue T, Rusinek H, Arena L,
Loneragan C, Lautin A, ¢t al. Volumetric measure of the
frontal and temporal lobe regions in schizophrenia:
relationship to negative symptoms. Arch Gen Psychiatry
2000;57:471-80.

Seidman L], Pantelis C, Keshavan MS, Faraone SV,
Goldstein JM, Horton NJ, ef al. A review and new report
of medial temporal lobe dysfunction as a vulnerability
indicator for schizophrenia: a magnetic resonance
imaging morphometric family study of the
parahippocampal gyrus. Schizophr Bull 2003;29:803-30.

Shad MU, Muddasani S, Prasad K, Sweeney JA,
Keshavan MS, Shad MU, et al. Insight and prefrontal
cortex in first-episode schizophrenia. Newroimage
2004;22:1315-20.

Shad MU, Muddasani S, Keshavan MS. Prefrontal
subregions and dimensions of insight in first-episode
schizophrenia — a pilot study. Psychiatry Res
2006;146:35-42.

Shapleske J, Rossell SL, Simmons A, David AS,
Woodruff PW. Are auditory hallucinations the
consequence of abnormal cerebral lateralization? A
morphometric MRI study of the sylvian fissure and
planum temporale [published erratum appears in
Biol Psychiatry 2001;50:394]. Biol Psychiatry 2001;49:
685-93.

Sharma T, du BG, Lewis S, Sigmundsson T, Gurling H,
Murray R, ef al. The Maudsley Family Study. I:
Structural brain changes on magnetic resonance
imaging in familial schizophrenia. Prog Neuro-
Psychopharmacol Biol Psychiatry 1997;21:1297-315.

Sharma T, Lancaster E, Lee D, Lewis S, Sigmundsson T,
Takei N, et al. Brain changes in schizophrenia.
Volumetric MRI study of families multiply affected with
schizophrenia — the Maudsley Family Study 5. Br J
Psychiatry 1998;173:132-8.

Shedlack KJ, McDonald WM, Laskowitz DT, Rama
Krishnan KR. Geniculocalcarine hyperintensities on
brain magnetic resonance imaging associated with visual
hallucinations in the elderly. Psychiatry Res 1994;54:
283-93.

Shenton ME, Gerig G, McCarley RW, Szekely G,
Kikinis R. Amygdala-hippocampal shape differences in
schizophrenia: the application of 3D shape models to
volumetric MR data. Psychiatry Res 2002;115:15-35.

Shin S-E, Lee J-S, Kang M-H, Kim C-E, Bae J-N, Jung
G. Segmented volumes of cerebrum and cerebellum in
first episode schizophrenia with auditory hallucinations.
Psychiatry Res Neuroimaging 2005;138:33-42.

Sim K, DeWitt I, Ditman T, Zalesak M, Greenhouse I,
Goff D, et al. Hippocampal and parahippocampal
volumes in schizophrenia: a structural MRI study.
Schizophr Bull 2006;32:332-40.

© Queen’s Printer and Controller of HMSO 2008. All rights reserved.

Simpson SW, Baldwin RC, Burns A, Jackson A. Regional
cerebral volume measurements in late-life depression:
relationship to clinical correlates, neuropsychological
impairment and response to treatment. Int | Geriatr
Psychiatry 2001;16:469-76.

Smith GN, Lang DJ, Kopala L.C, Lapointe JS, Falkai P,
Honer WG, et al. Developmental abnormalities of the
hippocampus in first-episode schizophrenia. Biol
Psychiatry 2003;53:555-61.

Smith RC, Baumgartner R, Ravichandran GK, Largen ],
Calderon M, Burd A, et al. Cortical atrophy and white
matter density in the brains of schizophrenics and
clinical response to neuroleptics. Acta Psychiatr Scand
1987;75:11-19.

Snyder PJ, Bogerts B, Wu H, Bilder RM, Deoras KS,
Lieberman JA, et al. Absence of the adhesio
interthalamica as a marker of early developmental
neuropathology in schizophrenia: an MRI and
postmortem histologic study. / Neuroimaging 1998;8:
159-63.

Sowell ER, Levitt J, Thompson PM, Holmes C]J,
Blanton RE, Kornsand DS, et al. Brain abnormalities in
early-onset schizophrenia spectrum disorder observed
with statistical parametric mapping of structural
magnetic resonance images. Am ] Psychiatry
2000;157:1475-84.

Spinks R, Nopoulos P, Ward ], Fuller R, Magnotta VA,
Andreasen NG, et al. Globus pallidus volume is related
to symptom severity in neuroleptic naive patients with
schizophrenia. Schizophr Res 2005;73:229-33.

Staal WG, Hulshoff Pol HE, Schnack HG,
Hoogendoorn ML, Jellema K, Kahn RS, ¢t al. Structural
brain abnormalities in patients with schizophrenia and
their healthy siblings. Am J Psychiatry 2000;157:416-21.

Steen RG, Mull C, McClure R, Hamer RM,
Lieberman JA. Brain volume in first-episode
schizophrenia: systematic review and meta-analysis of
magnetic resonance imaging studies. Br J Psychiatry
2006;188:510-18.

Strakowski SM, DelBello MP, Sax KW, Zimmerman ME,
Shear PK, Hawkins JM, et al. Brain magnetic resonance
imaging of structural abnormalities in bipolar disorder.
Arch Gen Psychiatry 1999;56:254-60.

Styner M, Lieberman JA, McClure RK, Weinberger DR,
Jones DW, Gerig G, et al. Morphometric analysis of
lateral ventricles in schizophrenia and healthy controls
regarding genetic and disease-specific factors. Proc
National Acad Sci USA 2005;102:4872-7.

Suddath RL, Christison GW, Torrey EF, Casanova MF,
Weinberger DR. Anatomical abnormalities in the brains
of monozygotic twins discordant for schizophrenia
[published erratum appears in N Engl | Med
1990;322:1616]. N Engl | Med 1990;322:789-94.

Sumich A, Chitnis XA, Fannon DG, O’Ceallaigh S,

Doku VG, Falrowicz A, et al. Temporal lobe 119



120

Appendix 6

abnormalities in first-episode psychosis. Am | Psychiatry
2002;159:1232-5.

Suzuki M, Nohara S, Hagino H, Kurokawa K,

Yotsutsuji T, Kawasaki Y, et al. Regional changes in brain
gray and white matter in patients with schizophrenia
demonstrated with voxel-based analysis of MRI.
Schizophr Res 2002;55:41-54.

Suzuki M, Nohara S, Hagino H, Takahashi T,

Kawasaki Y, Yamashita I, et al. Prefrontal abnormalities
in patients with simple schizophrenia: structural and
functional brain-imaging studies in five cases. Psychiatry
Res 2005;140:157-71.

Swayze VW, Andreasen NC, Alliger R], Yuh WT,
Ehrhardt JC. Subcortical and temporal structures in
affective disorder and schizophrenia: a magnetic

resonance imaging study. Biol Psychiatry 1992;31:221-40.

Symonds LL, Olichney JM, Jernigan TL,

Corey-Bloom J, Healy JF, Jeste DV, et al. Lack of
clinically significant gross structural abnormalities in
MRIs of older patients with schizophrenia and related
psychoses. | Neuropsychiatry Clin Newrosci 1997;9:251-8.

Szendi I, Kiss M, Racsmany M, Boda K, Cimmer C,
Voros E, et al. Correlations between clinical symptoms,
working memory functions and structural brain
abnormalities in men with schizophrenia. Psychiatry Res
2006;147:47-55.

