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Summary

The major depressive disorder (MDD) is a frequehtpnic and debilitating illness
characterized by affective, cognitive, motor antbaamic symptoms (DSM-IV-TR)
(American Psychiatric Association 2000). Symptoragse major distress to patients
and their families. Invalidity and morbidity, inding suicide, associated with this
illness constitute important social and economiobfgms. According to the World
Health Organization, depression is the 4th causgisatbility and projections predict
that depression will be thé%ause of disability in 2020 (Murray and Lopez 1997

However, the pathophysiology of MDD is not yet eflated. Here, we will use
functional neuroimaging methods to study the ceielonechanisms involved in
MDD. We propose that a combined clinical and fumrail brain imaging approach to
MDD will contribute to our understanding of thisypkiatric disease, and will open

new perspectives on cognitive and affective defiagsociated with MDD.

From a cognitive point of view, MDD patients hawapairments encompassing
several domains of executive, memory, and atteatiumctioning (Austin, Ross et
al. 1992; Beats, Sahakian et al. 1996; Purcell,uffiat al. 1997; Murphy, Sahakian et
al. 1999; Porter, Gallagher et al. 2003). In patéc they have deficits for complex

tasks including attention and short-term memorylifgvns, Hagerty et al. 2000).

In MDD, functional brain imaging at rest showed gmimqments in polymodal

associative cortices (prefrontal and parietal) and limbic/paralimbic regions

(including anterior cingulate cortex, amygdala, gapampus) (Cummings 1993;
Drevets, Price et al. 1997; Goodwin 1997; Dreve88] Rogers, Bradshaw et al.
1998; Price 1999; Teasdale, Howard et al. 1999y@&8=2000; Davidson, Lewis et al.
2002; Drevets 2003; Lacerda, Nicoletti et al. 20B8ijllips, Drevets et al. 2003a;
Phillips, Drevets et al. 2003b). At rest, MDD patttypically show a diminution of

glucose consumption in prefrontal and parietal swr@revets, Price et al. 1997).
Functional neuroimaging studies also revealed &itleif activation in these areas
when MDD patients performed cognitive tasks, as manm®d to normal controls. For

instance, there is a significant correlation betwedeontal hypoperfusion and



14

cognitive alterations in MDD, in particular for tasrequiring a mental effort (Rogers,
Bradshaw et al. 1998).

The brain is organized in a modular, hierarchicatl aecurrent manner. Firstly,
modules at low hierarchical levels code for sing#asorial attributes (e.g. orientation
of visual stimulus) and receive information from dotes at higher hierarchical
levels, which themselves code for progressivelyerammmplex attributes (e.g. faces).
Secondly, at each hierarchical level of informatfmocessing, neuronal activity is
modulated by the information provided by inferiardasuperior levels, forming a
system of recurrent loops (Friston and Price 20@&; and Mumford 2003). The most
extensively studied example concerns how atterdgmmodulate the activity in low-

levels sensory cortices (Felleman and Van Esseh)199

In the context of MDD, this organization impliesatrdysfunctions at higher cortical
levels (associative polymodal) may result in magranges at lower-level of

information processing, including primary sensaoytices.

Using attention as a paradigmatic example of suop-lown” effects, we initially
proposed and constructed an original attentionedddgm to manipulate and explore
these top-down effects in healthy subjects andptsi

Using this attentional paradigm, we measured calemtivity in 14 MDD patients
and 14 healthy controls using functional magnetsonance imaging (fMRI) while
they performed attentional tasks. Our researctept@imed at a better understanding
of how affective and cognitive dysfunctions inteefi@ with normal functioning in

early cortical areas in MDD patients.

Finally, using the same paradigm, we conducted gbahin correlation with clinical
scores derived from the Hamilton Rating Scale fepi2ssion in order to explore the

neurobiological bases of suicidality in major degsien.

To introduce the experimental studies describetiensecond part of this manuscript,
we will first review the current knowledge aboutpdession, including signs and
symptoms of depression, stress axis and autononysfumctions, cognitive

abnormalities, suicide ideations and attempts psiegairments, brain abnormalities.
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We will then propose an overview of human atteniiorparticular how attentional

processes interact with other cognitive and petmdgirocesses.
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1. Theoretical introduction

1.1. Depression
1.1.1. Introduction

Major depressive disorder (MDD) or unipolar depr@sss a psychic disorder which
is typically characterized by a pervasive low moamly self-esteem, and loss of
interest or pleasure in normally enjoyable actgti (American Psychiatric
Association 2000).

The term MDD was selected in 1980 by the AmericaycRiatric Association (APA)
for the third version of the Diagnostic and Statat Manual of Mental Disorders
(DSM-III) and has become widely used since. In B®M-1ll, MDD refers to a

symptom cluster classified under mood disorders

The term “depression” is often overworked as ised to describe the disorder (i.e.
major depressive episode) and the symptom (i.eedepd mood). This is the reason

why a more specific terminology is favored by ataliand basic neuroscientists.

Major depression is a disabling condition which erdely affects a person's family,
work or school life, sleeping and eating habitsg @eneral health. In the United
States around 3.4% of people with major depresstonmit suicide, and up to 60%
of all people who commit suicide have depressiommrther mood disorder (Mann
2003).

As often in psychiatric practice, the diagnosisvidD is based on the patient's self-
reported feelings and behavior, observations bgtixes or friends, and a mental

status exam by a specialist.

Even if there is no specific laboratory test forjonadepression, physicians usually
request tests for physical conditions that may eaimilar symptoms (differential
diagnosis) (Halbreich 2006).

While this illness can be present at any age, bingisease onset is most commonly

seen between the ages of 30 and 40 years, witlerapl@ak between 50 and 60 years.
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Major depression occurs about twice as frequentiwémen as in men, and men are
at higher risk for suicide (Sadock and Sadock 2005)

The majority of the depressed patients are tredtedthe community with
antidepressants, psychotherapy or counseling (8adand Sadock 2005).
Psychological treatments may be based on psychsasdBlatt 1998), interpersonal
communication (Dobson 2008), learning theory (Alsab®64; Lazarus 1968), and
cognitive schemata structuring personality (BecR8)0In cases with associated self-
neglect or a significant risk of harm to self onexs, hospitalization may be necessary
(Sadock and Sadock 2005). A minority of patient® dreated either with
electroconvulsive therapy (ECT), under a shortractieneral anaesthetic (Pagnin, de
Queiroz et al. 2004) or with transcranial magneticnulation (Loo and Mitchell
2005), deep brain stimulation (Glannon 2008) ogsty (Juckel, Uhl et al. 2009).

The time course of the disorder varies widely axetients, from a lifelong disorder
with recurrent major depressive episodes to a sieglisode lasting a few months
(Benazzi 2006).

Importantly, depressed individuals have shorter ékpectancies than those without
depression. This is due in part to being more sui#de to serious medical conditions

(Carney, Blumenthal et al. 2003; Carney, Blumentbalal. 2005; Steptoe 2006;

Janszky, Ahlbom et al. 2007; Steptoe 2007).

Over the centuries, the understanding of the naame causes of depression has
evolved. Psychological (Beck 2008), biological (Nexs Barrot et al. 2002; Mann
2005; Belmaker and Agam 2008), social (Klerman &veissman 1978; Fullilove
2002) and evolutionary (Nesse 1999; Nettle 2004)dfie and Pickles 2009) causes
have been proposed. An important role for monoas{serotonin, norepinephrine,
and dopamine) in depression has also been suggésiealise the efficiency of most
antidepressants is mediated by an increase in manea levels (Mann 2005;
Belmaker and Agam 2008). Nevertheless, many aspéadgpression are still now

not fully understood.

These various issues are developed in the followitrgductory sections.
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1.1.2. The spectrum of mood disorders

The term “mood disorder” refers to a cluster ofafiént conditions in the Diagnostic
and Statistical Manual of Mental Disorder8 Revision (DSM-IV-TR) (American
Psychiatric Association 2000) classification systémthat cluster, a modification in
the person's emotional mood is thought to be th@menderlying aspect. The same
nosological cluster is known as mood / affectiveodilers in the chapter V (Mental
and behavioural disorders) of the Internationati§teal Classification of Diseases
and Related Health Problems™&evision (ICD-10) (World Health Organization
2005).

Affective disorder was first proposed as a categaciuding all emotional disorders.
Mood disorder replaced then this term to refer mswecifically to the underlying
emotional state, whereas affective disorder nowniparefers to the external

expression observed by others.

At present, there is a broad recognition of a tvishetween two groups based on
whether the patient presented at some point witlaaic or hypomanic episode: (i)
depressive disorders including major depressiverdés also called major depression,
and (ii) bipolar disorder, formerly called "maniepmtession” and characterized by
intermittent periods of manic and depressed epsosiemetimes with mixed states

(both states simultaneously).

Depressive disorders correspond a range of clinpcekentations such as major
depressive disorder (MDD), atypical depression,ameholic depression, psychotic
depression, catatonic depression, postpartum de@presseasonal affective disorder

and dysthymia (American Psychiatric Association@®00
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Core Depressive Symptoms

» Depressed mood » Dinumished ability to concentrate, or indecisiveness
* Anhedonia or markedly diminished interest or pleasure in ¢ Recurrent thoughts of death, recurrent suicidal
all, or almost all, activities ideation without a specific plan. a suicide attempt or a

« Sigmificant unintentional weight loss or gain speceiic plan for commtting sticide
; . Additional Dysthymic Symptoms (qualifying symptoms
* Insomnia or hypersomnia feir Dysthymiic Disorder) SERES

» Psychomotor agitation or retardation « Poor appetite without weight cliange

» Fatigue or loss of enerpy
g N * Low self esteem

» Feelings of worthlessness or excessive or inappropriate guilt
A & » Feelings of hopelessness

Diagnostic Category by Symptom Grouping

Diagnostic Category Number of Symptoms Duration
Major Depression > 5 depressive symptoms, one of which is ... > 2 weeks
Minor Depression® 2-4 depressive symptoms., one of which is > 2 weeks
depressed mood or anhedonia
Bipolar Disorder Periods of meeting criteria for MDD plus either > 2 weeks for depressive symptoms

periods with > 4 mamie symptoms™ 1f patient has
elevated mood, or > 5 manic symptoms 1f patient
has irritable mood

> Tdays for manic symptoms, shorter
duration required if hospitalized

Dysthynue Disorder 3-4 depressive or dysthynue symptoms > 2 years

Figure 1 : Depressive symptoms and diagnostic critea for depressive disorders (American
Psychiatric Association 2000)} Minor depression is not yet a full categorical dignosis in the
DSM-IV but is included as a research diagnostic cagory.* Manic symptoms include elevated or
irritable mood, inflated self-esteem or grandiosity decreased need for sleep, increased talking or
pressured speech, flight of ideas or subjective egpgence that thoughts are racing, distractibility,
increase in goal-directed activity or psychomotor gitation, and excessive involvement in
pleasurable activities that may have a high poterdi for painful consequences.

. According to the DSM-IV-TR, major depressive epis (MDE) happens
when @) Five (or more) of the following symptoms have be®esent during the
same 2-week period and represent a change fronopeesfunctioning; at least one of
the symptoms is eithet) depressed mood a2)(loss of interest or pleasure. Note: Do
not include symptoms that are clearly due to a gg¢nmaedical condition, or mood-
incongruent delusions or hallucinations. The niyjiaoms are:X) depressed mood
most of the day, nearly every day, as indicate@ibyer subjective report (e.g., feels
sad or empty) or observation made by others (eppears tearful). Note: In children
and adolescents, can be irritable mo@)j;narkedly diminished interest or pleasure
in all, or almost all, activities most of the daygarly every day (as indicated by either
subjective account or observation made by oth€B¥)significant weight loss when
not dieting or weight gain (e.g., a change of mtiven 5% of body weight in a
month), or decrease or increase in appetite neargry day. Note: In children,
consider failure to make expected weight gaidsir{somnia or hypersomnia nearly
every day; %) psychomotor agitation or retardation nearly evésy (observable by

others, not merely subjective feelings of restlessnor being slowed down))(
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fatigue or loss of energy nearly every dag); feelings of worthlessness or excessive
or inappropriate guilt (which may be delusionalprig every day (not merely self-
reproach or guilt about being sickB) (diminished ability to think or concentrate, or
indecisiveness, nearly every day (either by subjecaccount or as observed by
others); 9) recurrent thoughts of death (not just fear ofndyj recurrent suicidal
ideation without a specific plan, or a suicide @ipe or a specific plan for committing
suicide. B) The symptoms do not meet criteria for a Mixed dége. C) The
symptoms cause clinically significant distress mpairment in social, occupational,
or other important areas of functionin@®)(The symptoms are not due to the direct
physiological effects of a substance (e.g., a dfugbuse, a medication) or a general
medical condition (e.g., hypothyroidism)(The symptoms are not better accounted
for by bereavement, i.e., after the loss of a lowed, the symptoms persist for longer
than 2 months or are characterized by marked fomati impairment, morbid
preoccupation with worthlessness, suicidal ideatigsychotic symptoms, or

psychomotor retardation (Figure 1).

. The diagnosis of Major depressive disorder (M@D,major depression or
unipolar depression) is considered when a persera or more major depressive
episodes. Unipolar depression describes depressibaut periods of mania because

the mood remains at one pole / emotional state.

. Atypical depression is characterized by mood treig and positivity,
significant weight gain or increased appetite, mgpmnia or somnolence, a sensation
of heaviness in limbs known as leaden paralysid,significant social impairment as

a consequence of hypersensitivity to perceivedpetsonal rejection.

. Melancholic depression is characterized by anhied(a loss of pleasure) in
most or all activities, a failure of reactivity tpleasurable stimuli, a quality of
depressed mood more pronounced than that of grieks, a worsening of symptoms
in the morning hours, early morning waking, psyclton retardation, excessive

weight loss, or excessive guilt.

. Psychotic depression is the term for a major elegive episode, particularly of

melancholic nature, where the patient experiencgghmtic symptoms such as
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delusions or hallucinations. These are often mawtjwent (i.e. content coincident

with depressive themes such as ruin or death).

. Catatonic depression is a rare and severe formapbr depression involving
disturbances of motor behavior as a core symptdme. derson is mute, stuporous,
and either immobile or exhibits purposeless or #&zamovements. Catatonic
symptoms also occur in schizophrenia, manic episoden neuroleptic malignant

syndrome.

. Postpartum depression refers to the intense,aigest, and disabling
depression experienced by women after giving bltthas incidence rate of 10-15%,

typically sets in within three months of labor, dasts as long as three months.

. Seasonal affective disorder happens when at Ipastdepressive episodes
happen during the autumn or winter, and resolvepiting with no other episodes at

other times over a two-year period or longer.

. Dysthymia, a chronic, milder mood disturbancalisgnosed when a person
reports a low mood almost daily over a span okast two years. Symptoms are not
as severe as those for major depression, althowgiplep with dysthymia are

vulnerable to double depression, which is a seagrelsisode of major depression.

. Depressive Disorder Not Otherwise Specified (DD$) correspond to
depressive disorders that are impairing but do fitoany of the officially DSM
specified diagnoses such as Recurrent Brief Dejpresend Minor Depressive
Disorder.

. Recurrent brief depression (RBD) happens in peapho have depressive
episodes about once per month, with individual ages lasting less than two weeks
and typically less than 2—-3 days. It requires Heateral episodes occur over the span
of at least one year and, for female patients, peddently of the menstrual cycle.
People with major depression can develop RBD, and/ersely. In addition, both
illnesses have similar risks. Thus this diagnosidistinguished from MDD primarily

by differences in duration.
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. Minor depression refers to a depression that amgsmeet full criteria for

major depression but in which at least two symptanespresent for two weeks.

Bipolar disorders include subtypes such as: bipgplkmand cyclothymia.

. Bipolar disorder is described by alternating pési of (hypo)mania and
depression. For both Bipolar | and Il, there amreuaber of specifiers that indicate
the presentation and course of the disorder, imuduttapid cycling”, “mixed states”,

and “psychotic symptoms”.

. Bipolar | is characterized by at least one masrianixed episodes with or

without major depressive episodes.

. Bipolar Il is characterized by recurrent interieriit hypomanic and depressive
episodes.
. Cyclothymia is a milder form of bipolar disordeharacterized by recurrent

hypomanic and dysthymic episodes, without any nsekere ones occurring.
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1.1.3. Signs and Symptoms of depression

Major depression is a severe mental illness thigictsf several domains including
personal (familial) and / or professional (work smhool) life, major physiological
functions such as sleep and eating habits, sexie, dnotor abilities, and cognitive
functions. It is a chronic and highly debilitatinisease as showed by the study of
Hays and collaborators (Hays, Wells et al. 1999)eyT have conducted a 2-year
observational study of 1790 adult outpatients ws#wveral mental and physical
disorders including depression, diabetes, hypedensecent myocardial infarction,
and/or congestive heart failure. They showed tlearessed patients have significant
and long-lasting impairments in multiple areas ofdtioning and well-being that
equal or exceed those of patients with chronic nadlinesses (Hays, Wells et al.
1995). Overall, general (mental and physic) healththose patients is highly

impaired.

People suffering from major depressive episode (MD&ually exhibit a low mood
diffusing into all facets of life. An inability te@xperience pleasure in previously
enjoyable activities is frequent. They may ruminateer thoughts, feelings of
worthlessness, inappropriate guilt or regret, leslphess or hopelessness (American

Psychiatric Association 2000).

Additional symptoms include reduced concentratfwogr memory, withdrawal from
social situations, and abandonment of activitiesluced sexual drive, and negative
thoughts about death or suicide. Sleep disorders@nmon, with a typical pattern of
insomnia when patient wakes very early and is unabl get back to sleep.
Hypersomnia, or oversleeping, may be present lutesss common. Diurnal fatigue
is often present in both cases (insomnia or hymensm) (American Psychiatric
Association 2000). Appetite typically decreasesthwéonsequential weight loss.

Nevertheless increased appetite, with resultingitegain, occasionally occurs.

Physical complaints may be the first presentingolenm in several population and
cultures such as in Zimbabwe, a developing coumthgre fatigue and headaches are
the most common presentation of depression (Palbals et al. 2001). In fact, nearly
all depressions present with various somatic comgslan addition to cognitive and

affective ones. About one half of all depressioasnsby primary care physicians
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initially present either mostly or exclusively wigomatic symptoms and are called
“masked depression” because affective symptomsnaasked by somatic ones.
Unfortunately, many of these masked depressions rexte recognized or are

misdiagnosed and consequently mistreated. Fischthgpized that the proportion of
depressions that are masked is positively cormlatehe tendency of the patients to
“somatize” and negatively correlated to the abilif the medical practitioner to

recognize depressions that hide behind somatic leontg (Fisch 1987).

Psychomotor symptoms are an important diagnostie ¢Schrijvers, Hulstijn et al.
2008). People close to the patient may observehikdther behavior is either agitated
or lethargic. Theoretically, a mismatch between anaictivity and psychic activity
may occur. For instance psychic agitation may becomitant with motor stupor. In
addition, impulsive-aggressive behaviors may besgme and such behaviors have
been shown to increase suicidal risk (McGirr ande€ki 2007). Interestingly, a
serotonin deficiency has been implicated in a bn@adje of psychiatric conditions,
including depressive and anxiety disorders, sui@da aggressive behaviors as well
as impulsive control disorders. Once again affecBymptoms may be masked by
impulsive ones. This raises the question about whatld be considered a primary
cause in this form of depression: the underlyingfutbance of impulsivity, or the

mood disorder (Lopez-Ibor 1992).

Patients with depression may experience thoughtrdkss such as crowded thoughts
or ruminations. Crowded thoughts may be concemedlias a pathological thought
process characterized by the occurrence of too niamyghts that co-exist almost
simultaneously in consciousness, and that givéeostibject a sense of constant and
unpleasant agitation in his/her own thinking (Kop&alos and Koukopoulos 1999).
Ruminations are generally defined as “a constabgoupation such as thinking
about one single idea or theme” (Sadock and Sadf6k). When depressed people
ruminate, their thoughts are usually focused on t@ises, meanings and
consequences of depressive symptoms (Nolen-Hoek$8819. They have repetitive
thoughts concerning their present distress andcitoemstances surrounding their
sadness (Conway, Csank et al. 2000). Depressivaation is intimately associated
to depressive mood (Papageorgiou 2004). While dsjye mood might occur in the

absence of ruminations (the subject is feeling p@ent emotion of sadness but
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his/her mind is so inhibited that he/she is unablthink), depressive ruminations are
always associated with depressive mood (the sulgdetling sadness and emotional
suffering while he/she is repetitively thinking albohe circumstances of his sadness).
In depressive ruminations, people report repetitiieughts about a single, or
sometimes a few themes, but they may not reportgbeverwhelmed by numerous
ideas dealing with possibly many themes. Moreowvecyowded thoughts patients are
not able to control the stream of their thoughtd Botus on any single one, while in
rumination on the other hand they seem not abthémge voluntarily from one topic

to another one.

Within the sphere of affective disorders, subtypésiepression will have various
presentations. For instanagactive depression occurs as a result of an identifiable
precipitating stress and symptoms include initisbimnia, anxiety, emotional lability,
and multiple somatic complaintdlelancholic patients appear profoundly sad,
disheveled and malnourished, and slowed in all@sp©®thers symptoms according
to DSM-IV-TR include diurnal variation of affectiveymptoms where depression is
worse in the morning, early morning wakening, sevesychomotor retardation and
severe anhedonia. Symptoms in depression occuripgegnancyor in postpartum

are the same as for major depressive episodes.

Depressecthildren present more often than adults symptoms as amitatinxiety,
somatic complaints, sad appearance, and even, cwuiuent hallucinations,
compared to adultsAdolescentmay present delinquency aggressive behavior,
substance abuse, rejection hypersensitivity in taemdito overeating, oversleeping,
poor hygiene, and restlessness (Carlson and Ka§888; Ryan and Redding 2004).
Older depressed persons may have cognitive symptomagnt onset, such as
forgetfulness, and a more noticeable slowing of emoents. In severe cases,
depressed people may have symptoms of psychosts asicdelusions or, less
commonly, hallucinations, usually of an unpleasaature (Koenig 1991; Meyers
1995).
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1.1.4. Stress axis and autonomic dysfunctions in depression

There is a large body of evidence showing that elegon is associated with
disturbances of hypothalamic-pituitary-adrenocaiti¢tHiPA) axis function including

the metabolism of cortisol and autonomic functi®teptoe 2006; Pariante and
Lightman 2008).

HPA axis is considered to be the “final common patyi’ for a considerable part of
the depressive symptomatology. A major part of geaetic and environmental risk
factors for major depressive disorder appear toetate with increased HPA-axis
activity in adulthood. For instance, child abuseearly maternal separation constitute
risk factors for later depression and are acconguhatly HPA-axis hyperactivity
(Swaab, Bao et al. 2005; Tarullo and Gunnar 200Biterestingly, a spontaneous
remission, the use of antidepressants or electkatsine therapy in animal models of
depression or in patients with major depressiosags is linked with a normalization
of the HPA-axis function (Nemeroff 1996).

The secretion of adrenocorticotrophic hormone-eten factor (CRF) and
vasopressin (AVP) from the paraventricular nucléBYN) of the hypothalamus,
through hypophyseal portal vessels, activates gweeion of adrenocorticotrophic
hormone (ACTH) from the pituitary gland, which fllyacauses the secretion of the
glucocorticoids from the adrenal cortex (i.e. catiin humans and corticosterone in
rodents) (Figure 2). These glucocorticoids areaesible for feedback inhibition both
on CRF and AVP from the hypothalamus and directlysecretion of ACTH from
pituitary corticotropes where they interact witkeithreceptors. In addition, the HPA
axis regulates bodily peripheral functions inclydimetabolism and immunity and has
deep effects on the brain. For instance, glucamuids can regulate neuronal survival,
cause neurogenesis, modulate the size of the hapmmas, control the acquisition of
new memories and organize the emotional appraisalents (Herbert, Goodyer et al.
2006). Thus, HPA axis activities play roles at ithterface between brain functioning
and stress and has been found abnormal in seveyahiptric disorders, and in

particular in major depression.

HPA dysregulation is observed in approximately 500%opatients with unipolar

depression and it may contribute to the associdteiween depressive symptoms and
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many types of physical disorders including, fortamee, diabetes, obesity, heart
disease, chronic fatigue and cancer (Steptoe 200®)se depressed patients have
been found to have increased levels of cortisgdhansaliva, plasma and urine, and
increased size and activity of the pituitary andeadl glands (Nemeroff and Vale

2005). These changes in HPA activity may be diffedepending on the subtypes of
depression (Stewart, Quitkin et al. 2005).

On the other hand, oxytocin (OXT) inhibits ACTHeake providing an example of
the various “ying-yang” actions of AVP and OXT (lreg 2001; Neumann 2008).
Moreover, activation of OXT neurons has been rdlate decreased appetite and
weight loss in depression, and particularly in mellic subtype of depression
where loss of weight is one of the key characiessddue to the central effects of this
neuropeptide as a satiety hormone (Gimpl and Fabizr2001; Meynen, Unmehopa
et al. 2007).
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Figure 2 : Regulation of the HPA axis CRF-containig parvocellular neurons of the PVN of the
hypothalamus integrate information relevant to stress (Nestler, Barrot et al. 2002). Prominent
neural inputs include among other (i) excitatory aferents from the amygdala, (i) inhibitory
afferents from the hippocampus, and (iii) direct anl indirect inputs from ascending monoamine
pathways including the norepinephrine (from the loais coeruleus or LC) and the serotonin (from
the dorsal raphé or DR) (not shown).
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In addition to HPA axis function, the paraventrawulnucleus (PVN) of the
hypothalamus is involved in autonomic nervous SystGANS) regulation. It
influences brainstem autonomic control nuclei. Hypothalamus in turn receives
inputs from the limbic system, particularly frometlentral nucleus of the amygdala
(the major output way from the amygdala), whichrapes in tight association with
the prefrontal neocortex in order to integrate cffe / emotional and motivational
behaviours. It has been suggested that the ANSgyktion underpins the increased
risk of heart disease in depressed patients.

Several aspects of the ANS activity have been eggdloincluding heart-rate levels
and autonomic control processes governing barotecegflex sensitivity and cardiac
sympathovagal balance. This latter aspect has lssassed either with simple
temporal measures, or with more complex power spectanalysis. Heart-rate-
variability (HRV) is typically computed by spectraiethods. In spectrum analysis,
high-frequency power is thought to reflect parasgthptic or vagal tone, while low-
frequency power probably reflects sympathovagahitzd and baroreceptor receptor
reflex modulation of heart rate. Low level of heaate variability and low
parasympathetic tone predict future cardiac he#@eade in apparently healthy
individuals (Steptoe 2006).

Comparisons between depressed patients and healtitgols have shown increased
sympathetic nervous system activity in patients,rbethodological issues have to be
pointed out since controls for smoking, body masd physical activity, altering
neuroendocrine function, are often lacking. Symetthactivation and reduced vagal
tone are also known to reduce the threshold fati@arventricular fibrillation and to
stimulate ventricular arrhythmias. In addition,thiere is large evidence that resting
heart rate is higher in depressed patients thatthigeimdividuals, data concerning
HRV and sympathovagal balance are more mixed aisdntkechanism has become
increasingly difficult to study in clinical sampleecause of the large use of beta-
blockers. Nevertheless, depression was associatgd alteration of cardiac
autonomic tone towards decreased parasympathetigitiacand an increased
sympathetic activity (Udupa, Sathyaprabha et &0.720

Major depression is a risk factor for medical mdityi and mortality in patients with
coronary heart disease (CHD). In addition to eledd¢vels of plasma catecholamines
and elevated heart rate, dysregulation of the ABI®een shown through low heart

rate variability, exaggerated heart rate respotsesysical stressors, high variability
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in ventricular repolarization, and low barorecepsensitivity. Interestingly, all of
these indicators have been linked to increased o§knortality and cardiac morbidity
in patients with CHD (Carney, Freedland et al. 2005

Moreover, patients suffering from depression showwva to fourfold increase in
sudden death and a sevenfold increase in ventriatdaythmia (Carney, Freedland et
al. 2005). These cardiac risks are hypothesizedetult partly from elevated
noradrenergic and sympathetic autonomic functiongether with reduced
parasympathetic tone on the heart rate (Carnegdfaed et al. 2005).

Various autonomic dysfunctions occur according be tsubtype of depression
(Rechlin, Weis et al. 1994). For instance, patiemith reactive depression did not
show any differences in auconomic function whety tivere compared with a control
group. Patients with major depression had lowenesbf the high-frequency peak of
spectral analysis than in the other depression reupg, indicating decreased

parasympathetic activity.

Given the interconnections between autonomic fonstiand depression, it is likely
that a common neurobiological dysfunction contrésuio both depression and cardiac
autonomic changes in the illness. Indeed, the rhgadedrontal cortex (mPFC) and
associated limbic structures (including amygdala)e gforebrain inflection over
visceral control structures in the hypothalamus bralnstem. Dysfunction in this
network can account for the neuroendocrine impaitnad disturbances in ANS
regulation associated with MDD (Drevets, Price kt 2008). Firstly, amygdala
stimulation of the locus ceruleus, lateral hypatinals and periagueductal gray matter
(PAG) increases sympathetic autonomic arousaldents (Gold and Chrousos 2002;
LeDoux 2003). Secondly, the parasympathetic tonetlmn heart-rate is partly
regulated by projections from the infralimbic cartévhich putatively forms the
posterior segment of the human subgenual antangulate cortex) to the nucleus of
the tractus solitarius of the vagus nerve, andcgiral lesions of this area reduce the
parasympathetic tone on the heart in rodents (Flgsand Neafsey 1994). The
combined effect of the hyperactivity within the agagla and reduced infralimbic
cortex function could account for the increased atinetic tone on the heart rate

seen in patients with depression (Carney, Freedtaatl 2005).
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1.1.5. Cognitive abnormalities in depression

Several cognitive models aimed at describing mashan of depressionBeck’s
cognitive modelproposes that unpleasant events during childhead Ito the
development of negative automatic cognitive schamettivated by stressors later in
life (Beck, Rush et al. 1979; Wright and Beck 198&ck 2008). These schemata
drive cognitive distortions that contribute to thaintenance of negativity directed at
the self (i.e. self-focused ruminationsyyorld and future (Beck’'s negative triad)
(Figure 3). Thdearned helplessness mogebposes that adverse experiences lead to
subjects accepting that their actions cannot meelututcomes, i.e. a state of
helplessness, which impedes motivation and cognigarning processes (Seligman
1972; Miller and Seligman 1975; Miller, Seligmanaét1975; Klein, Fencil-Morse et
al. 1976; Miller and Seligman 1976; Seligman 19¥8Jen-Hoeksema, Girgus et al.
1986). The Seligman’s attribution modeproposes that patients suffering from
depression attribute the causes of perceived éslurappropriately to internal, global,
and stable factors (Seligman, Abramson et al. 1B&®s, Peterson et al. 1982; Alloy,
Peterson et al. 1984).

Dysfunctional attitudes
—r (schemas):
cognitive vulnerability

l

Activation by
stressful events

Adverse developmental
experiences

Pervasive negative
cognitive bias: - —
depression

Figure 3 : Developmental model of depression baseaxh vulnerability diathesis and stressful life
events, from (Beck 2008).

Cognitive distortions are multiple (Beck, Rush etl&79; Kleftaras 2004): (ill-or-
Nothing Thinking: This type of thinking is characterized by absolt@ems like
always never andforever However, few situations are ever this absolute duey
present generally more nuances. (iyergeneralizationtaking an isolated case or
cases and assuming that all others are the sameMg@ntal Filter: mentally singling

out only the adverse events in the life and ovédlogpthe positive. (ivDisqualifying
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the Positive:taking the positive in a situation and turning nto a negative. (v)
Jumping to Conclusiongxpecting the worst and beginning to prepare earlyhe
disappointment. (vi)Magnification and Minimizationlooking at all the positive
through the wrong end of the telescope and thetivegdorough the other end. (vii)
Emotional Reasoningbasing the assessment of the situation on howakes) the
subjectfeeland not how it really is. (viiiphould Statementghinking thingsshould
be a certain way even if they aren't. (bgbeling and Mislabelingtabelling himself /
herself as bad, lazy and hopeless.Rgjsonalizationtaking all the responsibility for

how (bad) another person is doing in life or howritde is a situation in the world.

Psychological approaches based on these models tede to cognitive
psychotherapies aiming at (i) training patient§dous on the interactions between
affects, cognition and behaviour, (ii) evaluatingligdity of client's thoughts and
beliefs to assess what the client expects and gisedind (iii) assessing client's
attributions for causes of events and to try alieve conceptualisations (Socratic
guestioning and cognitive restructuring) (Beck 1,93&ck 1997).

Early neuropsychological investigations used peiHaaper approaches and shed
light on abnormalities in cognitive flexibility artthe retrieval of work lists in patients
with mood disorders (Breslow, Kocsis et al. 198@Je®, Korin et al. 1986). Recent
neuropsychological investigations used computergiagnostic tools such as those in
the Cambridge neuropsychological test automatetedya(CANTAB) (Cambrige
Cognition Accessed february 07, 2009). Attentiomgficits during depressive
episodes are described in the DSM-IV (American Risyac Association 2000), i.e.
“reduced ability to think or concentrate”. Similgripsychomotor retardation during
cognitive task is also a criterion of DSM-IV demies. A major issue of
neuropsychological experimentation is the develagroéobjective tests aiming at (i)
detect the onset, (i) monitor the course of majepression, and (iii) assess the

efficacy of various treatments.

Several neuropsychological studies have shown gbea¢ral cognitive domains are
consistently impaired in patients suffering fromjonadepression, including (i) early
information processing, (ii) attention, (iii) menyoand (iv) executive functioning

(Fossati, Ergis et al. 2002; Ottowitz, Doughertyakt2002; Taylor Tavares, Drevets
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et al. 2003; Chamberlain and Sahakian 2004; Chdaibeand Sahakian 2006;
Drevets, Price et al. 2008) while other studies dal found such abnormalities
(Channon, Baker et al. 1993; Purcell, Maruff et1®197; Grant, Thase et al. 2001).
Discrepancies might come from methodological hefeneities including
heterogeneous patients groups, medication statoud, differences in cognitive

paradigms used which are thought to assess the @gnéive functions.

Inspection time (minimum stimulus presentation timecessary for near perfect
performance on a two-choice visual discriminatiask), thought to assess the speed
of early information processinigdependent of motor speed or cognitive strate@g

shown to be longer in patients than in control(if®s, Thompson et al. 2002).

Even if subjective impairments of attention andcantration are frequently reported
in major depressive episodes, standard measureendieg on traditional
neuropsychological test batteries have failed enidy clear, consistent patterns of
deficits in MDD (Elliott, Sahakian et al. 1996; eall, Maruff et al. 1997; Grant,
Thase et al. 2001; Ravnkilde, Videbech et al. 20@2pbably due in part to the
absence of tasks designed specifically for thisichl population (Drevets, Price et al.
2008).

Selective attention and working memory (Landro,leStiet al. 2001; Stordal,
Lundervold et al. 2004; Rose and Ebmeier 2006) var@wn to be impaired in
patients with major depression. Nevertheless somergpancies remain (Purcell,
Maruff et al. 1997). For instance, Purcell and aodirators did not find any
impairment in short-term memory capacity, spatiatking memory, planning ability
and cognitive speed in 20 young patients with uaipdepression, compared with 20

matched healthy subjects (Purcell, Maruff et aB7)9

Affective processing biasdsave frequently been described, e.g. patientesoéf
from depression have excessive recall of negatatgobiographical) material as
compared to positively toned information (Willianasd Scott 1988; Brittlebank,
Scott et al. 1993; Bradley, Mogg et al. 1995; MyrM/hitehouse et al. 1999); present
more interference with depression-related negéaibeenpared to happy or neutral)

words on emotional stroop tasks (attentional pgradihat works by examining the
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response time of the participant to name coloumnadtional words) (Gallardo Perez,
Banos Rivera et al. 1999; Broomfield, Davies et28l07); respond more rapidly to
sad versus happy words in an affective Go/No-Gk (affective attention shifting
task - requiring a motor response as quickly asiptesto affective words fitting with
only one category such as sad versus happy) when dre medicated (Murphy,
Sahakian et al. 1999), or unmedicated (Ericksorevels et al. 2005); attend
preferentially to faces with sad expressions iraeefdot-probe task (assessing the
allocation of attention between neutral or emotiofaees) (Gotlib, Kasch et al.
2004a; Gotlib, Krasnoperova et al. 2004b); interpre@re negatively ambiguous
words (Mogg, Bradbury et al. 2006) and situatioNsir{n, Mathews et al. 1997) as

compared with healthy participants.

Moreover, abnormal responsertegative feedbachkeading patients to ruminate over
their perceived failures (Elliott, Baker et al. X99has been described in depressive
patients using the new tower of London test of piag and the delayed matching to
sample test of memory from the CANTAB. In the fits$t there are two boards with
pegs and several beads with different colours hadgkaminer uses the beads and the
boards to present the examinee with problem-soltésgs (a computerised variant,
known as the Stockings of Cambridge test, is abklas part of CANTAB); in the
second test, the subject is shown a complex vizatérn (the sample) and then, after
a brief delay, four similar patterns. The subjectsintouch the pattern which exactly
matches the sample. Indeed, the probability ofinfgila problem given that the
previous one was failed increases significantlyec@lely in depressed patients
(Elliott, Sahakian et al. 1997). This observatioggests that depressed patients fail to
use negative feedback as a motivational (goal @iddcencouragement to improve
their performance. Thus, unlike controls, depregsatents might not improve their
performance after an error, and after the percepbdiba wrong performance they
might allocate their attentional resources moreatomthemselves than toward the
task (Ingram 1990).

Several studies suggest that cognitive deficitaajor depression may depend on age,
severity of illness and presence of psychotic olanmsholic features (Mossner,
Mikova et al. 2007). Cognitive deficits in depressicould be associated with both

trait and state features and raise questions riegarthe long-term cognitive
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functioning in patients with major depressive dikos. These deficits may be
explained by structural or functional changes assed with the severity of illness,
ageing effects or a possible cumulative patholagffect of depression on brain
structure and function across recurrent episodedineiss (Mossner, Mikova et al.
2007). These residual cognitive deficits, occurringependently of mood state,
include psychomotor slowing, impaired memory anghaired sustained attention
(O'Brien, Sahakian et al. 1993; Silverstein, Haretval. 1994; Tham, Engelbrektson
et al. 1997; Ferrier, Stanton et al. 1999; RubmsztMichael et al. 2000; Clark,
Iversen et al. 2002; Clark, Kempton et al. 2005¢l&zke-Habermann, Pohl et al.
2005; Goswami, Sharma et al. 2006).

1.1.6. Suicide ideations and attempts

Around one million of fatal suicide (FS) and tenlion suicide attempts (SA) occur
worldwide each year. Frequently, suicide is congeeuto a psychiatric disorder,

most commonly a mood disorder (see for example Baay Joyce et al. 1996).
Several other psychiatric conditions or traits hbeen related to suicide, including
schizophrenia (Perenyi and Forlano 2005), alcoho(Blurphy, Wetzel et al. 1992),

substance abuse (Murphy 1988), personality dissriaysinska, Heller et al. 2006),
aggressive/impulsive, hopelessness or pessimisiits t({Brezo, Paris et al. 2006), a
history of physical or sexual abuse during childhddoiner, Sachs-Ericsson et al.
2007), a history of head injury (Wasserman, Shawalet2008) or neurological

disorder (Faber 2003) (Figure 4).
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Figure 4: Effects of genetics, head injury and chihood abuse on mood disorders and
impulsivity in relation to suicidal behaviour. Impulsivity in combination with a mood disorder or
post-traumatic stress disorder (PTSD) increases therisk of suicidal behaviour. CRF,
corticotrophin releasing factor; CRFR, CRF receptor, HPA, hypothalamic pituitary adrenal;
MDE, major depressive episode; PFC, prefrontal coex (Mann 2003).

In addition, various psychosocial factors correlatth suicidal behaviour, including
rural areas, high rates of gun ownership, povartyemployment, social isolation
(Smith, Mercy et al. 1988; Beautrais, Joyce etl@b6) and imitation (Gould 1990;
Johnson, Cohen et al. 2002).

Neurobiological correlates of the diathesis-stiesslel of suicidal acts involve the
serotonergic dorsal raphe (DR), noradrenergic locosruleus (LC), and the

ventromedial prefrontal cortex (vmPFC).

The diathesis—stress model is a psychological thexplaining behaviours as
resulting from both (i) biological and genetic fact ("nature”), and (ii) life

experiences ("nurture"). This model assumes thaisposition towards a certain
disorder may result from a combination of genetickyground and early learning (e.g.
as occurring during sexual abuse). The term "dsgherefers to a genetic



36

predisposition toward an abnormal condition and firiedisposition, in combination

with certain kinds of environmental stress, resultgsbnormal behaviours.

Neurochemical correlates (including indices of é@nsmitters, signal transduction
and cellular morphology) of suicidal behaviour habeen studied mainly through
post-mortem brain tissue analysis. This kind oflgsia presents some limitations that
include confounding effects of ante-mortem drugtiment and the possibility of

examining the brain only at one point in time.

A large majority of post-mortem studies of suicel@mined theserotonergicsystem
because early studies (Stanley, Virgilio et al.Z3anley and Mann 1983) identified
fewer presynaptic serotonin (5-HT, 5-hydroxytrypia@) transporter sites in several
brain areas including vmPFC (Arango, Underwood Et 1®95). In addition,
upregulation of 5-HT1A receptor in the vmPFC waseaked (Mann and Arango
2001). The same area is involved in behavioural@mgphitive inhibition that may be
important in order to diminish aggressive or swti@elings. There have been fewer
studies aboutnoradrenergic neurotransmission. Overall, they showed fewer
noradrenergic neurons (Arango, Underwood et al6),98wer noradrenaline levels
and higher number of alpha-2 adrenergic receptorthé LC of suicide victims
(Ordway, Widdowson et al. 1994) and higher betadiemergic receptor binding
(Mann, Stanley et al. 1986) with lower alpha-adrgieebinding (Arango, Ernsberger
et al. 1993) in PFC, indicating respectively a hsteém noradrenergic hypoactivity
and a cortical noradrenergic overactivity. Theedattould have conducted to the
former. Although thedlopaminesystem is abnormal in depression, available studie

are too scarce to determine whether it can be aaigd in suicide.

Genes by environment interactiohave been pinpointed. For instance, peer-reared
monkeys have lower serotonergic activity, persigiimo adulthood and reflected in
greater impulsivity and aggression, as comparedmtiernally raised monkeys
(Higley, Thompson et al. 1993). Stress increaseadienergic system, HPA axis and
cortisol release (Pittenger and Duman 2008). Omglsi extrapolation may be made
with child abuse resulting sometimes in post-traticnstress disorder (PTSD). This

example illustrates the impact of parenting (i&glact, physical or sexual abuse) and
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stress, two environmental factors interacting wsttrotonergic and noradrenergic
activity.

Specific geneshat promote suicide risk independently of an eissed psychiatric
disorder are unknown. The majority of genetic stsdhave been candidate-gene
association studies examining the relationship betwgenetic variation in serotonin-
related genes (including tryptophan hydroxylasehe tate-limiting enzyme of
serotonin, the serotonin transporter or SERT, sdveerotonin receptors and the
monoamine oxidase promoter (Mann 2003), and boticidall behaviour and
impulsive aggression. For instance, SERT promatgion has two allelic variants
which differ in a 44-base pair stretch: a long andhort form. In mood disorders
associations have been reported between the sirantdnd violent suicide attempts
(Bellivier, Szoke et al. 2000).

Ventromedial prefrontal cortex (vmPFC) and its cactions with the amgydala have
been involved in decision-making (Bechara, Damasial. 2000) and in volitional
acts (Ingvar 1994). It suggests that a decreasactwity within the vmPFC, that
provides insights into consequences of future astioncluding self-harm suicidal
acts, could increase impulsive acts. Orbitofrontatex (OFC) and anterior cingulate
cortex (ACC) have been proposed to suppress ensptibnough inhibition of the
amygala (Davidson, Putnam et al. 2000). For ingatmwer vmPFC activity and
impaired serotonergic responsivity were proportidowathe lethality of the SA and

may act as a go-between the effects of suicidetiaed impulsivity on lethality.

The risk of suicidal behaviour is increased in thiest month after starting
antidepressants (including amitriptyline, fluoxetimnd paroxetine), in particular
during the first nine days (Jick, Kaye et al. 200@)is increase of deliberate acts of
self-harm is thus not uncommon and has been hygpistiet to be due to a mismatch
in symptom improvement. That is, physical energys ¢etter first while resolution of
negative thoughts, including suicidal ideations ahdpelessness, is slower.
Congruently to this hypothesis, other studies oleskm@ significantly higher risk of
SA during the first week of antidepressant treatneempared to later weeks (Simon,
Savarino et al. 2006; Simon and Savarino 2007 addition, the relative risk of FS
among patients who were first prescribed an antetsant within 1 to 9 days before

the date of suicidal behaviour (index date) wa® 3@mpared with those who were
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first prescribed an antidepressant 90 days or rnefere their index date (Jick, Kaye
et al. 2004).

While studies highlighted increase of SA or FS dwiing antidepressant use, we
should nevertheless keep in mind (i) that symptofrdepression, including negative
mood andsuicidal ideations, are the reason why antidepréssare prescribed, and
(i) that the risk of suicide declines sharply aftstarting treatment with

antidepressants (Simon, Savarino et al. 2006).eddenanagement of a suicidal
patient includes (i) the diagnosis and treatmerd pbssible psychiatric disorder, (ii)
the assessment of suicide risk and the maintenainaealistance from the most lethal
methods for suicide, and (iii) a specific treatmamnning at reducing the nature-

nurture interaction contributing to SA.

1.1.7. Sleep and depression

Another major symptom of depression is sleep imnmpait. In fact, nearly 90 % of
depressed patients show alterations of sleep adgrolysomnographically (Wilson
and Nutt 2008).

Insomnia and depression are closely linked, suggeatneurobiological overlap, but
intimate mechanisms are still hypothetical (Adriz802). A combination of various
factors (including neurotransmission polymorphismisPA hyperactivity, and
impaired plasticity) is thought to cause sleep geanin depression. To make these
mechanisms more clear, recent technologies invghfunctional brain imaging

associated to traditional polysomnography are éstimg.

Depression and insomnia have a reciprocal reldtipngi) depressed patients exhibit
higher rates of insomnia than the general popuiat{@dmerican Psychiatric
Association 2000; Peterson and Benca 2006) andnggmnia is a risk factor for
depression (Ford and Kamerow 1989; Hohagen, Rirk di993; Breslau, Roth et al.
1996; Chang, Ford et al. 1997; Roberts, Shema.e208l0; Franzen and Buysse
2008). Yet the “chicken or the egg” causality dileenremains as “which came first,

the depression or the insomnia?”, that is whetheomnia is a premorbid trait of
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depression or a precursor leading to depressioa|t@matively an independent risk
factor (Riemann, Berger et al. 2001; Riemann 2007).

Sleep troubles, including both insomnia and hyparsaence, constitute part of the
diagnostic criteria for mood disorders. Depressatiepts often complain of at least
one of the following difficulties: falling asleefragmented sleep, disturbing dreams,
early morning awakening, nonrestorative sleep,ideytsleepiness, decrease amount
of sleep (Perlis, Giles et al. 1997; Ohayon 200Bayon 2005). A minority of
patients presents hypersomnolence during theiredemn, in particular those with
bipolar and atypical depression (Wilson and Nu@&0

In patients with depression, there is a poor cati@h between subjective insomnia
and objective sleep parameters, possibly due Xani@perceptions by the patient, or
(ii) failure to measure the appropriate physiolagiparameters, (iii) severity of
depression (proportional relationship with the aacy of subjective sleep
assessment), (iv) Age (proportional relationshighviihe poor accuracy of subjective
sleep assessment), (v) greater proportion of kigep (inversely, subjectively more
restorative sleep might be correlated with increase slow-waves sleep (SWS)
(Argyropoulos, Hicks et al. 2003; Tsuchiyama, Naayag et al. 2003).

Polysomnography shows the similarities in the slpammeters that are affected in
insomnia and depression: in both disorders, condpavéh normal individuals,
(Benca, Obermeyer et al. 1992) there is a redudfofn) total sleep time, (ii) sleep
efficiency, (iii) SWS time and percentage, (iv) aitéep latency is increased. Rapid
Eye Movement (REM) sleep parameters are not clesdtred in patients suffering
from insomnia, contrarily REM latency is decreaaed the percentage of REM sleep

is increased in patients with depression.

Sleep disturbances can continue even during permdsiepression remission
suggesting that insomnia could be a trait of degpoes(Ohayon and Roth 2003;
Taylor, Lichstein et al. 2005; Kaneita, Ohida et 2006; Ohayon and Hong 2006;
Peterson and Benca 2006). Insomnia has also bemideced as the most common
refractory symptom of mood disorders, such as dspwa (Nierenberg, Keefe et al.

1999). In that way, persistence of insomnia aftdepressive episode has been shown
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to be predictive of increased severity and recweeof mood disorders (Dew,
Reynolds et al. 1997; Bauer, Grof et al. 2006).

On the other hand, insomnia could be considered@scursor leading to depression
since patients with insomnia are up to 10 timeseatikely to have depression than
normal sleepers (Taylor, Lichstein et al. 2005; &ty Ohida et al. 2006; Ohayon
and Hong 2006), and those with persistent insomasacompared with those who
have no sleep complaints, have a significant higlsér of developing new-onset
depression (Ford and Kamerow 1989; Breslau, Rotl.€1996; Chang, Ford et al.
1997). The temporality between insomnia and deess shaped with insomnia
tending to precede or co-occur with mood disordergontrast it tends to present at

the same time or following onset of an anxiety dieo (Ohayon and Roth 2003).

Several biological mechanisms might explain alteségep patterns in depressed
patients: including (i) deficits in monoaminergicungransmission, (i) abnormalities
in circadian genes, (iii) overactivity of the hypatamic—pituitary—adrenal (HPA)

axis, and (iv) impaired functioning of plasticitgtated gene cascades.

(@) Deficits in monoaminergic neurotransmissioBburing normal sleep,
electroencephalograph (EEG) activity typically ralge progressive
transitions from “light” sleep to “deep sleep”, atfte alternation across
the night of non-rapid eye movement (NREM) sleepcl(iding slow-
waves sleep (SWS) with episodes of REM sleep. Titer stage is
initiated when the monoamines (serotonergic anddrenergic) activity
decreases and cholinergic activity increases, aades with the opposite
changes (Pace-Schott and Hobson 2002). In patweitts depression,
REM sleep propensity is increased, conducting ttueced REM latency,
increased proportion of REM sleep, and an incréaske number of eye
movements (REM density) (Benca, Obermeyer et @2L9Additionally,
time spent in SWS and the proportion of overakkpléhat is SWS are also
decreased (Benca, Obermeyer et al. 1992). Depressay be worsened
when levels of monoaminergic neurotransmitters deereased and

antidepressant drugs that increase monoaminenyie dpparently reverse
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these abnormalities, increasing REM sleep latemzy decreasing REM
density (Thase 1998; Argyropoulos and Wilson 2q@%gure 5) .
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Figure 5 : Summary of the relations between sleepepression, and the serotoninergic system
(Adrien 2002).

(i) Abnormalities in circadian gene€ircadian genes involved in the control
of biological rhythms are another link between @sgron and insomnia.
The central pacemaker within the suprachiasmatdeny(SCN) of the
anterior hypothalamus controls circadian rhythméa¢§, Hauser et al.
1993). Among the genes supposed to interact withSGN pacemaker,
irregularities in the Circadian Locomotor Outputal®s Kaput (CLOCK)
gene might have a major influence on sleep patteResent studies
showed that a polymorphism (C to T nucleotide stiigin) in the 3
flanking region of the human CLOCK gene is assedatith diurnal
preferences of human healthy subjects, with higt@reningness in
subjects carrying at least one copy of the C a(B&nedetti, Serretti et al.
2003). Patients presenting a major depressive désovho have a C/C
variant polymorphism in their CLOCK gene are makely to experience
lifetime insomnia, have a significant higher reemce of initial insomnia,
and experience significantly worse insomnia duringtidepressant
treatment than patients without this variant (S&rrBenedetti et al. 2003;
Serretti, Cusin et al. 2005). In addition to CLOQ¢ne, period gene
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(PER) and timeless gene (tim) have been involvedhéental disorders
(Lamont, Legault-Coutu et al. 2007).

(i)  Overactivity of the hypothalamic—pituitary—adrena(HPA) axis
Hypothalamus is also involved in HPA axis abnortiedi that are
considered as the “final” common pathway for mangpréssive
symptoms. HPA overactivation has been involvedhim development of
mood disorders (Bao, Meynen et al. 2008) and stestprbance (Nestler,
Barrot et al. 2002; Steiger 2007). Corticotrophéteasing hormone (CRH)
neurons in the paraventricular nucleus of the Hyglamus play a key role
in HPA axis activity. Several evidences link inseanand depression since
CRH neurons are activated in depression, CRH mR\iAdreased in the
paraventricular nucleus, antidepressants decre&d¢ I€vels, and CRH
antagonists have potential in the treatment of efegpon (Steiger 2007,
Bao, Meynen et al. 2008) while, on the sleep sigi®wth hormone
inhibits the HPA axis, growth hormone-releasing rhone (GHRH)
stimulates NREM sleep, CRH reduces NREM cyclespsgses SWS and
may enhance REM sleep (Holsboer, von Bardelebenalet1988;
Tsuchiyama, Uchimura et al. 1995; Steiger 2007).

(iv)  Impaired functioning of plasticity-related gene cades Neural plasticity
is closely linked to learning, memory, sleep, arattisol regulation
(Dang-Vu, Desseilles et al. 2006). Indeed genestadl|to plasticity are
mainly expressed during waking, whereas genesecklab synaptic
downscaling are expressed during sleep, and platiguduring SWS
(Tononi and Cirelli 2006). It is possible that gleess needed for the
downscaling of synapses on a daily basis, anddisatirbances in sleep
and/or mood disorders could affect this course ¢homnd Cirelli 2006).
On the other hand, sleep deprivation might incredasticity-related gene
expression during wakefulness, strengthening swsps brain regions
that are involved in mood regulation, and thus aotiog for the acute
antidepressant effects of sleep deprivation thesafManji, Quiroz et al.
2003; Zarate, Singh et al. 2006).

