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Summary

Temporal lobe epilepsy is among the most frequent
causes of chronic and drug-resistant seizure disorders.
It is typically associated with lesions involving critical
limbic structures within the anterior medial temporal
lobe, such as the amygdala and hippocampus. While
the role of the hippocampus and adjacent cortical
regions in memory function is now well established, the
role of the amygdala and related brain circuits is still
poorly known. The amygdala is a complex neural struc-
ture implicated in several aspects of emotional and
social behaviour, but the varieties and the consequen-
ces of amygdala dysfunction in patients with temporal
lobe epilepsy remain unclear, and insufficiently exa-
mined in standard neuropsychological assessments.
Here we review data from recent research in humans
indicating that amygdala lesions may impair selective
domains of affect and cognition, all related to the ap-
praisal of emotional and social significance of sensory
events. We describe neurophysiological and behaviou-
ral evidence to illustrate how the amygdala may contri-
bute to a wide range of affective functions, including re-
cognition of facial expressions, perception of gaze direc-
tion, modulation of attention and memory, perception
of musical emotions, theory of mind, plus mood and
psychiatric disorders. We argue that a more systematic
assessment of affective functions mediated by the
amygdala and related circuits might provide useful in-
formation about temporal lobe pathology and neuro-
psychological outcome after surgery.
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Le role de I'amygdale dans les fonctions émo-
tionnelles et sociales : conclusions pour I'épilepsie
du lobe temporal

L'épilepsie du lobe temporal est une des causes les
plus fréquentes de maladies chroniques et réfractaires
aux traitements se révélant par des crises. Elle est typi-
quement associée a des |ésions de structures limbiques
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critiques au sein du lobe temporal antérieur médial telles
que l'amygdale ou I'hippocampe. Tandis que le réle de
I'nippocampe et des régions corticales adjacentes dans le
fonctionnement de la mémoire a fait |'objet d'études
étendues, celui de 'amygdale et des régions du cerveau y
liées reste encore largement inconnu. L'amygdale est une
structure neurale implexe qui participe a de nombreux
aspects du comportement émotionnel et social. Cepen-
dant, nous ne possédons pas une vision trés claire des dif-
férentes dysfonctions possibles de I'amygdale et de leurs
conséquences pour les patients atteints d'une épilepsie
du lobe temporal et elles sont insuffisamment saisies lors
d'examens neuropsychologiques standard. Nous rappor-
tons ici les résultats d'études récentes sur I'homme sug-
gérant que les |ésions de I'amygdale pourraient affecter
des zones déterminées liées a |'affect et a la cognition, af-
fects et perceptions qui seraient tous associés a l'appré-
ciation d'impressions sensorielles importantes pour I'in-
teraction émotionnelle et sociale. Nous décrivons des
signes neurophysiologiques et comportementaux pour
montrer en quoi I'amygdale peut jouer un réle dans un
vaste éventail de fonctions affectives, y compris la recon-
naissance d'expressions faciales, la perception d'orienta-
tions du regard, les altérations de |'attention et de la mé-
moire, la perception de sentiments musicaux, la capacité
de se mettre en pensée a la place d'autres personnes
(theory of mind), les humeurs et les troubles psychiatri-
ques. Nous estimons qu'une étude plus systématique des
fonctions affectives de I'amygdale et de ses zones d'influ-
ence pourrait fournir des informations importantes sur la
pathologie du lobe temporal et sur les conséquences neu-
ropsychologiques d'un traitement chirurgical de I'épilep-
sie.

Mots clés : reconnaissance d'expressions faciales, orien-
tation du regard, perception, mémoire émotionale
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hippocampus

Figure 1: (A) lllustration of the anatomy of the medial temporal lobe and location of the amygdala. (B) Activation of amygdala
in a healthy subject to fearful relative to neutral face expression. (C) Example of unilateral temporal lobectomy in a patient with

refractory epilepsy.

Die Rolle der Amygdala bei emotionalen und sozia-
len Funktionen: Folgerungen fiir die Temporallap-
penepilepsie

Die Temporallappenepilepsie ist eine der haufigsten
Ursachen von chronischen und therapieresistenten An-
fallskrankheiten. Typischerweise ist sie verknulpft mit La-
sionen von kritischen limbischen Strukturen innerhalb
des anterioren medialen Temporallappens wie der Amyg-
dala und des Hippokampus. Wahrend die Rolle des Hippo-
kampus und der anliegenden kortikalen Regionen fiir die
Gedachtnisfunktionen heute gut erforscht ist, ist diejeni-
ge der Amygdala und der mit ihr in Verbindung stehen-
den Hirnregionen immer noch weitgehend unbekannt.
Die Amygdala ist eine implexe neurale Struktur, die an
vielen Aspekten des emotionalen und sozialen Verhaltens
beteiligt ist. Die verschiedenen Moglichkeiten von Amyg-
daladysfunktionen und deren Konsequenzen bei Patien-
ten mit Temporallappenepilepsie sind aber unklar und
werden bei neuropsychologischen Standarduntersuchun-
gen unzureichend erfasst. Hier berichten wir tiber Resul-
tate von kirzlichen Untersuchungen beim Menschen,
welche darauf hinweisen, dass Amygdala-Ldsionen be-
stimmte Zonen fiir Affekte und Kognition beeintrachti-
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gen konnen, wobei diese Affekte und Wahrnehmungen
alle mit der Beurteilung von emotionalen und sozial be-
deutsamen Sinneseindriicken verbunden sind. Wir be-
schreiben neurophysiologische und Verhaltens-Zeichen,
um zu zeigen, wie die Amygdala bei einer weiten Reihe
von affektiven Funktionen inkl. Wiedererkennen von Ge-
sichtsausdriicken, Wahrnehmung von Blickrichtungen,
Veranderungen der Aufmerksamkeit und des Gedachtnis-
ses, Wahrnehmung von musikalischen Gefiihlen, die
Fahigkeit, sich in das Denken anderer Menschen hinein-
zuversetzen (theory of mind), Stimmungen und psychiat-
rischen Storungen eine Rolle spielen kann. Wir meinen,
dass eine systematischere Untersuchung von affektiven
Funktionen der Amygdala und ihrer Einflussbereiche
wichtige Informationen tiber die Pathologie des Tempo-
rallappens und liber die neuropsychologischen Folgen ei-
ner Epilepsieoperation liefern konnten.