Szeszko PR, Bilder RM, Lencz T, Pollack S, Alvir JM,
Ashtari M, et al. Investigation of frontal lobe subregions
in first-episode schizophrenia. Psychiatry Res 1999;90:
1-15.

Szeszko PR, Bilder RM, Lencz T, Ashtari M,

Goldman RS, Reiter G, et al. Reduced anterior cingulate
gyrus volume correlates with executive dysfunction in
men with first-episode schizophrenia. Schizophr Res
2000;43:97-108.

Szeszko PR, Goldberg E, Gunduz-Bruce H, Ashtari M,
Robinson D, Malhotra AK, et al. Smaller anterior
hippocampal formation volume in antipsychotic-naive
patients with first-episode schizophrenia. Am J Psychiatry
2003;160:2190-7.

Szeszko PR, Gunning-Dixon F, Ashtari M, Snyder PJ,
Lieberman JA, Bilder RM, et al. Reversed cerebellar
asymmetry in men with first-episode schizophrenia. Biol
Psychiatry 2003;53:450-9.

Szeszko PR, Gunning-Dixon F, Goldman RS, Bates J,
Ashtari M, Snyder PJ, et al. Lack of normal association
between cerebellar volume and neuropsychological
functions in first-episode schizophrenia. Am | Psychiatry
2003;160:1884-7.

Szeszko PR, Ardekani BA, Ashtari M, Kumra S,
Robinson DG, Sevy S, et al. White matter abnormalities
in first-episode schizophrenia or schizoaffective
disorder: a diffusion tensor imaging study. Am J
Psychiatry 2005;162:602-5.

Szeszko PR, Lipsky R, Mentschel C, Robinson D,
Gunduz-Bruce H, Sevy S, et al. Brain-derived
neurotrophic factor val66met polymorphism and

volume of the hippocampal formation. Mol Psychiatry
2005;10:631-6.

Szulc A. Structural brain changes in the computerized
tomography of schizophrenic patients. Psychiair Pol
1997;31:539—46 (in Polish).

Takahashi T, Suzuki M, Kawasaki Y, Kurokawa K,
Hagino H, Yamashita I, ef al. Volumetric magnetic
resonance imaging study of the anterior cingulate gyrus
in schizotypal disorder. Eur Arch Psychiatry Clin Neurosci
2002;252:268-77.

Takahashi T, Kawasaki Y, Kurokawa K, Hagino H,
Nohara S, Yamashita I, et al. Lack of normal structural
asymmetry of the anterior cingulate gyrus in female
patients with schizophrenia: a volumetric magnetic
resonance imaging study. Schizophr Res 2002;55:69-81.

Tanaka Y, Hazama H, Kawahara R, Kobayashi K.
Computerized tomography of the brain in
schizophrenic patients. A controlled study. Acta Psychiatr
Scand 1981;63:191-7.

Tanskanen P, Veijola JM, Piippo UK, Haapea M,
Miettunen JA, Pyhtinen J, ef al. Hippocampus and
amygdala volumes in schizophrenia and other psychoses
in the Northern Finland 1966 birth cohort. Schizophr Res
2005;75:283-94.

Tauscher-Wisniewski S, Tauscher J, Logan J, Christensen
BK, Mikulis DJ, Zipursky RB, ef al. Caudate volume
changes in first episode psychosis parallel the effects of
normal aging: a 5-year follow-up study. Schizophr Res
2002;58:185-8.

Tauscher-Wisniewski S, Tauscher J, Christensen BK,
Mikulis DJ, Zipursky RB. Volumetric MRI measurement
of caudate nuclei in antipsychotic-naive patients
suffering from a first episode of psychosis. J Psychiatr Res
2005;39:365-70.

Tibbo P, Hanstock CC, Asghar S, Silverstone P, Allen PS.
Proton magnetic resonance spectroscopy (‘H-MRS) of
the cerebellum in men with schizophrenia. J Psychiatry
Neurosci 2000;25:509-12.

Tien AY, Eaton WW, Schlaepfer TE, McGilchrist IK,
Menon R, Powers R, et al. Exploratory factor analysis of
MRI brain structure measures in schizophrenia.
Schizophr Res 1996;19:93-101.

Toulopoulou T, Grech A, Morris RG, Schulze K,
McDonald C, Chapple B, ¢t al. The relationship between
volumetric brain changes and cognitive function: a
family study on schizophrenia. Biol Psychiatry 2004;56:
447-53.

Turetsky B, Cowell PE, Gur RC, Grossman RI,
Shtasel DL, Gur RE, et al. Frontal and temporal lobe
brain volumes in schizophrenia. Relationship to
symptoms and clinical subtype. Arch Gen Psychiatry
1995;52:1061-70.

Turetsky BI, Moberg PJ, Yousem DM, Doty RL,
Arnold SE, Gur RE, et al. Reduced olfactory bulb
volume in patients with schizophrenia. Am J Psychiatry
2000;157:828-30.



Health Technology Assessment 2008; Vol. 12: No. 18

Turetsky BI, Moberg PJ, Roalf DR, Arnold SE, Gur RE.
Decrements in volume of anterior ventromedial
temporal lobe and olfactory dysfunction in
schizophrenia. Arch Gen Psychiatry 2003;60:1193-200.

van AT, Daly E, Henry J, Robertson D, Ng V, Owen M,
et al. Brain anatomy in adults with velocardiofacial
syndrome with and without schizophrenia: preliminary
results of a structural magnetic resonance imaging study.
Arch Gen Psychiatry 2004;61:1085-96.

van O], Woodruft PW, Fananas L, Ahmad F,
Shuriquie N, Howard R, et al. Association between
cerebral structural abnormalities and dermatoglyphic
ridge counts in schizophrenia. Compr Psychiatry
2000;41:380—4.

Vazquez-Barquero JL, Cuesta Nunez M], Quintana
Pando F, de la Varga M, Herrera Castanedo S, Dunn G,
et al. Structural abnormalities of the brain in
schizophrenia: sex differences in the Cantabria First
Episode of Schizophrenia Study. Psychol Med 1995;
25:1247-57.

Velakoulis D, Pantelis C, McGorry PD, Dudgeon P,
Brewer W, Cook M, ¢t al. Hippocampal volume in first-
episode psychoses and chronic schizophrenia: a high-
resolution magnetic resonance imaging study. Arch Gen
Psychiatry 1999;56:133—41.

Velakoulis D, Wood SJ, Smith DJ, Soulsby B, Brewer W,
Leeton L, et al. Increased duration of illness is
associated with reduced volume in right medial
temporal/anterior cingulate grey matter in patients with
chronic schizophrenia. Schizophr Res 2002;57:43-9.

Velakoulis D, Wood SJ, Wong MT, McGorry PD, Yung A,
Phillips L, et al. Hippocampal and amygdala volumes
according to psychosis stage and diagnosis: a magnetic
resonance imaging study of chronic schizophrenia, first-
episode psychosis, and ultra-high-risk individuals. Arch
Gen Psychiatry 2006;63:139-49.

Vita A, Sacchetti E, Valvassori G, Cazzullo CL. Brain
morphology in schizophrenia: a 2- to 5-year CT scan
follow-up study. Acta Psychiatr Scand 1988;78:618-21.

Vita A, Dieci M, Giobbio GM, Garbarini M, Morganti C,
Braga M, et al. A reconsideration of the relationship
between cerebral structural abnormalities and family
history of schizophrenia. Psychiatry Res 1994;53:

41-55.

Volz H, Gaser C, Sauer H. Supporting evidence for the
model of cognitive dysmetria in schizophrenia — a
structural magnetic resonance imaging study using
deformation-based morphometry. Schizophr Res
2000;46:45-56.