Sleep deprivation (SD) has been consistently shimwprovoke a rapid, striking, and

temporary antidepressant effect in patients withreigsion (Wu and Bunney 1990).
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The degree of improvement after only one night Dfseems to be equivalent to the
response rate for six weeks of antidepressantntezt (Gillin, Buchsbaum et al.
2001). Nevertheless, total SD for one whole nigmprioves depressive symptoms in
40-60% of treatments and the degree of clinicalngkaspans a continuum from
complete remission to worsening (in 2-7%) (Giedkel &chwarzler 2002). This
somatic therapy has other side effects such apiskss and (hypo-) mania. Often the
temporal course of amelioration is (i) in the SQhtior on the following day, but (ii)
10 to 15% of patients respond after recovery stadp, and (iii) after recovery sleep
50-80% of day 1 responders have a complete orapaelapse, (iv) nevertheless
enhancement can last for weeks (Giedke and Scheva2fl02). Interestingly, SD
treatment effects may be stabilised by antidepresdaigs, lithium, shifting of sleep
time or light therapy. The best predictor of a #pautic effect is a large variability of
mood. Current opinion is that partial SD in the aet half of the night is equally
effective as total SD. There are, neverthelesscations that total SD has better
effects (Giedke, Klingberg et al. 2003).

Many hypotheses have been proposed to explainaihid antidepressant actions of
sleep deprivation (Wu and Bunney 1990; Wirz-Justieel Van den Hoofdakker
1999) through a direct regulation in neurotransioiss For instance, serotonin-
mediated effects have been shown to decrease isiyngif serotonergic 1A auto-
receptors after total sleep deprivation (Gardnern&l et al. 1997) (Figure 5).
Interestingly, the anterior cingulate cortex (AQ@s been involved in antidepressant
response to sleep deprivation using various ex@eiah paradigms showing an hyper
activity at baseline in SD responders and a nosatadin after SD (Ebert, Feistel et al.
1991; Wu, Gillin et al. 1992; Wu, Buchsbaum et1#899; Clark, Brown et al. 2006;
Clark, Brown et al. 2006).
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1.1.8. Brain abnormalities in depression

Over the last decade, different models of brain masms associated with mood
disorders and major depression have been propdbsei. first present the model
proposed by Mayberg and collaborators, and themtbdel developed by Drevets

and colleagues.

1.1.1.1. The limbic-cortical dysregulation model

Mayberg and collaborators proposed that major dspoa results from a failure in
the coordination of interactions within a distriedtnetwork of cortical, subcortical
and limbic areas (Mayberg 1997; Mayberg 2003). His model, brain areas with
known anatomical interconnections and that alsavskgnchronized changes using
positron emission tomography (PET) in three behavistates (normal transient
sadness in controls, baseline depressed in patedtpost-treatment in patients) are

grouped into three compartments (Figure 6).

* The attention-cognition-context compartment (orsabrcompartment) includes
both neocortical and superior limbic elementsslthiought to mediate cognitive
aspects of negative emotion such as apathy, psyaieorslowing and impaired
attention and executive function.

* The autonomic-circadian compartment (or ventral gartment) is composed of
limbic, paralimbic and subcortical regions that lamewn to mediate circadian and
vegetative aspects of depression: sleep, appeiltgdinal and endocrine
disturbances.

* The gating compartement (or rostral) includes ebstingulate area (rCg24a) and
subcortical regions. It is isolated from both trentral and dorsal compartments
based on its cytoarchitectural characteristics @uiprocal connections to both
dorsal and ventral anterior cingulate. Metabolisnthis region uniquely predicts
antidepressant response in acutely depressed fsaf{ayberg, Brannan et al.
1997).

The dorsal-ventral segregation additionally ideesifthose brain regions where an
inverse relationship has been demonstrated in egimgePET experiments (Mayberg

1997). Sadness and depressive illness are botltiatesb with decreases in dorsal
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neocortical regions and relative increases in akrtmbic and paralimbic areas.
Mayberg’'s model, in turn, proposes that illness ission occurs when there is
appropriate modulation of dysfunctional limbic-¢écad interactions (Figure 6, solid
black arrows) — an effect facilitated by variousnie of treatment (such as placebo,
antidepressant drug, surgery and cognitive-behalviaherapy). Mayberg and
collaborators postulated that initial modulation whique subcortical targets by
specific treatments promotes possible adaptive gdmnin particular pathways
necessary for network homeostasis and conducticirtical recovery. Three regions
are separated from their compartments in the mome&mphasize their important
primary interactions both within and between ‘levelor the integration of self-
referential (dorsal medial frontal or mF9), emotitty salient (rostral anterior
cingulate or rCg24), and exogenous stimuli relevemtreward, punishment and

learning (medial orbital frontal cortex or oF11).

Limbic-Cortical Dysregulation Model

attention-cognition-context

cer  self Placebo

- D DO CD

salience

mood state

gating

Surgery
SO [ o«
—- Q=D — —
reward @ @ @ LIMBIC

Autonomic-circadian
internal milieu

Figure 6: from (Mayberg 2003) illustrating the “limbic-cortical dysregulation model”.
Abbreviations: mF, medial prefrontal; dF, prefrontal; pm, premotor; par, parietal; aCg, dorsal
anterior cingulate; pCg, posterior cingulate; rCg, rostral cingulate; thal, thalamus; bstem,
brainstem; mOF, medial orbital frontal; Cg25, subgewal cingulate; Hth, hypothamus; Hc,
hippocampus; a-ins, anterior insula; amyg, amygdala pins, posterior insula. Numbers are
Brodmann designations.
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1.1.1.2. The three circuits model

Based on neuroimaging, neuropathological and Iesiatata, Drevets and
collaborators identified brain networks regulatittte evaluative, expressive and
experiential aspects of emotional behavior in tathgphysiology of mood disorders
(Phillips, Drevets et al. 2003b; Drevets, Priceaket2008; Phillips, Ladouceur et al.
2008).

These neural circuits include the (i) limbic-coafistriatal-pallidal-thalamic circuits
(LCSPT), and two extended cortical circuits frone thrbital and medial prefrontal

cortex: (ii) the orbital prefrontal network and)the medial prefrontal network.

The LCSPTis formed by connections between the orbital aediad prefrontal cortex

(OFPFC), amygdala, hippocampal subiculum, ventroahestriatum, mediodorsal

and midline thalamic nuclei and ventral pallidumn@@r, Ferry et al. 2003). This
circuits has been found to be involved in emotiobehavior on the basis of its
anatomical connectivity with visceral control stwes that mediate emotional
expressions, such as the hypothalamus and periacia¢gray matter (PAG) (Nauta
and Domesick 1984). In addition, impairments imsmaission through the LCSPT
can produce the emotional symptoms found in magmpression (Drevets, Gadde et
al. 2004).

The orbital prefrontal networkis mostly related to the central and lateral atkdreas
and includes sensory association areas such aal @issociated areas in the inferior
temporal cortex and somatic-sensory associateds areathe insula and frontal
operculum, as well as olfactory and taste corterg{@® and Price 2000; Saleem,
Kondo et al. 2008). This network codes for sensatggration and for affective

characteristics of stimuli such as reward, aversiod relative value.

The medial prefrontal networkincludes the dorsomedial / dorsal anterolateral
prefrontal cortex, the mid- and posterior cingulatetex, a region in the anterior
superior temporal gyrus and sulcus, and the emtaklaind posterior parahippocampal
cortex (Kondo, Saleem et al. 2005; Saleem, Kondal.eR008). This network has

major connections with limbic structures and vistercontrol structures
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(hypothalamus and PAG) (Ongur and Price 2000), ianthus mainly involved in
introspective functions such as mood and emotiod,vésceral reactions to emotional
stimuli (Figure 7). This network shares some sintils with the “default” network,
that become activated during resting state conditend deactivated during tasks that
require attention to external stimuli (Gusnard, A#thk et al. 2001; Fox, Snyder et al.
2005).

Brain region Gray matter volume Cell counts, cell markers Glucose metabolism, CBF
Dep versus Con Dep versus Con Dep versus Con Dep versus Rem
Dorsal medial/anterolateral PFC (BA9) i I i) l
Frontal polar C (BA 10) i) i) 1
Subgenual anterior cingulate C 1 L e !
Pregenual anterior cingulate C 1 L l L
Orbital C/ventrolateral PFC i 1 l 1
Posterior cingulate i 1 l
Parahippocampal C 1 | BD l i
Amygdala i | MDD l !
Ventromedial striatnm 1 l l
Hippocampus 1 | BD .8 0.8,
Superior temporal Gftemporopolar C 1 l
Medial thalamus i) 1

Figure 7 : Neuroimaging and histopathological abnamalities in the visceromotor network
(Ongur, Ferry et al. 2003) in early-onset, recurreh major depressive disorder (MDD) and/or
bipolar disorder (BP). (a) In the subgenual anterio cingulate cortex the apparent reduction in
CBF and metabolism in PET images (Drevets, Price etl. 1997) of depressed subjects is thought
to be accounted for by the reduction in tissue volme in the corresponding cortex, as after partial
volume correction for the reduction in gray matterthe metabolism appears increased relative to
controls (Drevets and Price 2005). (b) The literatee is in disagreement with respect to the
amygdala volume in mood disorders. In MDD, the volme appears reduced in cases whose MDE
show a chronic or intermit course C cortex, Dep vesus Con unmedicated depressives versus
healthy controls, Dep versus Rem unmedicated depr&gses versus themselves in either the
medicated or unmedicated remitted phases, G gyrus).s. differences generally not significant,
PFC prefrontal cortex. Empty cells indicate insufftient data. Adapted from (Drevets, Price et al.
2008).

Various treatment for mood disorders have showreaedse or a suppression of
pathological activity within visceromotor networkrigctures such as the subgenual
anterior cingulate cortex (SgACC), amygala, andnarstriatum (Drevets, Bogers et
al. 2002; Drevets and Price 2005; Mayberg, Lozara. 2005).

The neural model of depression proposed by Dreagts colleagues involves the
dysfunction of the medial prefrontal cortex (mPH@}ulting in a disinhibition of
limbic transmission through the amygdala (FigureT8)jis dysfunction might lead to

the emotional, cognitive, endocrine, autonomic aadrochemical manifestations of
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depression (Drevets, Price et al. 2008). The btmalaamygdala sends efferent
projections to the central nucleus of the amygdald the bed nucleus of the stria
terminalis. The efferent projections from thesaicires to the hypothalamus, PAG,
nucleus basalis, locus ceruleus, raphé, and ofkacephalic and brainstem nuclei
then organize the neuroendocrine, neurotransmitetpnomic, and behavioral
responses to stressors and emotional stimuli (CandsShi 1999; LeDoux 2003). The
mPFC shares reciprocal projections with all of ¢hesructures and potentially
modulates limbic outflow and thus several facetsradted emotional expression
(Ongur, Ferry et al. 2003).
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Figure 8 : Dysfunction of mPFC and amygala in majordepression (Drevets, Price et al. 2008).
Solid white lines indicate some of the major anatoiwal connections between structures, with
closed arrowheads indicating the direction of projeting axons. Solid yellow lines show efferent
pathways of the ACe and BNST. Abbreviations: 5-HT arotonin, ACe central nucleus of the
amygdala, ACh acetylcholine, BNST bed nucleus of ¢hstria terminalis, DA dopamine, DL
dorsolateral column of PAG; N nucleus, NE norepineprine, NTS nucleus tractus solitarius, PAG
periaqueductal gray, PVN paraventricular N of the typothalamus, VL ventrolateral column of
PAG, VTA ventral tegmental area.

1.1.1.3. A central role for the anterior cingulate cortex

In early depression research, the limbic loop dairtg the anterior cingulate cortex
was shown as the common denominator of changelerdpy effects in depressive
states (Ebert and Ebmeier 1996) (Figure 9).
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Figure 9 : Basic description of the role of the cdigulate in intracerebral information processing
in depression. The limbic association cortex is wlelplaced to connect neocortical association
cortices activated in cognition, sensory, and motophenomena, to phylogenetically older areas
involved in the domains of emotion, drive, and vegative functions through major neuronal
pathways (solid arrows). Minor pathways exist betwen neocortical areas and ventral striatum,
amygdala, and thalamus (dashed arrows), but there ra no direct connections between
hypothalamic nuclei and neocortical association ags. The cingulate is in good position to be
implicated in the mediation of cognition and emotia, and that dysfunctions of the cingulate
might lead to a functional dissociation of these tav domains. Adapted from (Ebert and Ebmeier
1996).

Several somatic therapies of major depressive digsonave been linked with the
activity (mainly a decrease) of subgenual cingutateex

» Antidepressant treatmerlinical improvement in unipolar depressed pdsien

treated with fluoxetine was associated with subgkningulate brain glucose
metabolism decrease (Mayberg, Brannan et al. 2000).

» Electroconvulsive therapy(ECT). After ECT, widespread and highly

significant decreases in regional cerebral metabddite for glucose was
observed in the subgenual region of left mediahtlrbgyrus in patients with
major depression (Nobler, Oquendo et al. 2001).

» Repetitive transcranial magnetic stimulatighMS). The lower the measured
regional Cerebral Blood Flow (rCBF) before the rTk&atment in the ACC,
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the greater was the antidepressant effect of theglieab rTMS course

(Mottaghy, Keller et al. 2002). In addition, rTM8 dorsolateral prefrontal
cortex (DLPFC) increased the activity in the AC@u{B, Castro-Alamancos et
al. 2001).

» Ablative surgery.Higher preoperative rates of metabolism at letiganual

prefrontal cortex was associated with subsequeptawement in depressive
symptom severity following cingulotomy (Dougherty/giss et al. 2003).

» Deep brain stimulatianUse of high-frequency stimulation in the subgénua

cingulate white matter (adjacent to the subcall@sagulate region, SCG or
Cg25 for Broadman area 25) is accompanied with actdation of a
hyperactive Cg25 and with a sustained remissiomeygression (Mayberg,
Lozano et al. 2005).

Interestingly, it has also been proposed that odiores of Cg25 with a subset of
areas (i.e., brainstem, hypothalamus and insula)rarolved in the deregulation of
circadian rhythm commonly associated with depreséoach as sleep, appetite, libido
or neuroendocrine changes) (Jurgens and MullersBr&@77; Ongur, An et al. 1998;
Drevets 2000; Freedman, Insel et al. 2000; BarBaka et al. 2003). In addition,
reciprocal pathways linking Cg25 to another setuaas (i.e., orbitofrontal, medial
prefrontal, as well as parts of the anterior anstgrior cingulate cortices) constitute
the neuroanatomical substrates by which primarych@ecesses (e.g. autonomic and
homeostatic) influence various aspects of cognittarth as learning, memory,
motivation and reward which are all impaired in @egsed patients (Vogt and Pandya
1987; Carmichael and Price 1996; Barbas, Saha .eRQ03; Haber 2003). In
particular, animal data (Sullivan and Gratton 199@)gest that the left subgenual
PFC abnormalities in depression may participatdéoheightened HPA-axis activity
and sympathetic autonomic arousal of depression thad right subgenual PFC
activity may increase emotional reactivity, whishcionsistent with the findings that
metabolic activity in this area correlates posiyivweith depression severity (Drevets
2000).
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1.1.9. Therapies in depression

Several therapies are used to treat depressioseTtherapies have a various degree
of invasiveness (Figure 10). Therapies are clagidavided into psychotherapies
and somatotherapies. Psychotherapies (Clarkin,oidk et al. 1996) are either
expressive (such as psychoanalysis) or supporsiveh(as psychotherapy, including
cognitive-behavioural therapy). somatotherapieduite sleep deprivation (Giedke
and Schwarzler 2002), antidepressant medicatiom(M&®05), transcranial magnetic
stimulation (TMS) (Lam, Chan et al. 2008), magnes&zure therapy (Lisanby,
Schlaepfer et al. 2001), electroconvulsive therd@yT) (Lisanby 2007), vagus nerve
stimulation (VNS) (Fitzgerald and Daskalakis 2008@ep brain stimulation (DBS)
(Mayberg, Lozano et al. 2005; Hauptman, DeSalleale2008) and neurosurgery
(Nicolaidis 2005). Interestingly, ECT has been edeed as the most efficient and
rapidly acting long-term somatic treatment in psgtly (Servais, Ansseau et al.

2008) (see section 7.1Electroconvulsive theramepression).

» Psychanalysis (Expressive)

» Psychotherapy (Supportive)

 Sleep deprivation therapy

» Antidepressant medication

» Transcranial magnetic stimulation (TMS)
» Magnetic seizure therapy (MST)

» Electroconvulsive therapy (ECT)

» Vagus nerve stimulation (VNS)

» Deep brain stimulation (DBS)

» Neurosurgery

Figure 10 : List of several therapies used in majodepressive disorder ordered following their
somatic invasiveness.
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1.1.10. Biological markers of depression

Several biological markers of depression exist aeflect either the causes or
consequences of depression (Mossner, Mikova eR@07) (Figure 11). Genetic
factors include polymorphisms of the serotonin ptoes. Environmental factors
include abnormalities of the brain development.(&ypoxia, viruses, and trauma)
and adult life disorders (e.g. stress). Neuroimggmarkers include functional (e.g.
glucose metabolism or blood oxygen level dependdgnal) and structural brain
features (e.g. grey and white matter abnormaliti€)gnitive markers include
attention, memory and executive functioning dysfioms. Other markers include
immune factors (e.g. interleukin abnormalities)w lanolecular weight species
abnormalities (e.g. folate or cyanocobalamin deficy), endocrine disorders (e.qg.
increase of cortisol), neurotransmission abnorieslife.g. decrease of brain derived
neurotrophic  factor,  norepinephrin, dopamine, anderotenin), and

electrophysiological markers (e.g. event-relatetpiial abnormalities).
Genetic factors () Environmental factors
Neuroimaging markers [~ Cognitive markers

\ \

Endocrine markers

, . 2; EL@cn‘ophysiolo gical markers
minune markers Iy

Low molecular weight specieé

Neurotransmission markers |

Figure 11 : Biological markers of depression. Adamd from (Mossner, Mikova et al. 2007).
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1.2. Attentional processes

Interactions between attention and perception auétipte and complex. Here, we
first describe attentional networks and then howtttm-up” (ascending stream of
information) and “top-down” mechanisms (descenditigam of information) interact
across hierarchically-organized, distributed andcgpized brain regions, and how
such brain architecture ensures a large capadaitgdaptation. We then describe how

voluntary attention and depression may influenaeg@ual processing.

1.2.1. Attentional networks

At any moment in time, we only attend to a smalftipa of the stimuli in our

environment. Thus attention selects the informattbat will access conscious
awareness. Several networks of attention have Heearibed (Posner and Raichle
1999; Posner and Rothbart 2007): (i) a networkvisual orienting is used to orient
attention overtly by moving our eyes to a locatiomrder to allows the image to fall
on the part of the retina with the highest acujiiy;a network for executive attention
is used when we need to shift our attention tow leeation, that is the conscious
execution of an instruction in order to detect aject; (iii) a network for vigilance or

alerting is used in order to maintain a sustairitatef altertness in order to perform

a task.

These three networks that allow orienting to sgnstimuli, exercising executive
control, and maintaining an alert state of vigikamely on the functioning of several
cortical and subcortical areas (Fan, McCandlisd.€2005) that act in concert to form
an unified attentional system. This system underliee unity of our subjective
experience of the world around us (Posner and Rai309).

1.2.2. Bottom-up and top-down mechanisms

Any scene from our everyday life contains many aiswbjects that can
simultaneously project onto the visual cortex. @itke limited processing capacity
of the visual system, visual objects compete fanralerepresentation at different

levels along the visual pathways (Duncan, Humphegyal. 1997; Desimone 1998;
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Duncan 1998; Aston-Jones, Desimone et al. 1999%nikasnd Ungerleider 2001) to
eventually access to consciousness (Driver, Vuitien et al. 2001; Whatham,
Vuilleumier et al. 2003; Sergent, Baillet et al.08Q) Bahrami, Lavie et al. 2007;
Kouider and Dehaene 2007). Several factors inflaemeural competition between
visual objects. For example, if you are looking #ogiven friend in a crowd, you may
remain blind to another acquaintance who may pa$ont of you (Levin, Drivdahl
et al. 2002; Levin, Simons et al. 2002; Simons, [€iseet al. 2002; Varakin and Levin
2006). However, no matter how important it is fauyto find your friend, your
attention might still be automatically attracted day unusual visual event or object,
such as for example, someone close to you suddailfiyg on the ground or flames
coming out of a building nearby, thereby distragtyou from your main search task.
This example illustrates that competition betweedtiple objects in the visual cortex
can be biased by so-called “top-down” mechanisrneh s voluntary or goal-directed
attention, but also by “bottom-up” influences frasensory information with high
perceptive saliency or high cognitive impact (Haggr, Buonocore et al. 2000;
Corbetta and Shulman 2002).

Recent functional brain imaging studies showed, thigher in the presence or
in the absence of visual stimulation, biased sgrdle to selective attention can
modulate neuronal activity within visual corticas;luding the primary visual cortex
(V1) (Kastner, Pinsk et al. 1999; Tootell and Hkldgni 2000; Vanduffel, Tootell et
al. 2000; Schwartz, Vuilleumier et al. 2005). Whalkkention can affect early stages of
visual processing, top-down effects on enteringialisnformation have been shown
to originate from a network of frontal and parietattical regions (Kastner, Pinsk et
al. 1999). Moreover, because processing resoureedimited, one single object
presented in the visual field is processed mordyetimn if it is presented together
with another competing object (Duncan 1998; Reysioilborzian et al. 2003; Lavie
2005).
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Figure 12 : Neuroanatomical model of attentional cetrol. (a) Dorsal and ventral frontoparietal
networks and their anatomical relationship with regons of damage in patients with unilateral
neglect. Areas in blue indicate the dorsal frontopaetal network. FEF, frontal eye field; IPs/SPL,
intraparietal sulcus/superior parietal lobule. Areas in orange indicate the stimulus-driven ventral
frontoparietal network. TPJ, temporoparietal junction (IPL/STG, inferior parietal
lobule/superior temporal gyrus); VFC, ventral frontal cortex (IFg/MFg, inferior frontal
gyrus/middle frontal gyrus). The areas damaged in eglect (right) better match the ventral
network. (b) Anatomical model of top-down and stimlus-driven control. The IPs—FEF network
is involved in the top-down control of visual procesing (blue arrows). The TPJ-VFC network is
involved in stimulus-driven control (orange arrows) The IPs and FEF are also modulated by
stimulus-driven control. Connections between the T® and IPs interrupt ongoing top-down
control when unattended stimuli are detected. Behawoural relevance is mediated by direct or
indirect (not shown) connections between the IPs dnTPJ. The VFC might be involved in novelty
detection. L, left; R, right. Image and caption fran (Corbetta and Shulman 2002)

Thus, attentional processes can be divided intaltyn and bottom-up processes. In
everyday life, visual attention is controlled byttbaognitive (ortop-downbecause
the flow of information goes from ‘higher to ‘lowecentres) factors, such as
knowledge, expectation and current goals, batlom-upfactors, so called because
sensory stimulation processing proceeds in a sidgkection from sensory input,
through perceptual analysis, towards motor outflarijetta and Shulman 2002)
(Figure 12). Other factors that affect attentiomghsas novelty and unexpectedness,
reflect an interaction between cognitive and sensofluences. The dynamic
interaction of these factors controls where, how smwhat we pay attention in the

visual environment (Corbetta and Shulman 2002).
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In conclusion, bottom-up and top-down attentionagchanisms interact to guide
neural competition between simultaneous sensorgusiti Accordingly, bottom-up
influences such as the perceptual salience of tarred stimulus might interact with
top-down influences such as the viewer’s intentionsurrent goals. The search for a
friend in a crowd provides an illustration of thgndmic links between these two
mechanisms. We describe below how these mechamiamact at multiple levels of

functional organization in the human brain.

1.2.3. Modular and hierarchical organization of central nervous system

How does the external world project onto cortiegldrs? Numerous somato-sensory
and motor maps have been described that repregepriqreptive, perceptual
experiences as well as actions (Sereno 1998). kamgle, information from the
visual field that stimulates retina cells projerrtsa spatially-organized manner onto
the cortical surface, hence forming retinotopic mapthe primary visual cortex (Van
Essen, Lewis et al. 2001; Wandell, Brewer et aDX)0 Similarly, tonotopic maps
represent the frequency composition of sounds iro@anized manner along the
cortical surface of the primary auditory cortex (@Garaes, Melcher et al. 1998;
Talavage, Ledden et al. 2000; Formisano, Kim e2@03). Several other “topies”
exist for the main sensory modalities, includingtsad maps for the target locations of
voluntary saccades in the parietal cortex (Ser€itaalis et al. 2001; Silver, Ress et
al. 2005; Hagler and Sereno 2006; Sereno and H@a0g; Hagler, Riecke et al.
2007).
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Figure 13 : Visual information from the retina to the primary visual cortex.

According to the traditional hierarchical model wbsual processing (Van Essen,
Lewis et al. 2001), visual information travels frahe retina along the optic nerve to
the lateral geniculate nucleus (LGN) located atithek of the thalamus, then projects
to the primary and secondary visual cortical a@ds V2) (Figure 13). From there,
separable features of the stimulus are distribaiedss various regions coding for
colors (V4/V8 (Hadjikhani, Liu et al. 1998; Barteéd Zeki 2000; Tootell and
Hadjikhani 2001; Tootell, Nelissen et al. 2004),timo (MT/V5 (Dumoulin, Bittar et
al. 2000; Vanduffel, Fize et al. 2001), but alstegrated objects (lateral occipital
cortex, LOC; (Grill-Spector, Kushnir et al. 1999a@melli, Leo et al. 2007; Golarai,
Ghahremani et al. 2007) and specific object categmuch as faces (face fusiform
area, FFA; (Kanwisher, McDermott et al. 1997; G8pector, Knouf et al. 2004;
McKone, Kanwisher et al. 2007), body parts (extrast body area, EBA; (Astafiev,
Stanley et al. 2004; Downing, Chan et al. 2006; fidpiPelphrey et al. 2006), places
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(parahippocampal place area, PPA; (Epstein and iSew 1998; Epstein, Harris et
al. 1999), etc. (Figure 14).

Places H f

Faces

Figure 14 : Anatomical segregation of specializedihctional visual regions (see main text for
references).

Such a modular organization of visual processinghmiserve voluntary action.
Indeed, any action or thought has to adapt to abklinformation and current goals.
This implies that information has to be integratetime and across multiple levels of
processing. Recent microscopic studies in cat fedethat descending projections
between two neuronal population are often densam #scending projections (Van
Horn, Erisir et al. 2000). For example, the LGN jpobs ascending axons to the
primary visual cortex, while neurons in the primargual cortex project back nearly
10 times more descending axons to the LGN (Beann@Ge et al. 1997; Van Horn,
Erisir et al. 2000; Bickle 2001). Consistent witthese anatomical data,
electrophysiological studies with implanted eled&® in monkeys showed that
feedback from V1 can modulate the response of msuio the lateral geniculate
nucleus (LGN) (Webb, Tinsley et al. 2002).
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Taken together, these studies suggest both adéghee of selectivity and
connectivity across visual regions, with top-dovamigections outnumbering bottom-

up afferences (Bullier 2004).

1.2.4. Effects of attention on perception

Lavie’s theory of attention resolves a long-stagddebate between early and late
selection of information to process. She propokas perceptual capacity is limited
and that, only within the limits of these procegstapacities, perception is automatic.
Thus, the processing demands (low versus high tetterh load) of a relevant task
would determine the processing of irrelevant dcdtes (Lavie 2005).

This theory was tested in a functional magneticomasce imaging study where
relevant task was a linguistic task of low or higttentional load, and irrelevant
distractors where motion in the periphery of theptiily. The study showed a reduced
motion processing during the high load conditidryst fulfilling Lavie’s prediction
(Rees, Frith et al. 1997).

Schwartz et al. (2005) used as relevant task alrappeam of coloured stimuli
presented at central fixation and as distractackdting checkerboards presented in
the periphery. In the low-load task subjects hadidtect any shape of one colour
while in the high-load task, they had to detectcdje conjunctions of colour and
shape (Schwartz, Vuilleumier et al. 2005). The ytabdowed that neural response
related to the task-irrelevant distractors was esed when the attentional load of the
central task was high.Such effects of load occuired/1 and were larger for

successive extrastriate areas through to V4.

Phelps and Carrasco combined emotional and atteritieffect on perception in a
behavioural study. They showed that emotion enhsancentrast sensitivity
irrespective of attention. Moreover emotional fak=ar) potentiated the effect of
attention on contrast sensitivity. Thus the confiomc of emotional and attentional
manipulation increased perception of contrast mbaa only one change in either

emotional or attentional characteristics (Phelpsglet al. 2006).
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Overall these studies showed that attention clealtigrs perception and thus the
neural representation of “external” objects. Momuothe effect of attention can act in

conjunction with other “modalities” like emotion order to modulate perception.

1.2.5. “Indirect” consequences of depression on perceptual systems

From a behavioral point of view, depression is ahterized by memory, emotional
and attentional impairments (e.g. Chamberlain aafth&ian 2006).

From a neurological point of view, depressed padigoresent dysfunctions in the
cortices underpinning memory (e.g. hippocampusnptéiocortex), emotional (e.qg.
limbic and paralimbic, anterior cingulate cortexmyagdala) and attentional (e.g.
fronto-parietal cortex) functions (e.g. Drevetsc®ret al. 1997; Malizia 2005).

In addition, as described above, the central nergystem is organized in a modular,
hierarchical and recurrent manner. Thus, in theteodnof major depression, this
recurrent organization of central nervous systempsses that all dysfunctions of
high-level cortices (that is associative polymodaidtices) would be accompanied by
an impairment of the modulation of subjacent cediand even primary cortices.

This might mean that top-down modulations (e.gerdibnal or motivational) from
high-level cortices on low-level cortices would ipepaired as a consequence of the
dysfunction of the source of top-down processeg. (fonto-parietal cortices) in
depression.

Sensory processing (i.e., visual, olfactory, auglitgustatory, tactile) might thus be
altered by dysfunctions within higher-level corsice

Modulation of low-level cortices by high-level tises might biais the competition
between top-down and bottom-up mechanisms for #ngramal representation of
objects seen in a scene of everyday life (sucloks,damiliar face, etc.), which may

have major consequences for MDD patients’ everyfafdnctioning.
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2. Objective

2.1.Why and how to explore attentional process in depression?

While top-down and bottom-up attentional process#sract to afford efficient
processing of sensory information, we propose thiat subtle interaction might be

disrupted in pathological conditions, such as degos.

Several biological markers of major depressiontefanctional magnetic resonance
imaging (fMRI) has a growing place in psychiatrydaits innocuous effect allows
repetitive examinations in order to study the ppltysiological mechanisms of

depression

Traditional neuropsychological test batteries htaiked to identify clear patterns of
deficits in major depressive disorders and it sutiht to be due, at least in part, to a
lack of tasks designed specifically for patientffesing from depression (Drevets,
Price et al. 2008). Odirst objective was to construct an attentionaktablowing us

to explore attention in healthy subjects and MDDeras.

2.2.1s there an abnormal neural filtering in patients with depression?

Early information processing deficits in MDD haveelm only studied through
inspection time. This is measured as the minimumuitis presentation time
necessary for near perfect performance on a twaeblovisual discrimination task
and is thought to assess the speed of early infasmg@rocessing independent of
motor speed or cognitive strategy. This measure shasvn to be longer in patients
than in controls indicating that unipolar depressi® associated with a slowing of
speed of information processing (Tsourtos, Thomptai. 2002).

Our second objective was to use our attentiond sasultaneously with fMRI in
order to evaluate the early information processmgViDD patients and to test
whether attentional influences from fronto-parietatworks on the processing of
visual stimuli differ in depression as comparedh¢althy subjects, in particular when

these stimuli are irrelevant to the task.
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2.3.Could a modulation of attentional load impact on mood?

Mood interacts with cognition and manipulation ajgaition is used in several
psychotherapies (Simons, Garfield et al. 1984; B#)8). Our third objective was to
test with fMRI whether varying attentional demamads transiently modulate activity

in emotional-limbic networks.

2.4. Exploration of the neurobiological basis of suicidality

Suicide is a major public health problem that taflic occurs in the context of a
depression. Using fMRI, our fourth objective was reveal the neurobiological

correlates of suicidality in depressed patients.
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3. Methodological considerations about functional magnetic

resonance imaging (fMRI)

fMRI measures the variations in brain perfusiorated to neural activity, using a
method based on the assessment of the BOLD (bloygka-level-dependent) signal.
The BOLD signal relies on the following principl@sastler 2003). When a brain area
is activated, it locally induces an increase irebeal blood flow and a proportionately
less important increase in oxygen consumption. Ti@sults in an excess of
oxyhemoglobin in venous capillaries of the actidatgea, and therefore a relative
decrease in deoxyhemoglobin concentration. Becafiis paramagnetic properties,
the deoxyhemoglobin is associated with a signalredese due to a magnetic
susceptibility effect. The local decrease in de@xybglobin concentration thus leads
to a slight signal increase in the activated aBaLD effects are measured using
rapid volumetric acquisition of images (echo plawmarEPI T2 or T2*-weighted

sequences); the whole brain volume is thus covieradew seconds only (2.13 sec in
our specific sequences; other parameters weresli@s, 3mme-thick slices, spatial
resolution of 3.4 x 3.4 x 3 mm3 voxel size) (Figdfs). The obtained signal increase
in activated areas is weak (about 2-5%), which iregua high number of

measurements or trials (e.g. events; see belowg. BOLD contrast also increases
with the intensity of the scanner magnetic fieldOYBbecause of an improved
sensitivity to the differences in magnetic susdeliy when BO is higher. That is why

fMRI sequences usually require at least a 1.5 Tesdaner (our fMRI device is a 3
Tesla scanner). As for PET images, BOLD fMRI data eoregistered and mapped

onto precise structural MRI images for interpretatf results.

Two main types of experimental design are usediRlfstudies : ‘block’ and ‘event-
related’. Block-designwhich is the design used in our studies, is comynosed to
characterize the brain areas activated by a spewifgnitive task. In this case, the
subject during fMRI recording is submitted to ameaiation of task-related (e.g.
presentation of images) and control (e.g. presemtaif a standard fixation cross)

periods or ‘blocks’ of predetermined duration. Tdtatistical analysis will seek for
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significant correlations in each voxel between tlmn-off time course of
experimental paradigm and the obtained BOLD haemawfyc response. Ievent-
relatedfMRI, the statistical analysis aims at finding iations between the obtained

haemodynamic response and the occurrence of spantsarevents (e.g. slow waves

or spindles during sleep) or delivered stimuli (eugef tones).

Figure 15: 3 Tesla Simens Allegra MRI scanner dege (left). 32-slices fMRI EPI sequence
(right); the whole brain is covered in 2.13 sec.

The main advantage of the fMRI technique is iteigtemporal resolution compared
to PET, which makes possible the assessment ofahesponses associated with
brief events such as visual stimulation (Figure T8 spatial resolution is also better
compared to other imaging techniques such as PETSHECT. The technique is
non-invasive and requires no injection of cont@sduct. The main drawback is the
discomfort of the scanning environment (includingise, which is reduced by

earplugs and headphones).
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Figure 16 : Spatial and temporal resolution in thestudy of brain function. Schematic illustration
of the ranges of spatial (in mm) and temporal (ineconds, logarithmic scale) resolution of various
experimental techniques for studying the function bthe brain. Note the superior temporal and
spatial resolution of fMRI compared to PET, and thehigh temporal but poor spatial resolution of
EEG. MEG = magneto-encephalography; SPECT = singlphoton emission computed
tomography. Adapted from (Churchland and Sejnowski1988).

3.1. Statistical analysis of functional brain imaging data

We used Statistical Parametric Mapping (SPMttp://www.fil.ion.ucl.ac.uk/spm

implemented in Matlab to analyze functional braimging data (Figure 17). fMRI
data were computed using SPM2 implemented in Matldb Data processing may
vary from one user to the other and from one paitdo the other. Only the

procedures used in this thesis will be described.

3.2. Spatial processing

Before any statistical analysis is computed, fMBRiadundergo several preprocessing
stages. The first step of the preprocessing aintealigning all data onto the first
brain volume acquired, using the rigid body registn method (for a complete
description of this method see (Ashburner and émis2004a). This first step takes

into account the movements of the participant frame scan to the next. Although
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usually limited, these movements change the omdithe signal recorded in the 3-
dimensional space of the scanner. Six vectors @mergted at this stage, one for each
movement direction (3 translations and 3 rotatioBsich vector contains values that
represent the displacement of each scan as comiberdidst scan.

Functional images are then precisely matched, oegistered, to a high resolution
anatomical MRI image of the subject (Friston 200Bhis image is recorded in a

separate session, using acquisition settings egwiy spatial resolution.

:!'II.'I'_-'!' bme-sc11es Eemel |]-"-.[-':; matrix

]
] i
Parameter estimates .

Figure 17 : Schematic representation of the prepragssing and statistical analysis of functional
brain imaging data using SPM (Friston 2004).

Functional and high resolution anatomical imagesthen normalized to a standard
space in order to allow between-subjects compasigtor a complete description of
the method see (Ashburner and Friston 2004b). Sthisdard space is similar to the 3-
dimensional space set by Talairach and TournouXaifBah and Tournoux 1988)
which used three orthogonal planes to assign coatel$ to every part of the brain.
However, Talairach and Tournoux based their desonipon two dead brains in
which displacement of the neural tissues had oeduifhe standard space now used
in SPM is a mean brain of about 350 anatomical @sagcorded at the Montreal

Neuroscience Institute (MNI) and is referred talesMNI space.
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In the last preprocessing step, functional datesareothed (using a Gaussian Kernel;
Full Width at Half Maximum or FWHM 16 or 8 mm) irraer to improve the signal-

to-noise-ratio and reduce residual inter-individdiflerences (Friston 2004).

3.3.General linear model, design matrix and regressors

The statistical analysis uses a general linear iM@leM) to describe the signal X in
a voxel | of each acquired brain volume j in teraisa linear combination of the
regressors R of the design matrix, plus a condiaimh K, and an error term,
representing the unexplained variability: Xpj5i x R1,j +p2,i x R2,j +p3,i x R3,j
+...+ By,i X Ry,j + Ki + i wherey,i is a parameter estimate and represents the
relative contribution of the Ry regressor to thgnal recorded in voxel i (Kiebel and
Holmes 2004). It is estimated using a method oinamy least squares, which aims at
reducing the sum of the squared differences betweeactual and the fitted values.
All conditions of the experiment are modelled inurons of a design matrix that
contains all relevant factors of the experimentakigh and relates them to the
preprocessed functional data (Kiebel and HolmestR0A column is a continuous
regressor that contains functions that indicateptieeise time of each trial type and its
duration. In the case of fMRI data, regressorscaresolved with the haemodynamic
response function (HRF) to match the charactesisticthe recorded BOLD signal
(Kiebel and Holmes 2004).

The design matrix attempts to comprehensively desthe experimental design, and
also comprises a mean term. Regressors also inthedeonditions of interest (e.g.
high attentional load) and the realignment pararsetemputed during preprocessing

(note that realignment parameters are not convoligdthe HRF).

3.4. Fixed effects — Random effects

For each individual, once the solution of the GL3Vfound, parameter estimates of all
voxels can be entered in statistical tests (t,dfaulinear contrasts (c) (fixed effects
analysis) (Penny and Holmes 2004). These contestapplied at each voxel and
result in contrast images that can be inspectedetect significant voxels. Linear
contrasts can include a single regressor. The thregutontrast image will then

represent the main effect of this regressor.
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Contrasts can also compute the difference betwegressors. The resulting images
will then represent the difference between the esgprs. The statistical tests
computed take into account the size of the effe@t X Bi) but also its variance.

Summary statistics images are fed in a second &nadlsis (random effects analysis)
taking into account inter-subject variability anibaiing inferences on the general
population from which the subjects were drawn (Besimd Holmes 2004). Summary
statistics images are further smoothed (using as€lan Kernel;, FWHM: 6mm)

before being fed into the random effects analy&iatistical inferences are carried on

the parameter estimates computed at the randowt®ffe

3.5. Inferences

The brain volume is composed of more than 100,00Kel¢. The likelihood of
obtaining voxels significantly affected by an expental condition by chance is
therefore high (e.g. with p = 0.001, we would oibtai least 100 significant voxels by
chance). Data are corrected for multiple compasggorprevent this type of error. The
correction method takes into account the spatialetation between voxels of the
functional data to compute the number of indepehdeasures of the data set, and
define the Z-value threshold required to reachiggnce (Brett, Penny et al. 2004).
If a significant activation can be expected in\&egilocation (based on the literature),
correction for multiple comparisons can be computea small (generally spherical)
volume (generally 10 mm radius) around the a ptawation of interest. If no a priori
is available for a given location, this activatibas to survive the more conservative
multiple comparison correction over the entire braiolume to be considered
significant (Brett, Penny et al. 2004). A basicumsption of classical statistics is that
the data variances are independent and identidalyibuted across factors. When
this assumption is falsified, a correction for rephericity is applied, for instance
when regressors of a design matrix are correla@dseér and Friston 2004). This

correction was applied in our sleep fMRI studies.
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4. Reviews and experimental studies

4.1. Introduction

4.1.1. Usefulness of neuroimaging in psychiatry

From
Muselle A et Desseilles M, Utilité de la neuroimageen psychiatrie. Acta
Psychiatrica Belgica, 108(6), 2008, 1-9.

Summary

Brain neuroimaging has a growing place in psychidirst only structural, it allows
a better understanding in the pathophysiology gtipsitric illnesses by its functional
applications. Even if early use of brain imaging peychiatry was confined to
scientific research, a lot of potential roles faaghosis and treatment emerge. In this
paper we present the different structural and fanat neuroimaging tools. Then we
evoke the place of these tools in psychiatric ne$eand clinic. Finally, we describe
briefly brain areas involved and clinical illusimats of brain neuroimaging in five
frequent psychiatric illnesses (attentional defltyperactivity disorder, depression,

obsessive-compulsive disorder, post-traumatic stlerder and schizophrenia).



UTILITE DE LA NEUROIMAGERIE EN PSYCHIATRIE

A. Muselle!, M. Desseilles?

BRAIN NEUROIMAGING HAS A GROWING PLACE IN PSYCHIATRY. FIRST ONLY STRUCTURAL, IT ALLOWS A BETTER UNDERSTANDING IN THE
PATHOPHYSIOLOGY OF PSYCHIATRIC ILLNESSES BY ITS FUNCTIONAL APPLICATIONS. EVEN IF EARLY USE OF BRAIN IMAGING IN PSYCHIATRY WAS
CONFINED TO SCIENTIFIC RESEARCH, A LOT OF POTENTIAL ROLES FOR DIAGNOSIS AND TREATMENT EMERGE. IN THIS PAPER WE PRESENT THE
DIFFERENT STRUCTURAL AND FUNCTIONAL NEUROIMAGING TOOLS. THEN WE EVOKE THE PLACE OF THESE TOOLS IN PSYCHIATRIC RESEARCH AND
CLINIC. FINALLY, WE DESCRIBE BRIEFLY BRAIN AREAS INVOLVED AND CLINICAL ILLUSTRATIONS OF BRAIN NEUROIMAGING IN FIVE FREQUENT
PSYCHIATRIC ILLNESSES (ATTENTIONAL DEFICIT HYPERACTIVITY DISORDER, DEPRESSION, OBSESSIVE-COMPULSIVE DISORDER, POST-TRAUMATIC

STRESS DISORDER AND SCHIZOPHRENIA).

Key words : Neuroimaging, Psychiatry

INTRODUCTION

La neuroimagerie occupe une place de plus en plus importante
en psychiatrie. Au départ uniquement structurelle, elle a
permis ensuite par son versant fonctionnel une utilisation de
plus en plus importante dans la compréhension des maladies
psychiatriques. Actuellement, bien que I'utilisation de la neuro-
imagerie en psychiatrie soit surtout confinée a la recherche
scientifique, les réles potentiels en clinique pour le diagnostic
ou le traitement semblent étre de plus en plus nombreux.

La neuroimagerie structurelle, qui permet une analyse anato-
mique du cerveau, comprend la Tomodensitométrie
Computérisée (TDC) et I'lmagerie par Résonance Magnétique
(IRM). La neuroimagerie fonctionnelle, qui permet une
mesure de l'activité cérébrale, comprend I'IlRM fonctionnelle
(IRMf), la Tomographie par Emission de Positons (TEP), la
Tomographie par Emission Simple de Photons (SPECT), la
Spectroscopie IRM (spIRM) et la Spectrométrie proche de I'in-
frarouge (NIRS). D’autres examens, qui ne sont pas a propre-
ment parler des examens d’imagerie, permettent également
une analyse du fonctionnement cérébral avec une grande
précision temporelle. Il s’agit des Potentiels évoqués (PE), de
I’Electroencéphalographie (EEG) et de la Magnétoencépha-
lographie (MEG).

Nous présentons d’abord les différents outils d’'imagerie
structurelle et fonctionnelle. Ensuite, nous évoquons la place
de ces outils en psychiatrie que ce soit en recherche ou en
clinique (outil diagnostique ou de validation d’un traitement).
Enfin nous passons brievement en revue cing maladies
psychiatriques fréquentes (le trouble du déficit de I'attention
avec hyperactivité, la dépression, le trouble obsessionnel
compulsif, le stress post-traumatique et la schizophrénie) en
précisant (i) les régions cérébrales concernées, (ii) les fonc-
tions cognitives impliquées et (iii) les applications cliniques de
la neuroimagerie.

Assistante en psychiatrie, Université de Liége, Centre Hospitalier Chrétien, Liege

OUTILS EN NEUROIMAGERIE
CEREBRALE

De plus en plus de techniques de neuroimagerie (Laureys et al.,
2002 ; Mazziota et Frackowiak, 2000; Shulman, 2001) sont
utilisées, certaines couramment, d’autres dans des situations
spécifiques ou dans le cadre de recherches. On peut classer
ces techniques selon différents critéres : utilisation structurelle
ou fonctionnelle et résolution spatiale ou temporelle. Ainsi,
certaines techniques ont une trés grande résolution temporelle
et une faible résolution spatiale (EEG, MEG, PE) et d’autres
une bonne résolution spatiale et par contre une résolution
temporelle plus faible (TEP, SPECT, flIRM) ou nulle (TDC, IRM).
Lassociation de ces différents types d’examens chez un méme
sujet permet d’obtenir simultanément une analyse spatiale et
temporelle (par exemple IRM+EEG) ou fonctionnelle et
structurelle a la fois (par exemple TEP+TDC), ou encore
structurelle, fonctionnelle et temporelle (par exemple
IRM+IRMf+EEG).

LA TOMODENSITOMETRIE COMPUTERISEE
(TDC)

La TDC cérébrale est basée sur I'absorption des rayons X par
les structures traversées. Le degré d’absorption, et donc
l'image obtenue, dépendra de la densité des structures. La
détection se fait grace a des détecteurs placés autour du crane.
Une reconstruction algorithmique permet d’avoir une image
tomographique.

La TDC a pour avantages d’étre rapide, d’avoir une grande
disponibilité, de permettre une bonne visualisation de I'os et du
sang. Elle est pour ces raisons d’une grande utilité en urgence,
notamment dans les cas de traumatismes et d’hémorragies
intracraniennes. Par contre, elle présente de la radioactivité et
ne permet pas une bonne visualisation des contrastes.

2 Assistant en psychiatrie, Université de Liége, Service de Psychiatrie et de Psychologie Médicale, CHU Sart Tilman, Liége. Emarge au Fonds National de

la Recherche Scientifique de Belgique
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Lutilisation d’'un produit de contraste permet d’améliorer la
sensibilité de I'examen, notamment pour une meilleure obser-
vation de I'cedéme et de I'ischémie.

L' IMAGERIE PAR RESONANCE MAGNETIQUE
(IRM)

LIRM est basée sur I'observation de la résonance magnétique
nucléaire des protons de I'eau. On applique deux champs
magnétiques, un premier, statique, qui permet I'orientation des
moments magnétiques (spins) des noyaux et un second, sous
forme d’impulsions bréves, qui fera passer les noyaux de I'état
fondamental a I'état excité. On obtient ainsi la résonance, et le
spin passe a un niveau d’énergie supérieur. Lorsque I'on va
supprimer le second champ magnétique, les protons auront
tendance a revenir a leur alignement initial, c’est la relaxation
(Tl et T2), qui engendre un signal. C’est ce signal qui
correspond, une fois transformé, au spectre de I'IRM, et qui est
défini en terme d’intensité. Les temps de relaxation vont varier
selon les tissus. Selon ces variations on pourra différencier les
tissus et I'on pourra, voir dans un tissu les modifications liées a
la présence d’une lésion. Le réle des agents de contraste va
étre de diminuer ce temps de relaxation afin d’augmenter I'in-
tensité des signaux.

Il existe différentes méthodes d’IRM qui permettent une
analyse structurelle plus fine des structures cérébrales. La
morphométrie voxel par voxel (Voxel Based Morphometry,
VBM) mesure la concentration des différentes matieres céré-
brales. Il s’agit d’une analyse de la substance grise. Limagerie
par tenseur de diffusion (Diffusion Tensor Imaging, DTI) va,
quant a elle, étudier la substance blanche. Cette technique est
basée sur I'étude de la diffusion des molécules d’eau, qui est
favorisée dans le sens des fibres et nulle perpendiculairement
aux fibres (anisotropie). Grace a cette propriété, on peut obte-
nir des images des fibres de la substance blanche : il s’agit de la
fraction d’anisotropie (analyse locale de la substance blanche)
et de la tractographie (analyse régionale des grands faisceaux de
substance blanche).

LIRM ne soumet pas le patient a la radioactivité, mais a un
champ électromagnétique, et présente une meilleure résolu-
tion et une meilleure visualisation des contrastes que le CT
scan.

D’un autre c6té, il est moins disponible, plus colteux et
demande plus de temps que le CT scan. Il ne permet pas I'ana-
lyse des tissus osseux. De plus, il présente plusieurs contre-
indications : la claustrophobie, la présence de prothese et de
matériel ferromagnétique, la présence de dispositifs tels un
pace-maker.

L’'IRM FONCTIONNELLE (IRMF)

LIRM fonctionnelle se base sur I'observation des variations de
I'oxygeéne dans le sang. Cette observation est réalisée grace a la
différence entre I'oxyhémoglobine et la déoxyhémoglobine. En
effet, si I'oxyhémoglobine n'a pas d’influence sur le champ
magnétique, la déoxyhémoglobine, quant a elle, va modifier le

champ. En libérant 'oxygene, le fer ferrique de I'hémoglobine
se transforme en fer ferreux. Deux électrons non appariés vont
donc apparaitre dans I’hémoglobine et ceux-ci vont conférer a
la déoxyhémoglobine ses propriétés paramagnétiques. Lors de
I'acquisition des images IRM, les champs a proximité de I'oxy-
hémoglobine et de la déoxyhémoglobine sont donc différents,
ce qui provoque I'’hétérogénéité magnétique. Grace a cela, au
cours de I'activation de certaines régions cérébrales, et donc au
cours de I'apport en oxygene de ces régions, on pourra enre-
gistrer un signal.

LIRM fonctionnelle permet donc une analyse du métabolisme
cérébral. Ses inconvénients sont ceux de I'IRM.

LA TOMOGRAPHIE PAR EMISSION DE
PosITONS (TEP)

Il s’agit d’'un examen de médecine nucléaire. Il est basé sur
P'injection d’un traceur radioactif qui sera soit distribué dans la
circulation sanguine, soit utilisé en intracellulaire, soit fixé sur un
récepteur spécifique. Un métabolite cellulaire souvent utilisé
est le déoxyglucose lié¢ a un traceur radioactif, le fluor-18
(18-FDG). Le 18-FDG va participer au processus cellulaire et
sera détecté. Par exemple, dans un tissu tumoral, la glycolyse
est augmentée, le transporteur GLUT | est produit en exces et
le 18-FDG qui ne peut étre transformé par les étapes de la
glycolyse va s’accumuler en intracellulaire et il y aura un hyper-
signal lors de sa désintégration.

La TEP permet donc une analyse fonctionnelle. La résolution
spatiale est moins bonne que celle de I'lRMf, cependant I'évolu-
tion rapide des techniques réduit de plus en plus ce déficit. Par
ailleurs, la résolution spatiale est uniforme. La résolution
temporelle quant a elle est assez faible. Lavantage de la TEP, par
rapport a I'IlRMf, est qu’elle permet I'analyse de certains neuro-
récepteurs afin d’étudier la physiologie de leurs ligands (par
exemple dopamine, sérotonine, noradrénaline, benzodiazépi-
nes, acide gamma-aminobutyrique, ...) en utilisant des radioli-
gands (traceurs radioactifs) spécifiques.

Enfin, elle expose le patient a une radioactivité, présente un
co(it important et est peu disponible a I'’heure actuelle.

LA TOMOGRAPHIE PAR EMISSION SIMPLE DE
PHOTONS (SPECT)

Le principe est similaire a celui de la TEPR, c’est-a-dire I'utilisa-
tion d’un radiotraceur. Mais dans le cas de la SPECT, il s’agit
d’une émission monophotonique. Les images sont des projec-
tions qui seront ensuite reconstruites pour obtenir des images
en trois dimensions.

Lexamen est moins cher et plus disponible que la TEP. De plus,
les traceurs utilisés ont une demi-vie plus longue, cela permet
un intervalle entre I'injection et I'acquisition de I'image.

Cependant cet examen présente aussi quelques inconvénients :
il est moins sensible, la résolution spatiale n’est pas uniforme et
les traceurs disponibles sont moins nombreux.



LA SPECTROSCOPIE IRM

Il s’agit au départ d’'une technique qui permet I'étude de la
structure de molécules chimiques. Comme I'IRM, elle utilise
un champ magnétique pour activer les noyaux, mais la mesure
n'est pas, pour la spectroscopie, uniquement celle de H+,
mais celle de tous les noyaux (31P, 13C, I9F etc.).

La spIRM permet une analyse fonctionnelle cérébrale par
I’'observation du métabolisme et cela sans avoir recours
a des radiotraceurs. Par exemple, la spIRM du proton (H+)
permet I'identification de marqueurs de viabilité neuronale
(N-acétyl-aspartate) et la spIRM du phosphore (31P) permet
une analyse du métabolisme énergétique cellulaire (phospho-
créatine, phosphate inorganique, ATP). La splRM est, a
I’heure actuelle, utilisée uniquement en recherche.

LA SPECTROMETRIE PROCHE DE
L’ INFRAROUGE (NIRS)

La spectrométrie proche de linfrarouge se base sur I'absorp-
tion des rayonnements électromagnétiques par la matiere.
Loxygénation et ’hémodynamique d’un tissu sont évaluées
grace a la différence d’absorption des rayons selon I'oxygéna-
tion de ’hémoglobine et de la myoglobine.

On obtient donc une image de I'activité cérébrale. Cette tech-
nique est aussi, pour l'instant, un outil de recherche.

LES POTENTIELS EVOQUES (PE)

Cette technique a pour principe I'enregistrement des ondes élec-
triques percues au niveau du systéme nerveux central. Les PE
exogenes enregistrent les réponses des voies nerveuses a des
stimuli spécifiques (auditifs, visuels ou somesthésiques). Les PE
endogenes ou PE cognitifs sont, quant a eux, I'observation de
certaines ondes au moment de la réalisation de taches cognitives.

Pour les PE exogenes, on distinguera (i) les PEV ou potentiels
évoqués visuels étudiant les voies visuelles, de I'ceil aux aires
visuelles ; (i) les PEA ou potentiels évoqués auditifs étudiant les
voies auditives, de la cochlée aux aires auditives et (jii) les PES
ou potentiels évoqués somesthésiques étudiant les voies sensi-
tives, des récepteurs sensitifs périphériques aux aires sensitives.
Pour les PE endogenes on distinguera (i) le P300 ou onde ayant
une déflexion positive survenant apres 300 millisecondes lors
d’une tache cognitive comme la détection de stimuli; (ii) la
VCN ou Variation Contingente Négative, liée a I'anticipation
d’un stimulus et (i) la MMN (Mismatch negativity) ou négativité
de discordance, traduisant un changement de stimulus.

La résolution temporelle des PE est trés bonne, et ils permet-
tent également une analyse précise des voies nerveuses. Un
autre avantage est qu'’il s’agit d’une technique peu coliteuse et
tres disponible.

ELECTROENCEPHALOGRAPHIE

LEEG permet la mesure de I'activité corticale au cours du
temps grace aux électrodes qui enregistrent I'activité élec-
trique. Lexamen est surtout utilisé en neurologie, notamment

dans le diagnostic de I'épilepsie, mais il a aussi un role en
psychiatrie, en association par exemple avec la mesure des PE
cognitifs.

Le tracé montre différents rythmes (rythme alpha: 8-13 Hz,
béta: 18-30 Hz, gamma: 30-200 Hz, delta: 0.5-4 Hz, théta:
5-8 Hz, mu: 7-11 Hz) en fonction de I'activité cérébrale
sous-jacente. Ces ondes, corrélées a l'activité cérébrale sous-
jacente des sujets, représentent une imagerie cérébrale a haute
résolution temporelle.

Elle a comme les PE un co(it peu élevé et une tres bonne dispo-
nibilité.

LA MAGNETOENCEPHALOGRAPHIE

Technique proche de 'EEG, la MEG est basée sur la mesure des
champs magnétiques créés par les flux électriques. Elle permet
de la méme fagcon que 'EEG, d’avoir une image de l'activité
cérébrale, avec une haute résolution temporelle. Cependant,
I'analyse est plus fine et permet des mesures cognitives plus
complexes qu’avec 'EEG. Elle a aussi une meilleure résolution
spatiale que 'EEG.

Par contre, le dispositif et I'équipement nécessaires a cet
examen sont plus coliteux et moins disponibles que pour 'EEG.

UTILISATION DE LA
NEUROIMAGERIE EN PSYCHIATRIE

INTRODUCTION

La neuroimagerie structurelle sert au diagnostic différentiel en
clinique psychiatrique afin d’exclure un trouble dit neurolo-
gique (par exemple, un scanner cérébral en urgence permet-
tant d’exclure une hémorragie cérébrale). La neuroimagerie
fonctionnelle est quant a elle un outil de recherche en psychia-
trie alors qu’elle est utilisée en clinique neurologique notam-
ment pour les maladies dégénératives de type maladie
d’Alzheimer. Pourtant, la neuroimagerie cérébrale fonction-
nelle permet de faire le lien entre de multiples pathologies
psychiatriques et leurs substrats neuroanatomiques. Plusieurs
circuits ont déja été mis en évidence comme dans les troubles
de I'attention, la dépression, le trouble obsessionnel compulsif,
la schizophrénie et le stress post-traumatique. Dans certaines
pathologies on peut aussi mettre en évidence des liens plus
précis, non plus seulement entre la pathologie générale et le
changement d’activité cérébrale, mais, plus spécifiquement,
entre un symptome de cette pathologie et un changement
d’activité au niveau d’un site particulier cérébral. Cela a été
étudié notamment dans le trouble obsessionnel compulsif et la
dépression.

Certaines études ont analysé I'activité cérébrale (1) au repos,
(2) d’autres au cours de taches: (i) exécutives, mnsésiques ou
cognitives, (ii) constituées de stimuli externes comme des
images de visages ou des sons, ou de stimuli internes comme
des images mentales, (iii) spécifiques ou non a la pathologie

UTILITE DE LA NEUROIMAGERIE EN PSYCHIATRIE
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observée, par exemple en induisant des symptémes spécifiques
(tristesse, obsession, etc.). Ces différents modéles permettent
de différencier une anomalie présente au repos d’une anoma-
lie, déficit ou hyperactivation, se déclarant lors d’activités céré-
brales précises, ce qui permet souvent une définition plus
précise des anomalies décelées (Remijnse et al., 2006).

La difficulté en psychiatrie vient de la grande hétérogénéité des
pathologies, de la grande variabilité (i) interindividuelle pour
une méme pathologie (comme la dépression) et (ii) intraindivi-
duelle, au cours du temps, pour un méme patient. Cela engen-
dre une faible reproductibilité des études réalisées et nécessite
de la part des chercheurs une bonne description des échan-
tillons cliniques afin de mieux interpréter les résultats observés.

ENDOPHENOTYPE

Le génotype spécifique des pathologies psychiatriques est diffi-
cile a mettre en évidence. Par contre, le phénotype des patho-
logies psychiatriques est bien connu, ce sont les troubles
psychiques rapportés et les comportements observés tant par
le patient que par le spécialiste. Pour tenter d’approcher le
génotype, le concept d’endophénotype ou phénotype intermé-
diaire a été proposé. Lendophénotype n'est pas directement
observable — contrairement au phénotype — mais est plus facile-
ment quantifiable et est plus proche du génotype que le phéno-
type. Un endophénotype doit étre (i) associé a la maladie, (ii)
controlé au moins partiellement par la génétique, (iii) objecti-
vement mesurable et (iv) plus simple a étudier que le phéno-
type (Bigos et Hariri, 2007 ; Hariri et Weinberger, 2003 ;
Mitterschiffthaler et al., 2006).

Le fait que certaines pathologies ont un caractere génétique est
communément admis. La question reste cependant de savoir
quelle est 'anomalie transmise génétiquement. Dans le but
d’une meilleure compréhension des maladies psychiatriques et
de cette transmission génétique, la neuroimagerie peut
permettre de faire un lien avec la génétique et servir a mettre
en évidence des endophénotypes liés a une pathologie. Il s’agit
de faire le lien entre certains polymorphismes génétiques et des
circuits nerveux liés directement a des pathologies psychia-
triques. Limagerie cérébrale a déja permis de faire ce lien dans
différentes pathologies. Dans la schizophrénie par exemple, on
a mis en évidence un lien entre le polymorphisme du gene de
la catécholamine O-méthyltranférase (COMT) et des différen-
ces en IRMf au niveau du cortex préfrontal durant des taches
mnésiques, alors que la tache en elle-méme (phénotype) n’était
pas différemment réalisée (Mitterschiffthaler et al., 2006).

Le fait d’utiliser la neuroimagerie pour mettre en évidence des
endophénotypes permet d’étre plus précis, plus sensible, plus
objectif et plus proche de la génétique. Grace a cela on pour-
rait mettre en évidence des sous-groupes a l'intérieur des
pathologies et ainsi cibler des traitements appropriés.

DIAGNOSTIC

En dehors de la psychiatrie, la neuroimagerie possede un roéle
diagnostique primordial. La neuroimagerie structurelle peut

permettre, entre autres, la mise en évidence de tumeurs céré-
brales, de certains foyers épileptogenes et de certains accidents
vasculaires cérébraux. La neuroimagerie fonctionnelle quant a
elle peut apporter des arguments en faveur d’un diagnostic de
dégénérescence cérébrale, telle la maladie d’Alzheimer.

En psychiatrie, la neuroimagerie n'est pas utilisée pour le
diagnostic précoce de pathologie, car la clinique prime de
maniéere générale pour le diagnostic. Cependant, elle peut avoir
une utilité dans certains troubles complexes ou le diagnostic
n'est pas clair cliniquement, ou lorsque le patient répond mal a
un traitement. Dans de telles situations, une imagerie fonction-
nelle peut mettre en évidence des anomalies de [lactivité
cérébrale, pouvant se révéler typiques d’une pathologie. Par
exemple, dans le trouble du déficit de I'attention avec hyperac-
tivité (TDAH), on retrouve des anomalies qui seraient spéci-
fiques du trouble (Rubia et al., 1999 ; Rubia et al., 2005) et qui
pourraient se révéler utiles devant une interrogation diagnos-
tique chez un enfant.

Grace aux techniques de neuroimagerie fonctionnelle, on peut
aussi tenter de subdiviser les maladies psychiatriques en sous-
types, selon les symptomes et leur corrélation en imagerie
(Gustafsson et al., 2000).

Actuellement, les techniques de neuroimagerie ne sont pas
utilisées dans la pratique habituelle de la psychiatrie, mais I'ex-
pansion de ces techniques et la compréhension grandissante
des substrats neuroanatomophysiologiques des maladies
psychiatriques pourraient, dans le futur, conférer un réle
diagnostique de plus en plus important a ces techniques.

TRAITEMENT

La neuroimagerie pourrait aussi devenir un outil important dans
le traitement des maladies psychiatriques.

Lactivité cérébrale observée avant traitement chez les patients
qui sont par la suite de bons répondeurs au traitement pourrait
étre utilisée comme standard prédictif d’'une bonne réponse a
ce traitement. Ceci a été réalisé pour comparer des traite-
ments pharmacologiques, mais aussi d’autres comme la théra-
pie comportementale dans le Trouble Obsessionnel Compulsif
(Evans et al., 2006 ; Kobayashi et al., 2007).

On peut aussi comparer |'activité cérébrale de différentes
pathologies qui sont traitées avec la méme molécule chimique.
Ces comparaisons permettent d’avoir une meilleure compré-
hension du mécanisme des médicaments utilisés. Ainsi par
exemple, on a pu déterminer que, si la fluoxétine était active
dans la dépression et dans les TOC, ce n’était cependant pas
par le méme mécanisme d’action. En effet, les patterns d’acti-
vité pré- et post- traitement, et donc I'action du médicament,
ne sont pas du tout les mémes dans les deux pathologies (Evans
et al., 2006).

La neuroimagerie peut s’avérer également utile dans la
neurochirurgie des troubles psychiatriques. Tout d’abord elle
permet une visualisation précise en préopératoire, ainsi qu’un
contréle postopératoire. Mais elle peut aussi, comme pour les



traitements pharmacologiques et psychothérapeutiques,
apporter un indice prédictif de la réponse au traitement

chirurgical.

Grace aux valeurs prédictives obtenues par la neuroimagerie, il
serait alors possible de préconiser un traitement plutot qu’un
autre selon la prédiction d’efficacité. Cela pourrait étre particu-
lierement intéressant dans les cas ou le traitement est onéreux,
ou dans les cas ou le traitement présente des risques d’effets
secondaires ou des risques de complications, comme c’est le
cas en neurochirurgie.

ILLUSTRATIONS CLINIQUES DE
L'INTERET DE L’ IMAGERIE
CEREBRALE EN PSYCHIATRIE

Nous allons discuter de cing pathologies psychiatriques pour
lesquelles plusieurs études utilisant la neuroimagerie fonction-
nelle ont été réalisées. Il ne s’agit bien slr pas d’une revue
exhaustive de ce qui a été étudié par la neuroimagerie en
psychiatrie, mais bien d’illustrations d’application en recherche
et en clinique. Pour chacune des pathologies présentées, nous
allons préciser (i) les aires cérébrales impliquées, (ii) les fonc-
tions cognitives perturbées et (iii) les applications cliniques qui
en découlent.

Il faut signaler que les pathologies étudiées sont tres hétéroge-
nes et que les résultats des différentes études réalisées ne sont
pas toujours concordants (reproductibilité variable des études).
C’est pourquoi il est encore difficile a I'heure actuelle de défi-
nir, par des résultats statistiquement significatifs, les sites exacts
impliqués et les processus cognitifs perturbés dans ces diffé-
rentes pathologies. Parfois le nombre de sujets étudiés est
faible et il est alors difficile d’obtenir des résultats statistique-
ment concluants au niveau de la population. Par ailleurs, il faut
bien se rendre compte que plus une étude est sélective et
contrdlée, plus elle sera reproductible, mais plus on s’éloignera
des patients rencontrés en pratique clinique.

DEPRESSION

Aires cérébrales impliquées. Les anomalies décelées sont un défi-
cit de perfusion au niveau cortical (préfrontal ventromédial,
cingulaire et pariétal postérieur), des anomalies au niveau sous-
cortical et limbique (région striatale, amygdalienne, hippocam-
pique et thalamique) (Andreasen, 1997 ; Beauregard et al,
1998 ; Drevets, 1998; Drevets, 2003 ; Elliott et al.,, 1997;
Evans et al., 2006 ; Mitterschiffthaler et al., 2006).

Fonctions cognitives. De nombreux déficits cognitifs (mnésiques,
attentionnels ou exécutifs) ont été mis en évidence dans la
dépression par l'utilisation de différents tests (Chamberlain et
Sahakian, 2006). De plus, certaines caractéristiques de la
dépression ont été étudiées (exemple: 'humeur dépressive,
I'attention spécifique pour des stimuli négatifs, les ruminations,
I'agressivité liée a la dépression) (Dougherty et al., 2004;
Mitterschiffthaler et al., 2006).

Implications générales et applications cliniques. La neuroimagerie
permet une meilleure compréhension de la maladie en faisant
le lien entre la neurophysiologie et certaines caractéristiques de
la dépression (Mitterschiffthaler et al., 2006). Ainsi, différentes
études ont cherché a subdiviser la dépression en plusieurs sous-
types et a voir quels étaient les corrélats cérébraux des diffé-
rents symptomes du syndrome dépressif. Par exemple,
Dougherty et al. ont comparé, en utilisant la TEP, (i) les épiso-
des dépressifs majeurs avec crise d’agressivité (MDD+A), (ii)
les épisodes dépressifs majeurs sans crise d’agressivité (MDD-
A) et (iii) des sujets contréles au cours de I'induction de la
colere (Dougherty et al., 2004). lls ont ainsi vu que I'induction
de la colere induisait une hyperactivation au niveau ventromé-
dial du cortex préfrontal. Cette hyperactivation était significati-
vement moins importante chez les sujets MDD+A. De plus,
chez le sujet contrdle I'hyperactivation est associée a un déficit
d’activation au niveau de I'amygdale, alors que chez le sujet
MDD +A les variations préfrontales et amygdaliennes vont dans
le méme sens. Comme on connait par ailleurs les liens entre le
cortex ventromédial préfrontal et I'activité de I'amygdale
(Johnstone et al., 2007), on comprend mieux que la régulation
émotionnelle perturbée chez les patients déprimés est le résul-
tat d’'une dysconnectivité dans un réseau cortical et sous-
cortical (Greicius et al., 2007 ; Seminowicz et al., 2004).

Par ailleurs, 'IRM fonctionnelle permet d’obtenir des images
prédictives de I'efficacité d’'un traitement (Evans et al., 2006 ;
Kobayashi et al., 2007), grace aux patterns d’activité cérébrale
en pré-traitement qui varient selon qu'il s’agit d’'un bon répon-
deur ou non. Au niveau thérapeutique, signalons aussi I'utilisa-
tion de la neuroimagerie en neurochirurgie fonctionnelle
(cingulotomie) dans les cas de dépressions séveres et réfractai-
res aux thérapeutiques habituelles. Celle-ci permettrait une
visualisation préalable des sites a atteindre en chirurgie, une
visualisation durant I'opération (systéme de neuronavigation),
une visualisation ultérieure de l'acte réalisé, mais aussi peut-
étre une valeur prédictive de la neurochirurgie tout comme
dans les traitements médicamenteux.

TROUBLE OBSESSIONNEL COMPULSIF (TOC)

Aires cérébrales impliquées. Une hyperactivation a été observée
au niveau cortical (orbitofrontal et cingulaire antérieur), ainsi
qu'au niveau sous-cortical (région striatale et thalamique)
(Evans et al., 2006 ; Menzies et al., 2008 ; Mitterschiffthaler et
al., 2006 ; Saxena et Rauch, 2000; Whiteside et al.,, 2004 ;
Whiteside et al., 2006). Dans d’autres études, une réduction de
Pactivité corticale frontostriatale et une hyperactivité (peut-
étre compensatrice) des régions corticales (préfrontale dorso-
latérale et cingulaire), ainsi qu’au niveau hippocampique et
parahippocampique ont été mises en évidence (Rauch et al,,
1997).

Fonctions cognitives. De nombreux tests ont mis en évidence
plusieurs déficits cognitifs chez les patients obsessionnels-
compulsifs (Chamberlain et al., 2005). Les inhibitions cognitive
et comportementale pourraient étre des marqueurs endophé-
notypiques du trouble. Utilisant un autre paradigme dans ce
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trouble (tache d’apprentissage réversible qui consiste a appren-
dre a détecter une cible d’'une maniére puis de la maniere
inverse) une étude a exploré les circuits de la récompense,
ceux de la punition et les changements affectifs qui découlent
de l'activation de ces deux circuits (Remijnse et al., 2006).

Implications générales et applications cliniques. Certaines études
ont subdivisé le trouble obsessionnel compulsif par symptémes
(Mitterschiffthaler et al., 2006) (lavage, vérification et accumu-
lation) et elles tendent a montrer que les différents symptomes
sont influencés par des voies nerveuses distinctes (Mataix-Cols
et al., 2004).

La neuroimagerie peut aussi servir a la prédiction de réponse au
traitement (Evans et al., 2006 ; Kobayashi et al., 2007). Il existe,
tout comme pour la dépression, des patterns d’activité céré-
brale en prétraitement différents pour les répondeurs ou les
non répondeurs au traitement. Par exemple, les bons répon-
deurs au traitement par inhibiteurs sélectifs de la capture de la
sérotonine (ISRS) auraient une hypoactivation orbitofrontale
gauche, alors qu’au contraire, les bons répondeurs au traite-
ment par thérapies comportementales auraient plutét une
hyperactivation de ce site (Evans et al., 2006). Dans une autre
étude, un lien entre un déficit de 'activité orbitofrontale, une
hyperactivité du cortex cingulaire postérieur et une bonne
réponse au traitement par fluvoxamine a été mis en évidence
chez des patients spécifiquement atteints de TOC avec theme
de contamination (Rauch et al., 2002). Certaines recherches
ont aussi été réalisées pour tenter de trouver des loci qui pour-
raient prédire une bonne réponse a la neurochirurgie. Une
étude a ainsi été réalisée, de facon rétrospective chez des
patients présentant un TOC et ayant subi une cingulotomie
antérieure. Une relation entre les bons répondeurs (évalués
selon I'échelle Y-BOCS) et une augmentation du métabolisme
au niveau cingulaire postérieur droit a été mise en évidence
(Rauch et al., 2001).

LE STRESS POST TRAUMATIQUE (PTSD)

Aires cérébrales impliquées. Les anomalies décelées dans le
PTSD se situeraient au niveau cortical (préfrontal médial, fron-
tal inférieur, cingulaire antérieur) et au niveau limbique (régions
amygdalienne et hippocampique) (Bremner, 2007 ; Hull, 2002 ;
Phan et al., 2006 ; Rauch et al., 2006 ; Rossi et al., 2006 ; Shin et
al., 2004). Des études réalisées en TEP comparent des vétérans
de la guerre du Vietnam avec et sans PTSD et des sujets
contrdles (Rauch et al., 2006 ; Shin et al., 2004). Une étude
montre un déficit d’activité au niveau du cortex préfrontal
médial et une hyperactivité au niveau amygdalien, ces deux
anomalies étant inversement proportionnelles, durant la symp-
tomatologie du PTSD (reviviscence des événements traumati-
sants) (Rauch et al., 2006). Par contre, dans une autre étude, les
deux zones citées sont hypoactivées et les anomalies observées
seraient proportionnelles a 'ampleur des symptémes (Shin et
al., 2004).

Fonctions cognitives. De nombreuses fonctions cognitives
seraient perturbées, comme les troubles mnésiques (Bremner,
2007 ; Hull, 2002 ; McNally, 2006), le conditionnement a la

peur, I'habituation, I'extinction, les interactions cognitives et
émotionnelles, le traitement d’informations émotionnelles
relatives a soi et aux autres (Liberzon et Sripada, 2008 ; Rauch
et al., 2006).

Implications générales et applications cliniques. Les études en
imagerie cérébrale ont permis de mieux comprendre la physio-
pathologie du PTSD. (i) De maniére générale, le systéeme
limbique serait relié a la mémoire autobiographique épisodique,
a l'anxiété et a la peur. Lamygdale aurait un réle dans I'acquisi-
tion des associations engendrant la peur et 'hippocampe dans
I'appréciation de la sécurité de I'environnement, dans I'appren-
tissage et la mémoire (Rauch et al., 2006). (ii) Au niveau corti-
cal, le cortex préfrontal aurait un réle dans I'attention portée
aux stimuli liés au traumatisme, dans les réponses a la peur et
dans la mémoire verbale (Hull, 2002 ; Rauch et al., 2006). De
plus, le cortex médial préfrontal serait impliqué dans la contex-
tualisation des stimuli, et la dérégulation de cette fonction de
contextualisation jouerait un réle clé dans la constitution des
symptomes du PTSD (Liberzon et Sripada, 2008). Au niveau
frontal inférieur, I'aire de Broca jouerait un role dans I'expres-
sion, la communication et la description de I'expérience trau-
matisante. Enfin, le cortex cingulaire aurait un réle dans les
réponses émotionnelles (Hull, 2002).

Les applications cliniques décrites jusqu’a présent sont surtout
d’ordre thérapeutique. Premiérement, la neuroimagerie a un
réle dans la recherche de cible thérapeutique (Hull, 2002;
Rossi et al., 2006) : par exemple, on cherche a prévenir, stop-
per ou inverser les dommages hippocampiques (Hull, 2002).
Ensuite, une hypothése a été émise selon laquelle la stimulation
transcranienne magnétique au niveau dorsolatéral préfrontal
serait bénéfique dans les symptomes d’évitement et d’anxiété
(Rossi et al., 2006). Enfin, grace a la neuroimagerie, on a pu faire
le lien entre la difficulté a réaliser des thérapies basées sur
I'expression verbale dans le PTSD et I'hypoactivité percue au
niveau de l'aire de Broca (Hull, 2002).

SCHIZOPHRENIE

Aires cérébrales impliquées. Les anomalies mises en évidence se
situent au niveau cortical (préfrontal -déficit d’activation-,
temporal —suractivation-, pariétal et cingulaire), au niveau sous-
cortical et limbique (striatal, thalamique et parahippocampique)
et au niveau du cervelet (Andreasen, 1997 ; Haenschel et al.,
2007 ; Heckers et al., 1999 ; Hugdahl et al., 2004 ; Rubia et al.,
2001).

Fonctions cognitives. De nombreux domaines cognitifs sont alté-
rés chez les patients schizophrenes: I'attention, les fonctions
exécutives, la mémoire de travail verbale et visuospatiale, d’au-
tres types de mémoire comme la mémoire sémantique et
épisodique, et I'apprentissage (Frangou et al., 2008 ; Kuperberg
et Heckers, 2000; Mortimer, 1997 ; Sharma et Antonova,
2003 ; Tyson et al., 2006 ; Weinberger et Gallhofer, 1997).

Implications générales et applications cliniques. La neuroimagerie
permet de proposer des sous-types cliniques (endophénoty-
pes) de la schizophrénie. On a pu, par exemple, montrer que



les anomalies frontales étaient plutot associées a une schizo-
phrénie déficitaire (prédominance de symptomes négatifs),
alors que les anomalies temporales étaient plutot associées a
une schizophrénie non déficitaire (Heckers et al., 1999).

Une autre facon de caractériser la schizophrénie est de la diffé-
rencier sur un mode temporel. Ainsi, on a essayé d’établir la
différence entre I'état psychotique et le trait psychotique. Pour
un méme patient, I'activité cérébrale sera différente dans le
temps, suite a la prise du traitement neuroleptique. Le déficit
d’activation fronto-thalamo-cortical gauche est plutét lié au
trait psychotique, alors que le déficit au niveau du circuit droit
est plutot lié a I'état psychotique (Mendrek et al., 2004).

Différents troubles cognitifs ont pu étre associés a des modula-
tions du métabolisme cérébral. LIRM fonctionnelle associée a
des taches arithmétiques a montré une diminution de l'activa-
tion au niveau préfrontal et une suractivation (peut-étre
compensatrice) au niveau pariétal (Hugdahl et al., 2004).
Certaines études ont étudié les hallucinations. On a pu montrer
des diminutions du flux sanguin au niveau du centre de la parole
et de I'aire motrice secondaire chez les personnes présentant
des phénomenes hallucinatoires. Des examens réalisés durant
les hallucinations ont pu, quant a eux, montrer une activation au
niveau du cortex cingulaire antérieur, du striatum, du thalamus,
au niveau parahippocampique et du cervelet (Andreasen,
1997). D’autres études ont étudié la mémoire : par exemple
une étude a utilisé les PE pour étudier la mémoire de travail
(Haenschel et al., 2007). Grace aux PEV et a I'IlRM fonction-
nelle, associés a des taches de mémoire visuelle (encodage et
restitution), elle a pu mettre en évidence un déficit visuel (au
niveau des potentiels évoqués) et une diminution de I'activation
des aires visuelles associées en IRM fonctionnelle. Cela suggere
un déficit précoce de traitement de I'information (processing)
dans la schizophrénie.

TROUBLE DU DEFICIT DE L’ATTENTION AVEC
HYPERACTIVITE (TDAH)

Aires cérébrales impliquées. La majorité des études montrent
des anomalies au niveau cortical sous forme soit d’une hypoac-
tivité (ventrolatéral préfrontal et cingulaire antérieur) soit d’'une

hyperactivité (aires sensitives primaires) ainsi que des anoma-
lies sous-corticales (striatum) et cérébelleuses (Bush et al.,
1999 ; Bush et al., 2005; Durston, 2003 ; Gustafsson et al.,
2000 ; Kelly et al., 2007 ; Lou et al., 1984 ; Lou et al., 1989 ; Lou
et al.,, 1990; Lou et al., 1998 ; Mitterschiffthaler et al., 2006 ;
Pliszka et al., 2006 ; Rubia et al., 1999 ; Rubia et al., 2005 ; Shaw
et al., 2007).

Fonctions cognitives. Le déficit mis en évidence se situerait au
niveau des fonctions exécutives, qui comprennent la maniere
dont vont étre planifiés les actes de résolution d’un probleme,
la capacité de résolution des problemes, la mémoire de travail,
l'inhibition des actes inappropriés et la possibilité de les rempla-
cer par d’autres appropriés (voir par exemple (Castellanos et
al., 2006 ; Nichols et Waschbusch, 2004).

Implications générales et applications cliniques. Différents trou-
bles cognitifs ont été corrélés a une modulation de lactivité
cérébrale. Ainsi, 'anomalie décrite au niveau des aires sensiti-
ves primaires (Shaw et al., 2007) pourrait étre reliée a un
hyperfonctionnement des processus sensitifs. Le déficit au
niveau cingulaire serait, lui, plus particulierement lié au déficit
d’attention, de motivation, a l'inhibition et a la prise de décision
(Bush et al.,, 1999). Plusieurs études se sont intéressées au
contrdle de linhibition chez les patients TDAH (Pliszka et al.,
2006 ; Rubia et al., 2005). Par exemple, chez les patients ayant
un TDAH, il y a un défaut d’activation du cortex cingulaire anté-
rieur et du cortex préfrontal ventrolatéral gauche, aprés un
échec d’inhibition (Pliszka et al., 2006). De plus, chez des
patients TDAH exempts de tout traitement pharmacologique,
une diminution d’activation du cortex préfrontal inférieur droit
surviendrait lorsque I'inhibition motrice est un succés et
surviendrait au niveau du cortex cingulaire postérieur et du
précuneus lorsque I'inhibition est un échec (Rubia et al., 2005).
Ces études nous montrent que les patients TDAH auraient de
moins bonnes réponses a I'erreur et au conflit.

Par ailleurs, d’'un point de vue étiopathogénique, le TDAH
serait divisé en un trouble neurodéveloppemental lié a un défi-
cit au niveau du lobe frontal et en un trouble cognitivo-moteur
lié a des anomalies temporales, cérébelleuses et sous-corticales
(Gustafsson et al., 2000).

CONCLUSION

post-traumatique et la schizophrénie).

Bien que réservée longtemps a la recherche, I'imagerie cérébrale pourrait bientét prendre une place de plus en plus
importante en clinique tant (i) pour I'identification d’endophénotypes permettant de se rapprocher du génotype de certains
troubles psychiques que (ii) pour la mise au point diagnostique et (jii) pour la prédiction de réponse a un traitement.

Les méthodes d’imagerie sont nombreuses et permettent, seules ou en association, de mettre I'accent sur la structure du
cerveau (résolution structurelle) et / ou sur le fonctionnement des régions cérébrales, ainsi que d’avoir une idée quant au
décours temporel des événements neuronaux perturbés (résolution temporelle).

Nous avons illustré brievement les applications cliniques de la neuroimagerie en présentant cinq maladies psychiatriques
fréquentes (le trouble du déficit de I'attention avec hyperactivité, la dépression, le trouble obsessionnel compulsif, le stress
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RESUME

La neuroimagerie cérébrale a une place grandissante en
psychiatrie. Au départ uniquement structurelle, elle permet
une meilleure compréhension de la physiopathologie des trou-
bles psychiatriques par ses applications fonctionnelles. Méme si
les premieres utilisations de I'imagerie en psychiatrie étaient
réservées a la recherche scientifique, de nombreux réles poten-
tiels tant pour le diagnostic que pour le traitement semblent
émerger. Nous présentons dans cet article les différents outils

d’imagerie cérébrale structurelle et fonctionnelle. Ensuite nous
évoquons la place de ces outils en psychiatrie tant pour la
recherche que pour la clinique. Enfin, nous décrivons briéve-
ment les régions cérébrales impliquées et quelques illustrations
cliniques de la neuroimagerie cérébrale dans cing maladies
psychiatriques fréquentes (le trouble du déficit de I'attention
avec hyperactivité, la dépression, le trouble obsessionnel
compulsif, le stress post-traumatique et la schizophrénie).
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4.1.2. Function of attention and emotion in visual perception:

implications for neurocognitive dysfunctions in depression.

From

Desseilles M, Ansseau M, Maquet P, Schwartz S, Rél€attention et de I'émotion
dans la perception visuelle : implications pour temubles neurocognitifs dans la
dépression. Acta Psychiatrica Belgica, 108(4), 2Q0824.

Summary

Interactions between the attentional system, thetiemal system and perception are
multiple and complex. It is progressively that wal wy to approach them. Firstly,
we will describe concepts of « bottom-up » (ascegdiux of information) and « top-
down » mechanisms (descending flux of informaticag, well as the principle of
recurrent network. This will remind us that cogvetifunctions are organized in
modules and hierarchically in the brain. This ofgation ensures a large capacity of
adaptation to the brain architecture. The secomt gdathe paper will focus on the
influence of voluntary attention and emotion ongegtion. Finally, using depression
as an example, we will show to what extent goodrattion between emotional and

attentional processes is crucial for an efficienoicpssing of sensorial information.
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ROLE DE L’ATTENTION ET DE L'EMOTION
DANS LA PERCEPTION VISUELLE :

LEURS IMPLICATIONS DANS LES TROUBLES
NEUROCOGNITIFS DE LA DEPRESSION

Martin Desseilles'- 2 *, Marc Ansseau?, Pierre Maquet' 3., Sophie Schwartz* 5.

INTERACTIONS BETWEEN THE ATTENTIONAL SYSTEM, THE EMOTIONAL SYSTEM AND PERCEPTION ARE MULTIPLE AND COMPLEX. IT IS PROGRESSIVELY
THAT WE WILL TRY TO APPROACH THEM. FIRSTLY, WE WILL DESCRIBE CONCEPTS OF « BOTTOM-UP » (ASCENDING FLUX OF INFORMATION) AND «
TOP-DOWN » MECHANISMS (DESCENDING FLUX OF INFORMATION), AS WELL AS THE PRINCIPLE OF RECURRENT NETWORK. THIS WILL REMIND US
THAT COGNITIVE FUNCTIONS ARE ORGANIZED IN MODULES AND HIERARCHICALLY IN THE BRAIN. THIS ORGANIZATION ENSURES A LARGE CAPACITY
OF ADAPTATION TO THE BRAIN ARCHITECTURE. THE SECOND PART OF THE PAPER WILL FOCUS ON THE INFLUENCE OF VOLUNTARY ATTENTION AND
EMOTION ON PERCEPTION. FINALLY, USING DEPRESSION AS AN EXAMPLE, WE WILL SHOW TO WHAT EXTENT GOOD INTERACTION BETWEEN
EMOTIONAL AND ATTENTIONAL PROCESSES IS CRUCIAL FOR AN EFFICIENT PROCESSING OF SENSORIAL INFORMATION.

MECANISMES « BOTTOM-UP » ET
« TOP-DOWN »

Prenez une scéne de la vie quotidienne. Typiquement, elle
présentera une grande richesse d’informations visuelles
comprenant des couleurs, des contrastes de luminance, des
formes variées, peut-étre du mouvement et des objets divers.
Etant donné la capacité de traitement limitée du systeme
visuel, ces différents objets sont en compétition pour une
représentation neuronale (Aston-Jones et al., 1999 ; Duncan
et al.,, 1997; Duncan, 1998; Duncan, 2006; Kastner et
Ungerleider, 2001 ; Pessoa et al, 2003). Comment cette
compétition a-t-elle lieu? Peut-on I'influencer? Si, par exem-
ple, vous cherchez un ami dans une foule, vous serez comme
aveugle aux inconnus qui pourtant passent devant vos yeux
pour ne détecter que votre ami (Levin et al., 2002a; Levin et
al., 2002b ; Simons et al., 2002 ; Varakin et Levin, 2006). Si en
revanche un personnage aux allures excentriques apparaissait
dans la foule, il est bien possible que votre attention soit auto-
matiquement attirée par cet objet visuel insolite. Cet exemple
illustre que la compétition entre les multiples objets dans le
cortex visuel peut étre biaisée par des mécanismes dits « top-
down » (littéralement : « du haut vers le bas ») tels que I'atten-
tion volontaire, mais également par des influences dites
« bottom-up » (littéralement: «du bas vers le haut») consti-
tuées par la saillance ou I'impact perceptif des informations
sensorielles (Corbetta et Shulman, 2002 ; Hopfinger et al.,
2000).

I Centre de Recherches du Cyclotron, Université de Liége, Belgique
Département de Psychiatrie, Université de Liege, Belgique
Département de Neurologie, Université de Liege, Belgique
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Des études en imagerie cérébrale fonctionnelle ont montré
que, a la fois en présence et en I'absence de stimulation
visuelle, des signaux biaisés dus a Pattention sélective
peuvent moduler I'activité neuronale dans le cortex visuel
(Tootell et Hadjikhani, 2000; Vanduffel et al., 2000). En
particulier, bien que la compétition entre les différents
stimuli soit résolue in fine dans le cortex visuel, la source des
effets «top-down » sur l'information visuelle entrante
provient d’un réseau de régions corticales frontales et
pariétales.

Ainsi, un objet présenté seul dans le champ visuel est plus faci-
lement traité que s’il y a deux objets. A cause des ressources
limitées de traitement de données, plusieurs objets présents
en méme temps dans le champ visuel sont en compétition pour
une représentation neuronale.

Pour résumer, deux mécanismes attentionnels sont en
constante interaction. Ces deux mécanismes sont le reflet
d’une compétition pour la représentation neuronale de diffé-
rents stimuli sensoriels. Ainsi, les propriétés d’un stimulus
externe, telles que sa saillance perceptive, auront une
influence « bottom-up » qui viendra interagir avec nos inten-
tions ou nos buts qui eux constituent I'influence «top-
down ». Lexemple de la recherche d’un ami dans une foule
que nous avons décrit plus haut illustre combien les deux
mécanismes sont étroitement liés. Nous verrons qu'’ils
peuvent agir a différents niveaux de I'organisation fonction-
nelle du cerveau.
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ORGANISATION MODULAIRE
ET HIERARCHIQUE DU SYSTEME
NERVEUX CENTRAL

Le monde externe est des le départ représenté sous forme de
cartes dans le cortex humain. Ainsi, de nombreuses cartes
somato-sensibles ou motrices ont été décrites au cours de ces
derniéres décennies (pensons a I’homunculus de Penfield
(Penfield et Rasmussen, 1950). De plus, des cartes rétinoto-
piques dans le cortex visuel et tonotopiques dans le cortex
auditif ont été découvertes chez le primate et chez I’humain
(Formisano et al., 2003 ; Guimaraes et al.,, 1998; Sereno,
1998 ; Talavage et al., 2000 ; Van Essen et al., 2001 ; Wandell et
al,, 2005).

Ainsi, au niveau du cortex visuel, I'influx visuel passe par la
rétine, le nerf visuel, décusse dans le chiasma optique, passe
ensuite par le corps genouillé latéral se situant a I'arriere du
thalamus, puis va dans le cortex visuel d’abord en VI puis en
V2 et, selon les caractéristiques du stimulus, projette dans
différentes régions codant pour des attributs spécifiques.
Différentes régions sont spécialisées pour le traitement des
couleurs (V4 pour « Extrastriate Visual Cortical Area number
4» ou «Aire visuelle corticale extrastriée numéro 4»), le
mouvement (MT/V5 pour « Medial Temporal » ou « Temporal
Médial » et « Extrastriate Visual Cortical Area number 5 » ou
«Aire visuelle corticale extrastriée numéro 5 »), les visages
(FFA pour «Fusiform Face Area» ou «Aire Fusiforme des
Visages »), les lieux (PPA pour «Parietal Place Area» pour
« Aire Pariétale des Lieux », etc. (figure I)].

Figure |

Différentes régions du cortex strié ainsi que de la voie ventrale et de
la voie dorsale du cortex visuel sont spécialisées pour le traitement de
différents stimuli visuels. Sur la figure sont représentés la région prin-
cipale du traitement des couleurs (V4), du mouvement (MT/V5), des
visages (FFA), des lieux (PPA).

CIRCUITS RECURRENTS

Habituellement, une action (physique ou psychique) se
déroule dans le temps comme une séquence de mouvements
ou de pensées. Or, toute action ou pensée organisée nécessite
une capacité d’adaptation aux contraintes et situations actuel-
les. Ceci implique une interaction entre des informations
passées et des informations nouvelles pour modeler et
produire des actions adéquates. Lintégration entre ces diffé-
rents types d’informations est assurée par des circuits céré-
braux récurrents entre des voies ascendantes « bottom-up » et
voies descendantes « top-down » (Churchland, 1999).

Les études récentes montrent que le cerveau génere un tres
grand nombre de projections descendantes entre deux popu-
lations neuronales qui sont souvent plus nombreuses que les
projections ascendantes.

Ainsi, par exemple, le corps genouillé latéral (CGL) projette
des axones ascendants vers le cortex visuel primaire (figure I,
adapté de Purves et al., 2004). Les neurones du cortex visuel
projettent en retour quasiment |0 fois plus d’axones descen-
dants pour établir des connexions synaptiques avec le CGL
(Bear et al., 1997). Si I'activité des neurones corticaux est
déclenchée par I'activité des neurones du CGL (par les voies
ascendantes depuis la rétine), en retour, I'influence des neuro-
nes du cortex visuel sur le CGL est fonctionnellement encore
plus importante. De la méme maniére, il existe des connexions
ascendantes et descendantes entre différentes régions du
cortex visuel (Bullier, 2004).

Figure Il

Chiasma
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Linformation visuelle passe par la rétine, le nerf optique, le chiasma
optique, le corps genouillé latéral, les radiations optiques et ensuite
arrive au cortex visuel primaire.
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MEMOIRE ET PLASTICITE
CEREBRALE

Lapprentissage peut étre défini comme un processus
permettant de conserver des informations acquises, des états
affectifs et des impressions capables d’influencer le comporte-
ment. Ainsi, la perception comme la mémoire ne sont pas
entiérement fidéles et subissent des modifications et des
transformations qui résultent du traitement en paralléle de
I'information au niveau du cortex. Dans ce contexte, il est
intéressant de remarquer que le souvenir de quelque chose
n'est pas si différent, au niveau neurobiologique, de sa
perception : les deux mettent en jeu un réseau neuronal trés
similaire (Bear et al., 1997). Ce phénomeéne observé avait été
théorisé par Donald Hebb dans sa théorie des assemblées
cellulaires de neurones. Selon Hebb, I'engramme représen-
tant une sensation ou une perception particuliere (c’est-a-dire
la trace mnésique) implique des connexions qui relient
plusieurs assemblées de cellules entre elles, celles-la méme
qui sont associés a cette sensation ou perception (Bear et al.,
1997).

Les chercheurs ont mis en évidence au moins quatre facteurs
susceptibles de moduler le traitement des informations et leur
mémorisation : |'attention, la motivation, I’émotion et le
contexte (Bear et al., 1997). Ces facteurs représentent des
influences « top-down » sur le traitement de I'information.

1) Le degré d’attention, de concentration, de vigilance et d’éveil
(Gallagher, 2000). Ainsi, des troubles de I'attention peuvent
diminuer radicalement les performances mnésiques en
modulant la perception du monde. Par ailleurs, I'effort
conscient de répétition ou d’intégration de I'information
améliore les capacités mnésiques.

2) Lintérét, la motivation, le besoin ou la nécessité. Détecter
des informations pertinentes et apprendre est plus facile
quand le sujet vous passionne. La motivation est donc un
facteur qui contribue positivement a la mémoire.

3) Les valeurs dffectives associées aux expériences, I'humeur et
le degré d’émotion de I'individu (LaBar, 2003 ; LaBar et
Cabeza, 2006 ; McGaugh et al., 2000). Beaucoup de gens
se rappellent par exemple ou ils étaient quand ils ont
appris l'attentat du || septembre 2001 aux « Twin

Towers ». Le traitement immédiat et I'encodage en

mémoire des événements chargés d’émotion par le

cerveau est facilité.

4) Le contexte (le lieu, I'éclairage, les odeurs, les bruits, etc.).
Il accompagne une expérience et s’enregistre avec les
données a mémoriser. Nos systémes mnésiques sont donc
contextuels. Par conséquent, si I'on a un trou de mémoire,
on peut s’aider en se remémorant le lieu de I'apprentissage
ou encore I'endroit ou I'on a vu un objet perdu pour la
derniére fois. Ces éléments sont appelés des «indices de

rappel ».

EMOTIONS

Comme nous venons de le voir, les émotions influencent
I'apprentissage et en cela conditionnent I'encodage, la consoli-
dation mnésique et le rappel (LaBar, 2003 ; LaBar et Cabeza,
2006 ; McGaugh et al., 2000).

Une structure cérébrale qui se situe dans les régions limbiques,
’amygdale, joue un rdle central dans le traitement des
(LeDoux, 2000).
Linformation sensorielle parvient a 'amygdale essentiellement

émotions et dans [I'apprentissage
par deux voies. La premiere vient directement du thalamus
sensoriel alors que la seconde passe par les différents cortex

sensoriels avant d’atteindre I'amygdale (Bear et al., 1997).

L’amygdale est au carrefour de nombreux circuits cérébraux ;
des centaines de régions du cerveau sont en relation soit unidi-
rectionnelle soit bidirectionnelle avec le complexe amygdalien
(Aggleton et Saunders, 2000).

Lhippocampe est I'une de ces régions. Il est impliqué dans le
stockage et la remémoration de souvenirs explicites (mémoire
explicite). Ainsi, ses connexions a I'amygdale peuvent étre aux
sources d’une émotion déclenchée par un souvenir particulier.
Cette région est également spécialisée dans le traitement du
contexte d’une situation, c’est-a-dire d’'un ensemble de stimuli.
Certains ont pu ainsi montrer que I'hippocampe, avec ses
connexions avec I'amygdale, jouait un réle important comme
«source » d’anxiété lorsqu’un contexte est associé a un événe-
ment traumatisant.

Le cortex préfrontal est une autre région fortement connectée
a 'amygdale. Ainsi, sa partie médiale serait impliquée dans le
processus d’extinction de réponse de peur conditionnée. La
phase de décision (« fight or flight ») survenant apres une réac-
tion émotive automatique dans un contexte de danger impli-
querait également le cortex préfrontal. En complément a un
systéeme de réponse rapide et automatique (connexions direc-
tes a 'amygdale), le cortex préfrontal influencerait I'activité de
'amygdale, permettant ainsi d’exercer un certain controle
«conscient » sur notre anxiété. Le revers de ces mécanismes
peut étre observé en psychopathologie ou de I'anxiété peut
étre éprouvée en imaginant I’échec d’un scénario donné ou
méme la présence de dangers inexistants.

Linformation sensorielle externe arrive a 'amygdale de deux
manieres différentes : soit par une route courte, rapide mais
imprécise, en venant directement du thalamus, soit par une
route longue, lente mais plus précise, celle qui passe par le
cortex de haut niveau hiérarchique.

La réponse a un danger comporte deux phases. Une premiére
implique la voie rapide du thalamus a 'amygdale et nous alerte
de tout ce qui semble représenter un danger. La deuxiéme
phase est celle de la voie plus lente thalamo-cortico-amygda-
lienne qui affine ou corrige les réponses. Ces deux voies sont
donc complémentaires.



PERCEPTION

Les conséquences de linteraction des mécanismes atten-
tionnels, mnésiques et émotionnels sont larges. Des cher-
cheurs ont montrés que les émotions facilitaient la
perception et potentialisaient les bénéfices perceptifs de
I'attention (Phelps et al.,, 2006; Vuilleumier, 2005). Des
dysfonctions amygdaliennes seraient présentes dans de
nombreux troubles psychiques et ainsi, il est possible
que la perception de stimuli émotionnels soit altérée chez
ces patients. Au moins deux hypothéses peuvent rendre
compte du lien entre le systeme émotionnel (notamment
'amygdale) et la perception. Premiérement, des études
anatomiques chez le singe ont montré qu’il existait des
connexions directes et indirectes de 'amygdale vers le cortex
visuel (Amaral et Price, 1984). En second, 'amygdale pourrait
modifier la perception via une modification du systéme atten-
tionnel (Vuilleumier et al., 2001). Ainsi, quel que soit le méca-
nisme, la détérioration de la perception pourrait contribuer a
la survenue et au maintien de dysfonctionnements

psychiques.

ALTERATIONS DES
CORTEX ASSOCIATIFS DANS LA
DEPRESSION

Des études de neuroimagerie fonctionnelle réalisées chez
des patients dépressifs majeurs ont révélé des anomalies
de fonctionnement des cortex associatifs polymodaux
(préfrontaux et pariétaux) et des régions limbiques et
paralimbiques (cortex cingulaire antérieur, amygdale,
hippocampe) (Malizia, 2005). Par exemple, au repos, il existe
une diminution de la consommation cérébrale de glucose
dans les régions préfrontales et pariétales (Drevets et al.,
1997). Les études de neuroimagerie fonctionnelle ont
également montré un déficit d’activation de ces cortex
lorsque le patient est soumis a des tiches cognitives, par
rapport a des sujets normaux. Par exemple, il existe une
corrélation significative entre I’hypoperfusion frontale et les
altérations cognitives chez les déprimés, particulierement
pour les tiches demandant un effort mental (Rogers et al.,

1998).

Or, comme on I'a vu plus haut, le systeme nerveux central
s’organise d’'une maniére modulaire, hiérarchique et récur-
rente. Ainsi, dans le cadre de la dépression majeure, cette
organisation suppose que toute pathologie des cortex de
haut niveau (associatifs polymodaux) s’accompagne d’une
altération de la modulation de I'activité des cortex sous-
jacents, voire des cortex primaires.

CONCLUSION

Nous avons vu que les systemes perceptif, attentionnel,
mnésique et émotionnels interagissent de maniére
complexes a différents niveaux. Ainsi, les effets « bottom-
up » (par exemple, stimuli sensoriels externes) interagis-
sent perpétuellement avec les influences «top-down »
(par exemple, buts personnels). De plus, les informations
venant de I'extérieur (« bottom-up ») et les contraintes
internes («top-down ») sont en constante compétition
pour leur représentation au niveau cérébral. En tenant
compte que le cerveau est organisé de maniére modu-
laire, hiérarchique et récurrente, on a montré qu’une
sensation peut étre percue de maniere différente en fonc-
tion du vécu personnel d’'une personne et ce par I'in-
fluence rétroactive des perceptions accumulées dans le
passé. Nous avons également vu que le systeme émotion-
nel a un lien privilégié avec la perception, I'attention et la
mémoire. Ainsi, ce modele propose que des dysfonctions
au niveau des structures cérébrales responsables des
effets «top-down » peuvent affecter la perception du
monde en interférant avec le traitement des informations
sensorielles «bottom-up ». La dépression a été prise
comme paradigme d’une dysfonction des mécanismes
«top-down » affectant le traitement des informations
sensorielles, mais ce modéle pourrait étre appliqué a de

nombreux autres dysfonctionnements psychiques.

RESUME

Les interactions entre le systéme attentionnel, le systeme
émotionnel et la perception sont complexes et multiples.
C’est de maniére progressive et par étape que nous allons
essayer de les approcher. Tout d’abord, nous décrirons les
concepts de mécanismes « bottom-up » (flux ascendant d’in-
formations) et «top-down» (flux descendant d’informa-
tions), ainsi que le principe de circuits récurrents. Ceci nous
permettra de rappeler que les fonctions cognitives sont orga-
nisées de maniere modulaire et hiérarchisée dans le cerveau.
Cette organisation assure une tres grande capacité d’adapta-
tion a l'architecture cérébrale. Le second volet de notre
exposé traitera de I'influence de I'attention volontaire et des
émotions sur la perception. Finalement, en utilisant la
dépression comme exemple, nous montrerons combien une
bonne interaction entre processus émotionnels et attention-
nels est essentielle a un traitement efficace des informations

sensorielles.

ROLE DE L'ATTENTION ET DE L'EMOTION DANS LA PERCEPTION VISUELLE
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4.2. Functional magnetic resonance imaging studies

4.2.1. Abnormal neural filtering of irrelevant visual information in

depression.

From

Desseilles M, Balteau E, Sterpenich V, Dang-Vu Dgrsaud A, Vandewalle G,
Albouy G, Salmon E, Peters F, Schmidt C, Schabu&Ms S, Degueldre C, Phillips
C, Luxen A, Ansseau M, Maquet P, Schwartz S. Abrbrmeural filtering of
irrelevant visual information in depression. Therdal of Neuroscience, 29(5), 2009,
1395-403.

Summary

The pathophysiology of major depressive disordeD[Nlincludes both affective and
cognitive dysfunctions. We aimed to clarify how img regulating affective
processing interact with those involved in attemtiand how such interaction impacts
perceptual processing within sensory cortices. @ase previous work showing that
top-down influences from attention can determine phocessing of external inputs
within early sensory cortices, we tested with fiorcl magnetic resonance imaging
(fMRI) whether MDD alters attentional (“top-downéffects on the neural filtering of
irrelevant, nonemotional visual stimuli. The prasdtR| study was conducted in 14
nonmedicated patients with a first episode of ulaip®DD and 14 matched controls.
During scanning, subjects performed two tasks inmgoswo different levels of
attentional load at fixation (easy or difficult),hile irrelevant colored stimuli were
presented in the periphery. Analyses of fMRI dateealed thatMDDpatients show
(1) an abnormal filtering of irrelevant information visual cortex, (2) an altered
functional connectivity between frontoparietal netlss and visual cortices, and (3) a
hyperactivity in subgenual cingulate/ medial orbitatal cortex that was modulated
by attentional load. These results demonstratebib&igical abnormalities contribute
to the cognitive deficits seen in major depressemd clarify how neural networks
implicated in mood regulation influence executianirol and perceptual processes.

These findings not only improve our understandirfgtiee pathophysiological



72

mechanisms underlying cognitive dysfunctions in MODt also shed new light on

the interaction between cognition and mood reguati
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Abnormal Neural Filtering of Irrelevant Visual Information
in Depression
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The pathophysiology of major depressive disorder (MDD) includes both affective and cognitive dysfunctions. We aimed to clarify how
regions regulating affective processing interact with those involved in attention, and how such interaction impacts perceptual processing
within sensory cortices. Based on previous work showing that top-down influences from attention can determine the processing of
external inputs within early sensory cortices, we tested with functional magnetic resonance imaging (fMRI) whether MDD alters atten-
tional (“top-down”) effects on the neural filtering of irrelevant, nonemotional visual stimuli. The present {MRI study was conducted in 14
nonmedicated patients with a first episode of unipolar MDD and 14 matched controls. During scanning, subjects performed two tasks
imposing two different levels of attentional load at fixation (easy or difficult), while irrelevant colored stimuli were presented in the
periphery. Analyses of fMRI data revealed that MDD patients show (1) an abnormal filtering of irrelevant information in visual cortex, (2)
an altered functional connectivity between frontoparietal networks and visual cortices, and (3) a hyperactivity in subgenual cingulate/
medial orbitofrontal cortex that was modulated by attentional load. These results demonstrate that biological abnormalities contribute
to the cognitive deficits seen in major depression, and clarify how neural networks implicated in mood regulation influence executive
control and perceptual processes. These findings not only improve our understanding of the pathophysiological mechanisms underlying
cognitive dysfunctions in MDD, but also shed new light on the interaction between cognition and mood regulation.

Key words: depression; attention; sensory processing; affective regulation; vmPFC; subgenual cingulate cortex; medial orbitofrontal;

frontoparietal network; functional magnetic resonance imaging; functional connectivity

Introduction
Major depressive disorder (MDD) is characterized by affective
and cognitive dysfunctions (Chamberlain and Sahakian, 2006).
Understanding the neurobiology underlying this multifaceted
psychiatric disorder emerges as a major health and research chal-
lenge (Nestler et al., 2002).