Vovin RI, Morozov VI, Fakturovich Al, Pi’l BN,
Za'vialov IM. Study of the morphological characteristics
of the brain in patients with schizophrenia by the
method of computerized tomography. Zh Nevropatol
Psikhiatr Im S S Korsakova 1989;89:52-5 (in Russian).

Walczewski K, Cechnicki A, Matkowski J, Kleinrok K,
Herman I, Podsiadlo-Kleinrok B, et al. Relationship

© Queen’s Printer and Controller of HMSO 2008. All rights reserved.

between structural brain abnormalities and
psychopathologic profile in patients with schizophrenia.
Psychiatr Pol 2001;35:33-46 (in Polish).

Wang F, Sun Z, Du X, Wang X, Cong Z, Zhang H, et al.
A diffusion tensor imaging study of middle and superior
cerebellar peduncle in male patients with schizophrenia.
Neurosci Lett 2003;348:135-8.

Wang F, Sun Z, Cui L, Du X, Wang X, Zhang H, ¢t al.
Anterior cingulum abnormalities in male patients with
schizophrenia determined through diffusion tensor
imaging. Am J Psychiatry 2004;161:573-5.

Weinberger DR, DeLisi LE, Perman GP, Targum S,
Wyatt R]. Computed tomography in schizophreniform
disorder and other acute psychiatric disorders. Arch Gen
Psychiatry 1982;39:778-83.

Weiss AP, DeWitt I, Goff D, Ditman T, Heckers S.
Anterior and posterior hippocampal volumes in
schizophrenia. Schizophrenia Res 2005;73:103-12.

Westmoreland CP, Nopoulos P, Andreasen NC, Heckel
D, Arndt S. Caudate size in first-episode neuroleptic-
naive schizophrenic patients measured using an artificial
neural network. Biol Psychiatry 1999;46:712-20.

Whitford TJ, Farrow TF, Gomes L, Brennan J,

Harris AW, Williams LM, et al. Grey matter deficits and
symptom profile in first episode schizophrenia.
Psychiatry Res 2005;139:229-38.

Whitford TJ, Grieve SM, Farrow TF, Gomes L,

Brennan J, Harris AW, et al. Progressive grey matter
atrophy over the first 2-3 years of illness in first-episode
schizophrenia: a tensor-based morphometry study.
Neuroimage 2006;32:511-19.

Whitworth AB, Honeder M, Kremser C, Kemmler G,
Felber S, Hausmann A, et al. Hippocampal volume
reduction in male schizophrenic patients. Schizophr Res
1998;31:73-81.

Whitworth AB, Kemmler G, Honeder M, Kremser C,
Felber S, Hausmann A, ¢t al. Longitudinal volumetric
MRI study in first- and multiple-episode male
schizophrenia patients. Psychiatry Res 2005;140:225-37.

Wiegand LC, Warfield SK, Levitt JJ, Hirayasu Y,
Salisbury DF, Heckers S, et al. Prefrontal cortical
thickness in first-episode psychosis: a magnetic
resonance imaging study. Biol Psychiatry 2004;55:131-40.

Wiegand LC, Warfield SK, Levitt JJ, Hirayasu Y,
Salisbury DF, Heckers S, et al. An in vivo MRI study of
prefrontal cortical complexity in first-episode psychosis.
Am ] Psychiatry 2005;162:65-70.

Wood SJ, Velakoulis D, Smith DJ, Bond D, Stuart GW,
McGorry PD, et al. A longitudinal study of hippocampal
volume in first episode psychosis and chronic
schizophrenia. Schizophr Res 2001;52:37-46.

Woodruff PW, Pearlson GD, Geer M], Barta PE,
Chilcoat HD, Woodruft PW, et al. A computerized
magnetic resonance imaging study of corpus callosum

121



122

Appendix 6

morphology in schizophrenia. Psychol Med 1993;23:
45-56.

Woodruff PW, Phillips ML, Rushe T, Wright IC,
Murray RM, David AS, et al. Corpus callosum size and
inter-hemispheric function in schizophrenia. Schizophr
Res 1997;23:189-96.

Wright IC, Ellison ZR, Sharma T, Friston K],
Murray RM, McGuire PK, et al. Mapping of grey matter
changes in schizophrenia. Schizophr Res 1999;35:1-14.

Wright IC, Rabe-Hesketh S, Woodruff PW, David AS,
Murray RM, Bullmore ET, et al. Meta-analysis of
regional brain volumes in schizophrenia. Am J Psychiatry
2000;157:16-25.

Yamasue H, Iwanami A, Hirayasu Y, Yamada H, Abe O,
Kuroki N, et al. Localized volume reduction in
prefrontal, temporolimbic, and paralimbic regions in
schizophrenia: an MRI parcellation study. Psychiatry Res
2004;131:195-207.

Yamasue H, Yamada H, Yumoto M, Kamio S, Kudo N,
Uetsuki M, et al. Abnormal association between reduced
magnetic mismatch field to speech sounds and smaller
left planum temporale volume in schizophrenia.
Neuroimage 2004;22:720-7.

Yeo RA, Hodde-Vargas J, Hendren RL, Vargas LA,
Brooks WM, Ford CC, et al. Brain abnormalities in
schizophrenia-spectrum children: implications for a
neurodevelopmental perspective. Psychiatry Res
1997;76:1-13.

Yoon U, Lee JM, Kwon JS, Kim HP, Shin YW, Ha TH,
et al. An MRI study of structural variations in
schizophrenia using deformation field morphometry.
Psychiatry Res 2006;146:171-7.

Yushkevich P, Dubb A, Xie Z, Gur R, Gur R, Gee J, ¢t al.
Regional structural characterization of the brain of
schizophrenia patients. Acad Radiol 2005;12:1250-61.

Zipursky RB, Lim KO, Sullivan EV, Brown BW,
Pfefferbaum A. Widespread cerebral gray matter volume
deficits in schizophrenia. Arch Gen Psychiatry
1992;49:195-205.

Zipursky RB, Marsh L, Lim KO, DeMent S, Shear PK,
Sullivan EV, et al. Volumetric MRI assessment of
temporal lobe structures in schizophrenia. Biol Psychiatry
1994;35:501-16.

Zipursky RB, Seeman MV, Bury A, Langevin R,
Wortzman G, Katz R, et al. Deficits in gray matter
volume are present in schizophrenia but not bipolar
disorder. Schizophr Res 1997;26:85-92.

Zipursky RB, Lambe EK, Kapur S, Mikulis D]J. Cerebral
gray matter volume deficits in first episode psychosis.
Arch Gen Psychiatry 1998;55:540-6.

Zipursky RB, Zhang-Wong ], Lambe EK, Bean G,
Beiser M. MRI correlates of treatment response in first
episode psychosis. Schizophr Res 1998;30:81-90.

Zorrilla LT, Cannon TD, Kronenberg S, Mednick SA,
Schulsinger F, Parnas J, et al. Structural brain
abnormalities in schizophrenia: a family study. Biol
Psychiatry 1997;42:1080-6.

Zuffante P, Leonard CM, Kuldau JM, Bauer RM,

Doty EG, Bilder RM. Psychiatry Research: working
memory deficits in schizophrenia are not necessarily
specific or associated with MRI-based estimates of area
46 volumes. Neuroimaging 2001;108:187-209.



Health Technology Assessment 2008; Vol. 12: No. 18

Appendix 7

Quality assessment tables used

TABLE 44 Modified QUADAS tool

Item® Question

I Was the spectrum of patients representative of patients who will receive the test in practice?
Were the selection criteria clearly described?

4 Is the period between reference standard and index test short enough to be reasonably sure that the target
condition did not change between the two tests?