Brain imaging studies in MDD have documented abnormalities
in regions involved in affective and cognitive regulation, such as the
anterior cingulate cortex and the orbitofrontal cortex (OFC), as well
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as frontoparietal networks subserving attention and executive func-
tions (Mayberg et al., 1999). In addition, MDD patients may recruit
greater prefrontal processing to achieve similar (or poorer) task per-
formance than control subjects, suggesting that a disturbed emo-
tional state intensifies cognitive interference (Harvey et al., 2005).
These findings indicate that a dysfunction implicating frontal-lim-
bic circuits might cause both cognitive and emotional disturbances
(Mayberg, 1997; Mayberg et al., 1999; Drevets, 2000). A plausible
pathophysiological mechanism for MDD would thus involve a dis-
ordered neural network with two distinct and interacting compo-
nents: an enhanced activation within limbic circuits and an altered
engagement of prefrontal executive circuits. It is unclear (1) whether
adysfunction within frontal-limbic networks also affects lower-level
processing by altering top-down influences (Fales et al., 2008); and
(2) to what extent perceptual processes are biased by a dysregulation
of affective (limbic) versus cognitive (prefrontal) control circuitry.
Yet, impairments in perception secondary to changes in top-down
factors can significantly worsen cognitive deficits observed in MDD.
The study of functional changes at early levels of perceptual integra-
tion is thus required to get a comprehensive model of the neural
dysfunctions underlying neuropsychological deficits in MDD and to
better understand how affective regulation might impact perceptual
processing.
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Table 1. Clinical characteristics of depressed patients and control subjects”
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MDD group

Control group

Education Education

ID Age (years) Sex  HDRS HARS (years) ID Age (years) Sex  HDRS HARS (years)

1 21 f 21 15 15 1 21 f 0 0 14

2 28 f 33 19 15 227 f o1 2 16

3 29 f 32 16 13 3 32 f 1 2 15

4 29 f 34 12 13 4 24 f 3 4 15

5 32 f37 19 15 5 3 f2 0 14

6 38 f 30 18 14 6 32 f 0 0 17

7 54 f 20 17 15 7 56 f 2 0 12

8 19 m 30 22 14 8 20 m 1 0 12

9 19 m 30 10 13 9 19 m 1 0 13

10 36 m 21 14 13 10 34 m 1 0 13

n 39 m 27 14 13 n 35 m 6 7 13

12 38 m 24 18 12 12 34 m 0 0 16

13 40 m 26 17 14 13 36 m 3 3 17

14 4 m 25 15 14 14 39 m 1 0 14
Mean® 33.1+9.84 7.7 27.86 * 5.27 16.14 = 3.11 13.78 = 0.97 314 = 9.51° 7.7 1.57 + 1.60¢ 1.29 + 2.13¢ 1435 + 1.69°

“Patients were selected by a team of psychiatrists with extensive experience in depression. All subjects were Caucasian and right handed; they were off medication for 3 months prior to the experimental day.

“Data are given as mean = SD. For the Sex column, data are the ratio of male to female.
“Two-sample t test testing for group differences, degrees of freedom (df) = 26; NS.
Two-sample t test testing for group differences, df = 26; p < 0.001.

Previous neuroimaging studies in healthy and brain-damaged
participants demonstrated that top-down influences from emo-
tion or attention can determine the processing of external inputs
within early sensory cortices by enhancing attended information
while suppressing unattended information. Recently, we showed
that high attentional load at fixation can lead to a suppression of
functional magnetic resonance imaging (fMRI) response to irrel-
evant peripheral stimulation in visual cortex (Schwartz et al.,
2005). These findings provided a neural foundation for Lavie’s
theory of attention (Lavie, 2005), which predicts that increasing
processing load of a relevant task determines the extent to which
irrelevant distractors are processed.

Based on these previous findings, here we tested with fMRI
whether changing attentional demands of a central task would
affect the processing of task-irrelevant colored visual stimuli pre-
sented in the periphery. By modulating attentional load at central
fixation without changing sensory inputs, we hypothesized that
mood changes would interfere with top-down control of activity
in visual regions. A second main aim of the study was to directly
assess distant effects of frontoparietal executive networks on the
processing of irrelevant stimuli in visual cortices by applying
functional connectivity analyses. By implementing an affective
neuroscience approach to depression, our fMRI study constitutes
a useful test of the relevance of biological abnormalities to the
cognitive deficits seen in major depression. More generally, our
study provides new insights into the functional interaction be-
tween neural networks implicated in mood regulation and those
involved in executive control and perceptual processes.

Materials and Methods

Subjects

Over a 2 year period, we recruited unmedicated subjects who presented
with a first episode of major unipolar depression and agreed to perform
an fMRI experiment. Sixteen patients could complete the whole MRI
protocol; age- and education-matched healthy controls were also
scanned. The inclusion criteria for the MDD and control groups were age
between 18 and 56 years, willingness to participate, and ability to provide
signed informed consent. The protocol was approved by the research
ethics committee of the Faculty of Medicine of the University of Liege.
The exclusion criteria were current or past cardiovascular or neurological
disorder (e.g., Parkinson’s disease). Subjects were excluded if they were

pregnant, lactating, or had conditions for which an MRI would be con-
traindicated (e.g., metallic implants).

Depressed subjects were recruited through the psychiatric outpatients
consultation of the Liege University Hospital by a team of trained psy-
chiatrists who performed a medical examination and conducted the
Structured Clinical Interview for Axis I DSM-IV Disorders (SCID-IV)
(Spitzer et al., 1994). Sixteen subjects with a first lifetime episode of
unipolar major depressive disorder, with no prior antidepressant or an-
tipsychotic treatment, were included in the experimental protocol. Two
patients could not maintain reliable central visual fixation (as monitored
by eye tracking, see below). Data from these two patients were excluded
from further analysis, and 14 subjects were thus included in the final
analyses (seven males, drug-free, Hamilton Depression Rating Scale
=17) (Table 1).

Healthy control subjects were recruited through advertisements. They
were selected to match the MDD patients for gender, age, and sociocul-
tural background. None of them reported any severe medical problem or
any neurological or psychiatric history. After providing informed con-
sent, they were screened using the Axis I SCID-IV and the Hamilton
Depression Rating Scale (HDRS) (Hamilton, 1960). The exclusion crite-
ria for the control subjects were an HDRS score >6, a history of mood
disorders, or any other DSM-IV Axis I mental illness. Fourteen controls
matching the final selection of patients were included in the analyses.

Procedure
During the main fMRI experiment, the participants performed a detec-
tion task on a rapid successive visual presentation (RSVP) of colored
letters (one letter every 750 ms; 500 ms duration each, plus 250 ms blank)
that was shown on a fixed central location at fixation (Fig. 1A). This
RSVP stream consisted of T-shaped stimuli displayed with two possible
orientations (upright or upside-down) and eight different colors in a
pseudorandom order. Blocks of 20 s with Mondrian-like stimuli formed
bya 20 X 20 grid of colored rectangles, presented bilaterally at 6° of visual
angle from fixation (subtending 6° X 10°), alternated with blocks with-
out peripheral stimuli (Fig. 1 B). To enhance stimulation of visual cortex,
Mondrian-like displays changed colors randomly every 500 ms during
blocks with peripheral stimulation (Tong et al., 2006). All visual stimuli
were projected on a screen and seen through a mirror mounted on the
MRI headcoil (total display size 22° X 16°, 60 Hz refresh rate) and gen-
erated using a MATLAB Toolbox, allowing visual presentation
and response recording with precise timing (Cogent, www.vislab.
ucl.ac.uk/Cogent/).

During scanning, the participants performed either a low-load or a
high-load task, or were required to only fixate the central RSVP (40 s
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A Central task-relevant stimuli
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with 30% gap, repetition time (TR): 2130 ms,
echo time (TE): 40 ms, flip angle: 90°, field of
view (FOV): 220 X 220 mm, matrix size: 64 X
64 X 32, voxel size: 3.4 X 3.4 X 3 mm]. Func-
tional volumes (n = 255) were acquired during
one single continuous scanning run. The first
B three volumes were discarded to account for T1

HEHE D

I I
500 250

B Peripheral irrelevant stimuli

Bilateral Mondrians

C Attentional load conditions

detect

T

detect

Low load (easy task) High load (difficult task)
detect any red letter  detect any upright yellow
or inverted blue T

Figure 1.

period each, separated by 3 s instruction panel) (Fig. 1C). Low-load,
high-load, and baseline fixation periods alternated in a pseudorandom
order (randomized across participants) during one single continuous
scanning session. The low-load task (easy, pop-out) (Treisman and Gor-
mican, 1988; Wojciulik and Kanwisher, 1999) required a key press for
any red T regardless of its orientation. The high-load task (difficult,
conjunction) required a key press for any upright yellow T or upside-
down blue T (both types of conjunction targets had to be monitored for
throughout this task). The baseline fixation task required passive fixation
of the letter stream but no key press. Importantly, the exact same stream
of 684 central stimuli was presented during all task conditions. In both
high- and low-load conditions, items that required a button-press re-
sponse appeared on average every 15 stimuli (6.7% of the total number of
central stimuli), and items that were targets in one condition also ap-
peared with the same frequency as task-irrelevant stimuli in the other
condition (i.e., high-load targets appeared as distractors under low-load
instructions, and vice versa). Therefore, only the task instructions distin-
guished the high-load and low-load conditions for the central task. The
peripheral Mondrian-like stimuli were always irrelevant to the central
task, and the participants were instructed to ignore them.

MRI data acquisition
Data were acquired with a 3T head-only MR scanner (Allegra, Siemens)
using a gradient echoplanar imaging (EPI) sequence [32 transverse slices

No peripheral stimulation

fixate central letters

don’t press the key

Central fixation

Stimuli and design in the attentional load experiment. A, A rapid continuous stream of colored “T” shapes appeared
at central fixation during all blocks (500 ms duration each, 250 ms interval). B, Irrelevant peripheral stimulation included 20 s
blocks with bilateral colored, “Mondrian-like” stimuli, alternating with blocks without any peripheral stimulation. ¢, Two main
attentional load conditions required the subjects to either detect any red T regardless of its orientation (low load), or to detect all
upright yellow T shapes and upside-down blue T shapes. Additional blocks of central fixation (baseline) were also included. The
central visual stream remained identical in each task condition, only the task instructions differed.

saturation effects. A structural MR scan was ac-
quired at the end of the experimental session
(T1-weighted 3D  magnetization-prepared
rapid-acquisition gradient echo sequence, TR:
1960 ms, TE: 4.43 ms, inversion time: 1100 ms,
FOV: 230 X 173 mm, matrix size: 256 X 192 X
176, voxel size: 0.9 X 0.9 X 0.9 mm). During
scanning, eye movements and pupillary size
were measured continuously using an infrared
eye tracking system (LRO5000, Applied Science
Laboratories, sampling rate: 60 Hz). Eye track-
ing data were used to ensure that all subjects
included in the analyses maintained good cen-
tral fixation during the whole scanning session.

fMRI data analysis

Functional MRI data were analyzed using
SPM2  (http://www.fil.ion.ucl.ac.uk) imple-
mented in MATLAB (The MathWorks). Func-
tional scans were realigned, normalized to the
MNI EPI template (2D spline, voxel size: 2 X
2 X 2 mm) and spatially smoothed with a
Gaussian kernel with full-width at half maxi-
mum (FWHM) of 8 mm.

Standard block design analyses. Data were an-
alyzed using a two-step procedure taking into
account the intraindividual and interindividual
variance. At the individual level, brain re-
sponses were modeled at each voxel, using the
general linear model with six trial types con-
volved with the canonical hemodynamic re-
sponse function (HRF): baseline fixation with
color in periphery, baseline fixation with no pe-
ripheral stimuli, low load with color in periph-
ery, low load with no peripheral stimuli, high
load with color in periphery, high load with no
peripheral stimuli. Because missed targets and
false alarms [including responses with reaction
times (RTs) > 750 ms] involved incorrect mo-
tor responses (absence of key presses during misses; inappropriate key
presses during false alarms), we included all actual motor responses in
the fMRI design as an additional regressor of no interest to capture any
spurious brain activation attributable to group differences in motor be-
havior (i.e., misses and false alarms). Six movement parameters from
spatial realignment were included as additional regressors of no interest
to account for residual motion artifacts. High-pass filtering was per-
formed using a cutoff period of 128 s to remove low-frequency drifts
from the time series. Linear contrasts between regressors of interest
tested for the main effects of attentional load (high load vs low load and
low load vs high load). Using within-subject contrasts between the activ-
ity for two different levels of attentional load as main variables for the
second-level whole-brain group analyses, as in the present study, would
also minimize effects related to general differences in effective difficulty
(if any). The summary statistical images were spatially smoothed with a
Gaussian kernel of 6 mm FWHM and entered into a second-level one-
way ANOVA implemented in SPM2 to assess random-effects group
comparisons. The resulting SPM maps were thresholded at p < 0.001
(uncorrected). Common group effects were assessed using conjunction
analysis to preserve only voxels that were significant in the contributing
SPM maps of both control and MDD populations based on the conjunc-
tion null hypothesis (Friston et al., 2005). Direct statistical group com-
parisons were obtained using exclusive masking to reveal the voxels that

Time (ms)

task
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Table 2. Behavioral performance during scanning
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MDD group® Control group? Statistics

Measure Low load High load Low load High load Effect of group Effect of load Group-by-load interaction

RT (ms) on correct responses 49298 = 61.56 553.20 = 41.75 489.85 * 38.80 566.60 = 36.32 Faae =007 Fiy6 =89.65  Fip6 = 1306
p=10745 p < 0.001 p=10263

Hits (%) 91.00 £ 1284 7364=1861  97.22 =507 85.61 2939 Foyg = 4485 Frp=5416  Fy =213
p <0.05 p < 0.001 p = 0.156

False alarms* 7.54 =838 29.05 + 15.33 6.65 = 1.53 18292896  Fuy =287  Fuy=6667  Fyy =592
p=0.101 p < 0.001 p <0.05

“Data are given as mean = SD.
ANOVA with load as within-subject factor and group as between-subject factor.

‘False alarms correspond to the percentage of key presses recorded outside an interval of 750 ms after the presentation of a target.

showed increased response in one population in the absence of such
effect in the other population. The SPM constituting the exclusive mask
was thresholded at p < 0.05, whereas the contrast to be masked was
thresholded at p < 0.001. Note that the more liberal the threshold of an
exclusive mask, the more conservative is the masking procedure. Note
also that the use of conservative whole-brain random-effects group com-
parisons (Holmes and Friston, 1998) together with the relatively broad
age range of the studied populations (MDD: 19-54; matched controls:
19-56 years) ensures that any statistically significant group difference
reflects a robust result that can be generalized to a larger population.

Functional connectivity analyses. A second set of analyses aimed to
assess condition-dependent changes in the functional coupling between
brain regions. This was done using psychophysiological interaction (PPI)
analyses, which explain the activity in one part of the brain in terms of the
interaction between an experimental manipulation (psychological fac-
tor) and the activity in another brain region (physiological factor) (Fris-
ton et al., 1997). PPI analyses were computed to test the hypothesis that
functional connectivity between brain regions would differ between the
two populations as a function of the current attentional context. We
extracted time series from regions of interest revealed by the main con-
trasts in each individual, averaging activity within a 10-mm-radius
sphere, centered at the peak of the activation. This physiological signal
was deconvolved using the HRF to estimate the underlying neuronal
signal, multiplied with the psychological variable (low vs high load), and
convolved again with the HRF to obtain the expected blood oxygenation
level-dependent (BOLD) response for the PPI (Gitelman et al., 2003).
The two main effects (physiological and psychological factors) and the
critical PPI were entered in new fixed-effects analyses, together with
movement parameters. Any significant psychophysiological interaction
( p<<0.001) indicated a change in the regression coefficients between any
reported brain area and the reference region, related to attentional load ma-
nipulation. Individual PPI regression estimations were then included in
random-effects group ANOVAs (inferences reported at p << 0.001, uncor-
rected). Note that the interaction effect is orthogonal to the main effects of
task and that the inclusion of both main effects of task in the analysis ensures
that any activation associated with the PPI cannot be explained by any of
these main effects (e.g., overall effect of low- vs high-load conditions).

Results

Clinical characteristics

Sixteen patients and their matched controls completed the study,
but two patients were excluded because they did not maintain
reliable central visual fixation. The 14 remaining MDD patients
and their 14 healthy matched controls were included in the final
analyses. Table 1 reports the main demographic and clinical char-
acteristics of the study population. Differences between the
groups were statistically significant for both depression and anx-
iety measures (HDRS, HARS; two-sample ¢ test, p < 0.001 for
both measures). Depression scores correlated with anxiety scores
in controls but not in MDD patients (r = 0.87, r> = 0.76, p <
0.001; r = 0.078, r> = 0.006, p = 0.79; respectively). In the MDD
group, the duration of episodes reported during the SCID-IV inter-
views ranged from 1 to 5 months (mean, 3.2 months). All 14 patients

were experiencing their first MDD episode, and none had been pre-
scribed an antidepressant. Their education level (assessed in years)
ranged from 12 to 15 years (mean, 13.78 = 0.97 years).

Behavioral results

Performance on the central RSVP (Fig. 1) during scanning was
assessed by analyzing RTs and hit rates on target trials, as well as
false alarms (including responses with an RT > 750 ms) using
ANOVAs with attentional load (high, low) as within-subjects
factor (repeated measures) and group as between-subjects factor
(Table 2). There was a main effect of attentional load for all
measures (all p < 0.001), with slower RTs, reduced hit rates, and
more false alarms during the high- compared with the low-load
condition, indicating that the instructions successfully modu-
lated task difficulty in both groups. Importantly, there was no
group difference in reaction times, which suggests that task diffi-
culty was mostly comparable for patients and controls, and that
both populations were equally vigilant and attentive during the
task. There was a group effect for hit rates due to the patients
missing slightly more targets (hits, 91% in low load and 73.64% in
high load) than their controls (hits, 97.22% in low load and
85.61% in high load) and a group-by-attentional load interaction
for false alarms due to the patients making more such errors
during the high-load condition. Indeed, planned ¢ tests on hits
and false alarms revealed that patients and controls differed dur-
ing high attentional load (hits: p = 0.041; false alarms: p = 0.031)
but not during low attentional load (hits: p = 0.103; false alarms:
p = 0.773). However, activity change in regions showing critical
group effect [i.e., V4 and subgenual anterior cingulate cortex
(SgAcc)/ventral medial prefrontal cortex (vmPFC), see below]
did not correlate with hits or false alarms (Table 3), thus ruling
out that differences in performance accounted for the reported
fMRI group differences.

During scanning, eye movements were measured continu-
ously using an infrared eye tracking system. ANOVAs conducted
on eye movement data revealed no significant group difference,
neither for the absolute distance from fixation nor for horizontal
deviations (F(; ,5) = 1.20, p = 0.28; F(; 56y = 4.12, p = 0.43,
respectively). These results suggest that both populations fixated
the central stream of letters equally well. We also found no group
difference in pupil diameter, suggesting similar levels of central
arousal and attention in both groups (e.g., Siegle et al., 2003;
Sterpenich et al., 2006), which is consistent with previous results
in depressed subjects (e.g., Johnstone et al., 2007).

fMRI results

For clarity, rather than separate main effects within each group,
we first describe effects found in both patients and controls using
conjunction analyses to preserve only voxels that were significant
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Table 3. Correlations between attention-related activity change regions of interest (V4, SgACC/vmPFC) and hits

and false alarm (FA), separately in MDD and control groups

V4 (x,y,2:20, —68, —8)

SgACC/VmPFC (x, y, 2: 25, —6, 30)
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we predicted increased activity in visual re-
gions due to less filtering of the peripheral
colored stimuli during the low-load con-

Hits (high) FA (high) Hits (high) FA (high) dition. The group conjunction analysis re-
MDD vealed that only bilateral medial OFC sur-
group . e

2 00016 0.0463 00278 00327 vived the statistical t.hreshold (Table 5). In
Firs 0.0189 0.5830 03432 0.4062 contrast, when we.dlrectly compared con-
p 0.8928 0.4599 05688 05359 trols to MDD patients for this same con-
Control group trast, we found increased response in vi-
0.0056 0.0280 0.0577 0.2429 sual cortices, including the primary visual
Fas 0.0678 0.3456 0.7347 3.8493 cortex (calcarine sulcus) and a region pre-

p 0.7990 0.5675 0.4082 0.0734

Table 4. Brain regions showing main effects of high minus low attentional load (group conjunction: MDD
patients and controls for the high > low load contrast)

MNI coordinates

viously found to be maximally modulated
by such central load manipulation
(Schwartz et al., 2005) and corresponding
to the color-responsive area V4 (Talairach
coordinates: x, y, z: 20, —66, —4; MNI co-
ordinates: x, y, z: 20, —68, —8) (Table 5,

Brain areas LR BA X y z tvalue” Cluster size (voxels)” Fig. 3A) (Zeki et al., 1991; Bartels and Zeki,
Inf. frontal gyrus/operculum L 44/48 —44 4 28 6.18 781 2000). The latter activation was specifically
Inf. frontal gyrus/operculum R 44/48 48 10 32 58 367 driven by enhanced response to peripheral
Sup. parietal/IPS L 7. =20 64 5% 529 1294 colored stimuli during the low-load com-
Sup. parietal/IPS R 7 # —38 8 4% ) pared with the high-load condition in the
Insula R 47 32 24 -2 478 92 .

. controls (Fig. 3B). For the same contrast
Inf. occipital/VWFA L 19 —44 —68 =10 4.75 15 low > hich load). MDD . h d
Precentral/Mid. frontal L 6 -2 -2 5 44 30 (low > high load), MDD patients showe
SMA L 6/32 —3 ) 5 43 225 a significant attenuation of BOLD re-
Sup. frontal R 8 2 10 64 425 40 sponse in bilateral vmPFC region during
Inf. occipital R 19 50 -7 =10 373 33 high attentional load, encompassing the
Mid. frontal R 45/48 40 34 0 36 8 medial OFC and rostral anterior cingulate
Inf. parietal R 40 48 -4 50 3.52 6

cortex/SgAcc (Fig. 3C). This modulation

Inf., Inferior; IPS, Intraparietal sulcus; Mid., middle; SMA, supplementary motor area; Sup., superior; L, left; R, right; BA, Brodmann’s area.

“All p < 0.001 uncorrected (random-effect analysis).
“Threshold cluster size of 5 voxels.

in the contributing SPM maps of both populations (Friston et al.,
2005). We then report between-group comparisons whenever
they yielded statistically significant results.

Effects of high attentional load

We first tested for effects of increased attentional load by com-
paring fMRI activity during the high- versus the low-attentional-
load conditions using linear contrasts of parameter estimates in
the context of ANOVA models, as described in Materials and
Methods. A conjunction of the SPM maps from the patients and
from the controls for this comparison showed that both popula-
tions strongly engaged inferior frontal and superior parietal re-
gions during increased attentional load at fixation (Table 4, Fig.
2), consistent with the recruitment of a distributed attentional
network subtending top-down influence under higher-load con-
dition in all participants (Schwartz et al., 2005). Another region
in inferior occipital cortex showed increased activation during
the high-load condition (x, y, z: —44, —68, —10) (Fig. 2). Because
this region lies close to an area known as the visual word form
area (VWFA) (Vinckier et al., 2007), increased activation of the
VWEFA probably reflects letter identification specifically during
the high-load condition, which imperatively requires distin-
guishing between upright and upside-down “T” shapes (whereas
processing of the shape of the central targets was not relevant
during the low-load task).

Effects of low attentional load

We then tested for regions more activated during low compared
with high attentional demands (low > high load). Based on La-
vie’s theory of attentional load (Lavie, 1995, 2005) and on our
previous fMRI results in normal controls (Schwartz et al., 2005),

of brain response in the patients was
driven by the attentional task, indepen-
dently of the presence or absence of pe-
ripheral stimuli (Fig. 3D).

Functional connectivity

To further investigate the load-related top-down modulations of
brain activity, we used dedicated functional connectivity analy-
ses. Specifically, using a whole-brain approach we tested for
changes in connectivity as a function of task load between regions
of interest (i.e., regions driving top-down influences) and any
other region of the brain. We performed such connectivity anal-
yses for two different seed regions, the right parietal and frontal
peaks revealed by the main conjunction analysis for the high-
versus low-load contrast (Fig. 2, Table 4), ipsilateral to the main
effect of load in visual cortex (V4). We found that functional
connectivity was increased between the right IPS and V4, as well
as between the right frontal cortex and V4 ( p < 0.001), selectively
in the context of low attentional load in controls but not in
patients.

Finally we tested whether activity in our main regions of in-
terest (i.e., V4 and vmPFC/SgAcc) correlated with the severity of
depression, as assessed by the HDRS, but we did not find any
significant correlation, neither in the MDD group nor in the
control group. This finding indicates that the observed functional
changes, which pertain to the pathophysiology of MDD, are
mostly independent of the clinical severity of depression.

Discussion

A reliable observation in neuropsychological studies of major
depression is an impairment across several domains of attention
implicating sustained attention (Porter et al., 2003; Hill et al,,
2004; Weiland-Fiedler et al., 2004), resistance to interference (Le-
melin et al., 1997), response selection (Azorin et al., 1995), and
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Main effect of high attentional load. A, Statistical maps from the group conjunction analysis showing increased activation in lateral occipital (x, y, z: —44,
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—68, —10; visual word form

area) (Vinckier et al., 2007), superior parietal and inferior frontal regions in both MDD patients and controls. Maps are overlaid on average T1 structural scan, thresholded at p << 0.001 uncorrected.
Color bar on the right indicates t values. B, Parameter estimates extracted from the statistical peaks demonstrate selective activation during the high-load task across all conditions of peripheral
stimulation and in both populations. B, Baseline fixation; L, low attentional load; H, high attentional load.

Table 5. Brain regions showing main effects of low minus high attentional load

MNI coordinates

Brain areas L/R BA X y 4 tvalue? (luster size (voxels)®
Group conjunction: MDD patients and controls for the low > high load contrast
OFC (medial orbital) L " —16 38 —16 4.52 98
OFC (medial orbital) R " 8 40 -22 4.03 21
Group comparison: controls masked by MDD patients for the low > high load contrast
Early visual (calcarine) R 17/18 12 —86 0 5.88 1401
V4 R 18 22 —74 -8 5.73 ¢
Early visual (calcarine) R 17/18 2 —82 20 4,63 ¢
Precentral gyrus L 6 —34 0 —40 478 52
Ant. lingual gyrus R 17 22 —54 6 3.81 35
Ant. lingual gyrus R 18 12 —50 4 3.48 ¢
OFC lateral L " —24 38 —18 3.81 "
Group comparison: MDD patients masked by controls for the low > high load contrast
OFC (medial orbital) L " —16 44 —18 3.38 14
OFC (medial orbital) R " 16 40 —20 3.38 13
OFC (rectus) R n 4 38 —14 3.35 68
Ant. cingulate (rostral sub-
genual) L 25 —6 30 -8 332 ¢

Ant, Anterior; OFC, orbitofrontal cortex; L, left; R, right; BA, Brodmann's area.
“All p = 0.001 uncorrected (random-effect analysis).

“Threshold cluster size of 5 voxels.

“Belongs to the same cluster as row above.

biased attention and processing for negative emotional informa-
tion (Erickson et al., 2005; Goeleven et al., 2006; Waters et al.,
2006; Leyman et al., 2007). The neural substrates that link inter-
nal affective states, attentional processes, and sensory represen-
tations of stimuli remain unclear, despite the central importance
of such relationships in the phenomenology of mood disorders
and mood regulation. Our fMRI study aimed to clarify these
associations by providing a first investigation of “pure” top-

down, task-related modulation in brain activity triggered by sim-
ple, nonemotional visual stimuli.

By selectively manipulating top-down attentional influences
on the neural processing of irrelevant visual stimulation, we
found that unmedicated MDD patients show an abnormal filter-
ing of irrelevant information in visual cortex, together with an
alteration of the functional connectivity between frontoparietal
networks and visual cortices. Our results also suggest that in-



Desseilles et al. o Filtering of Visual Information in Depression

A Low>High (Controls masked by Patients)

O = NN W e O,

Figure 3.

J. Neurosci., February 4, 2009 - 29(5):1395-1403 » 1401

22x -T4y -8z

fMRI signal

'
> o o -~ 0

Ll
—_—

BLHBLH. BLHBLH
Stimulus None  Stimulus None

H Controls B MDD patients

05 4x 38y -14z

fMRI signal

BLHBLH BLHBLH

Stimulus None  Stimulus None

Main effects of low attentional load. 4, Increased response during the low- minus the high-load condition in V4 for controls relative to MDD patients. B, Parameter estimates extracted

from V4 peak show decreased activity during low versus high load in controls. Note that decreases from baseline to low load in response to peripheral colored stimuli was significant in patients (t =
2.36,p = 0.013) butnotin controls (t = 0.98, p = 0.16). €, Decreased subgenual cingulate response during the high-load condition in MDD patients compared with controls. D, Parameter estimates
showed decreased fMRI signal during high attentional load in patients but not in controls. For visualization purposes, statistical parametric maps are overlaid on average T1 structural scan and
thresholded at p << 0.005 uncorrected. Color bars on the left indicate ¢ values. B, Baseline fixation; L, low attentional load; H, high attentional load.

creased attentional involvement in a cognitive task causes a pow-
erful decrease in subgenual cingulate cortex activity in the pa-
tients’ population. Hereafter we detail the key findings of this
study and how they might improve our understanding of the
links between affective and cognitive dysfunctions. We also dis-
cuss their potential implications for therapeutic approaches to
mood disorders.

Neural filtering of irrelevant stimuli

The present fMRI data provide whole-brain measures of signal
change during two main tasks performed at the center of screen,
differing only in the amount of attention that they require, while
irrelevant colored stimulations were presented in the periphery.
Increased top-down cognitive demands during the high-
attentional-load condition was indicated by slower reaction
times and increased activity in frontoparietal regions in both con-
trols and MDD patients, replicating our previous results in con-
trols (Schwartz et al., 2005). The pattern of brain regions more
activated when increasing task demands largely overlapped in
controls and patients. Hence, depression might not primarily
interfere with the recruitment of the classical neural networks
subserving voluntary goal-directed attention, consistent with
previous findings using working memory tasks (Barch et al.,
2003). In contrast, major between-group differences arose when
testing for brain regions more activated during the low-load con-
dition (i.e., reflectingless filtering or reduced suppression of pro-
cessing in those regions). Based on Lavie’s theory that the pro-
cessing of irrelevant distractors depends on the current

attentional load (Lavie, 2005), we predicted enhanced fMRI sig-
nal in visual regions for the low- versus high-load contrast. In-
creased activity in the color-responsive area V4 in controls during
low load confirmed the hypothesis that higher task demands at
fixation reduce the processing of irrelevant peripheral stimula-
tion in healthy subjects. Similar results were found in our previ-
ous study using high-contrast checkerboards and in the motion-
sensitive region V5 in another fMRI study in which displays with
irrelevant moving dots were used (Rees et al., 1997; Schwartz et
al., 2005). Critically, we did not observe such activity increase in
V4 during low attentional load (compared with high load) in
MDD patients, who showed a decrease of V4 activity during both
the low- and high-load tasks (when compared with baseline ac-
tivity) (Fig. 3B). These fMRI results demonstrate that depression
may involve a shift in task-dependent modulation of V4 activity,
with MDD patients showing a sharp reduction of distractors pro-
cessing at lower levels of attentional load compared with healthy
controls. This finding may be interpreted as a first indication that
depressed patients engage important cognitive resources even in
a simple pop-out task, which consequently restricts the process-
ing of peripheral distractors and might reduce the spatial span-
ning of attention (Posner and Petersen, 1990).

Disrupted functional connectivity in depression

An important finding of the present study is that while both
depressed patients and controls showed similar frontoparietal
activity changes when increasing task load, the neural processing
of irrelevant stimuli in V4 was differentially affected by task load
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in each population. To reconcile these results and better charac-
terize the mechanisms underlying load-specific modulation of
V4, we directly assessed the functional connectivity between
frontoparietal regions and the V4 area. This analysis revealed an
increase in functional connectivity between V4 and both IPS and
inferior frontal peaks, selectively in the context of low attentional
load in controls but not in patients. These results are consistent
with Lavie’s hypothesis that reduced attention to the task leaves
more resources available for the processing of concurrent infor-
mation coming from periphery (here the colored Mondrian-like
stimuli), which would in turn call for more top-down control to
be exerted (here on V4) to avoid automatic orienting of attention
toward distracting information (Lavie, 1995, 2005). In contrast,
increased attentional engagement in the central task would con-
sume more attentional resources and thus limit the processing of
the irrelevant distractors. While our attentional load manipula-
tion powerfully modulated this “push-pull” mechanism of selec-
tive attention in the controls (Pinsk et al., 2004), MDD patients
did not show any load-related increased coupling of activity be-
tween parietal or frontal regions and visual cortices. This result
might again reflect that the low-load condition was potentially
quite demanding for the patients, which would be consistent with
a reduction of V4 activity even during the low-load condition.

Load-related reduction of subgenual cingulate activity
Another major finding of the present study is a suppression of
subgenual cingulate cortex (SgAcc, Brodmann’s area 25) and me-
dial OFC activity during high-attentional-load condition (com-
pared with low load) in the depressed subjects, which was inde-
pendent of the peripheral stimulation. These regions of the
vmPFC are known to be involved in emotion and motivation
regulation (Mayberg et al., 1999; Elliott et al., 2000; Liotti et al.,
2000; Lewis et al., 2005; Morgane et al., 2005), as well as in emo-
tional disorders [see recent reviews (Drevets, 2007; Ressler and
Mayberg, 2007)]. SgAcc was found to be overactive in acute sad-
ness and in treatment-resistant depressed patients (Mayberg et
al., 1999, 2005). Moreover, antidepressant therapeutic effects in
MDD have been linked to SgAcc activity, i.e., mainly a decrease of
activity after pharmacological antidepressant treatments (May-
berg et al., 2000; Davidson et al., 2003; Walsh et al., 2007), after
electroconvulsive therapy (Nobler et al., 2001), or during deep
brain stimulation (Mayberg et al., 2005). Moreover, predictive
measures of response to cognitive behavior therapy were also
found to be linked to activation levels in this brain area (Siegle et
al., 2006; Kennedy et al., 2007).

Load-related suppression of activity in vmPFC regions would
be consistent with the recent model of emotion regulation pro-
posed by Phillips et al. (2008), according to which dorsal PFC
regions, subtending voluntary emotion regulation, are in func-
tional reciprocal relationship with ventral PFC regions (includ-
ing SgAcc), subtending automatic emotion regulation. The
pathophysiology of mood disorders in which emotions are dys-
regulated may involve disturbances within this network of inter-
acting brain regions (Keedwell et al., 2005; Phillips et al., 2008).
Increased activity of vmPFC/SgAcc in MDD patients during the
low-attentional-load condition, as found here, could be thus due
to abnormalities in automatic emotion regulation, and reduction
of this activity by cognitive effort may reflect the impact of the
dorsal prefrontal system (strongly activated during high load in
the present study) on the ventral prefrontal system.

To our knowledge, the present data provide the first evidence
of a transient reduction of SgAcc/vmPFC activity caused by a
cognitive manipulation in a population of unmedicated, noneld-
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erly patients with a first episode of major unipolar depression. By
shedding new light on the neural dynamic of subgenual activity in
MDD, this result may have several possible functional and clini-
cal implications. In particular, the reduction of SgAcc/vmPFC
activity has been found to be critically involved in antidepressant
effects in MDD (see above). Elevated cognitive load could thus
directly impact a critical node in the functional anatomy of mood
regulation.

Restoring top-down influences onto

emotional-limbic circuits

The reduction of SgAcc/vmPFC activity during the high-
attentional-load condition in MDD may involve the disengage-
ment from self-focused attention toward an external task (Gus-
nard et al., 2001; Nagai et al., 2004). Increased focused attention
(due to task instructions) may thus act as a “circuit breaker” by
targeting a region that, in MDD, is dysfunctional at resting base-
line and more strongly connected to a distributed limbic and
paralimbic neural network (Greicius et al., 2007). Reduced SgAcc
activity may therefore alleviate depressive symptoms by prevent-
ing the generation of intrusive thoughts within cortical-limbic
networks, such as self-focused thoughts and ruminations. This
hypothesis would also fit the recent suggestion of Drevets (2007)
that cognitive—behavioral strategies for managing depressive
symptoms may reinstate the system’s adaptive modulation of
emotional behavior and experience by restoring top-down influ-
ences (from vmPFC) onto emotional-limbic circuits (Davidson
et al.,, 2002). The present neuroimaging findings provide impor-
tant, new support for this hypothesis by showing that cognitive
effort may potentially impact cortical-limbic networks involved
in mood regulation by suppressing SgAcc activity in MDD pa-
tients. To what extend increasing attentional demands could also
momentarily normalize responses to emotional stimuli in MDD
and alleviate dysphoria is a clinically relevant question raised by
the current study.

In conclusion, the present study reveals distinct effects of task-
demands on activity in unimodal sensory and limbic regions.
Task-related top-down influences from frontoparietal networks
were altered in depressed subjects, leading to an abnormal neural
filtering of irrelevant, nonemotional information in visual corti-
ces and a modulation of limbic activity. These findings provide
new insights into the functional connections between brain net-
works subserving cognition and affective regulation.
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4.2.2. Neurobiological bases of suicidality in major depression.

From

Desseilles M, Schwartz S, Dang-Vu TT, SterpenichDdrsaud A, Vandewalle G,
Albouy G, Schmidt C, Balteau E, Degueldre C, RpslliC, Luxen A, Ansseau M,
Maquet P. Neurobiological Bases of Suicidality iajbt Depression. (in preparation)

Summary

Suicide is a major public health problem that tgflic occurs in the context of a
depression. We used functional magnetic resonamsaging to reveal the
neurobiological correlates of suicidality in depmed patients. The present 3 Tesla
fMRI study was conducted in 14 non-medicated pé#giesith a first episode of
unipolar MDD and 14 matched controls. During scagnisubjects performed two
tasks imposing two different levels of attentioluald at fixation (easy or difficult, i.e.
low or high attentional load), while irrelevantrstili (i.e. faces) were presented in the
periphery. To obtain an unbiased measure of suigidaom the Hamilton Rating
Scale for Depression (HRSD) scores, we computedir tlsengular value
decomposition, a mathematical procedure relategritacipal component analysis.
Functional MRI data were analyzed using a two-gieedure taking into account
the intra-individual and inter-individual variancéhe summary statistics images of
the individual level were entered into a seconal@ne-way ANOVA implemented
in SPM2 (http://www.fil.ion.ucl.ac.uk) to assessidam-effects group comparisons.
We performed additional whole-brain second-levataation analyses for the main
contrasts of interest using a component of the HRR8ovariates with singular value
decomposition of the scale. When asked to engdgetain in a cognitive task (high
> low attentional load) depressed patients acttateradrenergic locus coeruleus,
serotonergic raphé nuclei and amygdala in proportib their suicidality. No such
correlation was observed in healthy participantsose suicidality scores were within
normal ranges. In animals, activity in the mesoentreticular formation and
amygdala can promote rapid behavioral shifts ipoase to cognitive challenges by
facilitating the functional reorganization of casl networks. Our results suggest that,
in the context of high attentional demands, demessatients may be prone to
impulsive shifts in behavioral states that couldpbevented by a better control over

amygdalar activity and its modulation by aminengguromodulators.
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We used functional magnetic resonance imaging (fMRIo reveal theneurobiological
correlates of suicidality in depressed patients. Wdm asked to engage attention in a
cognitive task depressed patients recruited mesoptine tegmental regions (including
noradrenergic locus coeruleus and serotonergic raghnuclei) and the amygdala in
proportion to their suicidality. By facilitating th e functional reorganization of cortical
networks, these activations are likely to make themrone to impulsive shifts in
behavioral states.

Suicide is a major public health problem with abone million fatalities and ten millions
attempts registered worldwide every year. Suidmsddavior typically occurs in the context of
a psychiatric disorder such as depressidPostmortem studies suggest that aminergic
neuromodulation by the serotonergic raphé nuclei moradrenergic locus coeruleus (LC)
from the mesopontine reticular formation are imgaiéd in impulsivity and increased suicide
risk’. Yet, the neural mechanisms underlying elevatécidality in patients with depression
remain elusive and, despite its major clinical im@oce, no physiological measure of suicide
risk is currently available.

Here, we aimed at characterizing the neural cdaslaf suicidality in depressed patients
using functional magnetic resonance imaging (fMAgcause high attention investment
worsens adverse effects of impulsivjitye developed a behavioral task including two leve
of attentional load to test whether brain resportsescreased attentional challenge may
covary with suicidality in regions mediating amigier neuromodulation. We measured
regional fMRI signal changes in 14 unmedicated esttisj who presented with a first episode
of major unipolar depression and 14 controls nedctor age, sex, and socio-cultural level
(age: 19-54y; median: 34y). During the attentiorragaym, participants performed two
versions of a central letter detection task invaveither low or high attentional demands
while irrelevant stimuli (i.e., neutral faces) wenesented in the periphery of the disfidy
The ‘easy’ or low attentional load task requirelleg-press for any red T irrespective of its
orientation. The ‘difficult’ or high load task (cppmction) required a key-press for any upright
yellow T or upside-down blue T.

Whole-brain functional MRI data were analyzed vesé by statistical parametric mapping
(SPM2, http://www.fil.ion.ucl.ac.uk), using a twtep procedure taking into account the
intra-individual and inter-individual variance (Suementary Methods). We first looked for
commonalities in the differential effect of attemtal load for both depressed patients and
normal controls using a conjunction analyiSupplementary Table S3). As expected from
previous fMRI studies using similar paradigmisthe difficult task condition, relative to the
easy condition activated a distributed fronto-pgafi@etwork known to subserve attentional
mechanism’s To directly compare the two groups for attentietated effects, we computed
an interaction (attentional load by group), whidd dot reveal any significant activation.
These findings suggest that the depressed patregits actually engaged in the task and
recruited the relevant brain areas to the sameneatethe normal subjects. Consequently, any
difference in activation related to suicidality, fasind below, could not be attributed to a
general difference in task-related engagement letweepressed patients and healthy
controls.

To selectively identify brain regions in which attien-related responses were proportional to
individual levels of suicidality, we conducted regsion analyses within the depressed
patients’ group. In a first step, individual scofes the suicide item of the Hamilton Rating
Scales for Depression (HRSD) was regressed agtiaseffect of attention (high > low
attentional load). The left mesopontine tegmenthowed a trend for a regression (MRF : 2,
-36, -32mm, Z = 2.78, foc = 0.076). The weakness of this approach is thatdifferent
items of the HRSD are known to be partially coneth Because suicidality involves a



constellation of symptoris’, we reasoned that the complexity of suicidalityuidobe best
characterized by a response profile that would sp@n several HRSD items. To obtain such
a complex and unbiased measure of suicidality ftoenHRSD scores, we computed their
singular value decomposition, a mathematical promedelated to principal component
analysis. The second eigenvector, which accounted10% of total HRSD variance,
characterized suicidality across its various itefsee Supplementary Material). The
corresponding eigenvariate, a scalar summary ofldggee to which each patient expressed
suicidality, was used as independent variable Vxelwise regression analysis. We found
that responses induced by attention in the left gitala and the dorsal mesopontine
tegmentum, an area compatible with locus coerudeaksraphé nuclei, increased linearly and
significantly with suicidality (Fig. 1). No such welation was observed in healthy
participants, whose suicidality scores were witidnmal ranges.

Activity in the mesopontine reticular formation gesially the LC) and amygdala can
promote rapid behavioral shifts in response to iogn challenges by facilitating the
functional reorganization of cortical netwotksIn the context of augmented attentional
demands, depressed patients recruit the amygdaam&sopontine reticular formation in
proportion to their suicidality making them prore dbrupt, potentially spurious, shifts in
behavioral states. These brain mechanisms might kbad to increased impulsivity and
exacerbate suicidal behavior. By demonstrating ¢fetated suicidality levels are associated
with an augmented fMRI response to attentionallehgkes in the serotonergic raphé nuclei
and noradrenergic locus coeruleus, our resultsigeoa neural foundation for the increased
risk of suicidal behavior during the first weeks aftidepressant treatmeftswhich are
known to increase aminergic drive. Finally, the esfiation that the amygdala was over-
responsive to cognitive stress in depressed patierre prone to suicide may also have
important implications for public health managem&w#cause emotional regulation processes
can modulate amygdala activity ** and decision makind®, future work should establish
whether efficient suicide prevention can be acldelsg developing behavioral (as well as
pharmacological) strategies that may potentiatedmtrol over amygdala activity.
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Figure 1. Regression between suicidality and respeas to high attentional demands in
depressed patients.a) Whole-brain regression analysis showing signifiedfect in the

mesopontine reticular formation [MNI coordinates:-38y -30z mm; Z=3.96], an{b) in the left

amygdala [-10x -10y -28z; Z=4.45F) Regressions between individual suicidality levels a
assessed by single value decomposition and redgioail responses elicited by high (vs low)
attention in the mesopontine reticular formatiod &) the amygdala of depressed patients.

All P < 0.05, corrected for multiple comparisons.
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SUPPLEMENTARY METHODS

POPULATION

Depressed subjects were recruited through the yichoutpatients consultation of the
Liege University Hospital by a team of trained gsgtrists who performed a medical
examination and assessed the Structured Clinicaivilew for Axis | DSM-IV Disorders
(SCID-1V) . Over a two-year period, sixteen subjects withrst fifetime episode of
unipolar major depressive disorder (MDD), with mop antidepressant or antipsychotic
treatment, were included in the experimental prato&ixteen healthy controls also
participated to the experiment; they were selet¢tednatch each MDD patients for
gender, age, and socio-cultural background. Examfusriteria for the control subjects
were any severe medical problem, any neurologitdbty, as well as any psychiatric
history, a Hamilton Depression scofegreater than 6, or any other DSM-IV Axis |
mental illness. Additional exclusion criteria footh the MDD and control groups were
current or past cardiovascular or neurological diso (e.g., Parkinson disease). Subjects
were excluded if they were pregnant or lactatinghad conditions for which an MRI
would be contraindicated (e.g., metallic implanksglusion criteria for both groups were

age between 18 and 56 years, willingness to ppatiej and ability to provide signed



informed consent. The protocol was approved byrésearch ethics committee of the

Faculty of Medicine of the University of Liege.

Two patients could not maintain reliable centrasual fixation (as monitored by
eyetracking). Data from these 2 patients and fa torresponding controls were
excluded from further analysis. Thus, the final lgs@s included 14 MDD patients (7
males, drug-free, Hamilton Depression Rating Seald; Supplementary Table S1) and

their corresponding 14 matched controls.

FUNCTIONAL MRI ACQUISITION

Data were acquired with a 3T head-only MR scanA#egra, Siemens, Erlangen) using
a gradient echo EPI sequence (32 transverse slites30 % gap, TR: 2130 ms, TE: 40
ms, FA: 90°, FOV: 220 x 220 mm, matrix size: 64432, voxel size: 3.4 x 3.4 x 3
mm). Functional volumes were acquired during twatcmous scanning runs (255
volumes each). The first three volumes were dismhrtb account for T1 saturation
effects. A structural MR scan was acquired at the ef the experimental session (T1-
weighted 3D MP-RAGE sequence, TR: 1960 ms, TE: M43Tl: 1100 ms, FOV: 230 x
173 mm, matrix size: 256 x 192 x 176, voxel siz&:%0.9 x 0.9 mm). During scanning,
eye movements and pupillary size were measuredncmnisly using an infrared eye
tracking system (LRO5000, Applied Science LaboragmBedford, MA, sampling rate =
60 Hz). Eye tracking data were used to ensureataubjects included in the analyses

maintained good central fixation during the whatarming session.

FUNCTIONAL MRI ANALYSIS

Functional MRI data were analyzed using SPM2 (Httmew.fil.ion.ucl.ac.uk)
implemented in MATLAB (Mathworks Inc., Sherbom, MAJunctional scans were
realigned, normalized to the MNI EPI template (Filiree, voxel size: 2 x 2 x 2 mm) and
spatially smoothed with a Gaussian kernel with-fullith at half maximum (FWHM) of

8 mm.



Conventional SPM Approach

Whole-brain fMRI data were analyzed using a twggisocedure taking into account the
intra-individual and inter-individual variance. Alhe individual level, brain responses
were modelled at each voxel, using the generahfineodel with 4 trial types convolved
with the canonical hemodynamic response functiom load with face stimuli in the
periphery, low load with no peripheral stimuli, higpad with faces in the periphery, high
load with no peripheral stimuli. Seven additionagnessors of no interest were included
in the analyses: trials with motor response (tadgtection and false alarms), plus 6
movement parameters from spatial realignment towucfor residual motion artifacts.
High-pass filtering was performed using a cut-offripd of 128 s to remove low
frequency drifts from the time series. Linear casts between regressors of interest
tested for the main effects of attentional loadylthversus low load; low versus high
load). The summary statistics images were spatsipothed with a Gaussian kernel of
6 mm FWHM and entered into a second-level one-wB{YDXA implemented in SPM2
to assess random-effects group comparisons, wétcdnmtrast (high > low attention) as
within-subject factor, and group (MDD, controls) agtween-subjects factor. The
resulting SPM maps were thresholded at p < 0.0@bmected. Note that using within-
subject contrasts as main variables for second-lghele-brain group analyses, as in the
present study, also minimizes effects related eagdifference in task difficulty (if any).
Note also that the use of conservative whole-braimdom-effects group comparisohs
together with the relatively broad age-range of shedied populations (MDD: 19-54;
matched controls: 19-56 years) ensures that amgtstally-significant group difference

reflects a robust result that can be generalizedléaoger population.

Common group effects were assessed using conjunatialysis to preserve only voxels
that were significant in the contributing SPM map®oth control and MDD populations
based on the conjunction null hypotheSisDirect statistical group comparisons were
obtained using the main interaction of ‘attentiola@d’ by ‘group’. Statistical inferences
were performed at a threshold of p < 0.05 afteremtion for multiple comparisons over

small spherical volumes (8 mm radius) around arpldgations of interest



Regression Analyses

To assess whether individual clinical charactexsstiould explain attentional modulation
of regional brain responses, we performed additisale-brain second-level regression
analyses for the main contrasts of interest usoages from the Hamilton Depression
Rating Scale (HDRS? as covariates. Analyses were conducted separédelgach
population to discard effects trivially due to ttreerall difference between controls and
MDD patients on both these clinical measures. Tlnngoal of this analyze was to
assess whether some of the group differences dirteadulation of brain activity might
also be observed within groups when individual ed#hces in suicide levels of the

HDRS were taken into account.

We then computed a singular value decompositian extract the main factors
(‘psychometric constructs’) characterizing the dapan’s variance over the 17 items of
the HDRS. Singular value decomposition is an extenf Principal Component
Analysis (PCA) to rectangular matrices. The resofta PCA are typically discussed in
terms of component scores (factors explaining tistribution of the population’s
variance over the variables included in the ang)yand loadings (contributions of the
different variables to each factdr)Singular value decomposition was performed on a
matrix constituted by the 17 items of the HDRShe 14 depressed patients (matrix of 17
x 14). This multivariate analysis identified a fitsomponent explaining 42 % of the

variance and a second main component explainirig d0the residual variance.

The first component showed a major loading of iteips7, and 10, corresponding
respectively to ‘depressed mood’, ‘work and aatgt and ‘psychological anxiety’,
which captures well a main ‘depression’ compounduyfe S1). Whole-brain correlation
analysis using this first component as regresswealed a positive correlation of
depression level and response to high attentioealaghds in sensory/visual areas. The
second component showed a major loading of itesuiide’ and negative loadings of
items 11 and 15 respectively ‘somatic anxiety’ amgbochondriasis’ (Figure S2). The



result of the whole-brain correlation analysis gsihis second component as regressor
(reported in the main manuscript) revealed thgtarses induced by attention in the left
amygdala and the dorsal mesopontine tegmentum, reaa eompatible with locus

coeruleus and raphé nuclei, increased linearlysggrdficantly with suicidality.

SUPPLEMENTARY RESULTS

CLINICAL CHARACTERISTICS

Sixteen patients and their matched controls core@léhe study but 2 patients were
excluded because they could not maintain relialdatral visual fixation. The 14
remaining MDD patients and their 14 healthy matcbewatrols were included in the final
analyses. Supplementary Table S1 gives the mainogephic and clinical
characteristics of the study population. Differenbetween the groups were statistically
significant for both depression and anxiety meas(HDRS, HARS; two-sample t-test,
p <0.001 for both measures). MDD patients and rotstdid not differ on any other
variable reported in Table S1. Their educationli¢assessed in years) ranged from 12 to

15 years (mean, 13.280.97 years).

BEHAVIOURAL RESULTS

Performance on the central attentional load taskngduscanning was assessed by
analyzing the reaction times (RT) and hit ratedaobget trials, as well as the number of
false alarms using ANOVAs with Attentional Load @¢Hi Low) as within-subjects factor
(repeated measures) and Group (MDD, controls) as$weem-subjects factor
(Supplementary Table S2). There was a main effieattentional Load for all measures,
with slower RT, lower hit rate, and more false mlarduring the high compared to the

low load condition (all p < 0.05), indicating thiie instructions successfully modulated



task difficulty in both groups. There was a maifeeff of Group for hit rates due to the
patients missing slightly more targets (hits, 9%5% low load and 87.12% in high load)
than the controls (hits, 96.43% in low load and6@%6 in high load), but no Group by
Attentional Load interaction. No other effect ofd@p or interaction was found for any

other measure.

SPM RESULTS

For clarity, rather than separate main effects iwidach group, we first describe whole-
brain effects commonly found in both MDD patientsdacontrols using conjunction
analyses (Supplementary Methods). We then repotivdam-group comparisons

whenever they yielded statistically significantuks.

Effects of High Attentional Load

We first tested for effects of increased attentidoead by comparing fMRI activity
during the difficult and the easy tasks (high > lattentional load) using linear contrasts
of parameter estimates in the context of ANOVA nisdSupplementary Methods). A
conjunction of the SPM maps from the patients anthfthe controls for the high > low
load contrast revealed that both populations styomggaged inferior frontal and superior
parietal regions during increased attentional laaéixation (Table S3), consistent with
the recruitment of a distributed attentional netvsubtending top-down influence under
higher-load condition in all participant<.

Effects of Low Attentional Load

We then tested for regions more activated durivg & compared to high attentional
demands (low > high load). Based on Lavie’s thezfrattentional load” '° and on our
previous fMRI results in normal controfd, we predicted increased activity in visual

regions due to less filtering of the peripherainsti during the low load condition. The



group conjunction analysis (low > high load) reeehlthat left frontal, anterior and

posterior cingulate, and occipital regions survitteel statistical threshold (Table S3).