5 Did the whole sample (W) or a random selection (R) of the sample receive verification using a reference standard
of diagnosis?

Did the patients receive the same reference standard regardless of index test?
8 Was the execution of the index test described in sufficient detail to permit replication of the test?
Was the execution of the reference standard described in sufficient detail to permit its replication?
10 Were the index test results interpreted without knowledge of the results of the reference standard?

I Were the reference standard results interpreted without knowledge of the index test?

12 Were the same clinical results available when test results were interpreted as would be available when the test is
used in practice?

13 Were uninterpretable/intermediate test results reported?

14 Were withdrawals from the study explained?

9 Question numbers refer to original QUADAS tool.
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Appendix 8

Review of published economic evaluations

A_ summary of reviewed economic evaluations is
given in Table 53.

Mushlin and colleagues, 1997'3!

This American study was designed to determine
the incremental cost-effectiveness of MRI and CT
in young adults presenting with equivocal
neurological signs and symptoms. It is based on
results produced from a decision-analytic Markov
simulation model that is fully described in Mooney
and colleagues.'" As a consequence, the latter
study is reviewed instead.

Mooney and colleagues, 1990'%°

This study was designed to explore the costs and
benefits of routine versus selective (only if
symptoms recur) use of MRI for adults who have
symptoms suggestive of multiple sclerosis (MS).
The authors used a decision-analytic model to
produce an ICER of using immediate MRI
compared with selective MRI. The study was
based in the USA and therefore costs are
expressed in US dollars (1987 dollars). For the
base case, both costs and benefits are discounted
at 2.5% per year. Outcomes are expressed

using QALYs. Probabilities of outcomes are
estimated from incidence rates of disease,

data on test characteristics and on treatment
effects. Sensitivity rates and false positive rates of
MRI to detect various conditions are reported.
The base case analysis does not consider
patients over 40 years of age (changes of MRI
suggestive of MS are not specific for people
aged over 40 years). MRI is modelled to suggest
either MS, infarct, tumour or ‘other disease’.
Treatment and QoL gains dependent on the
MRI findings are reported. For example, patients
who test positive for tumour are assumed to
undergo angiography associated with a reduction
in QoL of 0.14 for 3 days. It is assumed that
angiography has perfect specificity; therefore,

if a patient tests positive they will immediately
undergo surgery. In the base case, the model
assumes that MRI is never false positive for
tumour (this assumption is relaxed in sensitivity
analysis).

© Queen’s Printer and Controller of HMSO 2008. All rights reserved.

Utility values for the model were based on
assumptions related to the disease state
characteristics and then derived from a utility
function derived by Torrance.!'” These

utility values were subject to extensive sensitivity
analysis.

A separate Markov model for each of the
conditions detected by MRI is reported. The
results reported suggest that assuming MRI is a
perfect test (100% sensitivity and specificity)
then the ICER is $4877 per QALY. The analysis
then progresses to identifying parameters in the
model at which the cost-effective threshold for
immediate MRI versus selective MRI use is most
sensitive. Recommendations are then made as to
where more information is required to improve
the accuracy of information. This form of
analysis suggests that more information is
required on the accuracy of MRI at detecting MS
and also on the value that patients place on early
diagnosis and the impact this has on the patient’s
well-being.

This study provides an in-depth analysis adopting
value of information analysis to report the cost-
effectiveness of immediate versus selective MRI for
detecting MS. Assuming a perfect MRI test, the
ICER is reported to be cost-effective. The
corresponding ICER for a less than perfect test is,
however, nested within several assumptions on
which more information is required. The study
does provide information on test accuracy for MRI
in detecting several conditions which could
potentially be useful for our economic evaluation.
Costs and QoL values are also reported which may
be adaptable to our model. This study therefore
has potential to be beneficial for our economic
evaluation.

Simon and Lubin, 1985'""

This paper estimates the costs and benefits
associated with using CT to diagnose surgically
treatable causes of dementia [normal pressure
hydrocephalus (NPH), primary brain tumours or
subdural haematomas (SDHs)] as a routine
scanning tool versus using it as a selective
scanning tool. The decision analytic model
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measures the economic impact within a
hypothetical cohort at 60, 70 and 80 years of age.
The model also considers the impact of replacing
CT with MRI assuming MRI is a perfect test.

Initially the cohort can be exposed to either the
routine care strategy using either MRI or CT or
the selective care strategy (scanning only
performed when historical or physical findings
suggest a need). There are seven possible
outcomes to the routine care diagnostic pathway
using CT - diagnosis of NPH or SDH (two
separate arms), diagnosis of brain tumour or four
other arms indicating why a scan may fail to detect
treatable causes comprising depression,
irreversible dementia, false negative for SDH and
false negative result for brain tumour. Where a
brain tumour has been diagnosed with the routine
care strategy, the model assumes that all false
positive test results arise from the group with
‘irreversible’ dementia. This is because they have
assumed that a CT scan has 100% specificity (i.e.
no false positives) for NPH and SDH, therefore
the only source for a false positive CT result is that
arising from a patient with depression or
irreversible dementia. (The paper reports that
excluding depression as a source of false positive
had a negligible effect on the ICER.) Routine
scanning using MRI is assumed to produce the
same treatment pathways as CT, only MRI is
treated as a perfect diagnostic test (100% sensitive
and specific). Neither CT nor MRI results
influence the outcome of treating depression,
therefore the model assumes that costs and
outcomes for patients with depression are identical
for all strategies.

Health outcomes are reported as either quality-
adjusted life expectancy (QALE) or ‘number of
surgically treatable cases’ that would be diagnosed
under each strategy. To calculate the QALEs, life
expectancy for each outcome is estimated as
percentage of life expectancy predicted for
persons aged 60, 70 and 80 years in the general
population and then a quality-adjustment factor is
applied. For estimated years in an improved state,
a quality-adjustment factor of 0.8 (0.8-0.9) is
applied and for a demented state a quality-
adjustment factor of 0.1 (0-0.2) is applied. The
sum of these terms gives the QALE. The QALE is
discounted at an annual rate of 5%.

Costs are split into three parts: the cost of an MRI
or CT procedure, the cost of surgery and the cost
of health problems occurring during a person’s
remaining lifetime. For CT, the costs are described
as charges for scans and are assumed to be $300

per procedure (source of inflation rates not
reported); for MRI, a baseline value of $600 is
used and is varied between $500 and $1000 in a
sensitivity analysis. Treatment costs comprise
hospitalisation costs (estimated from diagnosis-
related group prospective payment rates) and
professional fees (estimated from 1982 Medicare
Part B charge information for Georgia). To
estimate the health costs over the remaining years
of life a number of assumptions relating to the
number of years spent in a state of relative
independence and number of years spent in a
nursing home for each outcome are applied. The
costs for nursing home care were estimated to be
$20,000 per year and adjusted to $15,000 in the
sensitivity analysis.

The model shows that if routine MRI replaces
routine CT then an additional 70-150 persons
who have surgically treatable causes for dementia
would be detected per 100,000 persons scanned.
Regardless of age, the cost per additional year of
QALE in moving from selective scanning to
routine scanning using CT is below $50,000. In
comparing routine scanning using MRI with CT,
the incremental cost ranges from $46,000 for
60-year-olds to $144,000 for 80-year-olds. The
authors conclude by deducing that use of MRI
on a routine basis would add little to the clinical
benefit as it discovers only very few additional
surgically treatable cases out of a large
proportion of people who develop dementia on
an annual basis. However, the authors do
acknowledge that the model is sensitive to
prevalence estimates for the surgically treatable
conditions and when these are lowered the
marginal cost of routine CT scanning becomes
much higher.

Overall, this paper provides a useful framework to
measure the costs and benefits of using C1/MRI to
detect surgically treatable causes of dementia and
can be likened to the clinical problem facing FEP
in terms of model structure. However, there are a
number of assumptions contained within the
model which are not justified and/or are not
subject to a sensitivity analysis. It is not clear, for
example, how appropriate it is to assume that CT
has a 100% specificity for NPH and SDH,
therefore the only source for false positive CT
results stems from patients with depression or
irreversible dementia. It is not clear why the
authors chose 0.8 and 0.1 as a quality adjustment
factor for the QALE calculations and on what
evidence this estimate is based. Also, the discount
rate of 5% is not justified or varied in a sensitivity
analysis. The number of years spent in a state of
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relative independence and number of years spent
in a nursing home are also not justified and it is
not clear how appropriate these assumptions are.

In addition to the uncertainty surrounding the
assumptions, the model has been developed for a
US setting and cost estimates (due to differences
in clinical practice) are not directly generalisable
to a UK setting.

McMahon and colleagues,
2000''2

This study sets out to explore the incremental
cost-effectiveness of a standard diagnostic strategy
versus a strategy that involves a functional
neuroimaging examination within a setting of a
specialised Alzheimer disease centre. The analysis
takes a societal perspective, thus includes costs
such as time and travel costs.

The costs and benefits of the following diagnostic
strategies for Alzheimer disease are compared:

e Standard examination [detailed history,
assessment of cognition and functional status,
laboratory testing, structural brain imaging
(non-enhanced CT)]

¢ MR imaging plus dynamic susceptibility
contrast (DSC) MR imaging (assumed to be
performed simultaneously)

e Visual SPECT (assumed to be performed in
second visit)

e Computed SPECT (assumed to be performed in
second visit).

The Markov model operates on a 6-week cycle
with patients being classified into the following
disease states: no Alzheimer disease, mild
Alzheimer disease, severe Alzheimer disease or
dead. A full model description and transition
probabilities are reported in another paper that
reports the cost-effectiveness of donepezil for mild
or moderate Alzheimer disease (Neumann and
colleagues, 1999!"'%). The model assumes that all
patients diagnosed with Alzheimer’s disease will
receive treatment with either donepezil or with a
hypothetical higher-efficacy drug. As donepezil is
only recommended in mild-moderate Alzheimer
patients, severe Alzheimer patients are assumed to
discontinue treatment and have no further drug-
related costs or benefits. Estimated sensitivity and
specificity of the standard diagnostic work-up
strategy for the base case analysis were estimated
as 0.75 and 0.9, respectively (adjusted to 0.5 and
0.8 in the sensitivity analyses).

© Queen’s Printer and Controller of HMSO 2008. All rights reserved.

The cost of the average series of laboratory tests
for the initial work-up was estimated at $70 on the
basis of resource use data from Massachusetts
General Hospital. CT and MRI scanning costs
were based on Medicare reimbursement rates and
estimated to be $212 for CT (non-enhanced) and
$1139 for MRI plus DSC MRI. These cost
estimates are subject to a sensitivity analysis and a
range of cost estimates are explored. The time
taken to complete the standard diagnostic work-up
was estimated to be 1 day (8 hours plus travel).
Patient travel expenses were included and
estimated at $40 per day. Time costs were also
included for patients and estimated at $50 per day
(derived from the median income of persons aged
65 years and over). The sensitivity analysis
explores the different strategies assuming no cost
for patient and no travel costs.

The QoL weight for patients without Alzheimer’s
disease was estimated at 0.826 (varied to 0.796 in
sensitivity analysis) using the mean of the time
trade-off scores for men and women 65-84 years
of age derived from a study of community
preferences (Fryback and colleagues, 1993%%). QoL
weights for Alzheimer patients were based on
Health Utilities Index Mark 2 (HUI:2) scores
published previously in Neumann and colleagues,
1999%) and varied between 0.710 for mild disease
and 0.310 for severe disease.

The sensitivity analysis performed on the model is
extensive and explores drug effects and duration,
disease progression, prevalence, cost and QoL
estimates in detail.

The strategy of MRI plus DSC-enhanced MRI
compared with standard examination had an
ICER of $479,500 per QALY. The visual SPECT
strategy and computed SPECT were dominated by
the standard examination. Therefore, base case
analysis suggests that it is not cost-effective to add
functional imaging to the standard diagnostic
work-up of Alzheimer’s disease. This is a well-
developed model that explores the diagnostic
strategy of Alzheimer’s disease that can be likened
to FEP in that it is a ‘diagnosis of exclusion’ (series
of tests performed to rule out any structural
abnormalities causing symptoms). The estimates
contained within the model, however, are heavily
dependent upon a set of assumptions and it was
found that if the sensitivity and specificity of the
standard examination are less than base case
and/or the treatment effectiveness or the duration
of effectiveness improves, then the ICER resulting
from the inclusion of functional imaging improves.
The model is also based on US practice with all
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data inputs sought from a US source. The model
provides a useful framework with potentially
valuable data inputs (such as QoL figures for
Alzheimer states and sensitivity/specificity values
for examination procedures) for modelling the
diagnosis of FEP. The decision problem
considered in this model assumes that non-
enhanced CT is used on all patients as part of the
standard diagnostic strategy and compares this
strategy (in terms of costs and benefits) with one
that adds an MRI test within patients suspected of
Alzheimer’s disease. The decision problem
addressed in this report, however, is slightly
different in that CT and/or MRI will be modelled
in patients where the initial physical and
neurological findings suggest a need (selective
strategy) compared with routine use of C'1" and/or
MRI. The results therefore will not be directly
comparable.

Wortzman and colleagues, 1975'32

This paper reports a general analysis designed to
investigate the impact of cranial computed
tomography (CCT) on the cost-effectiveness of a
neuro-diagnostic work-up. The objective was to
provide information on the cost-effectiveness to
the Ministry of Health of the Province of Ontario
so as to assist in future decisions concerning need
and distribution of an EMI scanner. The study
directly explores the impact of CCT on the (a)
number of angiograms and air studies, (b) length
of hospital stay and (c) rate of admission of
neurological outpatients.

This cost-effectiveness study was performed in
1975 and therefore is rather dated. It is focused
on the impact of CCT on the diagnostic work-up
of general patients, not patients with a
neurological disorder, and therefore was excluded
from any further review.

Evens and Jost, 1977''

This study explores the cost-effectiveness of CCT
compared with RBS as a diagnostic tool in patients
with suspected intracranial pathology. The clinical
efficacy of RBS and CCT is reviewed with
sensitivity, specificity and accuracy rates for both
tests reported. A detailed costing analysis is
undertaken of CCT and categorised into
equipment cost, fixed costs (such as maintenance,
space, updating equipment), technical personnel
required to operate the equipment and variable
costs (Polaroid film, magnetic tape, etc.), leading

to an annual estimate of technical costs for CCT
assuming 50 patients per week of $337,000 ($130
per patient). The total cost of an RBS facility using
a similar costing exercise to that used for CCT is
estimated as $132,000 per year ($51 per patient),
which is 40% of that of a CC'T examination.

Taking into consideration the clinical efficacy data,
CCT will improve the overall accuracy of diagnosis
(92% versus 70%) by detecting patients with
atrophy and ventricular abnormalities that will be
false negative with RBS. The cost of CCT divided
by its accuracy ($131/92%) is $141 per correct
diagnosis, the corresponding figure for RBS is
estimated as $51. The decision therefore is
described as a value judgement to assess if the
increased cost of CCT is offset by the increase in
accuracy. The authors believe that substituting
CCT for RBS as the first diagnostic radiological
study in patients with neurological signs or
symptoms is cost beneficial.