Between-group comparisons

The attentional load by group interaction did retaal any significant activation. These
findings suggest that the patients were actualfjagad in the attention task and recruited

the relevant brain areas to the same extent asotineal subjects.
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Table S1: Clinical characteristics of the depregsaients and their matched contrbls
MDD Group Control Group
Age Education Age Education
(years) Sex (years) HDRSHARS (years) Sex (years) HDRS HARS

1 21 f 15 21 15 21 f 14 0 0
2 28 f 15 33 19 27 f 16 1 2
3 29 f 13 32 16 32 f 15 1 2
4 29 f 13 34 12 24 f 15 3 4
5 32 f 15 37 19 31 f 14 2 0
6 38 f 14 30 18 32 f 17 0 0
7 54 f 15 20 17 56 f 12 2 0
8 19 m 14 30 22 20 m 12 1 0
9 19 m 13 30 10 19 m 13 1 0
10 36 m 13 21 14 34 m 13 1 0
11 39 m 13 27 14 35 m 13 6 7
12 38 m 12 24 18 34 m 16 0 0
13 40 m 14 26 17 36 m 17 3 3
14 42 m 14 25 15 39 m 14 1 0

Mean® 33.1 13.78 27.86 16.14 31.4 14.35 1.57 1.29

+9.84 7:7 +097 +5.27 £3.11 +951° 7:7 +1.69° +1.60% +2.13¢

Abbreviations: MDD, major depressive disorder; HDRI&milton Depression Rating Scale;
HARS, Hamilton Anxiety Rating Scale.

& Patients were selected by a team of psychiatsishsextensive experience in depression. All
subjects were Caucasian and right handed; thegredffrom a first episode of unipolar
depression and were all unmedicated.

PData are given as mean + SD

“Two-sample t-test testing for Group difference26; NS

“Two-sample t-test testing for Group differencet26; p < 0.001




Table S2: Behavioural performance during scanfing

Measure MDD Group Control Group Statistics”
Low  High Low  High Effectof  Effectof Jerac on
load load load load Group L oad b By
L oad
RT on hits
(ms) 516.04 610.34 511.99 607.92 F12670.02; F126=250.5; F;126=0.01;
+70.49 +64.26 +57.02 +60.82 p=0.88 p<0.001 p=0.893
Hits 92.57 87.12 96.43 95.64 Fi1264.27; F1266.93; F126=3.86;
(%) +12.21 +£1396 +3.64 480 p=0.049 p=0.014 p=0.06
Falssalarms  6.20 15.08  3.23 8.58  F12672.55; F126=38.64; F126=2.38;
(%) +1240 +14.06 +483 +7.02 p=0.12 p <0.001 p =0.13

Abbreviation: MDD, major depressive disorder; Rdaction times.
& Data are given as mean + SD unless otherwiseadtetic

P ANOVA with Load as within-subject factor and Groap between-subject factor.

10




Table S3. Brain regions showing main effects adrgtonal load in both group (conjunction; see
Supplementary Methods)

M NI coordinates Cluster Size

Brain A L/R BA Z value?
rain Areas XYZ (voxels) ®

Common brain activationsin MDD patients and controls for High > Low Attention

Inf. frontal gyrus /

Operculum L  44/48 -46 4 28 5.12 362
Inf. parietal L 40 -44 -38 44 5.09 840
Inf. parietal R 40 42 -40 40 4.22 276
Sup. parietal / IPS L 7 -20 -64 54 4.24 206
Sup. parietal / IPS R 7 36 -60 64 3.37 14
Sup. parietal / IPS R 7 22 -66 60 3.30 26
Precentral/Mid. frontal R 6 30 0 50 4.18 181
Precentral/Mid. frontal L 6 -34 -2 62 4.90 620
SMA L 6 -8 8 54 4.69 431
SMA R 6 12 8 58 3.58 17
Mid. occipital L 19 -28 -70 32 3.36 11
Common brain activationsin MDD patients and controls for Low > High Attention

Inf. Frontal / orbital L 47 -36 34 -14 3.58 58
Sup. frontal L 8/9 -20 34 54 3.67 103
Ant. Cingulate L 2511 -4 28 -20 3.57 178
Ant. Cingulate L 11 -8 46 -4 3.29 23
Ant. Cingulate R 32 10 52 16 3.47 70
Post. Cingulate R 23 2 -48 32 3.26 19
Mid. temporal L 21 -52 -10 -26 3.57 52
Mid. temporal L 21 -58 -16 -24 3.47 ¢
Angular L 39 -50 -72 38 3.82 223
Precuneus L 23 -10 -64 26 3.32 22
Lingual / V4 R 18 20 -72 -6 4.31 639
Sup. occipital L 17 -14 -94 6 4.15 569
Calcarine L 17 -18 -56 12 4.08 90

Abbreviations: Inf, Inferior; IPS, Intra ParietallSus; Mid, Middle; SMA, Supplementary Motor
Area; Sup, Superior; VWFA, Visual Word Form Area

@All p < 0.001 uncorrected (random-effect analysis).

P Threshold cluster size of 5 voxels

“Belongs to the same cluster as row above

11



Figure S1. Two first components resulting from #ivegular value decomposition of the
Hamilton Depression Rating Scale

Figure displays items of the HDRS (x axis) andldalings of each items (y axis) in the
contribution of the component (or eigenvector) ec¢a) First component showing a
major loading of items 1, 7, and 10, respectivelypressed mood’, ‘work and activities’,
and ‘psychological anxiety’(b) Second component showing a major loading of item 3
‘suicide’ and negative loadings of items 11 and rESpectively ‘somatic anxiety’ and

‘hypochondriasis’.
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5. Conclusions and perspectives

5.1. Construction of an original attentional paradigm

We reviewed the interactions between attentiongb-dmwn and bottom-up
mechanisms and we proposed that these interactmight be disrupted in

pathological conditions, such as depression.

We developed an original attentional paradigm algwus to explore these
attentional mechanisms in healthy subjects andhtirepts suffering from depression.
Our paradigm has two tasks imposing two differestels of attentional load at
fixation (easy or difficult), while irrelevant caled stimuli are presented in the
periphery. It allows us to evaluate behaviourapoeses in low attentional load or in

high attentional load.

We adapted our attentional paradigm in order toitusienultaneously with fMRI data

acquisition.

5.2. Contribution of our results to the pathophysiology of depression

Using fMRI we showed functional abnormalities withtisual cortices, suggesting
altered processing at early stages of informatioocgssing in patients with

depression. We clarified how regions regulatingeiff’e processing interacted with
those involved in attention, and how this intemctimpacts perceptual processing

within early sensory cortices.

Our fMRI study examined attentional effects on firecessing of task irrelevant
nonemotional visual stimuli in 14 nonmedicated ¢uatls with a first episode of

unipolar MDD versus 14 matched controls.

Based on the observation that visual cortical resps to irrelevant stimuli is

diminished as task demands increase, our predietias that this effect would be
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impaired in depressed subjects as a consequencdysifinctions in cortices
subtending high attentional demand or top-down gsees.
Our study revealed a set of interesting observattbat suggested complex effects of

depression on attentionally-driven ‘filtering':

1) In visual cortex (V4), responses to irrelevantalored stimuli diminished at
high attentional load in controls, but were suppresed in depressed patients
irrespective of attentional load. This effect corrgponded to attention-related

impairement in frontal and parietal functional connectivity with V4 in patients.

2) SgACC / vmPFC responses to irrelevant coloredistuli was reduced during
high attentional load in controls, but in patientsthe vmPFC activity was strongly

affected by attentional load irrespective of the pesence or absence of the stimuli.

These observations are novel and reveal interestagal effects on low level
stimulus processing associated with depressiomsdiated by cognitive attentional
systems. Our results also extend current knowledigeit the mechanistic role of the

vmPFC, a putative functional substrate for depogssi

Our study revealed, for the first time with fMRhat the pathophysiology of MDD
involves impairments in early information procesgsifsuch perceptive disturbance
may lead to cognitives dysfunctions (see sectidrb).and could be a potential target

for future treatments of depression.

Phillips and colleagues recently described a neudel of emotion regulation that
includes voluntary and automatic regulatory subgsses (Phillips, Ladouceur et al.
2008). They highlighted two major neural systenis: 4 feedforward pathway: a
medial prefrontal cortical system, including théital frontal cortex, SJACC, rostral
ACC, hippocampus and parahippocampus, and dorsaheHC, and (2) a feedback
pathway: a lateral prefrontal cortical system, uwithg dorsolateral PFC and
ventrolateral PFC. These authors suggest that ah@efr neural system may be
involved in automatic subprocesses, whereas tier latural system may subserve
voluntary subprocesses. These two neural systenys bmaactivated concurrently

during regulation of emotional states. SJACC waslved in automatic emotional



76

processes (e.g. Phelps, Delgado et al. 2004).ditianl, SQACC was involved in the
default-mode network of MDD (Greicius, Flores et a007) and linked to self-
focused thoughts (Sheline, Barch et al. 2009). fludings suggest that cognitive
attentional load may decrease automatic emotiomatgsses and self-focused
thoughts. In addition, modulations of the vmPFC migad to emotional, cognitive,

endocrine, autonomic and neurochemical regulafises section 1.1.8).

Thus, our findings shed new light on the interactlmetween cognition and mood
regulation. While SgACC is thought to be a finalnoonon pathway for several
treatments in depression (see section 1.1.8), tuolyssuggests that increased
cognitive load could have therapeutical effectsdbgreasing a baseline hyperactive
SgACC / vmPFC in MDD patients and consequentlyngcis a circuit-breaker of

depression. Cognitive training or rehabilitatiorgitibe proposed to these patients.

3) During high attentional demand, MDD patients adtvated noradrenergic locus
coeruleus, serotonergic raphé nuclei and amygdalaniproportion of their

suicidality.

This is the first fMRI demonstration of brainsterbnarmalities in living MDD
patients. To explain the increase of deliberats attself-harm in the first month of
antidepressant treatment (Jick, Kaye et al. 20G#),mismatch in symptom
improvement was first proposed (i.e. physical epeyets better first while resolution
of suicidal ideations is slower) (see section J).lldere, we suggest a novel
pathophysiological hypothesis in which the inteyplbetween locus coeruleus
(Einhauser, Stout et al. 2008) and amygdala (BaamdtSara 2005) plays a key role
in impulsive shifts in behavioural states, whichyma turn precipitate suicidal
behaviour.

We propose that a better control over amygdalaivigctand its modulation by
aminergic neuromodulators might avoid extreme, ilsipa reactions. Amygdalar-
frontal connectivity was shown in several studieBglps, Delgado et al. 2004; Banks,
Eddy et al. 2007). For instance, Banks and colkoos (2007) demonstrated that
activity in left amygdala covaried with activity ia set of area including the right
SgACC during a reappraisal-based strategy to dayatmée negative affect (Banks,
Eddy et al. 2007). Since, during an effortful affee reappraisal task, a positive
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association between vmPFC and amygdala has beemnsho MDD patients
(Johnstone, van Reekum et al. 2007), as comparkedaithy subjects, our attentional
cognitive task might be used in order to decrehsedounterproductive recruitment

of prefrontal-subcortical circuitry (Desseilles,|@au et al. 2009).

In addition to cognitive therapy and antidepressdbteRubeis, Siegle et al. 2008),
benzodiazepine could be used in order to decreasgdalar activity (Paulus,
Feinstein et al. 2005).
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5.3. Perspectives in pathology: top-down dysfunction in mental illnesses

Based on our results, we showed that deficits prdmwn modulations in unipolar
depression have remote consequences on cerebratiofung, even at early
processing levels. According to this model, altecedhpetition between top-down
and bottom-up sensory processes might lead totartid perception of the world.
Depression was taken as a paradigmatic exampleag-down dysfunction, yet this
model could be applied to other psychiatric dissdeich as bipolar disorders (at the
other side of the mood spectrum), anxiety disorderg. obsessive-compulsive

disorders) or schizophrenia (Silbersweig and St696).

In addition, disorders of mood and cognition overia the elderly and there is an
emerging consensus that both groups of disordeaseskimilar neurobiological
substrates (Kumar, Ajilore et al. 2008). For ins&, recent brain imaging techniques
such as PET-based in vivo protein binding couldphelucidate common
pathophysiological mechanisms in order to detetepe at risk, to monitor disease
and to evaluate new treatments in several neurogegive diseases including

Alzheimer disease (Appleby, Roy et al. 2007).

As an exemple, we detail hereafter why we shouldysttop-down dysfunctions,
using our attentional paradigm, in hallucinationsd ain obsessive-compulsive
disorders. Such research program could verify #reegnlity of our findings in MDD

patients.

In our future research, we plan to explore with qaradigm other sensorial
modalities. We suggest that top-down and bottonprgeesses are involved in other
sensorial modalities such as olfactory (e.g. Atamas Graux et al. 2008), auditory
(e.g. Silbersweig and Stern 1996), somatosensogy ¥®n Korff and Simon 1996),

gustative (e.g. Steiner, Lidar-Lifschitz et al. 39#nodalities.

5.3.1. Top-down dysfunctions in hallucinations

Hallucinations are involuntary perceptions in thsence of external stimuli (Sadock
and Sadock 2005). They can occur in any sensonaltyde.g. exteroceptive such as

visual, auditory, olfactory, gustatory, or tactileteroceptive or proprioceptive). More
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strictly, hallucinations are perceptions in a camss and awake state in the absence
of external stimuli and they have traits of reatgeptions, in that they are vivid,
significant, and positioned in external objectipace. In that way hallucinations can
be distinguished, for instance, frodreaming (Dang-Vu, Desseilles et al. 2007);
illusion (Kitaoka, Gyoba et al. 2006)nagery(Bartolomeo 2002).

Hallucinations have been shown in pathological d¢omts (e.g. neurological
disorders, delirium tremens, drug or alcohol ussychosis, sleep deprivation)
(Sadock and Sadock 2005) and in normal populatitiasoi, Marczewski et al.
2004). For instance, hypnagogic hallucinations @ocxs one is falling asleep) and
hypnopompic hallucinations (occur when one is wgkip) are considered normal
phenomena. The form and content of hallucinatiares particularly prominent and
incapacitating in schizophrenia. In this latter dition, normal balance between
sensory (bottom-up) and mental (top-down) facterglistorded (Grossberg 2000).
Under certain circumstances, top-down factors aderior prevail on bottom-up
informations in determining the final percept (coinsis experiences in the absence of

bottom-up information).

Our paradigm explicitly target top-down attentionachanisms and could be used to
explore the neural basis of top-down perceptuatgssing in hallucinations and

particularly in schizophrenia.

5.3.2. Top-down dysfunctions in obsessive-compulsive disorders
(OCD)

Functional neuroimaging studies have revealed abaldies in polymodal

associative cortices (prefrontal and parietal) amdimbic and paralimbic areas
(anterior cingulate cortex, amygdala, hippocampets.,) in OCD (Geuze, Vermetten
et al. 2005; Malizia 2005; Friedlander and Desro@®06). These findings suggest
an alteration of the modulation by higher-levelioeg of lower stages of information
processing, down to that occuring within primarynsmy cortices (Desseilles,
Ansseau et al. 2008). In addition, functional abmalities in the striatum have been
demonstrated. A metabolic hyperactivity in the icodsubcortical loop involving

striatum has been suggested to be concomitantetmmiset of obsessions (Guehl,

Benazzouz et al. 2008). Moreover, the alleviatidntlie OCD symptoms by
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pharmacotherapy or psychotherapy is accompanie@ mprmalization of frontal
hyperactivity (orbitofrontal cortex, dorsolaterakfrontal cortex and anterior
cingulate cortex), while posterior brain activigiated to action-monitoring function

increases (Nakao, Nakagawa et al. 2005).

In these patients, attentional biases (Bannon, &ees et al. 2002; Clark 2002;
Cohen, Lachenmeyer et al. 2003; Chamberlain, Blatket al. 2005; Chamberlain
and Sahakian 2006) (selection of inadequate infoomeaor behaviour as well as
inhibition of pertinent information and behavioyrfpy a major role in the initiation
and maintenance of the symptoms (Beck and Clark)19®loreover, this process of
information selection involves fronto-striatal ase@assingham 1996; Rotge, Guehl
et al. 2009).

Based on the findings reviewed above, we hypotedsiaat a dysfunction in fronto-
striatal networks could underpin not only affectaved behavioural characteristics of
OCD patients, but also perception and cognitivecfioning, because OCD patients
process information in a more rigid and less adhptay (Soref, Dar et al. 2008). In
addition, we propose that attentional biases linketthe dysfunctional activity within
high level regions («top-down » effect) imply somganisation of the functional
connectivity, even during the resting state oflih&in (Raichle, MacLeod et al. 2001,
Raichle and Snyder 2007).

Using the same attentional paradigm (Desseilleke8a et al. 2009), we conducted a
preliminary study on attentional dysfunctions in @bBsessive-compulsive patients
(age (mean = SD): 29.62 + 9.32 y; Y-BOCS: 22.87.89% and 16 healthy subjects
(age: 29.93 £ 10.13 y) (Figure 18).
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Measure OCD Group Control Group Statistics
Low  High  Low  High  Effectof  Effect of 'g‘fgﬂctr“
load load load load Group Load P oy
Load
RT (mts) on 50183 60785 49520 62956  Fiw=022  Fix=8401,  Fix=1.17;
correc £5159  +5041 £5523 £7537  p=0646  p<0001f  p=0.288
responses
Hits (% 97.10 87.93 97.21 90.39 F1,30=0.31; F1,30=10.09; F1,30=0.22;
its (%) +567  +1021  +465 +1473 p =0.583 p=0.003§ p=0.644
False alarms 7.30 2547 1.70 19.84 F1,30=1.67; F1,30=25.35;  F4,30<0.001;
(%) +852  +£1932  £3.07 £2376  p=0206 p<0.001% p =0.996

Figure 18: Behavioural performances during scannig. Abbreviation: OCD, obsessive-
compulsive disorder. Data are given as mean * SD lass otherwise indicated. TANOVA with
Load as within-subject factor and Group as betweersubject factor. $P<0.001; 8P<0.01; #P<0.05

Our paradigm recruited the fronto-parietal attemionetwork in both populations

(Figure 19).

Figure 19 : Main effect of high attentional load. Goup conjunction (OCD patients and controls)
for the high > low load contrast showing the fronteparietal attentional network (Corbetta and
Shulman 2002).
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Control subjects showed, in low > high attentidioald, an increased response in the
colour responsive region V4a, as compared to OCiemsa (Figure 20). These
preliminary results not only confirm that our atienal paradigm leads to replicable
patterns of brain activity across studies and pefpais (Desseilles, Balteau et al.
2009), but also suggest an abnormal filtering @@vant information in patients with
OCD (like we found in depressed patients. We gudite that further analysis of these

data as well as a detailed characterization ofréisting-state in OCD patients will

provide important new insights into the pathophlggig of OCD.

Figure 20 : Main effect of low attentional load. Ircreased response during the low- minus the
high-load condition in V4a for controls relative to OCD patients. xyz = -44,-54,-8, small volume
correction (radius 10 mm) based on a priori area fom the litterature (Bartels and Zeki 2000).

For visualization purposes, statistical parametricmaps are overlaid on average T1 structural
scan and thresholded at p< 0.005 uncorrected. Coldrar indicates t values.
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5.4.Perspective in therapy

5.4.1. Cognitive training in top-down regulation

A major issue of neuropsychological experimentaitothe development of objective
tests aiming at (i) detect the onset, (i) monitoe course of major depression, and
(iif) assess the efficacy of various treatmentsadidition, in the context of cognitive
therapy, a neuropsychological training could helpents to improve their symptoms.
Our task has shown a decrease of subgenual ACGrdweedial PFC area in high
attentional load suggesting that varying attentiéoed could act as a circuit-breaker

in depression.

5.4.2. Evaluation of treatment

We propose that our neuropsychological paradignidcbe used in the context of the
evaluation of treatment efficacy (in pre- and pastatment) such as phsychotherapy,
pharmacotherapy, including well known drugs or “eloantidepressant” such as
ketamine (Maeng and Zarate 2007; Machado-Vieir&/a8are et al. 2008; Maeng,
Zarate et al. 2008) or oxytocine (Arletti and Bério 1987) and other
somatotherapies of depression (including TMS, HOBS, light therapy, ...).

For these treatmentsffectivenesgan be studied by using pre- post- brain imaging
comparisons (Figure 21). Our task could thus be weeful to assess functional
modulations of brain activity, and to distinguisbtlveen activity changes that are
independent or dependent of attentional capacifies. comparisons of activity in
brain areas, either activation or deactivation, maform about a potential
normalization or compensation. Thrognosisof response or non-response to a
specific therapy can be studied by comparing threbral activity between subjects
who have responded or not to the treatment. Thisldcgotentially provide
information on the usefulness of doing a partictyae of therapy since this is often a
long, costly and grueling work. In addition to the& in the choice of the best
treatment,target regions could be pinpointed using neuroimagingbaseline or

during cognitive tasks in order to modulate dingttle brain activity subtending these
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symptoms. In addition to psychotherapy, functiomalgnetic resonance imaging or
electroencephalographic devices could be used iheroto train patient to

neurofeedback and thus facilitate the normalizadioactivity in targeted regions.

Effectiveness
Proghosis ¥
Responder
o’
Psychatherapy
NETY ARy
rL\‘JJ)I {4 \%'.

FPhenotype Baseline b, o
Cg}‘r‘f‘

£ /
Non-responder

Figure 21 : Evaluation of effectiveness, prognosiand target in therapy of mental ilinesses (see
the main text for explanations).
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5.5. Perspectives in methodology
5.5.1. Integration with other biological measures

Several biological markers of depression have bpeviously highlighted (see
section 1.1.10) and all of them could be associaii¢tdl brain imaging. For instance,
‘gene by environment’ interactions, chronotype, dmwdin biochemistry could be

associated with our attentional paradigm.

Gene by environement interactioesuld be studied by coupling our attentional
paradigm with the study of gene polymorphisms idirig the promoter region of the
serotonin transportor (5-HTTLPR) and brain-deriveeurotrophic factor (BDNF)
(Frodl, Moller et al. 2008). Additionnaly circadi@@nes have been linked to mental
disorders (Lamont, Legault-Coutu et al. 2007) aadld be used in genetic imaging

protocols.

Chronotypeand cognitive performance have been linked angdheeild study in brain
imaging the influence of the time of the day atethiesting occurs, in function of the
genotype and the psychic disorder (Schmidt, Cellettal. 2007).

Recently, reciprocal interplay between cognitivévéty and brain biochemistryhas
been studied using PET scanning (McNab, Varrone akt 2009). Several
neurotransmitters (including monoaminergic systegiytamatergic system  or
acetylcholine) have been involved in neuropsyciuatlisorders (Mann 2005;
Pittenger, Sanacora et al. 2007; Belmaker and AB@68; Sanacora, Zarate et al.
2008) and cognitive functions (Briand, Gritton €t 2007). Our original attentional
paradigm could be used in order to study the itdgrpetween attentional resources

and neurotransmitters.
5.5.2. Voxel-based morphometry

Anatomical volumes could be analyzed using thenogid procedure for voxel-
based morphometry (VBM). Compared to other morphameechniques that involve
predefined local brain regions of interest, VBM ess®es grey (and white) matter

differences across the whole brain after discognglobal shape differences. Bet-
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ween-group differences will be assessed by coirigagite preprocessed gray matter

volumes of the patients and the controls.

5.5.3. Dynamic causal modelling

Dynamic causal modeling or DCM is a modelling pahoe of brain effective

connectivity. It aims at treating the brain as aput—state—output system. By
perturbing the system with known inputs (i.e. outemtional task), measured
responses are used to estimate various parameé&trgdvern the evolution of brain
states (Friston, Harrison et al. 2003; Kiebel, @aret al. 2007; Chen, Kiebel et al.
2008; Marreiros, Kiebel et al. 2008).

As our attentional task can modulate brain actiinty set of known areas, we could
model a network using DCM in order to assess affectonnectivity in patients with

depression as compared to healthy subjects.

5.5.4. Independent component analysis and default network

ICA is a statistical technique that separates a dfesignals into independent
(uncorrelated and non-Gaussian) spatiotemporal oopmgs. When applied to the
T2* signal of fMRI, ICA allows not only for the remwal of artifacts, but for the
isolation of neural networks with a similar timeucse of activity, during cognitive
task or resting-state. Doing this, subsequent tadioas could be computed between
neuronal activity within these networks and thenickl scores of depression and

anxiety.

Subgenual ACC has been involved in the default odwof patients presenting
depression (Greicius, Flores et al. 2007). In aolditmedial prefrontal areas have
been involved in the self-focused thoughts (GusnAkbudak et al. 2001; Sheline,
Barch et al. 2009). We could analyze our data u8tdy (independent component
analysis) module of the FSL software (www.fmribaxxuk/fsl/melodic2/index.html)

in order to link the activity within the default meork with the self-focused thoughts

such as ruminations.

Below we present our preliminary results of ICA bt MDD patients previously

described in our main study (Desseilles, Balteaal.2009).
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Figure 22 : Default mode network components. SPM ngs of the component after ICA analysis
of 14 MDD patients. The graphic represent the mearf correlations between regressors (3
attentional conditions: baseline, low and high attetional load; 2 stimulus condition: color
stimulation, no peripheral stimulation) and time-caurse of the component of the ICA analysis.
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The SgACC / vmPFC area described in our study é&yz 38, -14) is in fact in the
default-mode network (Figure 22, left panel). Theseliminary ICA results are
congruent with the hypothesis that SQACC / vmPFvi#g is increased at baseline
in MDD patients and is diminished by attentionaldo

In addition, our results suggest that the corretatietween time-course of the ICA
components was opposed for the attentional netwonkponent (Figure 23) and the
default-mode network components (Figure 22). The=mults suggest a reverse
correlation between these two networks. Furthelyaea will determine how the

patients’ population and the controls might differ such large-scale patterns of
synchronized brain activity.

component 21 {Attentional Network)

Bazelne Low High

s §

Figure 23 : Attentional network component. SPM mapf the component after ICA analysis of
14 MDD patients. The graphic represent the mean otorrelations between regressors (3
attentional conditions: baseline, low and high attetional load; 2 stimulus condition: color

stimulation, no peripheral stimulation) and time-caurse of the component of the ICA analysis.
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5.6. Concluding remarks

In the present work, we have clarified how neuratworks implicated in mood
regulation may influence executive control and pptaal processes. Our findings not
only improve our understanding of the pathophysgjmal mechanisms underlying
cognitive dysfunctions in MDD, but also shed neghti on the interaction between
cognition and mood regulation.

Taken together, our results demonstrate the ussfalof our attentional paradigm in
the study of biological abnormalities that conttéto the cognitive deficits observed
in various psychiatric disorders. Additionally it rggides an original
neuropsychological tool aiming at assessing thatrirent efficacy for a variety of

psychic disorders with top-down dysfunctions.
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7. Supplemental thesis

7.1.Electroconvulsive therapy in depression

7.1.1. The electroconvulsive therapy in 2008

From
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Summary

Electroconvulsive therapy (formerly called sismo#py, electronarcosis or shock
therapy) is a therapeutic tool used in several lgaydc illnesses. It consists in the
induction of a generalized convulsive seizure ligaascranial electric stimulation. If
it is true that this tool continues to stigmatibe tollective imagination in giving rise
to dread and suspicion (considered by some peapl@ darbarian or obsolete
therapy), it is however an effective (sometimeggltaceable) and well tolerated
treatment. Over the last decades, ECT has generatesved interest in psychiatric
therapy. It constitutes today the oldest biologitarapeutic tool still in use in

psychiatry.



L’ ELECTROCONVULSIVOTHERAPIE EN 2008

S. Servais (1), M. Ansseau (2), G. MikoLasczak (3), M. DesSEILLES (4)

RESUME : L’électroconvulsivothérapie (anciennement dénom-
mée sismothérapie, électronarcose ou électrochoc) est une
technique thérapeutique utilisée dans certaines affections psy-
chiatriques. Elle consiste en la réalisation d’une crise convul-
sive généralisée induite par le passage d’un courant électrique
transcranien. S’il est vrai que cette méthode continue de stig-
matiser I’imaginaire collectif en suscitant effroi et méfiance
(modele de barbarie thérapeutique pour certains, traitement
obsoléte pour d’autres), elle se révele, au contraire, étre un trai-
tement souvent tres efficace, dans certains cas irremplacable, et
dans I’ensemble trés bien toléré. Ainsi, ces derniéres années ont
vu un regain d’intérét pour ’ECT. Elle constitue, aujourd’hui,
la plus ancienne des somathérapies psychiatriques toujours en
vigueur.

Mots-cLES : Psychiatrie - Electroconvulsivothérapie - Dépression

- Trouble bipolaire - Schizophrénie

INTRODUCTION

L’¢lectroconvulsivothérapie (ECT) est une
technique thérapeutique ancienne. Elle est uti-
lisée dans certaines indications précises. Apres
un bref historique, nous aborderons dans cette
revue les indications et contre-indications, la
prédiction de la réponse au traitement, les aspects
pratiques de la technique ainsi que les complica-
tions rencontrées. Enfin, nous ferons le point sur
les hypothéses anciennes et récentes concernant
les mécanismes d’action de I’ECT.

HISTORIQUE

L’histoire de I’ECT (1-4) remonte au début
des années 1930 et aux travaux d’un psychia-
tre hongrois, Lasdislas Joseph Von Meduna (5).
Ceux-ci se basaient sur deux observations. La
premicre était le constat (qui s’avera étre erroné
par la suite) d’un antagonisme clinique entre
schizophrénie et épilepsie. Ainsi, Von Meduna
pensait-il avoir noté qu’un épileptique ne pouvait
étre schizo-phreéne, et inversement. La seconde
observation était la disparition d’un bon nom-
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THE ELECTROCONVULSIVE THERAPY IN 2008
SUMMARY : Electroconvulsive therapy (formerly called sis-
motherapy, electronarcosis or shock therapy) is a therapeu-
tic tool used in several psychiatric illnesses. It consists in the
induction of a generalized convulsive seizure by a transcra-
nial electric stimulation. If it is true that this tool continues
to stigmatise the collective imagination in giving rise to dread
and suspicion (considered by some people as a barbarian or
obsolete therapy), it is however an effective (sometimes irre-
placeable) and well tolerated treatment. Over the last decades,
ECT has generated renewed interest in psychiatric therapy. It
constitutes today the oldest biological therapeutic tool still in
use in psychiatry.

KEeyworbps : Psychiatry - Electroconvulsive therapy - Depression
- Bipolar disorder - Schizophrenia

bre de symptomes chez les malades mentaux qui
présentaient une crise convulsive spontanée.

D’abord chimique (camphre, cardiazol), la
convulsivothérapie devint ensuite électrique
suite aux travaux de Cerletti et de Bini (6).

Utilisée dans un premier temps dans le trai-
tement de troubles psychotiques dont la schizo-
phrénie essentiellement, cette technique montra,
par la suite, de meilleurs résultats dans les for-
mes séveres de dépression.

Dans les années 1940, I’ECT connut des pro-
gres importants en termes de confort du patient
et de diminution des risques grace a l’utilisation
de I’anesthésie générale et ’introduction de la
curarisation. L’anesthésie générale supprime
I’anxiété anticipatoire liée au traitement (les
malades n’assistent plus aux préparatifs) et per-
met de franchir sans troubles la phase post-criti-
que. Le curare permet d’atténuer les contractions
musculaires et réduit ainsi les complications
mécaniques liées aux convulsions (luxations,
fractures,...).

La convulsivothérapie a connu une trés rapide
extension de 1938 a 1960. Malheureusement,
certains psychiatres pratiquérent ce traitement
sans se soucier réellement des indications,
I’essentiel étant parfois méme de maitriser des
malades indisciplinés ou agités. Au cours des
années 1960-1970, on assista a une nette dimi-
nution de la pratique de la technique en raison
de I’apparition de groupes de pression tres actifs
contre 1’électrochoc, mais aussi de la découverte
des antidépresseurs et des neuroleptiques. Néan-
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moins, depuis les années 1980 et aujourd’hui
encore, ’ECT connait un nouvel essor.

INDICATIONS

Des études controlées randomisées ont
démontré I’efficacité thérapeutique et la rapidité
d’action de I’ECT par rapport aux traitements de
référence dans diverses affections psychiatriques
telles que la dépression, la manie, la schizophré-
nie (par exemple, (7)). L’ECT peut étre considé-
rée comme un traitement de premiére intention
lorsqu’il existe un risque vital a court terme,
lorsque 1’état de santé du patient est incompati-
ble avec I'utilisation d’une autre forme de thé-
rapeutique classique, voire, dans une indication
appropriée, a la demande du patient. Elle est uti-
lisée en seconde intention lorsque le traitement
pharmacologique de référence est mal toléré ou
n’est pas efficace. L’ECT peut également étre
utile dans des cas ou le traitement médicamen-
teux actif en début de cure devient par la suite
inefficace. L’¢électrochoc permet, en effet, dans
ces situations, d’obtenir a nouveau une réponse
au traitement (8).

PATHOLOGIES

Les différentes pathologies pour lesquelles
I’ECT s’aveére étre efficace sont nombreuses
2-4):

LA DEPRESSION

L’ECT a une efficacité curative a court terme
sur les dépressions majeures. Le taux de rémis-
sion apres ce traitement est de 70-90%. L’ électro-
narcose se révele étre le meilleur traitement de la
dépression mélancolique. Elle est plus efficace
que les autres méthodes thérapeutiques (médi-
caments antidépresseurs, psychothérapies,...).
Malgré cela, en raison de sa moindre facilité
d’utilisation, I’électrochoc tire ses indications des
limites et des échecs de la chimiothérapie anti-
dépressive. En effet, les antidépresseurs n’agis-
sent qu’apres un délai de quelques semaines, ce
qui peut imposer les chocs face aux cas urgents.
L’ECT est donc indiquée en cas de haut risque
de suicide, de mélancolie délirante, stuporeuse
ou agitée, de refus de nourriture ou de boissons,
de résistance ou d’intolérance aux psychotropes.
Les patients souffrant d’une dépression bipolaire
réagissent tout aussi bien, voire méme plus rapi-
dement, que les déprimés unipolaires.

On note en outre une action rapide de ’ECT
dans le traitement de la dépression. Par exemple,
on observe une disparition rapide des idées sui-
cidaires chez 40% des patients déprimés apres
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une semaine de traitement (trois séances d’élec-
trochocs) (7).

En 1’absence de tout traitement ultérieur, la
majorité des patients atteints de troubles de I’hu-
meur connaissent une rechute dans les six mois
suivant la cure. C’est pourquoi un traitement par
antidépresseurs devrait &tre débuté le plus rapi-
dement possible a 1’issue de I’ECT. Une alter-
native est représentée par la réalisation d’ECT
d’entretien chez les patients qui ne réagissent
pas assez au traitement de maintenance par psy-
chotropes ou ne tolérent pas celui-ci.

LA MANIE

Bien que ’ECT se soit révélée efficace chez
des patients maniaques, le traitement médi-
camenteux est préféré en premicre intention
(neuroleptiques et lithium). Par ailleurs, ’ECT
est aussi efficace que le lithium comme traite-
ment curatif de I’accés maniaque aigu chez des
patients recevant des neuroleptiques et permet
d’obtenir une diminution rapide de I’agitation et
de I’exaltation. Elle trouve donc son indication
dans le traitement d’un épisode maniaque en
cas d’épuisement extréme, de manie délirante,
confuse ou furieuse, ou tout autre état dans
lequel la vie du patient est en danger et exige
une réponse rapide ainsi qu’en cas de résistance
ou d’intolérance aux psychotropes.

Le nombre de séances nécessaires pour obte-
nir une réponse dans la manie est souvent infé-
rieur au nombre requis dans la dépression.

LA SCHIZOPHRENIE

Le traitement de choix de la schizophrénie
est la chimiothérapie neuroleptique. L’ECT est
a envisager en seconde intention et toujours en
association aux antipsychotiques pour le traite-
ment des psychoses chimiorésistantes. Elle peut
également étre utilisée dans les troubles schizo-
affectifs, avec un soulagement rapide des exacer-
bations symptomatiques schizophréniques. Elle
est également efficace dans les syndromes para-
noides aigus lorsque I’intensité de 1’angoisse ou
la thématique délirante font courir un risque de
passage a l’acte et dans la catatonie, lorsque la
symptomatologie thymique est au premier plan.

L’impression clinique est que la schizophré-
nie exige un nombre de séances plus important
que les troubles dépressifs.

Le risque de rechutes aprées la cure est impor-
tant. Dés lors, un traitement par antipsychotiques
s’impose a I’issue de I’ECT.
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LA CATATONIE

Il s’agit d’une inhibition psychomotrice qui
se caractérise par un négativisme important et
un ensemble de troubles moteurs tels que : iner-
tie, mutisme, rigidité musculaire, des paroles
et des gestes bizarres et stéréotypés. Bien que
généralement rattachée aux troubles schizophré-
niques, la catatonie se manifeste également chez
des patients souffrant de troubles thymiques. La
catatonie réagit presque toujours favorablement
a PECT. Néanmoins, un traitement par benzo-
diazépines doit d’abord étre tenté avant d’opter
pour 1’¢électrochoc.

AUTRES AFFECTIONS

L’ECT s’avére efficace, mais ne consti-
tue pas le traitement de premier choix dans de
nombreuses affections telles que le Syndrome
Neuroleptique Malin, le délirium, la maladie de
Parkinson (efficacité transitoire sur les symp-
tomes moteurs), I’épilepsie sévére, certains
syndromes algiques (douleurs neuropathiques,
fantdémes,...), certains troubles moteurs tardifs
(dyskinésie tardive,...) (9).

Affections psychiatriques ne constituant pas une
indication pour I’ECT

L’ECT n’est pas indiquée dans certaines
pathologies telles que, par exemple, les troubles
liés a une substance, les troubles des conduites
alimentaires, les troubles du controle des impul-
sions ainsi que les troubles de personnalité.
L’ECT est également inefficace dans les démen-
ces et les troubles mnésiques purs. Une nuance
doit néanmoins étre apportée en ce qui concerne
ce que I’on appelle les états de pseudo-démence
dans lesquels les patients présentent un syn-
drome dépressif caractérisé se manifestant par
une symptomatologie d’allure démentielle. Dans
ce cas, ’ECT s’avere étre efficace pour traiter
la pathologie psychiatrique de fond et, donc, les
différents symptomes qui en découlent. L’ECT
constitue dans ce cas un traitement d’épreuve
(10).

GROUPES PARTICULIERS

Trois populations particuliéres sont consti-
tuées par les enfants et les adolescents, les fem-
mes enceintes et les personnes agées (2-4).

ENFANTS ET ADOLESCENTS

Le recours a ’ECT chez les jeunes est excep-
tionnel. Les indications sont les mémes que
celles posées chez 1’adulte, mais I’ECT n’est
utilisée qu’en derniére intention, aprés échec

des autres thérapeutiques disponibles. La tech-
nique doit évidemment étre adaptée au seuil
épileptogeéne généralement plus faible chez les
enfants. On ne dispose actuellement pas encore
de données scientifiques sur les effets secondai-
res potentiels, en particulier cognitifs, de ’ECT
sur le cerveau en développement de I’enfant.

GROSSESSE

L’ECT peut é&tre utilisée chez la femme
enceinte et s’avere parfois étre une thérapeu-
tique de choix en raison de I’effet tératogeéne
démontré de certains psychotropes. Une consul-
tation gynécologique et un avis pré-anesthésie
sont conseillés avant la réalisation de la cure. A
partir du deuxiéme trimestre, une surveillance
du feetus (rythme cardiaque feetal) est réalisée
lors de chaque séance. En cas de grossesse a ris-
que ou a I’approche du terme, la présence d’un
obstétricien est souhaitable.

PERSONNES AGEES

Les recommandations sont identiques a celles
posées pour les adultes. Certains médicaments
antidépresseurs sont moins bien tolérés chez
les personnes agées et I’ECT s’aveére étre une
alternative thérapeutique efficace. L’intensité du
stimulus doit étre adaptée en raison d’une aug-
mentation du seuil épileptogéne avec 1’age. Les
limitations dans 1’utilisation de 1’électrochoc
pour cette population résident dans le fait qu’il
y aurait un risque accru d’effets secondaires
cognitifs.

PREDICTION DE LA REPONSE AU
TRAITEMENT PAR ECT

Plusieurs échelles permettent de prévoir, en
fonction de la symptomatologie que présente le
patient, 1’efficacité potentielle de la sismothéra-
pie dans un syndrome dépressif caractérisé. Une
d’entre elles, élaborée par Carney et coll. (1965),
est encore utilisée en pratique clinique (11). Elle
permet de calculer un score prédictif de réponse
a ’ECT. Ainsi, une perte de poids importante, un
réveil précoce, un morphotype pycnique dans la
terminologie de Kretschmer (8), des idées déli-
rantes somatiques, paranoides ou de référence
sont des €léments de bon pronostic de réponse
a 1’¢lectrochoc. Par contre I’anxiété, 1’aggrava-
tion vespérale de la symptomatologie, 1’apitoie-
ment sur soi-méme, 1’hypochondrie et des traits
de caractére hystériques sont prédictifs d’une
réponse moins favorable a I’ECT.
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CONTRE-INDICATIONS

Il importe de distinguer, d’une part, les
contre-indications liées au choc proprement dit
et, d’autre part, celles liées a 1’anesthésie ou a la
curarisation (2-4).

CONTRE-INDICATIONS LIEES AU CHOC

Il n’existe aucune contre-indication absolue
a ECT. Les contre-indications relatives les
plus fréquentes concernent certaines affections
cardio-vasculaires et neurologiques. Parmi les
affections cardio-vasculaires, on trouve 1’in-
farctus myocardique récent et I’insuffisance
coronarienne sévére (risque d’aggravation), les
anévrismes et les malformations vasculaires
(risque de rupture et d’hémorragie), les mala-
dies emboligénes telles que la phlébite aigué et
les arythmies (risque d’embolisation). Parmi les
affections neurologiques, 1’hypertension intra-
cranienne, I’AVC récent ischémique, mais sur-
tout hémorragique, et les lésions expansives
cérébrales peuvent étre des contre-indications.
Mentionnons toutefois que, récemment, une
équipe de médecins a réalisé des électrochocs
chez un patient présentant une dépression carac-
térisée résistante au traitement et un astrocytome
anaplasique temporal gauche accompagné d’un
oedéme cérébral, avec dans ce cas, un traitement
préalable par dexaméthasone parentérale (12).

D’autres affections s’associent a un certain
risque et 1’appréciation du rapport bénéfices /
risques est ici judicieux : I’existence d’antécé-
dents épileptiques (possibilité de déclenchement
de crises apres les chocs et dans certains cas,
d’états de mal épileptique), les états déficitai-
res démentiels (confusion post-critique plus
fréquente dans ces cas), le phéochromocytome
(augmentation du risque de troubles graves du
rythme et de la pression artérielle lors de I’ECT),
I’hyperthyroidie (induction possible d’une crise
hyperthyroidienne par I’ECT), le diabéte (effet
hyperglycémiant probable de la convulsion). Il
existe également certaines contre-indications
d’ordre médicamenteux (par exemple : les anti-
coagulants).

CONTRE-INDICATIONS LIEES A L ANESTHESIE ET A LA

CURARISATION

On y retrouve les risques classiques inhérents
a I’anesthésie, d’ordre cardio-circulatoire, respi-
ratoire et allergique. La myasthénie doit rendre
la curarisation prudente.
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PRATIQUE DE L’ECT

La pratique de I’ECT se décompose en plu-
sieurs temps : les préalables, puis la technique
proprement dite (2).

PREALABLES

Le patient doit étre informé des raisons pour
lesquelles on préconise 1’électrochoc, des objec-
tifs thérapeutiques et des risques iatrogenes.
L’ECT ne peut étre réalisée qu’a condition que
le patient ait donné son consentement éclairé.
En pratique, ce consentement éclairé ne peut pas
toujours étre obtenu (patients délirants, par exem-
ple). Il convient alors de rencontrer la famille et
d’exposer tant la problématique du malade que
les risques et avantages de la technique propo-
sée en vue d’obtenir leur consentement. Le bilan
pré-thérapeutique comporte une anamneése, un
examen clinique, un examen biologique et un
¢lectrocardiogramme. Cela permet de détecter
d’éventuelles affections existantes et d’évaluer
les risques liés a 1’anesthésie générale et aux
convulsions. D’autres examens tels que I’EEG
et le scanner cérébral semblent étre superflus
(sauf pour préciser une anomalie décelée lors de
I’anamnése ou de 1’examen clinique).

TECHNIQUE

En un premier temps, on procéde a 1’anesthé-
sie générale et a la curarisation. Une fois cel-
les-ci obtenues, 1’¢électrochoc peut étre délivré.
Les seuls appareils d’ECT admis de nos jours
sont ceux a courant bref pulsé, couplé a un enre-
gistrement EEG. Les appareils anciens a courant
sinusoidal ne sont plus acceptables, car le type de
stimulus qu’ils générent est clairement associé a
un risque accru de troubles cognitifs secondaires
et s’avere étre moins efficace pour induire une
crise. Il existe divers positionnements possibles
des électrodes sur le crane. Longtemps, 1’appli-
cation bitemporale a été préférée en raison de
son efficacité. Néanmoins, les effets secondai-
res (essentiellement cognitifs) ne sont pas rares.
Aujourd’hui, plusieurs études démontrent que
I’¢électrochoc unilatéral, qui consiste en la stimu-
lation de I’hémisphére non dominant, entraine
moins d’effets indésirables cognitifs et reste
aussi efficace que le choc bitemporal lorsqu’on
a recours a un stimulus d’une intensité légere-
ment supérieure. De méme, avec une stimulation
adéquate, une ECT bifrontale est aussi efficace
qu’une ECT bitemporale. L’ECT bitemporale
reste néanmoins indiquée en cas de trouble
sévere ou mettant en danger la vie du patient,
quand une rémission rapide prime sur le risque
d’effet secondaire.
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Le monitorage de la crise est essentiel. 11
permet de juger de 1’efficacité d’une ECT. Les
convulsions doivent &étre généralisées bilatéra-
lement, tant sur le plan moteur quEEG (d’ou
I’importance du monitorage des caractéristiques
motrices et électroencéphalographiques de la
crise). Une crise comitiale inférieure a 15 secon-
des s’avererait inefficace. Outre la durée de la
crise, il importe de prendre en compte ses carac-
téristiques telles que I’amplitude, 1’arrét brutal
de la crise,... L’absence de crise caractérisée
(simple absence ou crise avortée) entraine sou-
vent une angoisse et une confusion importan-
tes apres la séance. Elle est souvent liée a une
décharge insuffisante et il parait préférable de
réitérer aussitot la stimulation.

On préconise en général deux séances par
semaine, parfois trois en cas de troubles séveéres
ou lorsqu’une action rapide s’impose. Le nom-
bre total de séances dépend du diagnostic et de
la sévérité du trouble. En cas de dépression, une
rémission est attendue aprés une moyenne de
huit séances d’ECT bilatérale (13). Dans tous
les cas, le traitement doit étre poursuivi jusqu’a
une rémission compléte ou I’apparition d’un pla-
teau dans le processus de rémission et 1’absence
de toute amélioration durant les trois dernicres
séances. Lorsque la rémission est obtenue, le
traitement peut étre interrompu, car le risque de
récidive n’est aucunement réduit par des séances
supplémentaires.

On peut noter la potentialisation pharmacolo-
gique de I’ECT par certains médicaments. Ainsi,
la combinaison de I’ECT a des antidépresseurs
ou a des antipsychotiques augmenterait 1’effi-
cacité clinique de I’ECT. Par contre, chez un
patient candidat a une ECT, les anti-épileptiques
et les benzodiazépines sont contre-indiqués a
cause de leur activité anti-convulsivante.

EFFETS INDESIRABLES ET COMPLICATIONS

L’ECT est une thérapeutique fiable et les com-
plications sont aujourd’hui trés rares (2-4).

- Le risque vital est minime, comparable a
celui de I’anesthésie générale et, par ailleurs,
trés inférieur au risque vital des états dépressifs
avant les chocs.

- Au cours de la séance, les risques sont dus
aux changements physiologiques induits par le
stimulus électrique et la crise convulsive qui
s’ensuit. Les effets cardio-circulatoires et céré-
braux sont les plus importants. Au niveau car-
dio-vasculaire, le stimulus provoque, durant son
administration et immédiatement apres, une forte
réponse parasympathique qui induit une brady-

cardie (voire, une asystolie) et une hypotension.
Par contre, au moment ou la crise se déclenche,
cette réponse est suivie d’une stimulation ortho-
sympathique responsable d’une tachycardie,
d’une hypertension artérielle et, donc, d’une
augmentation de la consommation myocardique
en oxygene. Pendant ces deux phases, le patient
risque d’étre exposé a des arythmies passageéres :
troubles de conduction, bradyarythmies, asystolie
durant la réponse parasympathique; tachycardie
ventriculaire et supra-ventriculaire, extrasysto-
les ventriculaires, altérations des phases termi-
nales et sous-décalage du segment ST pendant la
crise orthosympathique. Ces anomalies s’obser-
vent presque uniquement chez des patients qui
souffrent déja d’affection cardio-circulatoire.
Au niveau cérébral, le stimulus provoque une
vasoconstriction de courte durée, suivie d’une
augmentation de la vascularisation cérébrale et,
donc, de la pression intra-cranienne. Cette €lé-
vation passagere de la pression intra-cranienne
peut précipiter un engagement chez les patients
atteints d’un processus expansif intra-cranien.

- Des crises comitiales prolongées, des états
de mal épileptique ou des crises convulsives tar-
dives (survenant parfois plusieurs heures apres
le choc) ont été rapportés, mais sont rares. On
les observe essentiellement en cas d’abaissement
du seuil épileptogene suite a différents facteurs
tels que des médicaments (lithium, antidépres-
seurs,...) ou des troubles organiques (épilepsie,
sevrage,...).

- Des troubles subjectifs banals peuvent s’ob-
server apres les chocs, comme des céphalées,
des douleurs musculaires, des nausées.

- Les accidents psychiatriques sont essen-
tiellement représentés par des états confusion-
nels apparaissant immédiatement apres le choc.
Ainsi, «l’agitation post-ictale» se manifeste-
t-elle par une agitation motrice, une désorienta-
tion, un manque de réactivité. Le syndrome est
généralement bénin et bref, mais il peut aussi,
dans certains cas, évoluer vers le «délire post-
ictal». Celui-ci correspond a un état de confusion
extréme avec une baisse du niveau de conscience
et une forte agitation motrice (dont des stéréoty-
pies), un comportement agressif, voire des symp-
tdmes psychotiques tels que des idées délirantes
et des hallucinations (2). Ces deux états s’ac-
compagnent souvent d’une amnésie lacunaire.
Généralement, ils se résolvent en 5 a 60 minutes.
Il est rare qu’ils persistent plusieurs jours, voire
quelques semaines, ce qui doit faire suspendre
la cure. Parmi les autres complications psychia-
triques, certains auteurs mentionnent des épiso-
des de manie (ou d’hypomanie) post-ictale. Le
trouble se manifeste généralement dans les 24
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heures qui suivent la séance d’ECT et dure en
moyenne entre 2 et 4 jours.

- Les troubles secondaires cognitifs représen-
tent I’inconvénient majeur des ¢électrochocs. Ils
sont essentiellement constitués de troubles mné-
siques. Au moins 1 patient sur 3 se plaint de trou-
bles subjectifs de la mémoire. Ces troubles sont
de nature variable, de type amnésie antéro- et/
ou rétrograde, mais sont le plus souvent transi-
toires. La mémoire antérograde semble plus tou-
chée dans les jours qui suivent les chocs, mais
le trouble disparait en général. L’amnésie rétro-
grade peut étre durable chez certains patients. La
sévérité des troubles est liée au nombre total et
a la fréquence des séances d’ECT, au position-
nement des électrodes (sévérité plus marquée en
cas de position bilatérale), au type de courant
utilisé (courant sinusoidal plus a risque) et a son
intensité. On note, par ailleurs, que 1’améliora-
tion de 1’état dépressif par la cure d’ECT s’ac-
compagne d’une amélioration subjective de la
mémoire.

MECANISME D’ACTION : HYPOTHESES

Le mode d’action des électrochocs reste tou-
jours mal connu et est 1’objet de nombreuses
recherches.

Plusieurs hypothéses explicatives se sont
succédé au cours des décennies (14-16). Parmi
celles-ci, on peut citer la théorie de «dissolution-
reconstruction de la conscience» proposée dans
les années 1940-1950, alors que ’ECT ¢était en
plein essor. Elle se fondait sur les principes jack-
soniens (H. Jackson, neurologue anglais du 19
siécle). Selon ceux-ci, les différentes fonctions
du systéme nerveux, surtout celles qui touchent
au psychisme, résulteraient d’un lent proces-
sus de construction progressive grace auquel se
créeraient des associations entre des territoires
cérébraux et une véritable hiérarchisation des
fonctions. Sous I’influence de causes patholo-
giques diverses, les fonctions cérébrales les plus
labiles (que sont les fonctions les plus comple-
xes et les plus récemment acquises) se désagré-
geraient les premiéres, tandis que d’autres (les
plus automatiques) résisteraient. Ainsi, selon ces
théories, émergeraient les pathologies mentales.
L’¢électrochoc, en ramenant momentanément a
zéro le psychisme du malade, réaliserait une dis-
solution des fonctions mentales, comparable a
I’écroulement d’une maison réduite a des moel-
lons épars. Lorsque cesse le «comay, survient
une reconstruction de I’édifice mental avec par-
fois un retour a une organisation normale.

Aujourd’hui, sans doute suite au changement
de paradigme dans la conception des patholo-
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gies mentales avec 1’émergence des théories
neuro-biochimiques, les recherches s’intéres-
sent principalement aux modifications biologi-
ques observées au cours des électrochocs (1). 11
a été mis en évidence que ’ECT agit sur diffé-
rents neurotransmetteurs dont la noradrénaline,
la sérotonine, la dopamine et I’acétylcholine
mais également sur I’activité opioide et I’activité
GABA (acide gamma-aminobutyrique). Durant
la crise généralisée, on observe une augmenta-
tion des taux plasmatiques de prolactine, d’hor-
mone adrénocorticotrope (ACTH), de cortisol,
d’ocytocine, de vasopressine, de béta-endor-
phine et, de maniére moins consistante, d’hor-
mone de croissance.

Des études par tomographie a émission de
positons ont produit des résultats équivoques.
Cependant, une diminution du métabolisme
dans les régions frontale, préfrontale et parié-
tale a été mise en évidence a plusieurs repri-
ses (1). Récemment, une étude en imagerie par
résonance magnétique fonctionnelle a montré
que I’ECT diminuait 1’activité dans la région
subgénuale du cortex cingulaire antérieur gau-
che chez les patients déprimés (17). Cette région
constitue une région clé dans le circuit cérébral
de la dépression. De plus, une repousse des
fibres moussues de 1’hippocampe a également
été observée (1).

Par ailleurs, il ne faut pas négliger les facteurs
de régression physique et psychique qu’entraine
I’utilisation de I’ECT (anesthésie, ...) et le role
des soignants. Ces éléments peuvent parfois
intervenir dans le succés thérapeutique de la
technique.