This study is limited as the results are sensitive to
(1) higher or lower direct and indirect costs and
(2) higher or lower patient volumes. The cost
estimate for CCT is based on a full national study
whereas for RBS it is based on the clinician’s
experience. It is a US study (that is stated as based
on 1977) and costs and clinical practice are
different from those in the UK. The study explores
the cost-effectiveness of CCT versus the RBS and
therefore addresses an economic question which is
different from that focused on in this report. The
study therefore has little information to aid the
economic evaluation.

Szczepura and colleagues, 1991''%

This paper reports some of the findings from a
large service evaluation designed to measure the
extent to which MRI in routine neuroscience
clinical practice is worth its costs. The effects of
MRI on diagnosis, diagnostic certainty and patient
management in the neurosciences are reported.
Estimates of the cost per patient scanned, the
impact upon QoL and the diagnostic pathway
leading to a MRI are also reported.

A total of 782 scanned patients were entered into
the study. To measure the impact of MRI, a
controlled observational study was adopted
requiring clinicians to specify differential diagnosis
and treatment plan before and after an MRI.
Before scan, patients were asked to complete a
health status questionnaire using the Rosser 29
state classification based on disability and distress
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(scores range from +1.00 for no disability or
distress to a minimum of -0.49). Medical records
of 158 of the 782 patients were examined in detail
(representative sampling frame to ensure that
records were representative in terms of total
requests per centre and level of use per
consultant). Costs were converted to 1989-90
prices using several British sources and averaged
to produce a representative cost.

Most scans were requested to confirm existing
diagnosis (44%) or to exclude a suspected disease
(35%). The average cost of scanning a patient in
Coventry was £176.40 (£179.20 including direct
costs). The authors note that the high level of
fixed costs makes ‘cost per patient’ sensitive to
throughput. The average QoL score at the time of
scan was 0.904 (based on 410 patients), reducing
to 0.845 6 months later.

When radiologists expected the MRI to yield
‘increased accuracy in measuring extent of
disease’, 88% of scans delivered this; when
‘increased accuracy in location’ was predicted, 82%
of scans delivered this; and finally, when
‘improved identification’ was expected, only 45%
of scans delivered this. Changes in management
were reported in 27% of cases.

Opverall cost savings of procedures replaced by
MRI amounted to £80.90 per patient (including
radiographic procedures, inpatient stays, surgical
savings). There are cost savings to be made by
including MRI in the diagnostic work-up but using
it too early may also not be cost-effective as
suitable patients (for MRI) are not correctly
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identified. Overall diagnosis was altered in 20% of
cases after MRI. Management was changed in 27%
of cases and it is estimated that these management
changes reduced the cost of imaging from £206
per patient to a marginal cost of £125 per patient.
There was no indication that patients’ QoL
improved after MRI.

This paper provides an interesting economic
analysis of the costs (and diagnostic benefits) of
including MRI as part of the diagnostic pathway
for patients within the neurosciences. A thorough
cost analysis of MRI is reported (with international
comparisons) alongside the diagnostic benefits.
Interestingly, the paper offers a suggestion as to
how the benefits of MRI can be offset against
costs and describes this in terms of marginal cost
per diagnostic change (estimated to be £626). As
the study is done from a UK perspective and
provides cost estimates alongside diagnostic
benefits, the data reported will be potentially
useful for estimating the cost-effectiveness of
MRI/CT in a UK setting from an NHS/PSS
perspective.

Kulasingam and colleagues,
2003'3*

This paper reports the benefits of using PET
scanning as a diagnostic tool in patients with
Alzheimer’s disease. As the economic model does
not consider the use of MRI or CT scanning, the
paper has been excluded from the literature
review as it is not relevant to the economic
question addressed in this report.
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Appendix 9
Review of quality of life studies

Details are given in Table 54.

TABLE 54 Review of QoL values for patients with schizophrenia

Instrument Schizophrenia Country of Sample Source
study
Treated Untreated
SF-36: score (SD) Hong Kong 117 patients aged Law et dl.,
Physical function 88.4 (14.1) 14-28 years before ~ 2005'**
Role — physical 46.2 (39.3) treatment
Bodily pain 74.2 (26.7)
General health 52.2 (20.9)
Vitality 49.4 (19.7)
Social — functioning 60.6 (30.0)
Role — emotional 37.6 (41.0)
Mental health 48.8 (22.1)
SF-36: score (SD) Read from graph: ~ Baseline: North America 195 patients with Strakowski
Physical function 93 91 (18) and Western first episode et al., 2005'%
Role — physical 76 72 (39) Europe schizophrenia treated
Bodily pain 82 79 (27) with olanzapine or
General health 72 66 (21) haloperidol;
Vitality 56 51 @2I) 16—40 years
Social — functioning 77 47 (31) Treated: 12 months
Role — emotional 65 33 (40) from baseline
Mental health 75 54 (20)
SF-36: score (SD) Canada 254/265 patients for  Mallaet dl.,
Baseline (n = 254): baseline/2 years 2006'3¢
Physical (PCS): mean (SD) 69.6 (20.2) following treatment;
Mental (MCS): mean (SD) 61.5(21.4) mean age = 37.9 years

2 years dfter treatment (n = 265):
Physical (PCS): mean (SD)  72.0 (20.7)
Mental (MCS): mean (SD)  64.9 (22.5)

SF-36: score (SD)

Physical function 65.0 (27.8) USA 137 outpatients who  Sciolla et dl.,
Role — physical 54.44 (39.9) met DSM-IV criteria  2003'37
Bodily pain 68.9 (28.0) or schizoaffective

General health 62.8 (22.9) disorder;

Vitality 54.8 (21.9) mean age = 57.9 years

Social — functioning 68.7 (26.8)

Role — emotional 62.5 (40.7)

Mental health 66.1 (21.5)

Standard gamble Treatment status not specified USA 3 health profiles rated Chouinard and
Mild 0.61 (mild, moderate and  Albright,
Moderate 0.36 severe) by psychiatric  1997'"?
Severe 0.29 nurses using standard

gamble and visual

Linear analogue
analogue scale

Mild 0.58
Moderate 0.35
Severe 0.25

continued

141
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Instrument

Standard gamble:
weighted utilities across
8 health states

Visual analogue scale:
weighted utilities across
8 health states

EQ-5D (Spanish version) (SD)

TABLE 54 Review of QoL values for patients with schizophrenia (cont’d)

Schizophrenia

study
Treated Untreated
0.775 0.729
(before Canada
treatment)
0.596 0.538

Before treatment  Spain

Baseline — olanzapine 0.5 (0.3)
Baseline — risperidone 0.5(0.2)
Baseline — conventional antipsychotics 0.4 (0.2)
Visual analogue scale (SD)
Baseline — olanzapine 47.3 (24)
Baseline — risperidone 39.6 (25.1)
Baseline — conventional antipsychotics 46.7 (20.9)
6 months after treatment
EQ-5D (Spanish version)
Olanzapine 0.85
Risperidone 0.86
Conventional antipsychotics 0.65
Visual analogue scale
Olanzapine 733
Risperidone 67.6
Conventional antipsychotics 64.2
SF-12 scores by category PCS MCS USA
Age
I. Younger (<38 years, n = 315) 50.1 (9.4) 40.0 (12.9)
2. Middle (38—46 years, n = 315) 47.0 (10.9)  39.6 (12.9)
3. Older (>46 years,n = 315) 44.2(11.8) 39.0 (14.0)
Diagnosis
|. Schizophrenia (n = 422) 48.2 (9.7) 42.4 (11.9)
2. Schizoaffective (n = 183) 48.1 (10.2)  40.7 (13.6)
3. Bipolar (n = 164) 46.1 (11.5)  39.6 (12.7)
4. Major depression (n = 106)  44.3 (12.6) 31.8(13.4)
5. Other (n = 66) 43.8(14.7) 314 (14.1)
Worst remembered health state Canada
Schizophrenia group

Rating scale 25.1 (16.71)

Standard gamble 0.19 (0.12)

Time trade-off 0.36 (0.29)
Depression group

Rating scale 245 (11.16)

Standard gamble 0.18 (0.12)

Time trade-off 0.24 (0.02)
Current health state
Schizophrenia group

Rating scale 77.16 (15.24)

Standard gamble 0.85 (0.12)

Time trade-off 0.81 (0.14)
Depression group

Rating scale 69.57 (9.6)

Standard gamble 0.95 (0.08)

Time trade-off 0.73 (0.19)

Country of Sample

Europe and 725 patients aged

18-85 years treated
for at least | month
with risperidone

Patients requiring

initial treatment for
first episode with
olanzapine (n = 114),
risperidone (n = 31),
conventional
antipsychotics (n = 37),
aged <40 years

Patients with diagnosis
of schizophrenia,
psychotic disorder or
major mood disorder,
aged > 18 years, on
treatment

Patients with
schizophrenia

(n = 120) and treated
depression (n = 32)

Source

Lenert et al.,
2005'%

Montes,
et al. 2003'?'

Salyers et al.,
2000'3#

Voruganti et al.,
2000'"7
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Appendix 10

Systematic review of the test accuracy of CT and

MRI for identifying dementia and brain tumours

amenable to surgery and focal lesions potentially
amenable to surgery in epilepsy

Areview of the test accuracy of CT and MRI for
these conditions was performed on the basis
that differences in test accuracy will impact on the
effectiveness of CT and MRI in the management
of psychosis.

Note that cerebral infarctions were not included,
with the exception of cerebral infarcts causing
vascular dementia or those that present solely
with psychiatric symptoms. This is on the basis
that under current practice other clinical
presentations of stroke (acute clinical presentation)
would usually result in an immediate
neuroimaging investigation and subsequent
management by stroke specialists rather than
psychiatrists.

Searches on CT/MRI scanning
Database: Cochrane Library (Wiley) 2007 Issue 2

#1 magnetic.ti.

#2  mri.ti.

#3  #1 or #2

#4  ctti

#5 tomography.ti.
#6  #4 or #5

#7 diagnostic.ti.

#8  sensitivity.ti.

#9 comparison.ti.

#10 effective*.ti.

#11 #7 or #8 or #9 or #10
#12 #3 and #6 and #11

Database: MEDLINE (Ovid) 1950 to April week 1
2007
Search strategy:

exp Diagnosis/ or diagnosis.mp.
accuracy.mp.

sensitivity adj specificity.mp.
exp "Sensitivity and Specificity"/

B 00 N

© Queen’s Printer and Controller of HMSO 2008. All rights reserved.

comparison.mp.
effectiveness.mp.
or/1-6

computed tomography.ti.
9 ct.ti

10 mri.ti.

11 magnetic resonance.ti.
12 8or9

13 10 or 11

14 12 and 13

15 14 and 4

16 stroke.mp.

17 brain.mp.

18 cerebral.mp.

19 or/16-18

20 15 and 19

21 7 and 14

22 21 and 19

23 (stroke or brain or cerebrovascular).ti.
24 21 and 23

25 limit 24 to humans

oL ~J O Ot

Database: MEDLINE (Ovid) 1950 to April week 3
2007
Search strategy:

mri.ti.

magnetic.ti.

or/1-2

ct.ti.

computed tomography.ti.

or/4-5

3 and 6

exp Diagnosis/ or diagnosis.mp.
sensitivity.mp. or exp "Sensitivity and
Specificity"/

10 comparison.mp.

11 effectiveness.mp.

12 accuracy.mp.

13 or/8-12

14 7 and 13

15 dementia$.mp.

16 14 and 15

O 00 T Tk OON —
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Database: MEDLINE (Ovid) 1950 to April week 2
2007
Search strategy:

mri.ti.

magnetic resonance.ti.

or/1-2

ct.ti.

computed tomography.ti.

or/4-5

3 and 6

exp Diagnosis/ or diagnosis.mp.
sensitivity.mp. or exp "Sensitivity and
Specificity"/

10 comparison.mp.

11 effectiveness.mp.

12 accuracy.mp.

13 or/8-12

14 7 and 13

15 exp Epilepsy/ or epilepsy.mp.
16 tumorr$.mp. or exp Neoplasms/
17 or/15-16

18 14 and 17

19 epilepsy.ti.

20 tumorr$.ti.

21 or/19-20

22 18 and 21

© 00 IO Ot OO N —

Criteria for inclusion of studies on
the basis of title and abstract

Population

Those with or without physical symptoms and with
or without psychosis and with or without a
working diagnosis of a structural brain lesion at
the time of neuroimaging.

Intervention and comparator
(reference standard)

Plain or contrast CT versus plain or contrast MRI.
Plain or contrast CT versus clinical follow-up.
Plain or contrast CT versus histology.

Plain or contrast CT versus post-mortem.

TABLE 55 Quality assessment criteria for included studies®

Plain or contrast MRI versus clinical diagnosis
(Alzheimer’s disease).

Plain or contrast MRI versus clinical follow-up.

Plain or contrast MRI versus histology.

Plain or contrast MRI versus post-mortem.

Outcome
Diagnostic accuracy by condition.

Quality assessment and exclusion
criteria

Studies were excluded if it was not possible to
construct a 2 X 2 table based on clinically
significant findings. Quality assessment was
performed according to the criteria in Table 55.'%
Studies scoring 5 (expert opinion) following
application of quality criteria in Table 1 were
excluded.

The flow of papers for the systematic review is
illustrated in Figure 5 and the table of study
characteristics and results is presented in Table 56.

Summary of CT and MRI test
accuracy review

The search for studies evaluating the relative
accuracy of CT and MRI in selected conditions
(tumours, epilepsy and dementias) yielded 16
included studies. Of the included studies, only one
was published after 2000. Ten identified studies
were published in the 1990s and six in the 1980s.
Studies conducted in the 1980s are likely to
underestimate test accuracy due to technological
advances.

Population

The majority of research identified was carried out
on highly selected populations and in most cases
populations with a working diagnosis based on
preliminary investigations. In four studies,
inclusion was based on a negative test result with

the index test'>!*1820 and in one study based on a

I Anindependent, masked comparison with reference standard among an appropriate population of consecutive patients
2 Anindependent, masked comparison with reference standard among non-consecutive patients or patients confined to

a narrow population of study participants

3 Anindependent, masked comparison of an appropriate population of patients, but reference standard not applied to all

study patients

4 Reference standard not applied independently or masked

5  Expert opinion with no explicit critical appraisal, based on physiology, bench research or first principles

91 = Most rigorous, 5 = least rigorous.
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+n = 3 from existing cost-
effectiveness searches

\ 4

EED; MEDLINE;

Hits: 454
DARE; HTA; CT Central

Included on the basis of title and abstract n = 45

Excluded: contained no estimates

Excluded: no translationn = 3
(Turkish and Japanese)

A4

Excluded: concerned with clinical
presentation acute stroke n = 7

A4

A

of test accuracy, e.g. morphological;
no gold standard n =12

Excluded: not brain

Excluded: case study
n=1

v

A

pathology n = 3

Excluded: quality
score5n =3

v

Incl

udedn = 16

FIGURE 5 Flow of papers for systematic review of the test accuracy
and brain tumours amenable to surgery

positive index tests result.!” Four of seven studies
concerned with epilepsy were performed in drug-
resistant disease. None of the identified studies
included patients with psychosis, hence the test
accuracy results may not be generalisable to
patients with an FEP. In addition, only one study
included in a narrative review originated from the
UK.