CONCLUSION

L’¢lectroconvulsivothérapie est une technique
applicable en premiére ou en seconde intention
dans de nombreux troubles psychiatriques ou
neurologiques. Elle se fait actuellement sous
sédation et curarisation afin de limiter les risques
inhérents a I’induction de la crise d’épilepsie
lors du passage du courant électrique transcra-
nien. Les contre-indications de I’ECT ne sont
que relatives. Cependant, le risque classique
inhérent a 1’anesthésie est a prendre en consi-
dération. Le peu de complications, la fiabilité et
une connaissance (tant au niveau de la techni-
que qu’au niveau des mécanismes biologiques
impliqués) de plus en plus précise en font un
outil thérapeutique a ne pas négliger.
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7.1.2. Therapy for Depression in a Patient With an Intracranial

Arachnoid Cyst.

From

Desseilles M, Thiry J-C, Monville J-F, Ansseau M darMakhinson M.
Electroconvulsive Therapy for Depression in a Pati®ith an Intracranial Arachnoid
Cyst. J ECT, 2009 (in press)

Summary

Electroconvulsive therapy (ECT) has been frequentignsidered relatively
contraindicated in patients with space-occupyirsiples in the brain. After the 7 cases
available in the literature, we describe the safeaf ECT in a depressive patient with
arachnoid cyst. We provide a comprehensive reviewhis clinical association,

and we conclude that even if the few data availahte reassuring, careful

neurological evaluation before the ECT treatmeimdscated.



CASE REPORT

Electroconvulsive Therapy for Depression in a Patient
With an Intracranial Arachnoid Cyst

Martin Desseilles, MD,* Jean-Christophe Thiry, MD,{ Jean-Francois Monville, MD, #
Marc Ansseau, PhD,* and Michael Makhinson, MD,§//

Abstract: Electroconvulsive therapy (ECT) has been frequently
considered relatively contraindicated in patients with space-occupy-
ing lesions in the brain. After the 7 cases available in the literature, we
describe the safe use of ECT in a depressive patient with arachnoid
cyst. We provide a comprehensive review on this clinical association,
and we conclude that even if the few data available are reassuring,
careful neurological evaluation before the ECT treatment is indicated.

Key Words: electroconvulsive therapy, arachnoid cyst, intracranial
lesion

(J ECT 2008;00:00-00)

lectroconvulsive therapy (ECT) is a psychiatric treatment in

which seizures are induced with electricity for therapeutic
effect. Today, ECT is most often used as a treatment for severe
major depression which has not responded to other treatments.
Although it is a relative contraindication, the possibility of
increased intracranial pressure must be carefully assessed.

After the early case of a patient with an intracranial
arachnoid cyst who was successfully treated with ECT' and
the recent case series of ECT in patients with arachnoid cysts,”
we report here an additional case and summarize the state of
knowledge on this topic.

We describe a man with a major depression and an
asymptomatic arachnoid cyst of the right anterior temporal
and the right lateral prefrontal lobes who was successfully
treated with ECT. Structural brain magnetic resonance
imaging (MRI) carried out twice (at 1-year interval) before
the ECT did not reveal any evolution in the cyst and allowed
the use of ECT.

CASE REPORT

M.A. was a 58-year-old man admitted in the Department of
Psychiatry with a diagnosis of recurrent major depression, according
to the Diagnostic and Statistical Manual of Mental Disorders Fourth
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Edition, Text Revision, of 4-month duration that had been
unresponsive to antidepressant medication. The patient’s general
medical examination was normal, and a detailed neurological
examination was nonfocal.

He had experienced his first depressive episode 20 years before
admission and was successfully treated with clomipramine. Clomi-
pramine was retried again recently for approximately 3 months, with
no effect at all. The patient was eager to undergo ECT.

Previous structural brain MRI performed for depression
assessment revealed an asymptomatic arachnoid cyst of the right
anterior temporal and the right lateral prefrontal (dimension, 7.6 x
4.1 x 8.1 cm) (Fig. 1). Moreover, MRI was carried out twice (at
1-year interval) before the ECT and did not reveal any evolution in
the cyst and allowed the use of ECT.

On admission, the patient exhibited a profoundly sad mood
with diurnal variation. He had morbid ideas, feelings of hopelessness
and helplessness. Moreover, psychomotor retardation, social with-
drawal, decreased libido, and anorexia with a 10-1b weight loss were
present. He woke up early in the morning, and his sleeping time was
decreased. His score on the Folstein Mini-Mental Status Examination
was 30. His score on the Hamilton Depression Scale was 27.

After providing informed consent, M.A. underwent a course
of 7 brief pulse bilateral (temporal) ECT treatments, administered
3 times a week in a specialized treatment suite (pulse width,
1 millisecond; frequency, 60 Hz; duration, 3 seconds; current,
800 mA; charge, 288 mC).

Anesthesia included 100% oxygen by mask, 2 mg/kg propofol
1%, 4 mL lidocaine 1%, and 1 mg/kg succinylcholine chloride 5%.

M.A. tolerated the ECT treatment and did not experience any
major systemic side effects. He typically achieved complete recovery
of his pretreatment orientation within 1 hour of the ECT treatment
and denied any persistent memory disturbance. After 3 ECT
treatments, the depressive symptoms improved and fully remitted
after 5 ECT treatments.

DISCUSSION

Arachnoid cysts are described as benign, congenital,
intra-arachnoidal space—occupying lesions that are filled with
clear cerebrospinal fluid.> Not communicating with the
ventricular system and modeled on surrounding structures,
they are common and represent 1% of all intracranial masses.’
The incidence tends to be higher in men. Most arachnoid cysts
are supratentorial and approximately half are found in the
middle cranial fossa, anterior to the temporal lobes.

Intriguingly, the precise mechanism for the formation of
arachnoid cysts is not yet known. Some hypotheses have been
proposed: “splitting” or diverticulum of the developing
arachnoid, active fluid secretion by the cyst wall, trauma,
mastoiditis, meningitis, and subarachnoid hemorrhage.’

Of major concern for our clinical issue, arachnoid cysts
seem to be generally stable over time. However, there have
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FIGURE 1. Structural MRI showing an arachnoid cyst of the right anterior temporal and the right lateral prefrontal cortex
(dimension, 7.6 x 4.1 cm in the axial plane and 8.1 cm in the coronal axis).

been reported cases with sudden or progressive enlargement,
as well as spontaneous resolution.? Moreover, the size of the
cyst is sometimes small and not preoccupying or sometimes
compresses the underlying brain.?

According to Osborn and Preece,’ “The best diagnostic
clue for arachnoid cyst is a sharply demarcated extra-axial cyst
that can displace or deform the adjacent brain. Scalloping of
the adjacent calvarium is often seen. The classic arachnoid
cyst has no identifiable internal architecture and does not
enhance. The cyst typically has the same signal intensity as
cerebrospinal fluid at all sequences. Occasionally, however,
hemorrhage, high protein content, or lack of flow within the
cyst may complicate the MR appearance. Arachnoid cysts
have an increased prevalence of coexisting subdural hemato-
mas, especially when they occur in the middle cranial fossa.”

In addition to the pathophysiology of arachnoid cysts,
this case report raises several considerations not only about
pathophysiological mechanisms of depression but also about
the action and side effects of ECT.

First, to what extent is the arachnoid cyst involved in the
pathophysiology of depression? Data on this topic are scarce,
and a general conclusion cannot be proposed. Second, to date,
there is no consensus about whether there is a hemisphere
lateralization in primary and secondary depression. Indeed, as
Mayberg* stated for depression in lesion-deficit studies, there
is no clear consensus as to whether the left or right hemisphere
is dominant in the expression of depressive symptoms. She
observed in reports of patients with traumatic frontal lobe
injury a high correlation between affective disturbances and
right hemisphere pathology. In addition, studies in stroke
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suggest that left-sided lesions of both frontal cortex and the
basal ganglia are more likely to result in depressive symptoms
than right lesions.* Moreover, as for idiopathic depression:
“Unlike the lesion-deficit literature, most of the studies report
bilateral rather than left-lateralized abnormalities, although
asymmetries have been reported.”® Third, our patient had
an arachnoid cyst of the right anterior temporal and right lateral
prefrontal cortex. These regions are involved in the patho-
physiological network of depression.* Thus, it can be hypo-
thesized that alteration of these areas can change the mood.

Second, because the conduction of electrical current
from the ECT device may be sensitive to an alteration in brain
structure, as in this patient, it may logically be hypothesized
that the efficacy of the therapy may be diminished. Never-
theless, congruent with previous results,'* ECT was clinically
effective in this patient, as has been described in other patients
with organic brain disease.’

Third, the side effects of ECT in patients with space-
occupying lesions are a long-standing debate because
intracranial pressure increases during the treatment. Space-
occupying lesions within the brain are classically considered
as relative contraindications to ECT.® Nevertheless, several
clinical reports suggest that ECT may be safely given to
patients with these lesions so long as intracranial pressure is
not increased. In fact, the contention that ECT is contra-
indicated for patients who have a space-occupying lesion
derives from several observations that the increase in
intracranial pressure occurring during ECT treatment is
amplified by the space-occupying lesion. In consequence,
noncardiogenic pulmonary edema, cerebral edema, brain

© 2008 Lippincott Williams & Wilkins
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hemorrhage, and neurological deterioration and death
might be precipitated.” Maltbie et al’ confirmed that ECT
was contraindicated in patients with intracranial tumor, but it
may be permissible in patients with space-occupying lesions if
the treatment is strongly indicated.” For Abrams,® numerous
successful prospective administrations of ECT to patients with
known brain tumors (mostly meningiomas) largely demon-
strate the safety of this procedure when it is performed
cautiously and with foreknowledge.

The literature insists on the imperative necessity to
check for the presence of increased intracranial pressure and
absence of evolution of brain lesions. Intriguingly, the
majority of prospective administrations of ECT to patients
with brain tumor (mostly meningiomas) were unlikely to have
caused increased intracranial pressure.® Moreover, adminis-
tration of ECT in the presence of a brain tumor, accompanied
by increased intracranial pressure, has been shown to be safe
and effective after 1-week treatment with parenteral
dexamethasone.’

Our patient underwent MRI twice, and the results did
not show any sign of evolution or displacement of midline
structures. Moreover, he did not show any disorientation or
short-term memory performance decline after ECT treatment.
Congruent with the findings of Escalona et al,' our findings
show that our patient was not at increased risk for adverse
cognitive effects from ECT.

In conclusion, this is an additional case of ECT
for depression in a patient with an arachnoid cyst. Despite

© 2008 Lippincott Williams & Wilkins

reassuring data of the 8 cases available in the literature,
more systematic research is needed to establish more
clearly the risk of ECT in this rare population. Moreover,
systematic structural brain imaging before ECT could
probably reveal some neurological abnormalities that would
have been ignored otherwise.
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Summary

Rapid eye movement sleep (REMS) is associatedintigimse neuronal activity, rapid
eye movements, muscular atonia and dreaming. Anati@ortant feature in REMS
is the instability in autonomic, especially in dasdiscular regulation. The neural
mechanisms underpinning the variability in heaté r&/HR) during REMS are not
known in detail, especially in humans. During waleéss, the right insula has
frequently been reported as involved in cardiovisaegulation but this might not be
the case during REMS. We aimed at characteriziegndural correlates of VHR
during REMS as compared to wakefulness and to slawe sleep (SWS), the other
main component of human sleep, in normal youngtadiblased on the statistical
analysis of a set of H2 150 positron emission taraplgy (PET) sleep data acquired
during SWS, REMS and wakefulness. The results stdivat VHR correlated more
tightly during REMS than during wakefulness witle ttCBF in the right amygdaloid
complex. Moreover, we assessed whether functiaiationships between amygdala
and any brain area changed depending the statgitzince. Only the activity within
in the insula was found to covary with the amygdaignificantly more tightly during
wakefulness than during REMS in relation to the VHRe functional connectivity
between the amygdala and the insular cortex, twainbrareas involved in
cardiovascular regulation, differs significantlyREMS as compared to wakefulness.
This suggests a functional reorganization of cémmadiovascular regulation during
REMS.
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Rapid eye movement sleep (REMS) is associated with intense neuronal
activity, rapid eye movements, muscular atonia and dreaming.
Another important feature in REMS is the instability in autonomic,
especially in cardiovascular regulation. The neural mechanisms
underpinning the variability in heart rate (VHR) during REMS are
not known in detail, especially in humans. During wakefulness, the
right insula has frequently been reported as involved in cardiovascular
regulation but this might not be the case during REMS. We aimed at
characterizing the neural correlates of VHR during REMS as
compared to wakefulness and to slow wave sleep (SWS), the other
main component of human sleep, in normal young adults, based on the
statistical analysis of a set of H,'O positron emission tomography
(PET) sleep data acquired during SWS, REMS and wakefulness. The
results showed that VHR correlated more tightly during REMS than
during wakefulness with the rCBF in the right amygdaloid complex.
Moreover, we assessed whether functional relationships between
amygdala and any brain area changed depending the state of vigilance.
Only the activity within in the insula was found to covary with the
amygdala, significantly more tightly during wakefulness than during
REMS in relation to the VHR. The functional connectivity between the
amygdala and the insular cortex, two brain areas involved in
cardiovascular regulation, differs significantly in REMS as compared
to wakefulness. This suggests a functional reorganization of central
cardiovascular regulation during REMS.

© 2006 Elsevier Inc. All rights reserved.
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Introduction

Rapid eye movement sleep (REMS) is characterized by low-
amplitude, relatively high-frequency electroencephalographic
(EEG) rhythms, rapid eye movements and a complete muscular
atonia interrupted by short muscular twitches. In addition, during
REMS, neurovegetative regulation exhibits distinct features that are
observed neither during wakefulness nor during non-REM sleep
(NREMS). A striking example concerns thermoregulation. During
REMS, a warm thermal load does not induce skin vasodilatation
whereas a cold thermal load does not elicit any cutaneous
vasoconstriction (Parmeggiani, 1980). These findings suggest that
REMS is characterized by an “open-loop” mode of regulation,
which does not rely on homeostatic feedback loops as strictly as
during wakefulness or NREMS (Parmeggiani, 1985). During these 2
states, “closed-loop operations of automatic control mechanisms
[...] warrant an efficient and steady regulation of [autonomic]
functions” (Parmeggiani, 1985). These rules presumably apply also
to other neurovegetative systems. Accordingly, respiratory and heart
rates are known to be much more variable during REMS than during
NREMS or wakefulness (Orem and Keeling, 1980).

Although cardiovascular regulation is understood in detail, the
cerebral correlates of VHR have been characterized only recently,
and exclusively during wakefulness. In humans, VHR has primarily
been related to the activity in the insular cortex. Intraoperative
electrical stimulation of the insula elicits changes in heart rate and
blood pressure (Oppenheimer et al., 1992). In normal subjects,
functional neuroimaging studies showed that in response to
physical exercise (Williamson et al., 1997, 1999) and mental
stressor tasks (Critchley et al., 2000), both associated with
significantly increased heart rate, the activity in both insula covaried
with heart rate.

Heart rate regulation changes during sleep and has also been
related to forebrain activity, as assessed by EEG recordings. For
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instance, EEG power spectral density relates to VHR indices
(Otzenberger et al., 1997, 1998; Ehrhart et al., 2000; Branden-
berger et al,, 2001; Ako et al.,, 2003). However, the cerebral
correlates of VHR during sleep needs to be further characterized,
anatomically refined and described separately for NREMS and
REMS. Indeed, heart rate regulation differs between these 2 types of
sleep due to predominant parasympathetic and sympathetic drives,
respectively (Brandenberger, 2005). In this paper, we were
particularly interested in characterizing the cerebral correlates of
VHR during REMS because of the intriguing autonomic control
described in this stage of sleep. We hypothesized that during REMS,
heart rate regulation involves the amygdala. This structure is one of
the most active brain areas during REMS in man (Maquet et al.,
1996). Due to its anatomical connectivity, it is in good position to
influence key regions involved in cardiovascular regulation like the
hypothalamus and the parabrachial complex in the brainstem
(Hopkins and Holstege, 1978). The paraventricular nucleus of the
hypothalamus is a key site for regulating autonomic activities such
as blood pressure and heart rate (Coote, 1995; Xia and Krukoft,
2003). The parabrachial complex is known to be implied in the
regulation of sympathetic activity and heart rate (Henderson et al.,
2002).

We examined the cerebral correlates of VHR in REMS, as
compared to wakefulness and SWS, in humans, using positron
emission tomography (PET). To do so, we conducted a retro-
spective analysis on a set of PET scans acquired in 13 non-sleep
deprived normal participants during SWS, REMS or wakefulness
with simultaneous electroencephalographic and electrocardio-
graphic recordings. We determined the brain areas where the
regional blood flow (CBF) was more tightly related to the VHR
during REMS than during wakefulness, during SWS than during
wakefulness or during SWS than during REMS. We focused on a
set of target areas identified as critical in autonomous regulation
during wakefulness: the insula (Cechetto and Saper, 1987;
Oppenheimer et al., 1992; Oppenheimer, 1994; Corfield et al.,
1995; Oppenheimer et al., 1996; Williamson et al., 1997; Critchley
et al., 2000), the amygdala (Orem and Keeling, 1980; Sei and
Morita, 1996; Critchley et al., 2000), the hypothalamus (paraven-
tricular nucleus) (Hopkins and Holstege, 1978; Coote, 1995; Xia
and Krukoff, 2003) and the midbrain (Herbert et al., 1990;
Chamberlin and Saper, 1992; Henderson et al., 2002). Other areas
more occasionally implicated in heart rate regulation were also
considered as potential regions of interest: the hippocampus (Rowe
et al.,, 1999; Ribeiro et al., 2002; Pedemonte et al., 2003), the
anterior cingulate cortex (Buchanan et al., 1985; Neafsey, 1990),
the ventromedial prefrontal cortex (Buchanan et al., 1985; Neafsey,
1990), the motor cortex (Critchley et al., 2000), the neostriatum
(Delgado, 1960; Bradley et al., 1987, 1991; Lin and Yang, 1994;
Critchley et al., 2000), the cerebellum (Delgado, 1960; Bradley
et al., 1987, 1991; Lin and Yang, 1994; Critchley et al., 2000) and
the brainstem areas of the pons and medulla (Willette et al.,
1984; Allen and Cechetto, 1992; Critchley et al., 2000).

Methods
Subjects and experimental protocol

Data were obtained from previous sleep studies conducted in
our center using the H,'>O infusion method (Maquet et al., 2000;

Peigneux et al., 2003). All subjects were young, healthy, right-
handed and male volunteers (n=13; age range 20-30 years) who

gave their informed consent to participate in studies approved by
the Ethics Committee of the Faculty of Medicine of the University
of Liége. All had normal sinus rhythm and regular sleep—wake
habits. None had any medical, surgical or psychiatric history;
none was taking medication. Each subject spent three consecutive
nights in the PET scanner at usual sleep time. Polysomnography
monitoring during the first two nights allowed us to check for
any abnormality in sleep (insomnia, sleep fragmentation, REMS
onset, etc.) and accustomed participants to the experimental setting.
Participants were selected for the third night if they could maintain
20 min of continuous stage 2, stages 3—4 of NREMS and REMS on
both habituation nights. During the third night, PET scans were
performed both during various stages of sleep when polysomno-
graphy showed steady characteristic sleep patterns and during
waking at rest with eyes closed in complete darkness. During waking
scans, the subjects had to stay still, eyes closed.

At least two waking, two stage 2, two stages 3—4 and two
REMS scans were obtained in all subjects. In the present
manuscript, we used 97 PET scans (30 during W, 29 during SWS
and 38 during REMS) from 13 subjects who all had high-quality
electrocardiographic (EKG) recordings in all the 3 main states of
vigilance (wakefulness, NREMS, REMS). The same subjects were
used for the delta analysis published by Dang-Vu et al. (2005).

Sleep analysis

Polysomnography was performed with a Synamp (Neuroscan,
NeuroSoft Inc.K, Sterling, Virginia) system at 500 Hz or 1000 Hz,
with a band width of 0.15-100 Hz. EEG on (at least) C3—A2 and
C4-A1 derivations were recorded. In all cases, vertical and
horizontal electrooculograms, chin electromyographic derivation
and chest electrocardiogram were recorded on bipolar montage.
Sleep scoring followed standard international criteria (Rechtschaf-
fen and Kales, 1968).

Heart rate analysis

The analysis was performed on the 90-s recordings obtained
during each PET scan. The EKG was visually checked in order to
discard any period containing movement, muscle or breathing
artefact. A template of the QRS complex was generated by
averaging the QRS complexes over the whole 90 s of recording. A
coefficient of correlation was computed at each time point
between the template and the actual recording using a sliding
window. Correlation coefficient above 0.80 was shown to reliably
identify the occurrence of a QRS complex. This threshold was
used to detect R events. RR intervals, from these tagged events
were then computed, generating a new time series covering the
whole 90-s scanning period. The variability in heart rate (VHR)
was simply estimated as the standard deviation of the duration of
RR intervals, as it has been described as a valid measure of the
VHR (Malik, 1996).

PET data acquisitions

PET data were acquired on a Siemens CTI 951 R 16/31 scanner
in three-dimensional mode. The head of the subjects was stabilized
by a thermoplastic face mask secured to the head holder (Truscan
Imaging, Annapolis, Maryland), and a venous catheter was
inserted in a left antebrachial vein. First, a 20-min transmission
scan was acquired for attenuation correction using three rotating
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sources of 68-Ge. Then, when polysomnography showed stable
characteristic patterns, rCBF, taken as a marker of local neuronal
activity (Jueptner and Weiller, 1995), was qualitatively estimated
during a maximum of 12 emission scans per subject using the
H,'’O technique. Each scan consisted of two frames: a 30-s
background frame and a 90-s acquisition frame. The slow
intravenous water (H,'>0) infusion began 10 s before the second
frame. Six millicuries (mCi) equivalent to 222 megaBecquerel
(MBq) was injected for each scan, in 5 cubic centimeters (cc)
saline, over a period of 20 s, starting 10 s before the onsets of the
active frame. The infusion was totally automated in order not to
disturb the subject during the scanning period. Data were
reconstructed using a Hanning filter (cutoff frequency: 0.5 cycle/
pixel) and corrected for attenuation and background activity.

Brain imaging data analysis

PET data were analyzed using Statistical Parametric Mapping
(SPM99; Wellcome Department of Cognitive Neurology, Institute
of Neurology, London, UK) implemented in MATLAB®™ (The
MathWorks, Inc., Natick, Massachusetts). For each subject, all
scans were realigned to the first scan. PET images were then
normalized to a standard template within the Montreal Neurolo-
gical Institute (MNI) space (Frackowiak et al., 1997). Finally,
normalized PET images were smoothed using a Gaussian Kernel of
16 millimeters full width at half maximum.

Data were analyzed using a general linear model, in a single
step conforming to a fixed effects analysis. This analysis does not
allow to partition variance in within- and between-subject
components. The results therefore do not pertain to the population
at large but only to the studied sample.

The design matrix included 2 regressors: the main effect of the
condition (state of vigilance: REMS, SWS or Wakefulness) and the
condition (state of vigilance) by VHR interaction.

Global flow adjustment was performed by proportional scaling.
Areas of significant changes were determined using linear
contrasts. The contrast of interest estimated the condition and
VHR effects, as well as the interactions between the condition and
VHR (REMS versus SWS; SWS versus wakefulness; REMS
versus wakefulness). Each of these contrasts identified the brain
areas where the regional activity is more tightly related to VHR
during the first than the second state of vigilance.

A psychophysiological interaction was also analyzed. This
analysis assessed whether the relationship between the activity in
the reference region identified (i.e., the amygdala, see Results
section) and other distant areas depends on the state of vigilance
(Wakefulness or REMS) (Friston et al., 1997). A new linear model
was constructed using three regressors. The first regressor was the
condition effect (REMS versus wakefulness). The second regressor
was the activity in the reference area (amygdala, coordinates: 36, 8,
—20 mm). The third regressor represented the interaction of interest
between the first (psychological) and second (physiological)
regressor.

In both analyses, the resulting set of voxel values for the
contrast of interest constituted a map of the ¢ statistic {SPM(T)},
thresholded at p<0.001 (Z>3.09). Corrections for multiple
comparisons were then performed at the voxel level over the
entire brain volume or over small volumes (Small Volume
Correction {SVC} with spheres of 10 mm) centered on coordinates
previously published in the literature (Critchley et al., 2002a,
2002b; see also introduction).

Results
Statistical data

A repeated measure ANOVA was conduced with stage of
vigilance (SWS versus REMS versus wakefulness) as within-subject
factor and VHR as dependent variable. Results showed a trend for a
difference between conditions (F(2,24)=2,4006, p=0.1121).
Planned comparisons compared REMS with SWS, SWS with
wakefulness and REMS with wakefulness. VHR tended to differ
between REMS and SWS (p=0.1043), as well as between SWS and
wakefulness (p=0.958025). The only significant difference was
detected between REMS and wakefulness (p=0.03371).

Imaging data

Difference in the distribution of cerebral activity between
wakefulness and REMS

The main effect of condition (state of vigilance: wakefulness or
REMS) is reported to establish the consistency of the present
findings with previous studies (Maquet et al., 1996; Braun et al.,
1997; Maquet, 2000; Maquet et al., 2000; Peigneux et al., 2003,
2004) and will not be discussed further.

Regional CBF was significantly larger during REMS than
during wakefulness in the occipital area, in the lateral and
mesiotemporal regions, in the anterior cingulate and in the
precentral cortex (Table 1). Conversely, higher activity during
wakefulness (versus REMS) was found bilaterally in the
dorsolateral prefrontal and parietal cortices and in the posterior
cingulate cortex (Table 2).

Difference in the distribution of cerebral activity between
wakefulness and SWS

The main effect of condition (state of vigilance: wakefulness or
SWS) is reported to establish the consistency of the present
findings with previous studies (see, for instance, Maquet, 2000)
and will not be discussed further.

Table 1
Increased brain activity during REMS compared to wakefulness

Area X y z Zscore P

Left lingual gyrus -28 —-64 -2 725 <0.001
Right lingual gyrus 28 —62 0 698 <0.001
Left cuneus -16 —-90 20 6.19 <0.001
Right cuneus 6 -—-82 16 6.12 <0.001
Left precuneus -20 —48 54 6.54 <0.001
Right anterior cingulate cortex 6 -2 40 6.34 <0.001
Left anterior cingulate cortex -12 -10 42 539 0.001
Right medial temporal gyrus 66 —14 -2 575 <0.001
Right superior temporal gyrus —62  —16 2 5.65 <0.001
Right precentral gyrus 38 —20 54 528 0.001
Left amygdala -30 -2 -—18 450 0.042

Localization and statistical results concerning the local maxima of the brain
areas where the activity is larger during REMS as compared to wakefulness.
Coordinates are defined in the stereotatic MNI space, relative to anterior
commissure. x represents the lateral distance from midline (positive, right);
y is the anteroposterior distance from anterior commissure (positive:
anterior); z represents the rostrocaudal distance from the bicommissural
plane (positive: rostral). These results survive a correction for multiple
comparisons over the entire brain volume at a threshold of corrected
P<0.05.
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Table 2
Increased brain activity during Wakefulness compared to REMS

Area X y z Z score P

Right medial frontal gyrus 44 50 -2 >10 <0.001
Right superior frontal gyrus 42 52 8 >10 <0.001
Right inferior frontal gyrus 54 16 14 7.01 <0.001
Right precentral gyrus 54 12 46 6.51 <0.001
Left medial frontal gyrus —46 50 4 >10 <0.001
Left inferior parietal gyrus -44  -56 38 6.14 <0.001
Left cingulate gyrus -2 —34 26 6.85 <0.001

Localization and statistical results concerning the local maxima of the brain
areas where the activity is larger during wakefulness as compared to REMS.
Coordinates and inferences are determined as in Table 1.

Regional CBF was significantly deactivated during SWS than
during wakefulness in the thalami, orbital frontal cortex, precuneus
and in the parietal cortex (Table 3).

Effect of VHR on CBF

We did not identify any area where the regional CBF was
significantly related to the VHR irrespective of the state of
vigilance (wakefulness or REMS or SWS).

Condition (REMS versus Wakefulness) by VHR interaction

The activity in the lateral aspect of the right amygdala
(coordinates: 36, 8, —20) was shown to be related to VHR more
tightly during REMS than in wakefulness (Z=3.11, psyc=0.028,
reference coordinates taken in Critchley et al., 2002a, 2002b;
Fig. 2). Due to the poor spatial resolution of PET scanning, it is
not possible to further specify this area that probably encompasses
part of the extended amygdala (Alheid and Heimer, 1988) (Fig. 1).

Psychophysiological interaction

Psychophysiological interaction assessed whether functional
relationships between amygdala and any brain area were
modulated by the state of vigilance. The psychophysiological
interaction using the amygdala as reference region (x=36, y=8, z=
—20) identified a single area in the anterior insular cortex (Fig. 2A).
This result indicates that the anterior insula is connected more
tightly with the amygdala during wakefulness than during the
REMS (Z=3.11, psyc=0.028, reference coordinates taken in
Critchley et al., 2000) (Fig. 2B).

Insular cortex is involved in central processing of various
sensory modalities. It is why we chose specifically for the small
volume correction of our interest region the coordinates of a paper
that investigates specifically the cardiovascular regulation to insure
that the region is implicated in this physiological function
(Critchley et al., 2000).

Table 3

Decreased brain activity during SWS compared to wakefulness

Area X y z Z score P
Orbital frontal cortex 26 38 —28 >10 <0.001
Orbital frontal cortex -22 40 -26 >10 <0.001
Left thalamus -8 10 -2 >10 <0.001
Parietal cortex 42 =76 48 6.23 <0.001
Parietal cortex —46 -62 48 7.48 <0.001
Precuneus -2 -82 52 6.92 <0.001

Localization and statistical results concerning the local maxima of the brain
areas where the activity is smaller during SWS as compared to wakefulness.
Coordinates and inferences are determined as in Table 1.

Fig. 1. The activity in the lateral aspect of the right amygdala (coordinates:
36, 8, —20) is more tightly related to VHR during REMS than during
wakefulness (Z=3.11, psyc=0.028). The functional results are displayed
over an individual MRI scan normalized to the MNI space in transverse (left
panel), frontal (right panel) and sagittal planes. The functional results are
displayed at p<0.001, uncorrected.

Condition (SWS versus wakefulness) by VHR interaction, condition
(wakefilness versus SWS) by VHR interaction, condition
(REMS versus SWS) by VHR interaction and condition
(SWS versus REMS) by VHR interaction

These analyses did not identify a single significant change in
regional cerebral blood flow (puncorrectea=0.001).

Discussion
Methodological issues

We used the standard deviation of heart rate as a measure of
VHR during the 90-s duration of each PET scan. This parameter
has been proposed as a valid estimation of VHR (Malik, 1996).

Alternatively, VHR can be estimated in the frequency domain.
Two components can be isolated in a spectrum calculated from
short-term recording: low-frequency (LF) and high-frequency (HF)
components. The distribution of the power and the central frequency
of LF and HF may vary in relation to changes in autonomous
modulations of heart period (Malik, 1996). HF power would reflect
parasympathetic activity, whereas LF power would primarily reflect
a mixed sympathetic and parasympathetic influence (Malik, 1996).
Due to methodological constraints of PET measurements, the time
series recorded during the 90-s scans were too short to obtain
reliable heart rate power spectra. Recordings of approximately
1 min are needed to assess the high-frequency peak whereas at
least 2 min recording are needed to reliably assess the low-
frequency component (Akselrod et al., 1981; Malik, 1996;
Otzenberger et al., 1997, 1998; Brennan et al., 2002).

Consequently, we conservatively assessed VHR using the
standard deviation of the heart rate. This measure is relatively more
sensitive to high-frequency variations in heart rate (Malik, 1996).

It should be noted that a circadian effect is not likely to
confound our results. The acquisition times for wakefulness, REMS
and NREMS largely overlapped. Furthermore, a circadian factor is
probably minor because VHR is highly sleep stage dependent
(Zemaityte et al., 1984; Raetz et al., 1991; Vanoli et al., 1995; Pivik
et al.,, 1996; Brandenberger et al., 2001; Viola et al., 2002). For
instance, individual profiles revealed abrupt HR increases in each
transition from deeper sleep to lighter sleep or awakening (Viola et
al., 2002). The standard deviation of normal RR intervals and LF:
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Fig. 2. (A) Psychophysiological interaction using the amygdala rCBF as reference region (x=36, y=8, z=—20) and the state of vigilance (REMS versus
wakefulness) as condition identified a single area in the right anterior insular cortex. The functional result is displayed over an individual MRI scan normalized to
the MNI space in transverse, frontal and sagittal planes. The functional results are displayed at »p<0.001, uncorrected. (B) Regression of insular on amygdalar
activity during REMS and in wakefulness. This result indicates that the right anterior insula is connected more tightly with the amygdala during wakefulness than
during the REMS (Z=3.11, psyc=0.028, reference coordinates taken in Critchley et al., 2000). The straight lines correspond to the regression, in wakefulness
and REMS, respectively. The dots correspond to the adjusted rCBF observed in the 2 regions (red dots: REMS, blue cross: wakefulness).

(LF+HF) ratio decreases during SWS and significantly increases
during REMS and during intrasleep awakening (Viola et al., 2002).
However, the circadian factor cannot be totally ruled out. Although
sympathetic nervous system activity is mostly influenced by sleep
states, parasympathetic nervous system activity has been shown to
be under circadian regulation (Burgess et al., 1997).

Dreams are known to occur frequently during REMS. One
might argue that dream content would partly explain the variability
in heart rate that ever report. As no dream reports were obtained
from the subjects after each scan, we are in a position neither to
confirm or falsify such a conclusion.

Amygdala in the regulation of heart rate variability during REMS

Central regulation of heart rate probably involves distributed
networks encompassing cortical, hypothalamic and brainstem
structures. At the cortical level, no significant effect of VHR was
observed. This suggests that the functional neuroanatomy of
central cardiovascular regulation varies between wakefulness,
SWS and REMS. This hypothesis is further supported by the
condition by VHR interaction.

The latter shows that the amygdala is the only area where the
rCBF covaries with VHR differentially during REMS than during
wakefulness. In particular, the activity in the amygdala is more
tightly related to VHR during REMS than during wakefulness. No
significant difference was observed between REMS and SWS and
between SWS and wakefulness in terms of brain areas where the
regional blood flow is related to VHR. Given results did not show
any significant difference in VHR between SWS and wakefulness
nor between SWS and REMS, we cannot argue that the modulatory
influence of the amygdala is specific to REM sleep. However, we
can suggest that the neural correlates of VHR differ between
wakefulness and REM sleep. At present, no definite conclusion can
be reached for SWS during which the cerebral correlates of VHR
differed neither from wakefulness nor from REMS.

The coordinates of the significant changes in blood flow
point to the lateral aspect of the amygdala. Although the poor

spatial resolution of the PET cannot precisely describe the
location of the amygdala response, it should be noted that these
coordinates were reported in studies involving the right
amygdala in cardiovascular regulation during wakefulness (Critch-
ley et al., 2002a, 2002b).

The amygdala is intimately implicated in several basic features
of REMS. In humans, the amygdala is particularly active in
REMS (Magquet et al., 1996). In cats, cholinergic activation of the
central amygdaloid nucleus produces a long-term facilitation of
REMS occurrence (Calvo et al., 1996). Similarly, pharmacological
stimulation (by vasointestinal peptide) of the amygdala induces
increased amounts of REMS and ponto-geniculo-occipital waves
(Simon-Arceo et al.,, 2003). Likewise, the rebound of REMS
induced by microinjections of GABA agonist into the periaque-
ductal grey matter elicited a significant increase in c-fos labeling
in the amygdala (Sastre et al., 2000).

Moreover, amygdala is in good position to influence critical
regions for the cardiovascular regulation (Hopkins and Holstege,
1978), like the hypothalamus (Coote, 1995; Shannahoff-Khalsa
and Yates, 2000; Xia and Krukoft, 2003) and parabrachial complex
(Henderson et al., 2002).

The psychophysiological interaction also shows that the func-
tional connectivity between amygdala and insula is different
during REMS as compared to wakefulness. The functional
relationship between the amygdalar and the insular cortices seems
tighter during wakefulness than during REMS. During wakeful-
ness, the insula plays a major role in cardiovascular regulation
(Oppenheimer et al., 1992; Critchley et al., 2000). In normal
humans, rCBF in the right insula covaries with heart rate
(Critchley et al., 2000). Functional magnetic resonance imaging
(fMRI) recently confirmed the functional links between the
insular cortex and the modulation of heart rate (Williamson et al.,
1997, 1999; Critchley et al., 2000). The activity in the left insula
increases during dynamic exercise (cycling) but not passive
exercise (cycling movement induced by moving pedals indepen-
dently) (Williamson et al., 1997, 1999). Likewise, increased rCBF
in right insula covaried with HR during isometric exercise and
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mental stressor tasks like arithmetic (Critchley et al., 2000).
Moreover, the observations of brain damaged patients confirm the
pivotal influence of the insular cortex in cardiovascular regulation
(Oppenheimer, 1994; Oppenheimer et al., 1996; Tokgozoglu et al.,
1999). The insular cortex is implicated in the generation of cardiac
arrhythmias following hemispheric stroke (Oppenheimer, 1994).
Accordingly, strokes in the region of insula (especially on the right
side) leads to decrease VHR and to increased the incidence of
sudden death (Tokgozoglu et al., 1999). Similarly, left-sided acute
insular stroke “increase basal cardiac sympathetic tone and was
associated with a decrease in randomness of heart rate variability”
(Oppenheimer et al., 1996). In epileptic patients, electrical
stimulations within the insula elicit changes in heart rate (Cechetto
and Saper, 1987; Oppenheimer etal., 1992; Cechetto, 1994). Finally,
it is known that the insula is anatomically and functionally
connected with autonomic centers involved in heart rate regulation
such as the amygdala and the hypothalamus (Augustine, 1996).

In contrast to what happens during wakefulness, our findings
suggest that the amygdala largely influences heart rate during
REMS. Moreover, our results suggest that this change in cardio-
vascular regulation is accompanied with a change in functional
connectivity between the amygdala and the insula.

During REMS relative to wakefulness, the insula is less likely
to modulate cardiovascular regulation, through its projections
toward the amygdala. In this respect, the amygdala seems to take a
prominent role in cardiovascular regulation during REMS in
contrast to wakefulness. As amygdala is an integral part of the
cerebral networks which generate and maintain REMS (Datta et al.,
1998), the participation of the amygdala in VHR explains why the
latter is an intrinsic characteristic of this sleep stage.

The modified cardiovascular regulation during REMS relative
to wakefulness might have some bearing on important clinical
issues. Many studies have demonstrated that the incidence of
adverse cardiovascular events like sudden deaths or arrhythmias
(Verrier et al., 1996) peak in the early morning hours (Muller et al.,
1985, 1987; Tofler et al., 1987; Willich et al., 1987; Maron et al.,
1994; Venditti et al., 1996; Elliott, 1998, 2001), and particularly
during REMS (Schafer et al., 1997; Viola et al., 2002, 2004).
Future research will have to assess the role of the amygdala and the
change in its connectivity with the insular cortex in these life-
threatening events.
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Neuroimaging methods can be used to investigate whether sleep disor-
ders are associated with specific changes in brain structure or regional
activity. However, it is still unclear how these new data might improve
our understanding of the pathophysiology underlying adult sleep disor-
ders. Here we review functional brain imaging findings in major intrinsic
sleep disorders (i.e., idiopathic insomnia, narcolepsy, and obstructive
sleep apnea) and in abnormal motor behavior during sleep (i.e., peri-
odic limb movement disorder and REM sleep behavior disorder). The
studies reviewed include neuroanatomical assessments (voxel-based
morphometry, magnetic resonance spectroscopy), metabolic/functional
investigations (positron emission tomography, single photon emission
computed tomography, functional magnetic resonance imaging), and
ligand marker measurements.

Based on the current state of the research, we suggest that brain imag-
ing is a useful approach to assess the structural and functional cor-
relates of sleep impairments as well as better understand the cerebral
consequences of various therapeutic approaches. Modern neuroim-
aging techniques therefore provide a valuable tool to gain insight into
possible pathophysiological mechanisms of sleep disorders in adult
humans.
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OVER THE LAST COUPLE OF DECADES, SEVERAL
STUDIES HAVE USED FUNCTIONAL NEUROIMAGING
TECHNIQUES TO INVESTIGATE THE CEREBRAL cor-
relates and consequences of primary sleep disorders in adult
humans. By revealing the regional patterns of activation associ-
ated with specific sleep disorders, the data from positron emis-
sion tomography (PET) and magnetic resonance imaging (MRI)
techniques complement and extend previous findings mainly
based on electroencephalography (EEG) and brain-damaged
patients. Here we review recent functional neuroimaging data
gained from adult patients having sleep disorders. Our goal is to
assess how these new data might improve our knowledge of the
neural mechanisms involved in the pathophysiology of some
major sleep disorders. Critical EEG results are also considered,
but a comprehensive integration of electrical neuroimaging
with metabolic and hemodynamic findings is beyond the scope
of the current review.

We first report functional imaging studies in intrinsic sleep dis-
orders such as idiopathic insomnia, narcolepsy and obstructive
sleep apnea. We then focus on neuroimaging findings in abnormal
motor behavior during sleep (i.e., periodic limb movement dis-
order and REM sleep behavior disorder). We also consider brain
functions in sleep disorders related to specific psychiatric disor-
ders. Rare sleep disorders and case reports are not reviewed here.
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Each sleep disorder section starts with an introduction to the
disorder, including possible pathophysiological brain mecha-
nisms, followed by a detailed review of the structural and func-
tional neuroimaging findings, and ends with a summary of the
main findings.

IDIOPATHIC INSOMNIA

Insomnia is characterized by complaints of difficulty in ini-
tiating or maintaining sleep or of nonrestorative sleep, which
cause clinically significant distress or impairment in social, oc-
cupational, or other important areas of functioning.' Insomnia
therefore presents with subjective symptoms. Insomnia might
arise directly from sleep/wake regulatory dysfunction or indi-
rectly from comorbid behavioral, psychiatric, neurological, im-
mune, or endocrine disorders, including disturbances secondary
to the use of drugs. Insomnia appears to be a 24-h disorder be-
cause it is not restricted to sleep complaints alone but can af-
fect several aspects of daytime functioning as well. Importantly,
insomnia is a common disorder in our society, with 10% to 20%
of the general population reporting insomnia complaints and
related impairment of daytime functioning.’

Depression is often associated with insomnia.® In this sec-
tion, we also review the data pointing to some common under-
lying neurophysiological mechanisms for both sleep and mood
regulation.

Hyperarousal Hypothesis in Insomnia

According to the International Classification of Sleep Disor-
ders (ICSD-2), idiopathic insomnia “is a lifelong inability to ob-
tain adequate sleep that is presumably due to an abnormality of
the neurological control of the sleep-wake system.™ Idiopathic
insomnia is thought to reflect an imbalance between arousal and
sleep promoting systems, which results in a global cortical hyper-
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Idiopathic Insomnia

Metabolic increase during NREM Sleep
. Metabolic decrease during NREM Sleep

Figure 1—Regional cerebral metabolism during NREM sleep
in idiopathic insomnia. Nofzinger et al. found increased regional
metabolism ("SFDG PET) from waking to NREM sleep in patients
with idiopathic insomnia.” Smith et al. found reduced regional cer-
ebral blood flow (SPECT) in the basal ganglia in insomniacs."" 1 =
anterior cingulate, 2 = thalamus, 3 = hypothalamus, 4 = ascending
reticular activating system, 5 = insula, 6 = medial temporal, 7 =
basal ganglia.

activity as evidenced by EEG studies (see below). In line with the
elevated arousal levels, several studies have reported increased
alertness using the multiple sleep latency test as well as increased
tension and anxiety during wakefulness, associated with a reduc-
tion of total sleep duration.’ Poor sleep may also have important
consequences on daytime functioning such as altered mood and
motivation, decreased attention and vigilance, low levels of en-
ergy and concentration, and increased daytime fatigue.’ In addi-
tion, insomnia increases the risk of major depression.’
Quantitative EEGrecordings have confirmed an overall cortical
hyperarousal in primary insomnia, characterized by an increase
in beta/gamma activity at sleep onset and during NREM sleep.
Insomnia would therefore result from a conditioned state of cen-
tral nervous system (CNS) arousal, which enhances a variety of
sensory and cognitive phenomena that are normally suppressed
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or at least diminished at sleep onset. Uncommon high-frequency
activity associated with sleep onset might thus contribute to the
frequent misperception of insomniacs of not being asleep while
objective EEG parameters indicate otherwise.®

Functional Imaging in Insomnia

To our knowledge, only a few studies have assessed the func-
tional neuroanatomy of idiopathic (or primary) insomnia disor-
der by recording brain activity during NREM sleep. Nofzinger et
al. used "*fluorodeoxyglucose ("*FDG) PET to measure regional
brain metabolism (indexed by glucose consumption, CMRglu) in
7 patients with idiopathic insomnia and 20 healthy age-matched
and gender-matched subjects during waking and NREM sleep.’
Insomnia patients showed increased global CMRglu during the
transition from waking to sleep onset as compared to healthy
subjects, suggesting that there is an overall cortical hyperarousal
in insomnia. Moreover, insomniac patients exhibited less reduc-
tion of relative CMRglu from waking to NREM sleep in the
ascending reticular activating system, hypothalamus, insular
cortex, amygdala, hippocampus, anterior cingulate, and medial
prefrontal cortices, as illustrated in Figure 1. Increased metabo-
lism was also observed in the thalamus, which might reflect per-
sistent sensory processing as well as subsequent shallower sleep.
In contrast, during wakefulness decreased metabolism was found
in subcortical (thalamus, hypothalamus, and brainstem reticular
formation) as well as in cortical regions (prefrontal cortex bilater-
ally, left superior temporal, parietal, and occipital cortices). These
findings suggest that insomnia might involve abnormally high
regional brain activity during sleeping states, associated with re-
duced brain metabolism during waking. The observed reduction
in prefrontal cortex activity during wakefulness is consistent with
reduced attentional abilities and impaired cognitive flexibility
resulting from inefficient sleep and is consistent with a chronic
state of sleep deprivation.®'

Another preliminary study by Smith et al.,"" which compared
5 insomniacs with 4 normal sleepers using single photon emis-
sion computed tomography (SPECT), found no significant re-
gional increase during NREM sleep but reduced regional cere-
bral blood flow (rCBF) in frontal medial, occipital, and parietal
cortices, as well as in the basal ganglia (Figure 1). Interestingly,
in Nofzinger’s study, decreases in activity in these same regions
were also found in insomniacs, but during wakefulness. Howev-
er, some of the methodological limitations in the Smith’s study
need to be considered. Firstly, the blood flow was only sampled
during the first NREM cycle. Therefore, the observed decreased
metabolism in insomniacs might reflect cortical hypoarousal
during the initial phases of NREM sleep following sleep onset,
while it remains possible that the patients were more aroused
over later NREM sleep cycles, which would be more consistent
with higher beta activity later at night (see above). Secondly,
the blood flow was measured after a longer duration of NREM
sleep in insomnia patients than in healthy subjects, leading to
a possible underestimation of activity in the patients because
blood flow decreases over long NREM periods. Because of
such methodological limitations, these preliminary results can-
not rule out the hyperarousal hypothesis of primary insomnia.

Four of the insomnia patients from the Smith’s study were
rescanned after they had been treated by cognitive behavioral
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therapy (which included sleep restriction and stimulus con-
trol'?). After treatment, sleep latency was reduced by at least
43%, and there was a global 24% increase in CBF with signifi-
cant increases in the basal ganglia. The authors proposed that
such increase in brain activity might reflect the normalization
of sleep homeostatic processes. These interesting initial results
will inspire further investigation on the effects of psychothera-
py on brain functioning in insomnia.

Depression and Insomnia

Depression is the most common primary diagnosis in patients
suffering from insomnia."® Of all psychiatric conditions associ-
ated with insomnia, depression (in particular unipolar depres-
sion) is the most frequently diagnosed one.* Depressed patients
frequently report increased daytime fatigue and tend to com-
pensate with daytime napping. Patients with bipolar disorder,
on the other hand, report insomnia while depressed, but also
hypersomnia, with extended nocturnal sleep periods, difficulty
in awakening, and excessive daytime sleepiness.!* Thus, sleep
disturbances appear to vary even across depression subtypes.
In addition, depression is associated with other sleep disorders
like OSAS (see OSAS section).' Here, we only focus on the
links between depression and insomnia. Indications of hyper-
arousal in both conditions suggest shared neurophysiological
mechanisms underlying both sleep and mood regulation.'®

Hyperarousal Hypothesis in Depression

In depressed patients, modifications of the sleep architec-
ture is characterized by reduced slow wave sleep (SWS), early
onset of the first episode of REM sleep, and increased phasic
REM sleep.'® Gillin et al.'” postulated that depression is closely
linked to an abnormal increase in some aspects of physiologi-
cal arousal. Consistent with this hypothesis, total scores on the
Hamilton Depression Rating Scale (HDRS) as well as sleep dis-
turbance in depression, a distinct symptom cluster included in
the HDRS, have been found to correlate with increased metabo-
lism and regional cerebral blood flow during wakefulness in a
large set of cerebral areas including limbic structures, anterior
cingulate, thalamus, and basal ganglia.'®

Intriguingly, total sleep deprivation is the only known thera-
peutic intervention in depression that has proven antidepressant
effects within 24 hours. Sleep deprivation has rapid beneficial
effects, but unfortunately only for about half of the depressive
population, with depressive symptoms reappearing after 1 night
of recovery sleep.’ One hypothesis is that sleep deprivation can
transiently counteract global hyperarousal in the responder
population."”

Since hyperarousal has also been described in insomnia, this
may be a common pathway underpinning the close relationship
between sleep and mood disorders. Evidence for reciprocal rela-
tionship between sleep and depression is twofold: sleep distur-
bances often accompany depression whereas chronic insomnia
is a risk factor for the development of depression.?® Subclinical
sleep EEG alterations may persist in patients at risk for a de-
pressive episode, thus offering further evidence of a close link
between sleep and mood regulation.
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Depression

Metabolic increase during NREM Sleep
ﬂﬂ]ﬂﬂl Metabolic decrease during REM Sleep

Figure 2—Metabolic changes during REM and NREM sleep
in depression. During NREM* and REM,* depressed patients
show “elevated” activity measured by CMRglu across sev-
eral cortical and subcortical regions sleep compared to presleep
wakefulness.”*?* 1 = frontoparietal, 2 = posterior parietal, 3 = sup-
plementary motor area, 4 = ascending reticular activating system,
5 =insula, 6 = ventral pallidum, 7 = medial prefrontal, 8 = thala-
mus, 9 = posterior cingulate.

Neuroimaging of Sleep in Depression

A pioneering study by Ho et al. examined NREM using PET
in 10 patients with depression and 12 controls.”! The depressed
patients showed higher CMRglu during NREM sleep in the
pons, posterior cingulate, amygdala, hippocampus, and occipi-
tal and temporal cortices. There was a significant reduction of
relative CMRglu in medial-orbital frontal and anterior cingu-
late cortices, caudate nucleus, and medial thalamus. These early
findings support the hypothesis that hyperarousal in depression
affects a network of limbic and posterior cortical regions, but
also that the decreased medial frontal and striatal metabolism
may be a hallmark of depression.”? More recent studies have
confirmed that depressed patients have relatively persistent
“elevated” activity measured by CMRglu across many brain
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regions during sleep compared to presleep wakefulness (REM:
24 depressed patients compared to 14 controls;?® NREM: 12
depressed patients compared to 13 controls,* see Figure 2).
Regions more activated during REM sleep included frontal,
parietal, premotor, and sensorimotor cortices, as well as the
insula, the ventral pallidum, and the midbrain reticular forma-
tion.”? Regions more activated during NREM sleep included
the temporal and occipital cortices, as well as the insula, poste-
rior cingulate, cerebellum, and thalamus.>* However, increased
metabolism was also found in prefrontal cortex (unlike?").
These results are again consistent with a general hyperactiva-
tion of arousal systems in depression that may underlie both
sleep disturbances such as insomnia as well as nonrestorative
sleep complaints in depressed patients.

Increased rapid eye movement density (number of REMs per
minute of REM sleep) was found to correlate with depression
severity and clinical outcomes.” In humans, REMs bursts are
classically thought to reflect ponto-geniculo-occipital (PGO)
waves, possibly associated with orienting responses and arousal
processes during sleep.?*?” An ®FDG PET study assessed cere-
bral glucose consumption in a group of 13 medication-free de-
pressed patients during REM sleep.”® The average REM count
(an automated analog of REM density) was found to positively
correlate with the metabolism in a network of regions involved
in emotional regulation and emotion-induced arousal (medial
and ventrolateral prefrontal cortex) as well as in regions linking
emotion and attention systems (striate cortex, precuneus, and
posterior parietal cortex).”” Whether increased activity in these
regions may drive hyperarousal during REM sleep remains un-
clear. These results might not be specific to depression because
no control data were provided in that study and because the
observed activation pattern overlapped with results of healthy
controls from other studies.?6*

Summary

Because currently available data are limited and not perfectly
consistent, any conclusion about the cerebral correlates of insom-
nia during NREM sleep has to remain tentative. Whilst there is
some evidence for decreased activity in cortical areas during early
NREM sleep as well as during wakefulness, several subcortical
regions involved in sleep/wake regulation, including limbic and
paralimbic regions, were found to be more active during the tran-
sition from waking to sleep states. The available data generally
support the hyperarousal theory of insomnia with increased neu-
ronal activity during NREM sleep being a possible key factor con-
tributing to sleep misperception and disturbances in insomnia.

Depression is often associated with insomnia, as well as
with hyperarousal characterized by persistent “elevated” activ-
ity across many brain regions during NREM sleep. Strong evi-
dence for hyperarousal in both idiopathic insomnia and depres-
sion, together with persistent alterations in sleep architecture in
remitted depression, corroborate common neurophysiological
mechanisms underlying sleep and mood regulation.

Changes in brain functions after insomnia treatments have
to be assessed more carefully in future neuroimaging studies.
Indeed, functional imaging could be coupled with pharmaco-
logical or psychotherapeutic treatments in order to assess the
neurophysiological response to such interventions, and thus al-
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low a better understanding of the neural mechanisms underly-
ing the recovery from primary insomnia.

NARCOLEPSY

Narcolepsy is a sleep/wake disorder characterized by the
clinical tetrad of excessive daytime sleepiness, sudden loss of
muscle tone (cataplexy), sleep paralysis, and hypnagogic hal-
lucinations. Nocturnal sleep disruption is typical in narcolepsy.
Almost all patients with narcolepsy (with cataplexy subgroup)
are positive for the human leukocyte antigen (HLA) subtype
DQB1*0602; this HLA subtype is much less frequent in the
general population.’’ Additional biological markers include
sleep-onset REM periods (SOREMPs) on multiple sleep la-
tency tests (MSLT) and low level of cerebrospinal fluid (CSF)
hypocretin-1 (orexin A).

Lately, narcolepsy has been linked to a loss of hypothalamic
neurons producing hypocretin (also called orexin), a neuro-
peptide implicated in arousal systems.* Hypocretin neurons
are localized in the lateral hypothalamus and have widespread
projections throughout the brain. Hypocretin neurons receive
inputs from excitatory (glutaminergic) and inhibitory (nora-
drenergic, serotonergic and GABAergic) neurons.** Hypocretin
neurons have been found to be implicated in maintaining wake-
fulness, as well as in the regulation of motor functions (locomo-
tion, muscle tone), energy expenditure, and sympathetic activi-
ty.*> Postmortem autopsy studies showed a loss of hypocretin
messenger ribonucleic acid (mMRNA) and a reduction or loss of
hypocretin peptides. Low CSF hypocretin-1 levels is an usual
finding in narcolepsy with definite cataplexy.’' In contrast, in
most patients with narcolepsy without cataplexy and in other
primary sleep-wake disorders (such as insomnia or restless legs
syndrome), CSF hypocretin-1 levels are normal. However, low
CSF hypocretin-1 levels can also be found in several neurologi-
cal disorders irrespective of sleep habits.

Over the past decade, brain imaging studies have provided
major insights into the functional neuroanatomy of normal hu-
man waking state, REM sleep or SWS. Yet, only a few stud-
ies looked at how brain activity might be altered in narcoleptic
patients. Moreover, the neural correlates of other characteristic
symptoms in narcoleptic patients such as cataplexy, hypnopom-
pic/hypnagogic hallucinations or sleep paralysis remain largely
unknown.

Structural Abnormalities in Narcolepsy

Because it controls transitions between sleep states, the pon-
tine tegmentum was first proposed as a possible main site of an-
atomical or functional impairments in narcolepsy. While Plazzi
and coworkers* had reported pontine tegmentum abnormalities
(T2 hyperintensity) in 3 patients with narcolepsy using MRI, 2
other structural MRI studies®*** found no pontine abnormalities
in idiopathic narcolepsy (except in 2 out of 12 patients who had
longstanding hypertension®’). However, the MRI abnormali-
ties found in the study of Plazzi and colleagues could reflect
nonspecific age-related pontine vascular changes rather than
a narcolepsy-related phenomenon, as they were indistinguish-
able from ischemic changes and were associated with similar
anomalies in the hemispheres.
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Narcolepsy

. Gray matter decreases

19 = insula (right), 20 = amygdala (right).

Figure 3—(a) Anatomical brain changes in narcoleptic patients assessed by VBM. In narcoleptic patients, cortical gray matter loss was found
to affect frontal brain regions,’” temporal regions,* as well as hypothalamus, cerebellum (vermis) and ventral striatum® (see also*’). However,
hypothalamus damage is not systematically found in VBM studies.* (b) Functional brain changes in narcolepsy. Narcoleptic patients show
reduced baseline activity during wakefulness ("*FDG PET, SPECT) in several regions including the hypothalamus and mediodorsal thalamic
nuclei.** During cataplexy, one SPECT study reported hyperperfusion in several brain regions including limbic area, brainstem and motor
regions®' (but see also™). 1 = hypothalamus, 2 = nucleus accumbens (right), 3 = frontomesial, 4 = prefrontal (right), 5 = inferior temporal, 6
= inferior frontal, 7 = superior frontal, 8 = inferior parietal lobule, 9 = rectal/subcallosal gyrus, 10 = dorsal thalamus, 11 = hypothalamus, 12
= cingulate, 13 = post central/supramarginal, 14 = caudate, 15 = premotor and motor cortex, 16 = cingulate, 17 = thalamus, 18 = brainstem,

. Metabolic decreases during wakefulness

Metabolic increases during cataplexy

Differences in brain morphology that are not identifiable by
routine inspection of individual structural MRI can be inves-
tigated using voxel-based morphometry (VBM). VBM allows
between-group, statistical comparisons of tissue composition
(gray and white matter) across all brain regions, based on
high-resolution scans. To date, VBM studies reported equivo-
cal results in narcoleptic patients. An early study found no
structural change in brains of patients with hypocretin-defi-
cient narcolepsy,*® suggesting that functional abnormalities
of hypocretin neurons could either be associated with mi-
croscopic alterations undetectable by VBM or not be associ-
ated with any structural changes whatsoever. Two subsequent
studies did find cortical gray matter reduction in patients with
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narcolepsy, predominantly in frontal brain regions®’” as well
as in inferior temporal regions®® (Figure 3). Relative global
gray matter loss was independent of disease duration or medi-
cation history and there were no significant subcortical gray
matter alterations.*® Significant gray matter concentration de-
creases were found in the hypothalamus, cerebellum (vermis),
superior temporal gyrus and right nucleus accumbens in 29
narcoleptic patients relative to unaffected healthy controls.*
Given the major projection sites of hypocretin-1 (the hypo-
thalamus among others) and hypocretin-2 (the nucleus accum-
bens among others), the decreases in gray matter could reflect
secondary neuronal losses due to the destruction of specific
hypocretin projections. A recent VBM study corroborated sig-
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nificant reduction in hypothalamic gray matter volume in 19
patients compared with 16 controls.*

Proton magnetic resonance spectroscopy ('H-MRS) was
also used to assess the N-acetylaspartate (NAA) and creatinine
plus phosphocreatinine (Cr+PCr) content in the hypothalamus
of narcoleptic patients. An analysis of spectral peak area ratios
revealed a decrease in the NAA/Cr+PCr ratio in the hypothala-
mus of 23 narcoleptic patients compared with 10 control sub-
jects.! An earlier study found similar NAA/Cr+PCr ratios in
the ventral pontine areas of 12 narcoleptic patients compared
to 12 controls.*? Reduced NAA/Cr+PCr ratio indicates reduced
neuronal function which could reflect neuronal loss (i.e., fewer
neurons), but could also be due to reduced activity of exist-
ing neurons. Decreased NAA concentration is typically seen in
neurodegenerative, inflammatory, or vascular disorders.” The
partial reversibility of NAA deficit during recovery from acute
brain pathology* suggests that reduced brain NAA may be not
only related to neuronal loss, but also to neuronal dysfunction.

Several factors can explain inconsistencies across both VBM
and spectroscopy studies such as inhomogeneous patient groups,
history of treatment or, for VBM, pre-statistical image process-
ing and limited sensitivity of this technique (which means that
large sample sizes are needed to obtain reliable results). VBM
studies with larger samples of drug-naive patients are required
to identify reliably structural abnormalities in narcolepsy.

Functional Imaging in Narcolepsy

Baseline activity during wakefulness was assessed with
EDG PET by measuring CMRGlu in 24 narcoleptic patients
and 24 normal controls.** Narcoleptic patients had reduced
CMRGlu in bilateral precuneus, bilateral posterior hypothalami
and mediodorsal thalamic nuclei® (see Figure 3). A subsequent
SPECT study showed hypoperfusion in bilateral anterior hy-
pothalami.* These two studies indicate lower waking baseline
activity in narcolepsy.

Other studies have compared regional brain activity during
wakefulness and sleep states. An early study using '**Xe inhala-
tion showed that during wakefulness, brainstem and cerebellar
blood flow was lower in narcoleptic patients than in normal sub-
jects.*” In contrast, rCBF increased in all areas after sleep onset
as compared to wakefulness, in particular in temporo-parietal
regions, possibly related to visual dreaming or hypnagogic hal-
lucinations. More recently, a “mTC-HMPAO (technetium *m-
hexamethylpropyleneamine oxime) SPECT study in 6 narcolep-
tic patients found no difference between waking state and REM
sleep suggesting similar overall cortical activity across these two
states.*® However, the lack of control data significantly limits the
interpretation of this result. Further studies are needed to con-
firm these findings on a larger narcoleptic population including
systematic comparisons with matched controls.

Brain responses to visual and auditory stimuli were studied
in 12 narcoleptic patients and 12 control subjects using func-
tional MRI (fMRI).* There was no group difference in spatial
extent of cortical activation between control and narcoleptic
subjects.

Finally, based on the clinical observation that cataplexy epi-
sodes are often triggered by positive emotions (e.g., hearing or
telling jokes), a recent event-related fMRI study was performed
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on 12 narcoleptic patients and 12 controls while they watched
sequences of humorous pictures. Both patients and controls were
similar in humor appreciation and activated regions known to
contribute to humor processing, including limbic and striatal re-
gions. A direct statistical comparison between patients and con-
trols revealed that humorous pictures elicited reduced hypotha-
lamic response together with enhanced amygdala response in
the patients. These results suggest that hypothalamic HCRT
activity physiologically modulates the processing of emotional
inputs within the amygdala, and that suprapontine mechanisms
of cataplexy might involve a dysfunction of hypothalamic—
amygdala interactions triggered by positive emotions.*

Neural Correlates of Cataplexy

There are very few data describing the neural correlates of
cataplexy in narcoleptic patients. One study reported prelimi-
nary SPECT data on 2 patients during a cataplexy episode com-
pared to REM sleep or baseline wakefulness.’! During cata-
plexy, perfusion increased in limbic areas (including amygdala,
insula and cingulate gyri) and basal ganglia, thalami, premotor
cortices, sensorimotor cortices and brainstem, whereas perfu-
sion decreased in prefrontal cortex and occipital lobe (Figure
3). Increased cingulate and amygdala activity may relate to
concomitant emotional processing that is usually reported as a
powerful trigger of cataplexy. However, such hyperperfusion in
the pons, thalami and amygdaloid complexes was not found in a
recent single case report,> which revealed increased activity in
several cortical areas including cingulate cortex, orbitofrontal
cortex and right putamen during an episode of cataplexy (here,
during status cataplecticus). Future studies using well-designed
fMRI protocols on larger samples of patients would be particu-
larly suited to better characterize this complex symptom.>

Neurotransmission in Narcolepsy: Ligand Neuroimaging Studies

Given the role of acetylcholine as an important neurotrans-
mitter in the generation of REM sleep, it was hypothesized that
narcolepsy might also involve disturbances within the cholin-
ergic system. However at present, this hypothesis is not support-
ed by the available PET data which could not show any change
in muscarinic cholinergic receptors in narcoleptic patients.™
Recently, the release of endogenous serotonin was measured
during wakefulness and sleep in human brain using a serotonin
antagonist as PET ligand (**FMPPF in 14 narcoleptic patients).>*
Serotonin receptor availability increased in sleep compared to
wakefulness in narcoleptic patients. Unfortunately, as there was
no control group, these results can only support the fact that
serotonin release promotes wakefulness and suppresses REM
sleep, as suggested by previous animal data.>

Likewise, the dopamine system has been probed by PET
in narcoleptic patients because increased dopamine D2 (dop-
amine receptor 2) binding was shown in the brain of deceased
narcoleptic patients.’**” One SPECT study found D2-receptor
binding in the striatal dopaminergic system correlated with the
frequency of cataplectic episodes and sleep attacks in 7 patients
with narcolepsy.”® However, this finding was not confirmed
by other PET**° or SPECT studies.®"** Interestingly, although
binding levels of IBZM (iodobenzamide, dopamine D2 recep-
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tor ligand) might be similar in narcoleptic patients and normal
controls, treatment by stimulants and/or antidepressants for 3
months have been shown to significantly increase the ligand up-
take in 4 out of 5 patients as compared to pretreatment scans.®
Therefore, a potential explanation for discrepancies with the
postmortem studies might be related to the drug treatment of
narcoleptic patients. Consistent with this hypothesis, Rinne et
al.®® found no evidence of altered striatal dopamine transporter
availability in 10 drug-free narcoleptics (without any treatment
in the past) compared to 15 healthy controls with PET using
a dopamine transporter ligand (''C-CFT). Collectively, these
neuroimaging results suggest that the reported postmortem in-
crease in dopamine binding might be due to long-term effects
of prior treatment rather than intrinsic modifications due to the
pathophysiology of narcolepsy.

Neural Consequences of Treatment in Narcolepsy

Madras et al. studied the neurochemical substrate of
modafinil, a stimulant drug used in the treatment of narcolepsy,
in vivo (in rhesus monkey) and in vitro (in human embryonic
kidney cells).* They found that modafinil occupies striatal dop-
amine transporter sites and thalamic norepinephrine transporter
sites in vivo and modulates transporters of both catecholamines
as well as serotonin in vitro. These results suggest that the ther-
apeutic action of modafinil is mediated by the modulation of
catecholamine receptors.

Moreover, the effects of stimulant drugs on cerebral function
in narcoleptic patients were assessed by 2 fMRI studies. The first
one tested the effect of modafinil on 8 narcoleptic patients and
8 control subjects while they were presented with multiplexed
visual and auditory stimulation.*” Modafinil administration effi-
ciently increased self-reported levels of alertness in 7 of 8 narco-
leptic subjects but did not modify the average level of activation
in either controls or narcoleptics. Another fMRI study assessed
the effects of amphetamines in 2 patients with narcolepsy and
3 healthy controls.®® Whereas the extent of the brain response
to auditory and visual stimulation decreased after amphetamine
administration in controls, the reverse pattern was observed in
narcoleptic patients, with increased response in primary and as-
sociation sensory cortices. This latter finding suggests that the
beneficial effects of amphetamine may be mediated by some en-
hancement of sensory processing in arousal-deficient subjects.
These early neuroimaging results on the effects of stimulant
drugs still need to be replicated over larger samples of patients.

One EEG study used advanced methods of distributed source
localization (based on intracerebral current density estimates,
LORETA®) to analyze waking EEG recordings in 15 narcolep-
tic patients before and after 3 weeks of modafinil or placebo.’”
Cognitive performance (calculation task) was significantly bet-
ter after modafinil and correlated with a decrease in prefrontal
delta, theta, and alpha-1 power, suggesting that modafinil might
influence medial prefrontal processes. Interestingly, Thomas
and Kwong® showed that modafinil can counteract the nega-
tive effects of a single night of sleep deprivation on working
memory, but only when the difficulty of the task remains mod-
erate (2-back task). This was associated with the recruitment of
areas in the executive network including prefrontal and parietal
regions.
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Summary

Although human narcolepsy is associated with hypothalamic
hypocretin/orexin dysfunction, no clear evidence for hypotha-
lamic or pontine tegmentum abnormalities emerges from the
structural imaging studies reviewed here, including MRI and
spectroscopy data. By contrast, the few available functional
imaging studies have consistently found hypoactivity in the
hypothalamus. These findings suggest that narcolepsy is asso-
ciated with abnormal hypothalamic function in the absence of
consistent structural alterations detectable by current imaging
methods. Higher-field MRI scanners with improved signal and
spatial resolution might provide a more refined picture of the
structural changes in narcolepsy. Neuroimaging data of narco-
lepsy during active tasks testing specific brain circuits,® as well
as during different sleep states are very promising.

One of the cardinal symptoms of narcolepsy, i.e., cataplexy,
has been found to be associated with increased activity in areas
involved in emotion and reward processing. These data collect-
ed on a total of 3 patients still need confirmation.

In addition to a hypocretin/orexin dysfunction, it has been
suggested that the dopamine system might also be involved in
pathophysiology of narcolepsy, based on postmortem studies
showing an increase in striatal dopamine binding. However, the
available neuroimaging results on living patients indicate that
increases in dopamine activity might be due to long-term ef-
fects of prior treatment rather than intrinsic modifications due
to the pathophysiology of narcolepsy.

OBSTRUCTIVE SLEEP APNEA SYNDROME (OSAS)

Obstructive sleep apnea syndrome (OSAS) is characterized by
repetitive episodes of upper airway obstruction that occur during
sleep and are usually associated with a reduction in blood oxygen
saturation. These nocturnal respiratory disturbances result in brief
arousals from sleep (i.e., sleep fragmentation) that considerably
disturb sleep architecture and may lead to an almost complete
deprivation of REM sleep and stages 3 and 4 of NREM sleep.
Both sleep disturbances and hypoxemia contribute to excessive
daytime sleepiness, a common symptom of the syndrome. OSAS
is associated with significant morbidity, such as hypertension,
cardiovascular disease, stroke and also motor vehicle accidents.
Large epidemiologic studies revealed that OSAS affects 2% of
women and 4% of men of the general adult population® and up
to 25% of the elderly (i.e., over 60 years).”

The pathophysiology of OSAS is complex and not yet com-
pletely understood. Several studies suggest that OSAS in all age
groups is due to a combination of both anatomic airway narrow-
ing and alterations in upper airway neuromuscular tone.” The
pathophysiology of OSAS also includes enhanced chemoreflex
sensitivity and an exaggerated ventilatory response during hy-
poxemic episodes.”

Alterations of cognitive processes, behavior and interper-
sonal relations are commonly observed in OSAS patients.
Both hypoxemia and fragmented sleep are proposed as the
main factors leading to neurocognitive impairments during
wakefulness. Several studies emphasized the deterioration of
executive functions in OSAS patients, including the inability
to initiate new mental processes, as well as deficits in work-
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Obstructive Sleep Apnea Syndrome

. BOLD decreases during working memory task
BOLD increases during verbal learning task

. Gray matter decreases

Figure 4—(a) Regional gray matter loss in OSAS patients. VBM results in OSAS patients revealed gray matter loss limited to the left hip-
pocampus® or extending to regions involved in cognitive functions and motor regulation of the upper airway.” (b) Task-related activation in
OSAS patients. Functional MRI in OSAS patients during a 2-back working memory task was associated with reduced dorsolateral prefrontal
activity,®” while verbal learning was associated with increases in frontal cortex, thalamus and cerebellum.® 1 = left anterior cingulate cortex,
2 =posterior lateral parietal cortex, 3 = inferior temporal gyrus, 4 = parahippocampal gyrus, 5 = right quadrangular lobule, 6 = left hippocam-

pus, 7 = dorsolateral prefrontal cortex, 8 = inferior/middle frontal, 9 = thalamus, 10 = cingulate gyrus, 11 = cerebellum.

ing memory, selective attention and continuous attention.” A
recent meta-analysis showed that untreated patients with OSAS
had negligible deficits in intellectual and verbal functioning but
a substantial impairment of vigilance and executive function-
ing.” ‘Cognitive reserve’ might protect against OSAS-related
cognitive decline.”

It is still unclear whether the cognitive consequences of
OSAS are reversible or not.”®”” Structural alterations may indi-
cate irreversible cerebral changes that would underpin perma-
nent cognitive impairments, although this proposal remains a
matter of debate in the literature.”

Structural Changes in OSAS

Several studies used voxel-based morphometry (VBM) on
high-resolution MRI scans to assess structural brain changes in
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patients with OSAS. An early study found regional gray matter
loss in OSAS patients (n = 21) compared to healthy controls
(n=21) in regions involved in various cognitive functions and
motor regulation of the upper airway, including frontal, tempo-
ral, and parietal regions, anterior cingulate, hippocampus, and
cerebellum” (see Figure 4). By contrast, another VBM study
showed lower gray matter concentration limited to the left hip-
pocampus in 7 OSAS patients compared to 7 controls, with no
difference in total gray matter volume between the two groups.®
A more recent study on 25 OSAS patients and 23 controls found
neither gray matter volume deficits nor focal structural changes
in severe OSAS patients.®’ Comparing both neuropathological
and neuropsychological effects of hypoxia in patients with ei-
ther carbon monoxide poisoning or OSAS, Gale and Hopkins®
reported hippocampal atrophy in both groups. Importantly,
hippocampal volume correlated with performance on nonver-
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bal tasks (Wechsler Adult Intelligence Scale—Revised Block
Design) in both groups. There was no significant correlation
between hippocampal volume and global memory performance
but in the OSAS group only, there was a linear relationship be-
tween hippocampal volume and a subset of memory tests (e.g.,
delayed recall on the Rey-Osterrieth Complex Figure Design,
Trial 6 of the Rey Auditory Verbal Learning Test). This sug-
gests a link between hippocampus damage and some memory
performance in OSAS.

Single voxel proton magnetic resonance spectroscopy ('H-
MRS) has also been used to assess whether OSAS can induce
axonal loss or dysfunction, or myelin metabolism impairment.
An early study using '"H-MRS in 23 OSAS patients showed that
the N-acetylaspartate/choline ratio (NAA/Cr) in cerebral white
matter was significantly lower in patients with moderate to se-
vere OSAS than in patients with mild OSAS and healthy sub-
jects.® In a more recent study, magnetic resonance spectra were
obtained from prefrontal cortex, parieto-occipital, and frontal
periventricular white matter. The NAA/Cr and choline/creatine
(Cho/Cr) ratios as well as absolute concentrations of NAA
and Cho were significantly lower in the frontal white matter
of OSAS patients when compared to controls.* These findings
may explain some of the deficits in executive function associ-
ated with OSAS, but it is still unclear whether hypoxia or sleep
fragmentation is the primary cause of such dysfunction.

Consistent with the VBM results above, decreases in abso-
lute creatine-containing compounds in the left hippocampal area
correlated with increased OSAS severity and worse neurocog-
nitive performance.® Interestingly, a recent study of Halbower
et al.* showed decreased NAA/Cho ratio in the left hippocam-
pus and in the right frontal cortex using the same technique in a
pediatric population with OSAS.

Taken together these VBM and spectroscopy studies point
to an atrophy and/or dysfunction of hippocampal regions in
OSAS.

Brain Imaging of Cognitive Functions in OSAS

Cognition in OSAS patients has been extensively studied,
yet little is known about associated functional cerebral changes.
Thomas et al.¥” used fMRI to study 16 OSAS patients (8 of
them were rescanned after treatment with positive airway pres-
sure) and 16 healthy controls during a 2-back verbal working
memory task. Both performance on the task and dorsolateral
prefrontal activity were reduced in the patients’ population, re-
gardless of nocturnal hypoxia (Figure 4). After treatment, reso-
lution of subjective sleepiness and the partial recovery of pos-
terior parietal activation contrasted with persistent performance
deficits and lack of prefrontal activation. Another fMRI study
examined the cerebral correlates of learning and memory in 12
nontreated OSAS patients and 12 matched healthy controls.®®
Verbal learning performance was similar for both groups, but
OSAS patients showed increased brain activation in different
regions, including bilateral inferior frontal and middle frontal
gyri, cingulate gyrus, thalamus, and cerebellum. The recruit-
ment of additional brain areas during the task in OSAS patients
reflect an adaptive compensatory recruitment response.®® This
hypothesis is consistent with increased brain activity seen after
sleep deprivation in healthy subjects which has been thought to
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reflect dynamic, compensatory changes in cerebral activation
during a task after sleep deprivation.®

Cognitive performance may improve with nasal continu-
ous positive airway pressure (nCPAP) treatment, but evidence
suggests that some cognitive impairments may be permanent.
For instance, improved attention and vigilance is commonly
reported after nCPAP treatment in OSAS patients, but no such
improvement is found for constructional abilities or psychomo-
tor functioning.” Intrinsic neural dysfunction may explain the
neuropsychological deterioration in OSAS patients.”® In addi-
tion, several studies have linked OSAS and depression.'* Over-
laps of structural and functional deficits in the hippocampus,
anterior cingulate, and frontal cortex (areas consistently show-
ing abnormal structure or function in the depression literature®")
provide several potential biological links between OSAS and
mood disorders. Regardless of the mechanism, nCPAP therapy
in OSAS patients can decrease depression scores and overall
psychopathology, thus providing further evidence for a rela-
tionship between both these pathologies.”

Neural Correlates of Autonomic Dysfunction and Impaired
Ventilatory Control

The apneas in OSAS patients have considerable hemody-
namic consequences, involving a complex cascade of physi-
ological events. Repetitive episodes of apnea trigger marked
fluctuations in both blood pressure and heart rate and affect
cardiovascular regulation. Several important regulatory mecha-
nisms in cardiovascular homeostasis seem to be impaired in
OSAS patients—for instance, the ventilatory response to car-
bon dioxide is elevated in OSAS patients.”” This may be as-
sociated with an altered autonomic balance and result in the
subsequent development of cardiovascular diseases in patients
with OSAS.

Several fMRI studies have been conducted to characterize the
response to sympathetic challenge or respiratory stress in OSAS
patients. Based on the observation that OSAS patients exhibit al-
tered sympathetic outflow, Harper et al.”® used fMRI to assess
changes in brain activity during a forehead cold pressor chal-
lenge, which typically elicits respiratory slowing, bradycardia,
and enhanced sympathetic outflow. Compared with 16 control
subjects, 10 OSAS patients exhibited signal increases in cingulate
and cerebellar and frontal cortex; whereas fMRI signal decreased
in medullary, midbrain areas, and cerebellar nuclei, as well as
in ventral thalamus, hippocampus, and insula (with such signal
modulation often paralleling changes in breathing and heart rate).
In another study conducted in 8 drug-free OSAS patients (com-
pared with 15 controls), the fMRI response to Valsalva maneuver
revealed reduced brain response in parietal, temporal, and pos-
terior insular cortex, as well as in the cerebellum and hippocam-
pus; while activity was enhanced in the lateral precentral gyrus,
anterior cingulate, and superior frontal cortex in OSAS.* These
findings suggest that OSAS impacts on cerebellar, limbic, and
motor areas involved in the control of airway muscles that medi-
ate a compensatory response to the Valsalva maneuver. Another
fMRI study investigated brain activity changes during baseline
and expiratory loading conditions in 9 OSAS and 16 controls.”
Both groups developed similar expiratory loading pressures, but
OSAS patients failed to show the appropriate autonomic cerebral

Functional Brain Imaging in Sleep Disorders—Desseilles et al



responses. Indeed, OSAS patients had reduced activation within
the frontal cortex, anterior cingulate, cerebellar dentate nucleus,
dorsal pons, anterior insula, and lentiform nuclei, together with
increased activation in the ventral pons, midbrain, quadrangu-
lar cerebellar lobule, and hippocampus. Moreover, activity in
the fastigial nuclei of the cerebellum and the amygdala showed
substantial variability increase in OSAS subjects. A more recent
fMRI study evaluated brain activity changes during baseline and
inspiratory loading in 7 patients with OSAS and 11 controls.”
A number of cortical and subcortical areas mediating sensory,
motor, and autonomic processes were affected in OSAS patients,
with abnormal activation in primary sensory thalamus and sen-
sory cortex, supplementary motor cortex, cerebellar cortex and
deep nuclei, cingulate, medial temporal, and insular cortices,
right hippocampus, and midbrain.”® Taken together, these fMRI
results indicate abnormal brain responses to experimentally in-
duced respiratory and cardiovascular stresses in OSAS, most
frequently affecting the cerebellum, insula, cingulate, and motor
cortices. This altered pattern of brain activity in OSAS patients
during physiologic stress also suggests that similar brain dys-
functions may occur during pathological apneas in sleep, which
could lead to permanent neural changes over time. Interestingly,
an fMRI study showed significant signal increases in hippocam-
pus, frontal cortex, precentral gyrus, frontal cortex, mediodorsal
thalamus, and cerebellar cortex and decreases in the anterior cin-
gulate cortex and postcentral gyrus, coincident with apnea during
Cheyne-Stokes breathing (characterized by repeated episodes of
apnea followed by increasing and declining respiratory efforts
during sleep) in 2 patients.’’

Neural Consequences of Treatment in OSAS

A few studies have assessed the long-term neural conse-
quences of nasal continuous positive airway pressure (nCPAP)
treatment in OSAS. In an early “mTC-HMPAO SPECT study
in 14 adult OSAS patients, tracer injections were performed be-
tween 02:00 and 04:00 during stage 2 sleep, when numerous
episodes of obstructive apnea were observed.”® Reduced perfu-
sion in the left parietal region was found, which was completely
reversed under effective nCPAP therapy, suggesting that some
deleterious effects of OSAS on brain activity might be revers-
ible.¥” In another study using 'H-MRS in 14 OSAS patients,
NAA in the parietal-occipital cortex was significantly reduced
more in OSAS patients than in controls but, unlike the SPECT
study above, this reduction persisted after nCPAP therapy de-
spite clinical, neuropsychological, and neurophysiological nor-
malization.”

The effect of mandibular advancement (a frequent treatment
of OSAS) was studied in 12 healthy subjects using fMRI dur-
ing respiratory stress induced by resistive inspiratory loading.'®
This treatment led to decreased fMRI response in the left cingu-
late gyrus and bilateral prefrontal cortices. Together with these
objective results, the subjective effects of the treatment assessed
by a visual analog scale confirmed the successful reduction of
respiratory stress.

Based on the available data, it remains unresolved whether
cerebral dysfunctions in OSAS can be alleviated by efficient
treatment of nocturnal apnea.
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Summary

The reviewed studies suggest that neuropsychological im-
pairments in OSAS are attributable to functional alterations in
prefrontal, anterior cingulate, hippocampal, and parietal corti-
ces. Even if abnormal brain activations are sometimes revers-
ible under nCPAP, persistent structural brain changes have been
reported in OSAS patients. Consistent with such findings, sev-
eral studies have suggested that not all neuropsychological im-
pairments disappear after nCPAP treatment. Although the basic
mechanisms underlying OSAS are not completely understood,
a dysregulation in autonomic functions might contribute to the
neural pathophysiology of OSAS. However, it is important to
note that some of the deficits observed in OSAS patients may
also be attributable to other concomitant factors such as age,
elevated body mass index, or depression.

ABNORMAL MOTOR BEHAVIOR (1): PERIODIC LIMB
MOVEMENTS AND RESTLESS LEGS SYNDROME

Periodic limb movements in sleep (PLMS) and restless
legs syndrome (RLS) are distinct but overlapping syndromes.
PLMS is characterized by periodic episodes of repetitive and
highly stereotyped limb movements that occur during sleep
(mainly NREM sleep).*'”! To date, the largest epidemiological
study evaluating the simultaneous presence of PLMS and sleep
complaints reported a 3.9% prevalence in 18,980 subjects from
the general population between 15 and 100 years of age.'®?

The diagnosis of PLMS requires the presence of PLMS on
polysomnography as well as an associated sleep complaint
such as “unrefreshing sleep.” Partial arousal or even awaken-
ing frequently accompanies movements, but the patient is usu-
ally unaware of these movements or sleep disruption. Periodic
limb movements are themselves nonspecific, occurring dur-
ing sleep—(PLMS) with RLS and with other sleep disorders
(e.g., narcolepsy, sleep apnea syndrome, REM sleep behavior
disorder)—or during wakefulness (PLMW) and also in healthy
subjects.!® Thus, the diagnosis of PLMS requires the exclusion
of other potential causes for the associated sleep complaint.

Restless legs syndrome (RLS) is a disorder characterized
by uncomfortable leg sensations, usually prior to sleep onset
or during the night, which cause an almost irresistible urge to
move the legs.*!"' The prevalence of RLS is estimated at 5% to
20%.'"" The diagnosis of RLS, by contrast to PLMS, is essen-
tially made on clinical grounds. In addition, most of the patients
who suffer from RLS also have PLMS. Psychiatric illnesses
such as depression and anxiety have been associated with
chronic sleep loss?*!* and appear to be more prevalent in those
with RLS and PLMS than with normal controls.'%1% Interest-
ingly, several genetic variants associated with susceptibility
to PLMS'?7 and RLS'™® were discovered recently. As RLS and
PLMS are not always distinguished in the literature, our review
below will cover both RLS and PLMS together.

Structural Abnormalities

Recently structural cerebral abnormalities have been reported
in patients with idiopathic RLS. High-resolution T1-weighted
MRI of 51 patients compared with 51 controls using VBM re-
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Restless Leg Syndrome

. Gray matter increases

2 = thalamus, 3 = cerebellum.

Figure 5—(a) Cortical gray matter changes in RLS. VBM in RLS patients revealed bilateral gray matter increase in the pulvinar.'” (b) BOLD
increases during RLS. Cerebellum and thalamus are more activated (fMRI) when RLS patients experience leg discomfort.''® 1 = pulvinar,

BOLD increases during RLS

vealed a bilateral gray matter increase in the pulvinar (Figure
5).1% The authors suggested that changes in thalamic structures
could be directly involved in the pathogenesis of RLS or may
instead reflect a consequence of dopaminergic therapy or of a
chronic increase in afferent input due to sensory leg discomfort.

Functional Imaging

Functional neuroimaging has also attempted to localize some
cerebral generators of leg discomfort and periodic limb move-
ments in RLS. An fMRI study (19 patients) performed during
wakefulness showed bilateral activation of the cerebellum and
contralateral activation of the thalamus when patients with RLS
experienced leg discomfort."? This is partially consistent with
the VBM study reported above.'” During a second condition
combining periodic limb movements and sensory leg discom-
fort, patients also showed activity in the cerebellum and thala-
mus, with additional activation in the red nuclei and brainstem
close to the reticular formation. In neither condition was any
cortical activation found. However, when subjects were asked
to voluntarily imitate PLMS, there was no activation in the
brainstem, but rather additional activation in the globus pallidus
and motor cortex. These results are in agreement with those of
an EEG study showing no cortical potentials prior to periodic
leg movements during the daytime."' Together, these results
support an involuntary mechanism of induction and a subcorti-
cal origin for RLS, as also suggested by a transcranial magnetic
stimulation study.'"?

Neurotransmission Abnormalities

A suprasegmental release of inhibition from descending in-
hibitory pathways implicating dopaminergic, adrenergic, and
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opiate systems is thought to be involved in RLS/PLMS patho-
genesis.

Dopaminergic System

RLS becomes worse when dopamine antagonists are given,
whereas dopaminergic drugs have been shown to relieve RLS.'?
Studies using SPECT or PET examined both presynaptic DA
transporter and postsynaptic D2-receptor binding in the stria-
tum to better characterize the neurophysiological mechanisms
underlying the deficit.

Presynaptic DA transporter reflects the number of DA neu-
rons in the substantia nigra and was shown to be similar'!*''¢
or moderately hypofunctional''”"'® between patients with RLS
(accompanied or not by PLMS) and controls. Two studies used
a ligand marker binding dopamine transporter to evaluate stri-
atal presynaptic DA status in RLS-PLMS patients and controls
and found no difference between the 2 populations.''>!'¢ In an-
other study, presynaptic striatal dopamine activity correlated
negatively with the number of PLMS in 11 patients with id-
iopathic Parkinson disease (PD) and periodic leg movements
during sleep, suggesting that striatal dopaminergic nerve cell
loss might cause PLMS in PD.!"?

For postsynaptic D2-receptor binding, the results are more
equivocal. On the one hand, several SPECT studies'*'?° com-
paring RLS (with or without PLMS) patients to age-matched
controls failed to find any significant difference. In one of these
studies,'? 14 patients with idiopathic RLS and PLMS success-
fully treated by dopaminergic (e.g., ropinirole) and nondop-
aminergic (e.g., gabapentin) treatment were investigated while
off medication and compared to 10 healthy controls. The pa-
tients presented sleep disturbances, severe PLMS, and severe
RLS symptoms during scanning but did not show any signifi-
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cant differences in striatum/frontal D2 receptors binding ratio.
These findings suggest that the dopaminergic system might be
affected elsewhere, possibly in the diencephalo-spinal part of
the dopaminergic system.

On the other hand, Staedt et al. have tested the hypothesis of
a decrease in dopaminergic activity in PLMS patients across a
series of SPECT studies'?!"'* and consistently reported decreased
IBZM (postsynaptic) striatal uptake, indicating lower D2 recep-
tor occupancy in PLMS patients. Treating patients with dopamine
replacement therapy increased IBZM binding and improved the
sleep quality in these patients.'” In line with these results, anoth-
er SPECT study reported a small but statistically significant de-
crease in D2-receptor binding in 10 drug-naive patients suffering
from both RLS and PLMS compared with 10 age-matched con-
trols.!'® Consistent with this observation, a PET study showed a
decrease in striatal D2-receptor binding (postsynaptic) for raclo-
pride (an in vivo marker of dopamine D2/D3 receptor binding) in
13 patients with RLS compared with controls.'® No relationship
was observed, however, between D2-receptor binding and either
RLS severity or PLMS indices. %!

A recent study investigated both striatal and extrastriatal do-
pamine activity in 16 RLS patients naive to dopaminergic drugs
and 16 matched controls.' The results confirmed augmented
dopamine activity in the striatum, but also in the thalamus, in-
sula, and anterior cingulate cortex. The latter is part of the me-
dial nociceptive system, which is thought to regulate the affec-
tive and motivational component of pain. This pattern of results
is thus consistent with the hypothesis of RLS as a disorder of
somatosensory processing.

Overall, presynaptic DA transporter binding appears normal
in patients with RLS, contrary to what is typically found in
early Parkinson disease, suggesting that these two conditions
do not share a common pathophysiology. However, postsyn-
aptic D2-receptor binding may be decreased indicating a pos-
sible dysfunction of D2-receptors or down-regulation due to
increased levels of site occupancy by endogenous DA result-
ing from an increase in DA release. In addition, extrastriatal
(i.e., thalamus and anterior cingulate cortex) as well as striatal
brain areas seem to be involved in DA dysfunctions and these
extrastriatal areas may subtend a possible pathway for sensory
symptoms of RLS.

Iron Metabolism Abnormalities

Some recent studies implicated the cerebral metabolism of
iron in the physiopathology of RLS-PLMS.'* Importantly, iron
and dopaminergic systems are linked since iron is an important
cofactor for tyrosine hydroxylase, the step-limiting enzyme in
DA synthesis, and also plays a major role in the functioning of
post-synaptic D2 receptors.'?

A neuropathologic study (7 RLS brain and 5 normal brains)
showed a marked decrease of H-ferritin (ferritin heavy chain)
and iron staining in RLS substantia nigra.'”’ Using a special
MRI measurement (R, *), Allen et al.'** found decreased region-
al iron concentrations in the substantia nigra and in the puta-
men of 5 patients with RLS (compared to 5 controls), both in
proportion to RLS severity, consistent with regional iron insuf-
ficiency in RLS patients. In a more recent study, the same team
found diminished iron concentration across 10 brain regions in
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early-onset RLS (beginning of RLS symptoms before 45 years,
n = 22), but not in late-onset RLS (n = 19) when compared to
controls (n = 39).'” These convergent observations suggest that
RLS may be associated with impaired iron metabolism (i.e.,
impaired regulation of transferring receptors), which might in-
directly affect the dopamine system as well.

Opiate System

Opioid receptor agonists, acting predominantly on the pain
system, have been found to significantly improve RLS symp-
toms."*® Nevertheless, available data suggest that this effect
may be mediated by dopamine and may thus not be related to
specific deficiencies of the endogenous opioid system.'! Us-
ing PET and "C-diprenorphine (a nonselective opioid receptor
radioligand), von Spiczak et al.'* found no difference in opi-
oid receptor binding between 15 RLS patients and 12 controls.
However, in this study, negative regional correlations between
ligand binding and RLS severity was found in the pain system
(medial thalamus, amygdala, caudate nucleus, anterior cingu-
late gyrus, insula, and orbitofrontal cortex). Moreover, pain
scores correlated inversely with endogenous opioids binding
in orbitofrontal cortex and anterior cingulate gyrus. Therefore,
the most likely interpretation of decreased opioid binding (i.e.,
availability) may be an increase in endogenous opioid release
consecutive to pain or dysesthesia.'*

Summary

PMLS/RLS still appears as a complex and multifarious
movement disorder which implicates many brain areas and
most probably a variety of pathophysiological mechanisms.
However, the recent findings from anatomical, functional, and
ligand neuroimaging studies converge to suggest a critical in-
volvement of mostly subcortical regions (brainstem, thalamus,
cerebellum) and of the dopamine system in the control and
generation of leg movements. However, because presynaptic
dopamine function is normal in PMLS/RLS disorders, the un-
derlying pathophysiological mechanisms must differ from Par-
kinson disease. In addition, several observations suggest that
RLS may be associated with impaired iron metabolism that will
indirectly affect the dopamine system. Finally, consistent with
PMLS/RLS being related to major somatosensory disturbances,
abnormal dopamine and opioid activity was found in regions
belonging to the medial pain system (e.g., thalamus, anterior
cingulate, insula) which mediate the unpleasant component of
pain.'** It is noteworthy that there are no data available during
sleep itself, probably given methodological difficulties such as
the unpredictability of occurrence of leg movements, as well as
scanning artifact due to movements.

ABNORMAL MOTOR BEHAVIOR (2): REM SLEEP BEHAVIOR
DISORDER

REM sleep behavior disorder (RDB) is characterized by brisk
movements of the body associated with dream mentation that
usually disturb sleep continuity.'* This parasomnia has a preva-
lence estimated at 0.5% of the population,'** mainly affecting
men older than 50 years of age. During the night, patients be-
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Figure 6—(a) Brain lesions in RDB. Patients with RDB have lesions affecting the dorsal mesopontine tegmentum.'*? (b) Metabolic changes
during REM sleep, patients with RBD show decreased blood flow (SPECT) in the pons and superior frontal regions,
in the pons, putamen and hippocampus during rest at wake.'* 1 = mesopontine tegmentum, 2 = pons, 3 = superior frontal lobe, 4 = pons, 5 =
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have as if they were acting out their dreams. The disease may
be idiopathic (up to 60%) or associated with other neurologi-
cal disorders. A sizeable proportion of patients with RBD will
develop extrapyramidal disorders,'3%!*” Lewy body dementia,'*®
or multiple system atrophy.'**'* Critically, signs of RBD may
often precede the clinical onset of neurodegenerative diseases
such as Parkinson disease or Lewy body dementia."**!*® Any
evidence for RBD should thus be considered with great care as
this may have major clinical implications.

Structural and Functional Abnormalities

An early experimental model of RBD in the cat showed that
lesions in the mesopontine tegmentum can lead to the disap-
pearance of muscle atonia during REM sleep and the appear-
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ance of dream-enactment behavior."' A magnetic resonance im-
aging (MRI) study confirmed this hypothesis in man, showing
that 3 of 6 patients with RDB had lesions affecting the dorsal
mesopontine tegmentum (Figure 6).'** A study combining ana-
tomical MRI and '*I-IMP SPECT measurements during REM
sleep in 20 patients with RBD reported significantly decreased
blood flow in the pons and superior frontal regions in patients
with RBD, in comparison with 7 normal elderly subjects.'** De-
creased blood flow in the frontal lobe of patients with RBD did
not correlate with frontal lobe atrophy. Another SPECT study in
8 RBD patients during waking rest confirmed decreased activ-
ity in frontal and temporoparietal cortices and found increased
activity in the pons, putamen, and right hippocampus.'** Simi-
larly, “acting out” of oneiric behaviors was associated with sig-
nificantly lower cerebral metabolic rate for glucose in a set of
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brain areas (parietal, temporal, and cingulate cortices) in both
Alzheimer and dementia with Lewy body disease.'*

Increased Cho/Cr ratio in the brainstem suggesting local
neural dysfunction was revealed by proton magnetic resonance
spectroscopy ('"H-MRS) in a 69-year-old man with idiopathic
RBD."® However, another "H-MRS study in a large group of
patients with idiopathic RBD (n = 15) compared to matched
controls (n = 15) did not reveal any difference in NAA/Cr, Cho/
Cr, and myoinositol/Cr ratios in the pontine tegmentum and the
midbrain.'*” Mesopontine neuronal loss or 'H-MRS detectable
metabolic disturbances in idiopathic RBD therefore remain hy-
pothetical. Future 'H-MRS may provide a noninvasive meta-
bolic evaluation of brainstem neuronal function in RBD and
may usefully contribute to the differentiation of secondary RBD
with neurodegenerative disorders from idiopathic disorders.'*

Neurotransmission Abnormalities

Using SPECT, the binding of ligands of striatal presynaptic
dopamine transporters in RBD patients (n = 5) during wakeful-
ness was found to be lower than in normal controls but higher
than in Parkinson patients (n = 14).'*-'%* This result suggests
that the number of presynaptic dopamine transporters decreases
in both Parkinson and RBD patients. Moreover, such findings
provide evidence for a continuum of striatal presynaptic dop-
aminergic dysfunction in patients with subclinical RBD (i.e.,
individuals who have REM sleep without atonia but without
behavioral manifestations), clinical RBD, and Parkinson dis-
ease.' No such differences were found for a marker of post-
synaptic D2 receptor density in RDB patients.'

The same conclusions were reached by another study that
probed the density of striatal dopaminergic terminals using PET
and 11C-dihydrotetrabenazine (11C-DTBZ, an in vivo marker
for dopamine nerve terminals) in 6 elderly subjects with chronic
idiopathic RBD compared to 19 age-matched controls."' Sig-
nificant reductions in striatal "C-DTBZ binding were found in
all striatal nuclei, with the greatest reduction in the posterior
putamen. The striatal vesicular monoamine transporter density
is actually considered to be a direct function of the number of
DA neurons in the substantia nigra, therefore suggesting a loss
of DA midbrain neurons in chronic RBD.

Recently, one SPECT study using a radiomarker of the pre-
synaptic dopamine transporter in 11 RBD patients (mostly with
narcolepsy) and controls revealed that 2 “idiopathic” RBD
patients with severe olfactory dysfunction (anosmia) had de-
generation of presynaptic nigrostriatal neurons, as determined
by reduced dopamine transporter binding.'>? The authors sug-
gested that the discrepancies between studies may be related
to RBD symptoms duration, since patients who had reduced (2
patients) or pathologically asymmetrical (1 patient with mild
hyposmia) dopamine transporter binding had by far the longest
duration of RBD symptoms (14, 16, and 38 years).

It remains to be shown whether these alterations (mainly dys-
function in mesopontine tegmentum and DA neurotransmission
impairments) play a causal role in the pathophysiology of RBD,
or reflect functional consequences or adaptations to the patho-
logical condition. Although there is evidence that some Par-
kinson patients do show excessive nocturnal movements,'*!>3
only a small percentage of Parkinson patients develop full-

SLEEP, Vol. 31, No. 6, 2008

blown RBD. RBD has been found to also occur in patients with
voltage-gated potassium channel antibody-associated limbic
encephalitis.’* These observations suggest that modifications
involving other systems of neurotransmission and/or other re-
gions (e.g., frontal lobe, limbic system) are probably necessary
for full-blown RBD to occur.

Summary

Dream-enactment behavior during REM sleep, which char-
acterizes RBD, may in some cases be idiopathic but is predom-
inantly associated with neurodegenerative diseases. Results
from proton magnetic resonance spectroscopy may usefully
contribute to the differentiation of idiopathic versus secondary
RBD associated with neurodegenerative disorders. Neuroimag-
ing studies have revealed that RDB may affect several levels
of cerebral organization, from neurotransmission (presynaptic
striatal DA) to neuroanatomical integrity (lesions in mesopo-
ntine tegmentum) and brain function (frontal, temporoparietal
and cingulate cortex dysfunctions). Whether these cerebral
anomalies play a causal role in the pathophysiology of RBD or
mainly reflect pharmacological consequences or adaptations to
the pathological condition is still unclear.

CONCLUSIONS

Modern functional neuroimaging techniques provide un-
precedented possibilities to explore brain functions during nor-
mal and pathological sleep. This review demonstrates that a
functional brain imaging approach may address a wide range of
issues pertaining to the treatment and underlying pathophysiol-
ogy of sleep disorders.

One line of research aims to characterize the neural conse-
quences of sleep disruption due to intrinsic sleep disorders or
to extrinsic environmental or medical causes. Functional neu-
roimaging can also be used to assess the effects of hypnotic
drugs on regional brain function. A second, more fundamental
challenge for a neuroimaging approach is to determine to what
extent cerebral dysfunctions at wake as well as during sleep
contribute to the primary physiological mechanisms of sleep
disorders.

Although this review shows that neuroimaging can be used
to achieve these goals, the approach is hampered by several fac-
tors: (a) Scanning patients or controls during their sleep or dur-
ing pathological manifestations requires specialized equipment
(e.g., EEG) and many adjustments in the scanning parameters
(especially for fMRI studies). In addition, it is never guaranteed
that the participant will sleep during data acquisition. Clinical
manifestations of sleep disorders are often unpredictable and
transient (e.g., sleepwalking, RBD); thus one cannot predict if
the pathological event will occur during the scanning period.
Moreover, clinical manifestations are often associated with
large body movements that may interfere with image acquisi-
tion and create artifacts. In this respect, SPECT is probably the
most appropriate procedure because the radiotracer can be ad-
ministered during the clinical events, well before the brain im-
ages are acquired. An excellent example of such a study pertains
to sleepwalking.'** (b) Assessing short- or long-term effects of
treatments remains complicated, since neuroimaging data col-
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lected at different time points cannot be straightforwardly com-
pared because of unavoidable fluctuations in signal (e.g., fMRI),
and more importantly because treatments may have nonspecific
influences across a distributed network of areas (e.g., dopamine
system). Moreover, as suggested by the present review, it is dif-
ficult to find large and homogeneous groups of patients. (c¢) Last
but not least, the theoretical framework necessary for design-
ing an efficient clinical neuroimaging protocol is only available
for a few sleep disorders. One such example is narcolepsy; the
discovery of the hypocretin system and its role in narcolepsy in
the late 90s'* has indubitably changed the main goal and target
systems (and thus the experimental designs) of neuroimaging
studies in narcoleptic patients.**>

Neuroimaging studies may usefully contribute to the estab-
lishment or refinement of a nosography of sleep disorders. For
instance, neuroimaging could help classify different subtypes
of insomnia in terms of their underlying characteristic patterns
of regional brain activity, an approach that may prove comple-
mentary to standard clinical observation.

Although substantial methodological progress has been
achieved, much effort is still needed to better characterize neu-
rophysiological mechanisms involved in sleep disorders, espe-
cially in teasing apart those mechanisms which have a causal
role in the pathophysiology from those which are secondary
consequences. Future brain imaging will undoubtedly provide
new and valuable information about the functional and struc-
tural consequences of long-term sleep disruption. Ultimately,
neuroimaging will help with clinical diagnosis and prognosis of
sleep pathologies at an individual level. These considerations
argue for closer collaboration and partnership between basic
and imaging neuroscientists, sleep researchers, and sleep clini-
cians for designing and conducting multimodal assessments of
sleep disorders.
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7.4. Obsessive-compulsive disorders

From
Desseilles M, Mikolajczak G, Devue C, Muselle A, Habeche C, Les troubles
obsessionnels-compulsifs. Acta Psychiatrica Be)§688. 108(3), 1-9.

Summary
Obsessive-compulsive disorder is a frequent andi@ing illness characterised by

obsessions and/or compulsions. It causes a magtnesis for the patients and their
families. Evaluation scales can complete the diagnwhich is mainly clinic. The
physiopathology of OCD is not yet fully understoatlhough several etiological
hypotheses have been proposed and despite theeredsibof various treatment
approaches. This review aimed at summarizing tle faogress made in the

understanding of the OCD physiopathology.



LES TROUBLES OBSESSIONNELS-COMPULSIFS

M. Desseilles'*, G. Mikolajczak?, C. Devue3”, A. Muselle*, C. Debabéche®

OBSESSIVE-COMPULSIVE DISORDER IS A FREQUENT AND DEBILITATING ILLNESS CHARACTERISED BY OBSESSIONS AND/OR COMPULSIONS. IT
CAUSES A MAJOR DISTRESS FOR THE PATIENTS AND THEIR FAMILIES. EVALUATION SCALES CAN COMPLETE THE DIAGNOSIS WHICH IS MAINLY CLINIC.
THE PHYSIOPATHOLOGY OF OCD IS NOT YET FULLY UNDERSTOOD ALTHOUGH SEVERAL ETIOLOGICAL HYPOTHESES HAVE BEEN PROPOSED AND
DESPITE THE EXISTENCE OF VARIOUS TREATMENT APPROACHES. THIS REVIEW AIMED AT SUMMARIZING THE LAST PROGRESS MADE IN THE

UNDERSTANDING OF THE OCD PHYSIOPATHOLOGY.

Key words : Psychiatry, Anxiety Disorders, Obsessive-Compulsive Disorder, Physiopathology

INTRODUCTION

Le Trouble obsessionnel-compulsif (TOC) est une maladie
fréquente classée dans les «troubles anxieux» du manuel
diagnostique et statistique des troubles mentaux (DSM-IV-TR)
(American Psychiatric Association, 2000). Nous verrons dans
cette revue que le TOC présente des différences avec les
autres troubles anxieux (Bartz et Hollander, 2006) tant au
point de vue épidémiologique, étiologique que de la comorbi-
dité. De plus, le TOC appartiendrait a un ensemble plus large
de troubles comprenant des symptomes obsessionnels ou
compulsifs (Castle et Phillips, 2006).

EPIDEMIOLOGIE

La prévalence a 12 mois du TOC chez les adultes varie entre
0,1 % et 2,3 % selon une méta-analyse récente faite a partir
de 21| études européennes (Wittchen et Jacobi, 2005). De plus,
il semble que le TOC soit présent dans de nombreux pays a
travers le monde avec une prévalence quasi identique dans les
différents pays ou s’est déroulée I'étude a I'exception de Taiwan
qui présentait une prévalence particulierement basse (0,4 %)
(Weissman et al., 1994). Chez les adultes, la prévalence du
TOC serait globalement répartie de facon équivalente entre les
hommes et les femmes (Sasson et al., 2001). La prévalence sur
la vie est de 'ordre de 2 % (Ansseau et al., 1999).

Chez les adolescents, la répartition « homme-femme » du TOC
est plus discutée. Ainsi, une étude indique que la prévalence
chez les adolescents (moyenne d’age de 16,6 ans) est de
0,53 % en moyenne mais serait environ deux fois plus élevée
pour les garcons que pour les filles (Lewinsohn et al., 1993).
Cependant, une autre étude sur un plus petit échantillon
montre une prévalence de 4 % avec un ratio homme : femme
de 0,7: | (Douglass et al., 1995).
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Chez les enfants entre 5 et 15 ans, une étude portant sur un
large échantillon a montré une prévalence de 0,25 % (Heyman
et al., 2003).

Limpact économique du TOC est trés important et serait en
partie dii au fait que la maladie est sous-diagnostiquée, et donc
traitée trop tardivement, ce qui entrainerait des perturbations
personnelles et professionnelles entre autres (Stein et al,
1996).