Target condition

The majority of identified studies were concerned
with the identification of primary and secondary
tumours (seven studies) and focal lesions that may
be amenable to surgery in epilepsy (seven studies).
Two studies were concerned with the diagnosis of
Alzheimer’s disease.

Index test

cT

Fourteen studies were concerned with the accuracy
of CT. Seven of these assessed the accuracy of CT
for identification of tumours and seven assessed

© Queen’s Printer and Controller of HMSO 2008. All rights reserved.

of CT and MRI for identifying dementia, temporal lobe epilepsy

the accuracy of CT in identifying focal lesions that
may be amenable to surgery in epilepsy. In five
studies contrast CT had been used and in one
study plain CT. In eight studies it was not clear to
what degree plain CT or contrast CT had been
used.

MRI

Four studies were concerned with the accuracy of
MRI. Both of the studies concerned with the
identification of Alzheimer’s dementia assessed the
accuracy of MRI for this purpose: one study was
concerned with identifying lesions that may be
amenable to surgery in epilepsy and the other
concerned with the identification of tumours. In
the two studies investigating the accuracy of MRI
in the diagnosis of Alzheimer’s disease, one used
contrast MRI and the other plain MRI. In the one
study investigating the accuracy of MRI in the
identification of focal lesions that may be
amenable to surgery in epilepsy, the authors did
not state whether contrast had been used. In one
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Appendix 10

study an assessment of the accuracy of plain versus
contrast MRI in the identification of paediatric
tumours was possible.

Reference tests

The reference tests for individual conditions
varied across studies. For both studies concerned
with the identification of Alzheimer’s disease a
clinical diagnosis was used as the reference
standard. For studies concerned with the
identification of tumours, three used contrast
MRI, one used plain and contrast CT, two used
plain MRI only and one used histology, post-
mortem and clinical follow-up. For studies
concerned with the identification of lesions
amenable to surgery in epilepsy, two studies used
plain MRI, in four studies the use of contrast was
not mentioned and one study used histology
following surgery as the reference standard.

Quality
The quality of identified studies for estimation of
test accuracy (see Table 55) was generally poor.
However, the majority of included studies were not
described as being concerned with test accuracy
and reported results descriptively. This may be an
explanation for the poor quality rating on a scale
designed for test accuracy studies. Some studies
erroneously reported correlation between tests'®
rather than providing data in the form of a 2 x 2
diagnostic table.

The majority (12) of included studies achieved a
quality rating of four. One study achieved a score
of three, two studies a score of two and one study a
score of one.

Test accuracy

In five studies, selection of the sample population
was on the basis of either a negative or positive
CT scan and in these instances only one
dimension of test accuracy could be derived. The
nature and clinical significance of target
conditions or lesions used in studies for the
calculation of tests accuracy were not always clear.
For this reason, test accuracy has been calculated
separately for different lesions as far as possible.
Note that if clinically insignificant lesions have
been included in the calculation of test accuracy,
this will lead to an underestimation of the
sensitivity of the index test used.

Detection of tumours

The sensitivity of plain CT for detection of
primary tumours ranged from 90 to 96% with
specificity 99-100%. All three of these studies were
conducted in the 1980s. Estimates of the

sensitivity of plain CT for secondary tumours were
lower (47-98%) but with a similar range of
specificity (98-100%). One of three of these
studies was conducted in the 1980s.

The sensitivity of contrast CT for the detection of
primary tumours based on one study was 98% with
corresponding specificity 99%. The sensitivity of
contrast CT for the detection of secondary
tumours was 58-100% with corresponding
specificity 98-100%.

One study allowed the comparison of plain and
contrast MRI in primary and recurrent paediatric
tumours; plain MRI was 100% sensitive and 100%
specific.

Detection of focal lesions potentially amenable to
surgery in epilepsy

The sensitivity of CT for the detection of lesions
that may be amenable to surgery in epilepsy
ranged between 38 and 80% with corresponding
specificity 100%. Two of seven of these studies
were conducted in the 1980s. The sensitivity of
MRI for the detection of lesions that may be
amenable to surgery in epilepsy was estimated as
93% with a specificity of 100%. It was unclear
whether MRI was plain or contrast in this study.

Diagnosis of Alzheimer’s disease

The sensitivity of plain MRI for diagnosing
Alzheimer’s dementia reported in one study was
70% with specificity 76%. The sensitivity of
contrast MRI for the detection of Alzheimer’s
dementia was reported in one study as ranging
between 88 and 95% with a specificity of 94%.

Implications for test accuracy estimates
to be used in the economic model

Plain CT, contrast CT, plain MRI and contrast
MRI demonstrate sensitivities and specificities of
over 90% for the detection of primary tumours in
the group of studies reviewed here. In addition, all
studies concerned with the detection of primary
tumours were conducted in the 1980s; any
technological advances since this time are likely to
improve test accuracy. The sensitivity of plain CT
in secondary tumours was lower. However, patients
with metastases are unlikely to present to a
psychiatrist only with a first episode of psychosis
as they will be known to other clinicians on the
basis of treatment for their primary cancer.

The estimated sensitivity of CT for the
identification of lesions amenable to epilepsy
ranged between 38 and 80% with a specificity of
100%. The majority of studies were conducted in
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the 1990s, so it is unlikely that these estimates of
test accuracy have been affected by technological
advances. On the basis of one study, the estimated
sensitivity of MRI for this purpose was 93% with
specificity 100%. However, no studies included in
the clinical effectiveness review identified these
types of lesions.

No studies were identified investigating the
accuracy of CT for the diagnosis of dementia.

© Queen’s Printer and Controller of HMSO 2008. All rights reserved.

Plain MRI had sensitivities and specificities less
than 80%. The estimated sensitivity of contrast
MRI was higher (88-95%) with a specificity of
94%. None of the studies included in the
effectiveness review, where neuroimaging had been
used to assist with a diagnosis of dementia,
provided details of whether a contrast agent had
been used.
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Appendix 12

Costs of treating epilepsy

Information on the costs of treatment for
epilepsy was extracted from the Health
Technology Assessment report reviewing the cost-
effectiveness of drugs for adults with epilepsy!®”
(Table 58). Costs can be split into two components:

e costs associated with drug therapy (and
monitoring related to that therapy)

e other more general resource use and costs
associated with diagnosis of epilepsy [GP
consultations, outpatient consultations, A&E
visits, telephone calls to clinical departments

TABLE 58 Epilepsy treatment costs

from patients (and family) for advice and
inpatient stays].

The treated state assumes an initial start-up cost of
£149 for patients starting a course of anti-epileptic
treatment plus the cost of general resource for a
patient who has achieved seizure freedom (£98)
plus the cost of antiepileptic drug therapy. The
cost of antiepileptic drug therapy has been
averaged across all possible antiepileptic drug
treatments available.

Cost Treated (seizure freedom and acceptable side-effects)
Annual cost for general resource use (£) 247

Annual cost for drug therapy (£) 542 (range 328-757)

Total annual cost (2001-2 prices) (£) 789

Total annual cost (2005-6 prices)? (£) 920

9 Inflated using Unit Costs of Social Care, 2006 Pay and Prices Index.
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