DESCRIPTION CLINIQUE

Le TOC (Figure I) ne s’apparente que de loin a la névrose
obsessionnelle (Figure 2) dans la mesure ou la névrose obses-
sionnelle fait appel a la notion de structure psychique et fait
appel a des mécanismes psychodynamiques particuliers qui ne
sont pas pris en compte dans I'approche catégorielle du DSM-
IV-TR. De plus, le TOC a peu a voir avec le «trouble de
personnalité obsessionnel-compulsif » (Figure 3) ou la person-
nalité obsessionnelle (Figure 4). Il est considéré comme une
entité psychopathologique a part entiere par le courant
psychiatrique qui s’inspire de I'approche prénée par le DSM
(« Diagnostic and Statistical Manual of Mental Disorders »,
Manuel Diagnostic et Statistique des troubles mentaux).
Selon le DSM-IV-TR (American Psychiatric Association, 2000)
(Figure 1), le TOC se caractérise par la récurrence d’obses-
sions et de compulsions, ce qui entraine une souffrance impor-
tante du sujet mais aussi de sa famille. Les obsessions sont des
pensées intrusives, dérangeantes, génératrices d’anxiété. Le
sujet reconnait que ses pensées sont issues de lui-méme, et
non imposées de 'extérieur comme c’est le cas chez certains
patients psychotiques présentant des idées de référence. Les
compulsions sont des actes ou des pensées exécutées en
réponse aux obsessions, afin de les neutraliser et de diminuer
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Figure |
Diagnostic DSM-IV-TR du Trouble Obsessionnel-
Compulsif

Figure 2
Description de la névrose obsessionnelle selon la
nosographie francaise

Existence soit d’obsessions soit de compulsions.

Obsessions définies par :

(1) Pensées, impulsions ou représentations récurrentes et
persistantes qui, a certains moments de I'affection, sont
ressenties comme intrusives et inappropriées et qui
entrainent une anxiété ou une détresse importante.

(2) Les pensées, impulsions ou représentations ne sont pas
simplement des préoccupations excessives concernant
les problemes de la vie réelle.

(3) Le sujet fait des efforts pour ignorer ou réprimer ces
pensées, impulsions ou représentations ou pour
neutraliser celles-ci par d’autres pensées ou actions.

(4) Le sujet reconnait que les pensées, impulsions ou
représentations obsédantes proviennent de sa propre
activité mentale (elles ne sont pas imposées de I'exté-
rieur comme dans le cas des pensées imposées).

Compulsions définies par :

(1) Comportements répétitifs (p. ex., lavage des mains,
ordonner, vérifier) ou actes mentaux (p. ex., prier,
compter, répéter des mots silencieusement) que le
sujet se sent poussé a accomplir en réponse a une
obsession ou selon certaines regles qui doivent étre
appliquées de maniere inflexible.

(2) Les comportements ou les actes mentaux sont destinés
a neutraliser ou a diminuer le sentiment de détresse ou
a empécher un événement ou une situation redoutés ;
cependant, ces comportements ou ces actes mentaux
sont soit sans relation réaliste avec ce qu'’ils se propo-
sent de neutraliser ou de prévenir, soit manifestement
excessifs.

A un moment durant |’évolution du trouble, le sujet a reconnu
que les obsessions ou les compulsions étaient excessives ou
irraisonnées. N.B. : Ceci ne s’applique pas aux enfants.

Les obsessions ou compulsions sont a I'origine de sentiments
marqués de détresse, d’'une perte de temps considérable
(prenant plus d’une heure par jour) ou interférent de fagon
significative avec les activités habituelles du sujet, son fonc-
tionnement professionnel (ou scolaire) ou ses activités ou
relations sociales habituelles.

Si un autre Trouble de I'’Axe | est aussi présent, le theme des
obsessions ou des compulsions n’est pas limité a ce dernier
(p. ex., préoccupation liée a la nourriture quand il s’agit
d’un Trouble des conduites alimentaires ; au fait de s’arra-
cher les cheveux en cas de Trichotillomanie ; inquiétude
concernant I'apparence en cas de Peur d’'une dysmorphie
corporelle ; préoccupation a propos de drogues quand il
s’agit d’'un Trouble lié a I'utilisation d’une substance ; crainte
d’avoir une maladie sévere en cas d’Hypocondie ; préoccu-
pation a propos de besoins sexuels impulsifs ou de fantas-
mes en cas de Paraphilie; ou ruminations de culpabilité
quand il s’agit d’'un Trouble dépressif majeur).

La perturbation ne résulte pas des effets physiologiques directs
d’une substance (p. ex. : une substance donnant lieu a abus,
un médicament) ni d’une affection médicale générale.

Spécifier si:

Avec peu de prise de conscience : si la plupart du temps durant
I’épisode actuel, le sujet ne reconnait pas que les obses-
sions et les compulsions sont excessives ou irraisonnées.

La névrose obsessionnelle est définie par la survenue d’obses-

sions et de compulsions.

(I) Les obsessions sont des contenus psychiques qui assie-
gent littéralement I'esprit et sont incoercibles malgré la
lutte anxieuse mise en oceuvre pour tenter en vain de les
chasser. Les contenus de pensée pouvant donner lieu a des
obsessions sont trés nombreux. Nous retiendrons entre
autres, les obsessions phobiques (crainte spécifique qui
existe en dehors de 'objet phobogéne, ce qui la différen-
cie des phobies spécifiques), les obsessions idéatives
(ruminations obsédantes concrétes — mots, objets, chiff-
res, ... — ou abstraites — la vie, la mort, ... —; débats de
conscience interminables sur des vérifications, des omis-
sions, des erreurs, ...), les obsessions impulsives ou
« phobies d’impulsion » (crainte d’étre amené de facon
irrésistible a commettre un acte nuisible voire criminel).

(2) Les compulsions sont des actes auxquels le sujet se sent
contraint de maniére répétitive, tout comme un rite, tout
en reconnaissant leur caractére absurde, ridicule et emba-
rassant. Les plus fréquentes sont les rites de lavage, les
rites de vérifications, les manies du retour en arriére,
rites concernant |’habillement et la toilette, arithmoma-
nie (calculs mentaux réalisés avant toute action), onoma-
tomanie (recherche obsédante de la signification d’un
mot, crainte de prononcer des mots tabous, rituels de
mots conjuratoires).

Figure 3
Diagnostic DSM-IV-TR du Trouble de Personnalité
Obsessionnel-Compulsif

Mode général de préoccupation pour l'ordre, le perfection-
nisme et le contréle mental et interpersonnel, aux dépens
d’une souplesse, d’une ouverture et de I'efficacité, qui apparait
au début de I'age adulte et est présent dans des contextes
divers, comme en témoignent au moins quatre des manifesta-
tions suivantes :

(1) Préoccupations pour les détails, les regles, les inventai-
res, 'organisation ou les plans au point que le but prin-
cipal de Iactivité est perdu de vue.

(2) Perfectionnisme qui entrave I'achevement des taches
(p. ex.: incapacité d’achever un projet parce que des
exigences personnelles trop strictes ne sont pas
remplies).

(3) Dévotion excessive pour le travail et la productivité a
I'exclusion des loisirs et des amitiés (sans que cela soit
expliqué par des impératifs économiques évidents).

(4) Est trop consciencieux, scrupuleux et rigide sur des
questions de morale, d’éthique ou de valeurs (sans que
cela soit expliqué par une appartenance religieuse ou
culturelle).

(5) Incapacité de jeter des objets usés ou sans utilité méme
si ceux-ci nont pas de valeur sentimentale.

(6) Réticence a déléguer des tiches ou a travailler avec
autrui 2 moins que les autres se soumettent exacte-
ment a sa maniére de faire les choses.

(7) Se montre avare avec I'argent pour soi-méme et les
autres ; I'argent est percu comme quelque chose qui
doit étre thésaurisé en vue de catastrophes futures.

(8) Se montre rigide et tétu.




Figure 4
Description de la personnalité obsessionnelle selon
la nosographie francaise

Caractere bien structuré associant :

(1) Un souci constant de I'ordre et de la propreté, une
grande méticulosité, une ponctualité rigoureuse, un
perfectionnisme. S’ensuivent différentes attitudes
comme la fidélité aux engagements, le sens du devoir,
I’attitude scrupuleuse dans les obligations, ...

(2) Le sens de I'’économie pouvant aller jusqu’a I'avarice en
passant par la mesquinerie. Ces personnes ont des diffi-
cultés a partager et a donner ce qui va de pair avec le
plaisir de possession et qui conduit fréquemment a
amasser (collections, ...).

(3) Lentétement obstiné rend compte de la ténacité et de
la persévérance de ces personnes. Elles sont souvent
peu influencables et autoritaires.

Ces personnes cherchent fréquemment le mot exact et
s’expriment avec concision. Elles sont froides et impassibles.
Elles intellectualisent et ne laissent pas affleurer les affects qui
pourraient les faire souffrir. La vie psychique de ces personnes
parait faite de souvenirs et de sentiments juxtaposés sans liens
entre eux (mécanisme de défense : I'isolation). Un autre méca-
nisme de défense est fréquemment a I'ceuvre : la formation
réactionnelle;; c’est une attitude qui s’oppose a un désir
refoulé et qui se constitue en réaction contre celui-ci. C’est
donc d’abord un refoulement, puis un contre-investissement
dans un élément conscient de force égale. Ainsi, la propreté
excessive est une formation réactionnelle contre le go(t de la
saleté. De méme, la soumission et la politesse exagérées sont
des formations réactionnelles contre I'agressivité inconsciente
intense.

ainsi I'anxiété. Au début de la maladie, I'individu peut tenter de
résister aux compulsions, ce qui crée une grande anxiété. Au
fur et a mesure de I'évolution et apreés plusieurs échecs de résis-
tance, le sujet n’essayerait plus de combattre ses compulsions
et se laisserait aller a elles, les intégrant dans ses activités quoti-
diennes.

SOUS-TYPES

Les TOC forment un groupe hétérogene. Afin d’améliorer la
prise en charge des patients, des phénotypes plus homogénes
sont recherchés. En plus d’une description phénotypique, des
endophénotypes (phénotypes étendus) basés sur des paradig-
mes neurophysiologiques, génétiques, immunologiques, neuro-
psychologiques ou neuroanatomiques (imagerie cérébrale) sont
recherchés (de Mathis et al., 2006).

Il existe différentes maniéeres de subdiviser les patients présen-
tant un TOC : classifications catégorielles (catégories exclusi-
ves basées soit sur la présence de tics, soit sur I'age de début,
soit sur des antécédents d’infection streptococcique), classifica-
tions dimensionnelles (dimensions biologiques et comporte-
mentales non exclusives déterminées principalement a partir
d’analyses factorielles) et extension du phénotype des TOC
(trouble du spectre obsessionnel-compulsif) (de Mathis et al.,
2006).

En plus de I'age d’apparition du TOC (Delorme et al., 2005),
I’évolution (chronique ou épisodique) (Perugi et al., 1998), le
degré d’insight (bon ou mauvais) (Aigner et al,, 2005; De
Berardis et al., 2005; Eisen et al., 2004; Matsunaga et al., 2002;
Ravi Kishore et al., 2004) ainsi que l'origine des obsessions
(obsessions autogenes ou réactives a un stimulus extérieur
spécifique) (Lee et Kwon, 2003) permettent également de
classer les patients. De plus, différents groupes symptoma-
tiques ont été mis en évidence par des analyses factorielles a
partir d’échelles cliniques du TOC (Baer, 1994; Leckman et al.,
1997; Summerfeldt et al., 1999). Ces différentes catégories de
symptomes sont corrélées a des comorbidités psychiatriques
spécifiques (Hasler et al., 2005).

Dans la présente synthése, nous avons choisi de présenter
quelques grandes classes de la subdivision par symptéomes car
cette subdivision est la plus fréquemment utilisée en clinique:

I) Contamination : crainte persistante d’étre contaminé par
des objets ou par d’autres personnes, ou de contaminer soi-
méme d’autres personnes, entrainant des compulsions de
lavage.

2) Vérification : vérifications compulsives en réponse a des
obsessions de doute («ai-je bien fermé la porte, le
gaz...7»).

3) Accumulation : accumulation excessive d’objets multiples
(voire de déchets) qui n‘ont aucune utilité objective, en
réponse a des obsessions concernant la peur de jeter
quelque chose d’important ou qui pourrait servir.

4) Agressivité/Sexualité : pensées obsédantes concernant le
fait d’avoir blessé ou tué quelqu’un et/ou images a contenu
sexuel ou agressif venant sans cesse a 'esprit. Ces craintes
peuvent parfois s’appliquer au patient lui-méme. Cette
classe de symptomes est aussi appelée « phobie d’impul-
sion ».

DIAGNOSTIC
AGE DE DEBUT ET EVOLUTION

Selon une étude prospective (Skoog et Skoog, 1999) s’étant
déroulée sur une période de 40 ans, il semble que le TOC
apparaisse le plus souvent au début de I'age adulte (40 %), avec
néanmoins une proportion significative (29 %) d’individus ayant
débuté la maladie avant I'dge de 20 ans. Toujours selon cette
étude, un début précoce (avant 20 ans) est plus fréquent chez
les garcons (44 %) que chez les filles (22 %) et un début tardif
(deés 40 ans) ne se retrouve que chez 4 % des sujets.

Dans au moins 50 % des cas, le TOC débuterait dans I'enfance
ou I'adolescence (Sasson et al., 2001). Mais, malgré cette haute
fréquence de début précoce et probablement en raison de la
honte qu’ils éprouvent a parler de leurs symptomes, les
patients seraient généralement pris en charge bien plus tard
dans leur vie (Hollander et al., 1996).

Notons que la présence d’obsessions et de compulsions fait
partie du développement normal de I'enfant ; ainsi il faudra étre
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prudent afin de ne pas poser un diagnostic trop hatif de TOC
et se référer a la clinique qui inclut une évaluation des contex-
tes personnel, développemental, familial et scolaire entre
autres (Sahuc, 2006).

Chez la plupart des individus, le TOC semble s’améliorer natu-
rellement avec le temps, bien que certains symptomes puissent
persister (Skoog et Skoog, 1999). Le TOC a le plus souvent une
évolution chronique, mais une évolution épisodique se verrait
chez certains patients (Perugi et al., 1998), avec possibilité de
« chronicisation » ultérieure (Sasson et al., 1997; Skoog et
Skoog, 1999). Lévolution épisodique semble étre associée plus
fréquemment a un trouble de I'lhumeur de type bipolaire (Tukel
et al., 2007) et étre de meilleur pronostic (Skoog et Skoog,
1999).

Le contenu des obsessions pourrait étre lié a I'évolution du
trouble étant donné les comorbidités spécifiques des différen-
tes obsessions (Hasler et al., 2005).

D’une maniere générale on peut distinguer différents facteurs
(Sasson et al., 2001) de mauvais pronostic (la « soumission » aux
compulsions, le début dans I'enfance, des compulsions « bizar-
res», la nécessité d’une hospitalisation, la coexistence d’un
trouble dépressif caractérisé, et la présence d’un trouble de
personnalité) et différents facteurs de bon pronostic (une
bonne adaptation sociale et occupationnelle, la présence de
facteurs précipitants — par exemple : grossesse, perte, trauma-
tisme, une évolution épisodique des symptémes).

SPECTRE DES TROUBLES APPARENTES AU TOC

De nombreuses autres maladies psychiatriques ou neurolo-
giques présentent des comportements compulsifs ou impulsifs.
C’est ainsi que des auteurs ont proposé un classement en
termes de «spectre des troubles apparentés au TOC » selon
une perspective dimensionnelle ou spectrale (Bouvard, 2006 ;
Hollander et al., 2007). Un continuum dimensionnel a égale-
ment été proposé (Hollander, 1993). Deux péles sont présents,
le pole «compulsions» a une extrémité et un pdle «impul-
sions » a l'autre. Différentes pathologies sont situées sur cette
dimension avec au pdle de compulsion, le TOC, et au pdle
d’impulsion, le trouble de personnalité antisociale.

De plus, le spectre des troubles apparentés au TOC peut étre
divisé en trois groupes (Bouvard, 2006) :

I) Troubles se distinguant par la présence d’obsessions et de
comportements répétitifs (pdle «compulsions»): TOC,
trouble dysmorphophobique, hypocondrie, dépersonnalisa-
tion, auxquels nous pourrions ajouter la schizophrénie
(Kayahan et al., 2005) et les troubles du comportement
alimentaire (Jimenez-Murcia et al., 2007) avec présence de
TOC.

2) Troubles avec comportements impulsifs : kleptomanie, jeu
pathologique, compulsions sexuelles, trichotillomanie, trou-
ble de personnalité borderline et antisociale.

3) Maladies neurologiques avec symptomes obsessionnels-
compulsifs : syndrome de Gilles de la Tourette, maladie de
Huntington, maladie de Parkinson, chorée de Sydenham

(atteinte due au streptocoque béta-hémolytique, SBH),
autisme, syndrome d’Asperger, ADHD (Attention Deficit
Hyperactivity Disorder), torticolis spasmodique, auquel
nous pourrions ajouter les troubles dus a des lésions céré-
brales (incluant les accidents vasculaires cérébraux et les
tumeurs cérébrales, les infections cérébrales et les acci-
dents traumatiques du cerveau) (Coetzer, 2004).

EXAMENS COMPLEMENTAIRES

Lorsque nous sommes face a des symptdmes obsessionnels-
compulsifs, il nous semble important de déterminer avant tout
a quelle entité ils appartiennent: TOC idiopathique ou TOC
secondaire a une autre maladie psychiatrique ou neurologique.

Habituellement, pour ce qui est du TOC idiopathique et du
TOC associé a une autre maladie psychiatrique, I'examen
psychique seul devrait suffire au diagnostic. Lexamen clinique
sera normal, si ce n'est parfois la présence d’atteintes cutanées
dues aux lavages intempestifs.

Les examens physiques complémentaires seront le plus
souvent indiqués lorsqu’il y a, suite a 'examen clinique, suspi-
cion d’'une maladie organique (neurologique ou infectieuse)
sous-jacente. Par exemple, on réalisera des examens en
électroencéphalographie et en imagerie cérébrale a la recher-
che d’'une tumeur ou d’une maladie vasculaire cérébrale. De
méme, la recherche d’anticorps antistreptococciques ainsi que
le frottis de gorge se fera si I'on suspecte une infection a strep-
tocoques béta-hémolytiques du groupe A.

ECHELLES D’EVALUATION

Il existe plusieurs échelles d’évaluation qui explorent différents
aspects des obsessions-compulsions. Bien qu’elles soient non
indispensables en pratique clinique, elles se montrent générale-
ment trés importantes pour la recherche, notamment afin d’ac-
céder au sous-typage de TOC selon les différents types
d’obsessions ou de compulsions. Nous présentons ici trois
échelles fréquemment utilisées en recherche :

I. Léchelle d’obsessions-compulsions de Yale Brown (Yale-
Brown Obsessive Compulsive Scale, Y-BOCS) (Goodman
etal,, 1989a; Goodman et al., 1989b) détecte pour chaque
sujet pris individuellement ses trois principales obsessions-
compulsions, et les évalue ensuite de facon globale selon
cing dimensions : durée, géne, anxiété, degré de résistance,
degré de controle.

2. Linventaire de Padoue révisé (Padua Inventory — Revised,
PI-R) (Sanavio, 1988 ; Van Oppen et al., 1995) est un auto-
questionnaire subdivisé en sous-échelles représentant diffé-
rents sous-types d’obsessions-compulsions obtenus par
analyse factorielle : impulsion, comportement de lavage,
comportement de vérification, rumination, précision.

3. Linventaire d’accumulation (Saving Inventory — Revised, SI-
R) (Frost et al., 2004) n’étudie que le comportement d’ac-
cumulation compulsive.



COMORBIDITE

Le TOC est associé a une comorbidité importante (Bouvard,
2006 ; Rasmussen et Eisen, 1990 ; Sasson et al., 2001). Les trou-
bles associés les plus fréquemment observés sont : le syndrome
dépressif, la phobie simple ou la phobie sociale, les troubles de
I’alimentation et I'alcoolisme mais également les tics, les trou-
bles de personnalité et la schizophrénie.

Les différents sous-groupes symptomatiques auraient des
comorbidités psychiatriques spécifiques (Hasler et al., 2005).
Ainsi les patients présentant principalement des obsessions
agressives, sexuelles, religieuses ou somatiques et des compul-
sions de vérification auraient plus de troubles anxieux et de
troubles dépressifs. Les patients ayant des obsessions de conta-
mination et des compulsions de nettoyage auraient plus de
troubles alimentaires. Les patients ayant des obsessions de
symétrie et des compulsions de rangement, répétition et
comptage auraient plus de troubles bipolaires et de troubles
paniques.

La consommation d’alcool et d’autres substances (par exemple
des anxiolytiques) semble étre pour le sujet un moyen d’aug-
menter sa résistance aux obsessions-compulsions. Chumeur
dépressive fréquemment associée est probablement due a la
souffrance psychique et a la perte de temps qu’occasionne la
maladie.

TROUBLE DE PERSONNALITE
OBSESSIONNELLE-COMPULSIVE (TPOC)

Le trouble de personnalité obsessionnelle-compulsive est
considéré comme une entité psychopathologique a part entiere
par le courant psychiatrique qui s’inspire de I'approche pronée
par le DSM-IV-TR. Le TPOC (Figure 3) ne s’apparente que de
loin avec la personnalité obsessionnelle décrite dans la nosolo-
gie psychiatrique francaise (Figure 4).

Le trouble de personnalité obsessionnelle-compulsive est un
des dix troubles de la personnalité décrits par le DSM-IV-TR
(American Psychiatric Association, 2000). Il fait partie du
groupe C des troubles de la personnalité, c’est-a-dire le
groupe des personnalités anxieuses et craintives. Contrai-
rement au courant analytique décrivant un continuum entre le
normal et le pathologique (Gabbard, 2005), le DSM-IV-TR
établit un seuil de pathologies et des catégories. Il faudra donc
un certain nombre de critéres pour poser un diagnostic de
type binaire, « normal » versus « pathologique ». Cependant,
les nouvelles classifications du DSM-V (Trull et al., 2007)
devraient étre plus dimensionnelles, rétablissant ainsi un
continuum.

La distinction entre une aptitude personnelle (tendant vers la
précision, la méticulosité et le controle, valorisée par la société
actuelle), une pathologie de la personnalité (source d’une souf-
france ou d’'une altération du fonctionnement) et un TOC
caractérisé est parfois difficile et une approche dimensionnelle
permettrait donc de résoudre en partie ce probléeme.

DIAGNOSTIC DIFFERENTIEL

La présence des seules obsessions ou compulsions est suffi-
sante pour poser le diagnostic de TOC selon le DSM-IV-TR
(American Psychiatric Association, 2000). Cependant, les seules
obsessions sous la forme de ruminations congruentes a I'hu-
meur et s’'améliorant parallelement au syndrome dépressif ne
permettent pas a elles seules de poser le diagnostic de TOC
(American Psychiatric Association, 2000). Il en va de méme
pour les troubles alimentaires ou les autres troubles associés
présents dans le spectre des troubles obsessionnels-compulsifs
ainsi que pour I'hypocondrie ou le trouble anxieux généralisé
(Bouvard, 2006).

ETIOPATHOGENIE

L'étiopathogénie du TOC semble étre psychique et biologique.
D’un point de vue psychique, divers modéles se sont succédés
au cours du temps (Bouvard, 2006) (Figure 5). D’un point de
vue biologique, le TOC semble étre une entité hétérogene
impliquant probablement des facteurs génétiques, des facteurs
cérébraux structurels et fonctionnels, les systémes de neuro-
transmission et le systéme immunitaire. Cependant, en ce qui
concerne le réle respectif précis de tous ces facteurs, les études
n’'en sont encore qu’au début et des recherches plus poussées
sont en cours.

Figure 5
Modeles étiopathogéniques classiques et récents du
TOC

Pour le détail des différents modeles, se référer a Bouvard, 2006.

* Classiques

* Le modele de la psychasthénie de Janet insistant sur le
niveau de tension psychologique.

* Le modéle de névrose obsessionnelle de Freud insis-
tant sur les mécanismes de défense du Moi contre des
conflits inconscients réprimés par le Surmoi (isolation,
déplacement, formation réactionnelle, inhibition, ...).

* Le modele comportemental de Beech et Perrigault
insistant sur I’habituation et celui de Mowrer insistant sur
I'évitement de la réponse fournissent une explication au
maintien des symptomes.

¢ Récents

* Le modéle cognitif

* Le modele biologique et neuropsychologique repose
sur 4 aspects :

* Limagerie fonctionnelle montrant des dysfonctions
des circuits frontaux sous-corticaux

* Les troubles neurologiques accompagnés de TOC

* Limportance du cortex frontal dans I'inhibition
cognitive et comportementale

* Limportance du systeme sérotoninergique dans le
TOC

* Le modele intégratif propose deux aspects :

* Le spectre des TOC proposé par Hollander

* Le modele de 'impulsivité percue et de la compulsi-
vité compensatoire de Cottraux.
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GENETIQUE

Beaucoup de recherches ont utilisé les études sur jumeaux
monozygotes et dizygotes afin d’essayer de déterminer la part
des facteurs génétiques et environnementaux d’une pathologie
psychiatrique. Ainsi, si le taux de concordance pour une patho-
logie donnée est de 100 % pour les jumeaux monozygotes, on
peut conclure que cette pathologie est le plus probablement
purement génétique.

Les études de jumeaux montrent une concordance beaucoup
plus importante chez les monozygotes (87 %) par rapport aux
dizygotes (47 %), suggérant une composante génétique du
TOC (Carey et Gottesman, 1981 ; Sasson et al., 2001).

Dans les études familiales, les parents du premier degré de
sujets atteints de TOC sont eux-mémes plus souvent atteints
que les sujets contréles (Kim et Kim, 2006), mais on ne peut
pas exclure dans ces études linfluence de I'environnement
familial.

Les études de screening génétique réalisées jusqu’a présent
dévoilent la probable implication des genes relatifs aux syste-
mes de neurotransmission, notamment sérotoninergique et
dopaminergique (Kim et Kim, 2006).

CORRELATS NEUROANATOMIQUES
Imagerie anatomique

Les images réalisées par scanner ou résonance magnétique
nucléaire montrent des différences structurales au niveau de
certaines régions du cerveau des sujets atteints de TOC
(Malizia, 2005) : le striatum, la substance blanche corticale, la
substance grise du cortex fronto-orbitaire et 'amygdale. Les
résultats de différentes études sont équivoques. Il s’agit de
différences de volume allant soit vers I'augmentation, soit vers
la diminution. Par ailleurs, certaines études n'observent pas de
différences entre les patients et les contréles (voir (Malizia,
2005) pour une revue détaillée). Chez I'enfant, on a retrouvé
une augmentation des fibres myélinisées du corps calleux et
une diminution du volume thalamique.

Imagerie fonctionnelle

Les études en imagerie fonctionnelle au repos montrent |’exis-
tence dans le TOC d’un dysfonctionnement, dans le sens d’une
hyperactivité, au niveau de certaines structures cérébrales
(Malizia, 2005): entre autres, les lobes frontaux (surtout le
cortex fronto-orbitaire), les ganglions de la base (surtout les
noyaux caudés) et le gyrus cingulaire antérieur. Globalement, il
s’agirait d’'un dysfonctionnement du circuit reliant le cortex
frontal, le thalamus et les ganglions de la base. Cependant, d’au-
tres études n'ont pas montré d’anomalie fonctionnelle au repos
ou bien ont révélé un hypométabolisme plutét qu’une hyperac-
tivité (voir (Malizia, 2005) pour une revue détaillée).

NEUROTRANSMISSION

C’est I'efficacité des inhibiteurs de la recapture de la sérotonine
(Cartwright et Hollander, 1998) dans le traitement du TOC qui

a conduit les chercheurs a s’intéresser au systeme de neuro-
transmission sérotoninergique comme étant probablement
impliqué dans ce trouble. Les études réalisées jusqu’a présent
montrent que non seulement le métabolisme sérotoninergique
(Cartwright et Hollander, 1998), mais aussi d’autres systémes
de neurotransmission comme la voie dopaminergique
(Marazziti et al., 1992), jouent probablement un réle dans le
TOC.

AUTO-IMMUNITE

On retrouve des manifestations obsessionnelles-compulsives
chez 70 % des enfants présentant une chorée de Sydenham
(Swedo et al., 1994), celle-ci étant due a une infection par le
streptocoque béta-hémolytique du groupe A (SBHA). Dans ce
cas, les manifestations obsessionnelles-compulsives seraient
liées aux anticorps contre le SBHA qui s’attaqueraient aussi aux
ganglions de la base, et le TOC appartiendrait alors au groupe
d’entités cliniques nommé «maladies neuropsychiatriques
auto-immunes associées aux infections a streptocoque »
(Pediatric Autoimmune Neuropsychiatric Disorders Associated
with Streptococcal Infections, PANDAS) (Swedo et al., 2004).

TRAITEMENT

Pour les TOC primaires (Bouvard, 2006), les guidelines préco-
nisent généralement [’association psychothérapie-pharmaco-
thérapie (Cottraux et al., 1990). De nouvelles techniques
comme la stimulation magnétique transcranienne et la stimula-
tion des noyaux gris de la base semblent prometteuses dans les
cas difficiles a traiter. La chirurgie est utilisée de maniere excep-
tionnelle.

Pour les TOC secondaires, le traitement est celui de la patholo-
gie primaire. Par exemple, pour le TOC dans la chorée de
Syndenham, le traitement par immunoglobulines intraveineuses
et par plasmaphérese s’est montré efficace (Swedo et al., 2004).

PSYCHOTHERAPIE

Quelle que soit l'orientation (cognitivo-comportementale,
psychanalytique, systémique) de la psychothérapie, des entre-
tiens préliminaires sont fortement indiqués. Lors de ces entre-
tiens préliminaires, une évaluation clinique précautionneuse
aura lieu afin de pouvoir examiner le contexte de survenue du
symptome. Lindication d’une thérapie individuelle, de couple,
de famille ou de groupe ou I'absence d’indication d’une théra-
pie devra étre évaluée. De méme, I'orientation la plus appro-
priée a la demande et a la situation du patient devrait étre
discutée lors des premiers entretiens.

Cognitivo-comportementale

La psychothérapie cognitivo-comportementale (TCC) consi-
dere le symptome du patient comme extérieur a lui et son but
est de faire disparaitre le symptome. La TCC est fortement
indiquée dans le TOC en raison de ses bons résultats pour faire



disparaitre le symptéme obsessionnel-compulsif (Bouvard,
2006). La stratégie comportementale consiste en une préven-
tion de la réponse compulsive lorsque le sujet est exposé
graduellement aux stimuli déclencheurs des obsessions-
compulsions. Elle est combinée a une thérapie cognitive desti-
née a modifier les fausses croyances liées aux obsessions.

Ainsi, une TCC basée sur I'exposition (en imagination ou dans
la réalité) au stimulus anxiogene et la prévention des réponses
ritualisées suite a cette exposition sera proposée aux patients
voulant se débarrasser de leurs symptomes sans forcément
vouloir analyser la raison historique de la survenue de ces
symptomes.

Psychanalytique

La psychothérapie d’orientation analytique considére le symp-
tome du patient comme faisant partie de lui et son but est de
mettre a jour le contenu latent de ce que manifeste le symp-
téme. Lanalyse du sens que prend le symptéome et de la place
qu'’il va occuper dans I’économie psychique du sujet ainsi que
dans la dynamique interpersonnelle sera au centre des consul-
tations.

Systémique

La psychothérapie systémique considere le symptéme comme
étant un révélateur de dysfonctions relationnelles (de couple,
de famille, de groupe, soit de « systéme »). Ainsi, un patient
présentant un TOC peut étre un patient cible, révélateur d’un
probleme familial, de couple, parental, etc.

PHARMACOTHERAPIE
Antidépresseurs

Les antidépresseurs inhibant la recapture de la sérotonine sont
efficaces dans le TOC (Bouvard, 2006). La premiére molécule
a avoir montré son efficacité est la clomipramine, ensuite sont
apparus les SSRI (Inhibiteurs Sélectifs de la Recapture de la
Sérotonine - Selective Serotonin Reuptake Inhibitors). Ces
derniers, bien que légerement inférieurs en terme d’efficacité
par rapport a la clomipramine, sont actuellement indiqués en
premiére ligne en raison de leur meilleur profil de sécurité.

Stahl décrit quelques caractéristiques essentielles du traitement
par SSRI dans le TOC (Stahl, 2000). Tout d’abord, la dose de
départ est la méme que dans la dépression mais la dose
d’entretien est plus élevée parce que les effets thérapeutiques
sont moindres chez les patients présentant un TOC que chez
les patients dépressifs. Ensuite, la réponse clinique est d’envi-
ron 50 %, ce qui est moins que dans la dépression. Le début de
cette réponse clinique est plus tardif que dans la dépression et
il est recommandé d’attendre entre |12 et 26 semaines pour
déterminer si on observe une réponse clinique ou pas. Enfin,
certains patients répondent mieux a un SSRI qu’a un autre.

D’autres suggerent de choisir les SSRI en fonction de leur phar-
macocinétique (Bouvard, 2006). Ainsi, par exemple, le citalo-
pram et la sertraline, n'induisant presque pas d’inhibition des

enzymes hépatiques a cytochromes P450, interagiront moins
avec des co-médications. La fluoxétine a une demi-vie longue et
est ainsi intéressante pour les patients présentant une faible
compliance au traitement pharmacologique. Cependant, elle ne
serait pas le meilleur choix pour les patients agités ou ayant des
antécédents de troubles de ’humeur maniaques ou hypoma-
niaques (Bouvard, 2006).

Les doses utilisées seront donc en tous cas plus importantes
que dans la dépression. Plusieurs SSRI devront parfois étre
essayés, sur une période suffisamment longue, afin de trouver
celui auquel le patient répond le mieux. Apres plusieurs essais
successifs et sans résultat de trois SSRI prescrits aux doses
maximales, on peut donner de la clomipramine. Cependant, il
faudra rester attentif au risque de syndrome sérotoninergique
et s’assurer que les SSRI ont eu le temps d’étre éliminés de 'or-
ganisme avant de débuter le traitement a la clomipramine.

Si la clomipramine par voie orale ne donne toujours pas de
résultat satisfaisant, il est possible de 'administrer par perfusion
intraveineuse sous forme de cure.

Augmentation

Bien que les SSRI soient la base du traitement, de nombreux
patients sont réfractaires a ce seul traitement pharmacologique
ou leur réponse clinique est incompléte. Laugmentation
consiste a ajouter une autre médication jouant sur le systeme
sérotoninergique, une substance intervenant au niveau d’un
autre systéme ou bien une intervention non pharmacologique.
Ainsi, par exemple, I'ajout d’'un neuroleptique atypique en cas
de non-réponse ou de réponse partielle au traitement
antidépresseur semble efficace (Skapinakis et al., 2007). Les
neuroleptiques sont plus particulierement indiqués lors de la
présence de tics et /ou de symptomes psychotiques associés
ainsi qu’en présence d’un syndrome de Gilles de la Tourette.

STIMULATION MAGNETIQUE TRANSCRANIENNE
REPETITIVE

Il s’agit d’une technique non invasive. A travers le crane, un
courant électrique produit par un champ magnétique est déli-
vré au niveau de régions stratégiques du cerveau. Lutilisation
de cette technique étant assez récente, les résultats cliniques
qui en découlent sont encore assez équivoques et d’autres
études doivent étre réalisées (Martin et al., 2003).

ELECTROCONVULSIVOTHERAPIE

Lélectroconvulsivothérapie (ECT) est une technique médicale
consistant a délivrer un choc électrique au niveau du crane, ce
qui engendre une crise convulsive généralisée accompagnée
d’une perte de conscience. LECT est utilisée sous narcose afin
que le patient n'ait pas les effets secondaires de la crise d’épi-
lepsie induite par le traitement.

Cette technique n'est pas utilisée en premiére intention dans
le TOC. Elle présenterait un intérét en cas de syndrome
dépressif caractérisé associé au TOC (Thomas et Kellner,
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2003), dans les cas réfractaires (Maletzky et al., 1994) au trai-
tement psychothérapeutique et pharmacologique ou dans les
cas de TOC associés a un syndrome de Gilles de la Tourette
(Strassnig et al., 2004).

STIMULATION DES NOYAUX GRIS DE LA BASE
(DBS = DEEP BRAIN STIMULATION)

Ce traitement n’est proposé que dans les cas de TOC résistants
et suite a la décision d’un colleége d’experts (Bouvard, 2006). En
effet, il s’agit la d’un traitement assez invasif qui ne devrait donc
étre utilisé qu’en dernier recours.

Le placement d’électrodes au niveau des régions profondes du
cerveau est au départ une technique utilisée chez les sujets
parkinsoniens réfractaires. On a remarqué que lorsque des
symptémes obsessionnels-compulsifs étaient présents, ceux-ci
s’amélioraient également aprés la mise en place des électro-
des, ce qui suggere ['utilisation de cette technique dans le
TOC.

Les électrodes agiraient en inhibant les circuits hyperfonction-
nels retrouvés dans le TOC (en fait, I’hyperstimulation générée
par les électrodes au niveau de ces circuits aurait comme
conséquence de les inhiber).

PSYCHOCHIRURGIE

Les procédures consistent a sectionner les fibres nerveuses des
circuits hyperactifs entre le cortex et les ganglions de la base
(Bouvard, 2006). Quatre type d’interventions ont été dévelop-
pés: la cingulotomie, la tractomie subcaudée, la leucotomie
limbique (combinant la tractomie subcaudée et des Iésions au
niveau du cingulum) et la capsulotomie.

Ces interventions ne donnent pas d’amélioration clinique dans
tous les cas et, de plus, elles ne sont pas dépourvues d’effets

secondaires irréversibles tels que des crises d’épilepsie sur cica-
trice gliale ou des infections cérébrales. C’est pourquoi la
psychochirugie n’est utilisée qu’en dernier recours dans certains
hopitaux seulement, et apres décision d’un comité d’experts.

CONCLUSION

Le TOC est une maladie fréquente et hétérogene. Des
sous-typages cliniques ont été proposés en vue de diminuer
I’hétérogénéité de ce trouble. D’un point de vue étiolo-
gique, la tendance actuelle est de I'inclure dans un spectre
faisant partie d’autres troubles psychiatriques et/ou neuro-
logiques ayant en commun la présence d’obsessions ou de
compulsions. Le traitement proposé actuellement doit étre
au minimum composé d’une psychothérapie. Si une prise
en charge pharmacothérapeutique s’avere nécessaire, les
antidépresseurs sérotoninergiques semblent étre les plus
indiqués en premiere ligne.

RESUME

Le trouble obsessionnel-compulsif (TOC) est une maladie
fréquente et débilitante caractérisée par la présence d’obses-
sions et/ou de compulsions. Ce trouble entraine une détresse
importante tant pour la personne qui en souffre que pour son
entourage. Le diagnostic, avant tout clinique, peut s’appuyer
sur différentes échelles d’évaluation. Bien que plusieurs hypo-
theses étiopathogéniques existent et que différents traitements
soient proposés, la physiopathologie de ce trouble reste encore
largement incomprise. Le but de cette revue est de synthétiser
les dernieres avancées en matiere de physiopathologie du
TOC.
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7.5. Aripiprazole diminishes cannabis use in schizophrenia.
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Summary

Aripiprazole is the first partial agonist dopamigier D2 with clear antipsychotic
effect. Many schizophrenic patients will developnawbid substance abuse. Cannabis
consumption may worsen psychotic symptoms of sghmmnic patients.1 We
describe the case of a schizophrenic patient whsee of cannabis and related

problems disappeared after treatment with aripgeaz



sant medications are preferred to
benzodiazepines as a first-line of
treatment for anxiety disorders in
the elderly.® Psychotherapy, par-
ticularly cognitive behavior ther-
apy, is often effective in these disor-
ders as well.®

We reviewed symptoms of three
cases in which onset of anxiety
symptoms developed after age 60
as a result of having a medical pro-
cedure. They were highly function-
ing individuals and anxiety symp-
toms led to impairment of their
social and occupational life. They
were all successfully treated with
selective serotonin reuptake inhibi-
tor medications without any side ef-
fects and achieved the overall level
of functioning.

The first case was a 61-year-old
male who worked in graphic art.
He developed severe neck pains
and a magnetic resonance imaging
scan (MRI) of cervical spines was
recommended. After having the
MRI, he developed recurrent unex-
pected panic attacks and anxiety
about being in a closed place. Com-
muting to work caused marked dis-
tress and he subsequently avoided
traveling in a bus, train, or car, and
his daily activities were restricted.
He initially refused to consider any
medications that might limit his
creativity. He agreed to a trial of
sertraline, 50 mg/day, which was
increased gradually to 100 mg. He
noted significant improvement in
intensity and frequency of his panic
attacks and regained the ability to
use the public transportation with-
out any fear.

The second case involved a 61-
year-old female who was a medical
technician.

She suffered gastrointestinal re-
flux disease and underwent diag-
nostic upper endoscopy. Since then,
she had been feeling anxious, and
had poor concentration, frequent
unpredicted panic attacks, and
anxiety about being in a crowd. She

could not resume her work and
preferred to stay home to avoid sit-
uations that might provoke her
anxiety. She was prescribed sertra-
line and was maintained on 150
mg/day. She reported lower anxi-
ety level, became comfortable in
public, and decided to look for a
part-time job.

The third case was a 75-year-old
male. He was a retired photogra-
pher and developed minor neuro-
logical deficits. Computed tomogra-
phy scan (CT) of the head was
conducted. After the image study,
he started to have periods of in-
tense fear and excessive worry cued
by his presence in places from
which escape might be difficult. He
isolated himself at home, stopped
going to church services and the se-
nior citizen center, and suffered de-
pression. He showed significant
symptom response on paroxetine,
40 mg/day.
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Psychiatry, Weill Medical Col-
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Aripiprazole Diminishes
Cannabis Use in
Schizophrenia

To the Editor: Aripiprazole is the
first partial agonist dopaminergic
D, with clear antipsychotic effect.
Many schizophrenic patients will
develop comorbid substance abuse.
Cannabis consumption may worsen
psychotic symptoms of schizo-
phrenic patients." We describe the
case of a schizophrenic patient
whose use of cannabis and related
problems disappeared after treat-
ment with aripiprazole.

Mr. A, a 33-year-old Caucasian
patient with schizophrenia, has
since his mid-20s been treated with
olanzapine, 20 mg/day, and escital-
opram, 10 mg/day. He did reason-
ably well with this regimen but was
apragmatic. He frequently used
cannabis every day (urine screen
for tetrahydrocannabinol [THC]
was positive). He was moderately
obese (BMI: 28) but had no other
medical problems. He lived in a
community house, in which nurses
ensured that he was compliant with
treatment. His Brief Psychiatric Rat-
ing Scale (BPRS) score was 52. Be-
fore his mid-20s, the patient was
treated successively for different
classic antipsychotic conditions (i.e.,
haloperidol, bromperidol, and pi-
mozide) and he reported increased
cannabis abuse concomitant with
these regimens.

Aripiprazole, 15 mg/day, was
added to his treatment regimen. Af-
ter 1 week, the olanzapine dose was
decreased to 10 mg. One week later,
olanzapine was discontinued. After
5 weeks, escitalopram treatment
was discontinued because the pa-
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tient was euthymic. Three months
later, the patient signaled he felt
very good and did not need canna-
bis anymore. After 12 months of
treatment with aripiprazole the pa-
tient had not relapsed and did not
use cannabis at all (urine screen did
not reveal any THC). Moreover, his
BMI was 24 and BPRS score de-
creased to 40.

This case report highlights differ-
ent proposals about mechanism of
action and side effects.

First, the concurrence of the dimi-
nution of cannabis consumption
with the patient’s treatment with
aripiprazole suggests that aripipra-
zole contributed to the occurrence
of this diminution. Different mecha-
nisms may have played a part, such
as aripirazole’s partial agonism at
dopamine D, receptors.? A similar
observation was made with cocaine
dependence.’ Dopamine stimula-
tion in the nucleus accumbens has
been suggested to cause addictive
behavior and aripiprazole’s partial
dopamine agonist effect in this area
may reduce this behavior.* In addi-
tion, aripiprazole has a number of
serotonergic actions that are not re-
lated to dopamine potentially mod-
ulating the response to THC.>®
Other mechanisms may be involved
and Mr. A’s rapid cessation of can-
nabis use after starting aripiprazole
suggests the need to verify these
mechanisms systematically and to
plan controlled trials.

Second, several factors have to be
considered when regarding why
there may be a concomitant in-
crease in substance abuse with the
older antipsychotics. It was sug-
gested that a strong antagonist ef-
fect at the dopamine D, receptors in
the nucleus accumbens was in-
volved in concomitant increase in
substance abuse with old antipsy-
chotics.” Moreover, unrelated to do-
paminergic mechanisms, the use of
certain antipsychotics with substan-
tial side effects by schizophrenia
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patients may actually contribute to
greater substance use in an effort to
self-medicate the side effects.®’

Finally, there could be at least
two explanations for the weight
loss. The reduction of cannabis use
may have contributed to a reduc-
tion in eating,'” and the switch in
the antipsychotic to aripiprazole
may have been instrumental in
such a significant weight reduction,
since aripiprazole is weight neutral
and olanzapine is known to facili-
tate weight gain in patients.

To our knowledge, this is the first
reported case of aripirpazole’s effect
on cannabis use. More research is
needed to establish the benefits of
aripiprazole in regard to cannabis.
Some dual diagnosis patients may
benefit from aripiprazole, which
may reduce craving for and use of
cannabis.
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Department of Psychiatry, Uni-
versity of Liege, Belgium
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Clinical Correlates of
Personality Changes
Associated With Traumatic
Brain Injury

To the Editor: Traumatic brain injury
(TBI) is frequently complicated by
alterations in temperament and
character that have adverse conse-
quences for day-to-day living, man-
ifesting as poor decision-making,
interpersonal problems, communi-
cation problems, and often overall
poor quality of life.! Max et al.?
have reported extensively on the
correlates and predictors of person-
ality changes after traumatic brain
injury in children, but there is scant
mention in the literature on adults.
In this report, we describe the re-
sults of a preliminary study of the
clinical correlates of personality
change following traumatic brain
injury in adults.

Analysis

Data are from a retrospective chart
review of 54 subjects with closed
head injury enrolled in an outpa-
tient neuropsychiatry brain injury
clinic. Patients with depressed skull
fractures were excluded.

Every patient was evaluated and
followed by a clinic psychiatrist.
The assignment of personality
change due to a general medical
condition (TBI) diagnosis was based
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7.6.Achalasia may mimic anorexia nervosa, compulsive eating disorder,

and obesity problems.
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Summary
In the past, physicians did exhaustive medical wat&dn in the pursuit of organic

pathology for patients with eating disorders. Juddrom the literature, the incidence
of anorexia nervosa increased over the past ceniaty the 1970s, and now,
physicians have an increased awareness of it amt ifieasier to diagnose. The
consequence is the increasing failure to noticammgpathology in patients who have
a history of eating disorders. We report the cabea gyoung man referred for
evaluation of anorexia nervosa, who, after invesiom, turned out to be suffering

from achalasia.
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tention to the possible benefits of anti-
convulsants and dopamine-antagonists.
Carol A. Couts, M.D.

Ondria C. Gleason, M.D.

Dept. of Psychiatry, Univ. of
Oklahoma College of Medicine,
Tulsa, OK
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Achalasia May Mimic
Anorexia Nervosa,
Compulsive Eating Disorder,
and Obesity Problems

To THE EDITOR: In the past, physicians
did exhaustive medical evaluation in
the pursuit of organic pathology for pa-
tients with eating disorders." Judging
from the literature, the incidence of an-
orexia nervosa increased over the past
century until the 1970s,? and now, phy-
sicians have an increased awareness of
it and find it easier to diagnose. The
consequence is the increasing failure to
notice organic pathology in patients
who have a history of eating disorders.?
We report the case of a young man re-
ferred for evaluation of anorexia ner-
vosa, who, after investigation, turned
out to be suffering from achalasia.

Case Report

Mr. A, a 24-year-old Caucasian patient,
had a history of vomiting and a 60-kg
weight loss over the preceding 7
months (Body Mass Index [BMI] at ad-
mission: 17.6). He had suffered from
asthma since his childhood. When he

was 18, his weight was 96 kg, and he
described, from the age of 18 to age 23,
compulsive eating behavior with bing-
ing, but not purging, and use of laxa-
tives or diuretics. Six months before the
beginning of symptoms mimicking an-
orexia nervosa, his best friend had died
in an automobile accident. At this time,
he was 120 kg (BMI: 37). He is still
very affected by this accident.

When he was admitted, his clinical
evaluation was normal except for a low
potassium level (2.7 mmol/liter) and
frequent complaints about “a lump in
the throat.” His parents believed that he
practiced self-induced vomiting, al-
though he denied this. Frequently, the
parents would force him to eat and wait
with him during some time after meals
to make sure that he did not vomit, be-
cause the boy had uncontrollable vom-
iting after every meal. The early symp-
toms were heartburn and dysphagia.
The patient stated that he often had
chest pain after food or liquid intake.
Body-image distortions were absent,
but the intention to lose weight was
present at the early stage. He denied
self-induced vomiting, but did note that
vomiting improved his symptoms and
that he was preoccupied by food, with-
out any rituals. The patient did not use
laxatives or diuretics.

Family history revealed that the
mother had been diagnosed as having
morbid obesity and had had bariatric
surgery. She was currently receiving
psychotherapy for depression.

For his general practitioner, the
conflict about food and autonomy be-
tween Mr. A and his parents was
thought to have contributed to the ill-
ness.

An upper gastrointestinal radio-
graphic series revealed a grossly di-
lated esophagus and a tight esophageal
sphincter compatible with the diagno-
sis of achalasia. Pneumatic dilatation of
the lower esophageal sphincter was

successful, and the patient has gained
weight since that time. He is still under
psychotherapeutic treatment for his
family and behavioral problems.

Discussion

Dysphagia is the initial and main clini-
cal feature of achalasia. Often, several
years elapse before the disease is
diagnosed, and, during this time, other
symptoms, vomiting and
weight loss, are common.* During this
period, achalasia can be mistaken for
anorexia nervosa. Moreover, previous
obesity of the patient is of interest,
since an association between morbid
obesity and achalasia has been de-
scribed.” This, along with episodes of
asthma,® leads us to believe that the pa-
tient probably had his achalasia before
his symptoms of dysphagia.
Nevertheless, differential diagno-
sis between achalasia and anorexia ner-
vosa is not always obvious. First, it has
been reported that esophageal motor
disorders are common in patients with
a diagnosis of primary anorexia ner-
vosa.” For example, patients with eat-
ing disorders frequently have gastric
emptying abnormalities causing bloat-
ing, postprandial fullness, and vomit-
ing. These symptoms usually improve
with refeeding, but sometimes promo-
tility agents may be necessary.® Sec-
ond, willful avoidance of food and
spontaneous or self-induced vomiting
have been reported in patients with
=11 Thus, gastrointestinal
disorders are common in eating-disor-
der patients, and many gastrointestinal
diseases sometimes present like eating
disorders. But, for Rosenzweig and
Traube,'? errors in diagnosis are related
to delay in obtaining appropriate inves-
tigations or misinterpretation of their
results. Abell and Werkman'? suggest
that a careful clinical history can local-
ize gastrointestinal motility disorders,

such as

achalasia.
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and they suggest appropriate diagnostic
tests.'® They differentiate between two
groups of symptoms: first, dysphagia,
odynophagia, heartburn, and reflux
have esophageal origins and occur in
achalasia. The appropriate diagnostic
tests in this case are barium-swallow
endoscopy'® and esophageal motility
studies (esophageal manometry or scin-
tigraphy). The second group of symp-
toms includes nausea, vomiting, an-
orexia, bloating, and abdominal pain,
which are symptoms of motor disorders
of the stomach and small intestine.

In summary, the exclusion of or-
ganic disease must be a priority, even if
a psychotherapeutic intervention may
be needed in the global care of this
group of patients.

Martin Desseilles

Sonia Fuchs

Marc Ansseau

Dept. of Psychiatry, Univ. of Liege,

Belgium
Sandra Lopez
Elena Vinckenbosh

Antonio Andreoli
Dept. of Psychiatry, Univ. of Geneva,
Switzerland
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Postconcussional Symptoms
Not a Syndrome

To THE EDITOR: Taber’s Cyclopedic
Medical Dictionary defines syndrome
as “a group of symptoms, signs, labo-
ratory findings, and physiological dis-
turbances that are linked by a common
anatomical, biochemical, or pathologi-
cal history.” It is my view that symp-
toms typically attributed to post-con-
cussion are so nonspecific and are
associated with such a wide variety of
other conditions that they do not meet
the definition of a syndrome. Iverson
and McCracken' showed that postcon-
cussive-like symptoms are not unique
to the sequelae of mild traumatic brain
injury and can also be seen in condi-
tions of chronic pain. Gouvier et al.?
compared undergraduate students and
their families with a group of head-in-
jury patients. They concluded that there
were “no significant differences found
between the brain-damaged individuals
and normals on items assessing self-
reported memory problems, problems

Letters

becoming interested in things, frequent
loss of temper, irritability, fatigue, or
impatience.””

Lees-Haley et al.®> compared 50
control subjects against 170 personal-
injury claimants. The injury claimants
had no history of brain injury or toxic
exposure. In spite of this, they reported
very high rates of complaints generally
associated with the so-called “post-
concussion syndrome.”

Chan* studied base rates of symp-
toms in patients who had not suffered
a head injury. The study showed that a
high proportion of participants reported
symptoms similar to those with so-
called post-concussion syndromes.

Rees’ opined that “published ob-
servational work on the nature and eti-
ology of “persistent post-concussive
syndrome” and, more particularly, its
cognitive sequelae, have been charac-
terized by an unfortunate lack of data,
errors in sampling, and insecure meth-
odology.”

McAllister and Arciniegas® pointed
out that the term “post-concussive syn-
drome” is used inconsistently in the lit-
erature, that the symptoms have high
base rates in the general population, and
that they are nonspecific in nature.

In summary, the so-called symp-
toms of post-concussional syndrome
are notable in that: 1) they are present
in a significant number of the normal
population, and 2) they are present in
very significant numbers of patients
who have suffered trauma not involv-
ing concussion or brain injury.

Therefore, I conclude there is in-
adequate evidence that these symptoms
meet the definition of a “syndrome.”

It is unfortunate that Dr. Hall and
colleagues have not referenced these
controversies in their otherwise excel-
lent review article. ’

Derryck H. Smith, M.D., FRCP(C)
Clinical Professor, University of
British Columbia, Medical

Psychosomatics 47:3, May-June 2006

271









	Desseilles, 2006, NeuroImage.pdf
	A prominent role for amygdaloid complexes in the Variability in �Heart Rate (VHR) during Rapid .....
	Introduction
	Methods
	Subjects and experimental protocol
	Sleep analysis
	Heart rate analysis
	PET data acquisitions
	Brain imaging data analysis

	Results
	Statistical data
	Imaging data
	Difference in the distribution of cerebral activity between �wakefulness and REMS
	Difference in the distribution of cerebral activity between �wakefulness and SWS
	Effect of VHR on CBF
	Condition (REMS versus Wakefulness) by VHR interaction
	Psychophysiological interaction
	Condition (SWS versus wakefulness) by VHR interaction, condition (wakefulness versus SWS) by VH.....


	Discussion
	Methodological issues
	Amygdala in the regulation of heart rate variability during REMS

	Acknowledgments
	References