Schliisselworter: Wiedererkennen des Gesichtsausdrucks,
Temporallappenepilepsie, Blickrichtung, Wahrnehmung,
emotionales Gedachtnis
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Introduction

The epilepsies are a complex group of disorders cha-
racterized by repeated seizures due to paroxysmal
changes in electrical brain activity. According to the In-
ternational Classification of Epilepsies, four main loca-
lization-related types of epilepsy can be distinguished:
temporal lobe epilepsies, frontal lobe epilepsies, pa-
rietal lobe epilepsies, and occipital lobe epilepsies [1].
Temporal lobe epilepsy (TLE) is the most frequent type
of focal epilepsy, and the form associated with hippo-
campal sclerosis is the most prevalent. Aetiology can be
genetic, with frequent onset during childhood, or se-
condary to brain lesion, with variable onset in adult age.
Mesial temporal epilepsy is characterized by focal
discharges, often with partial complex seizures, associa-
ted with an epileptogenic lesion in anterior medial tem-
poral lobe (typically hippocampal sclerosis), and a
strong potential for drug resistance [2].

The anterior temporal lobe is composed of several
important neuronal structures, including the amygdala,
hippocampus, and surrounding cortex (Figure 1), all in-
timately connected with the limbic system [3].
Although sclerosis of the hippocampus is clearly
established in patients with TLE, similar damage to the
amygdala is also frequent. Just as hippocampus lesions,
amygdala damage in TLE may be either unilateral or bi-
lateral, but it can occur independent of hippocampus
lesion [4]. Thus, a recent MRI study clearly demonstra-
ted that significant amygdala damage may sometimes
be found even when no evidence of hippocampal
sclerosis or atrophy is detected [4]. However, in the ma-
jority of patients, amygdala sclerosis appears together
with hippocampal damage, and both lesion sites may
therefore contribute to the clinical manifestations.

The amygdala is a complex neural structure,
composed of many subdivisions with different cytoar-
chitectonic and connectional characteristics, which
plays a major role in emotional and social processes.
Such a role in the affective domain has been supported
by a large amount of neurobiology research in animals
as well as functional neuroimaging in healthy humans
[5]. However, neuropsychological deficits due to amyg-
dala damage are still poorly known, despite several stu-
dies that reported selective impairments in emotional
and social functions in patients suffering from focal le-
sions or destruction of the amygdala. Because these
studies were frequently conducted in rare cases with
rare structural lesions, still little is known about the na-
ture and prevalence of neuropsychological consequen-
ces of amygdala damage in TLE. In epilepsy patients,
amygdala damage may result from idiopathic sclerosis;
but also from various tumoral or pseudo-tumoral disea-
ses arising in the temporal lobe; from progressive calci-
fication associated with Urbach-Wiethe syndrome; or
from surgical removal or lobectomy to cure pharmaco-
resistant seizures (Figure 1). Yet, deficits in emotional
and social processes have rarely been investigated in a
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systematic manner. Most of the neuropsychological re-
search and clinical assessment in TLE has traditionally
focused on memory function, associated with hippo-
campus and temporal neocortex. However, as we re-
view here, amygdala lesions can cause a wide range of
distinctive manifestations in emotion and social
cognition. We believe that a more systematic explora-
tion of such manifestations might be warranted to
improve both the management of TLE and the
understanding of human amygdala functions.

Seizure affecting the amygdala and interconnected
regions (such as anterior temporal cortex, ventromedial
cortex, or insula) may also produce acute disturbances
in emotional experience and behaviour, such as ictal
fear, grimacing, or screaming [6, 7]. However, in the pre-
sent review we will not address this issue, but rather fo-
cus on the selective neuropsychological deficits associa-
ted with amygdala lesions, which may arise either prior
or after surgery for epilepsy, and concern a wide range
of emotional and social processes. Our goal is not to
provide an exhaustive review of amygdala functions or
TLE manifestations, but to illustrate the importance of
medial temporal lobe structures in affective processing,
and to emphasize the need for the development of ap-
propriate tests in the neuropsychological assessment of
these patients.

The role of the amygdala in emotions

A crucial role of the amygdala in emotional and
social processing has long been proposed on the basis
of focal lesion studies in primate as well as other animal
species. A first classic observation was reported by
Kliver and Bucy [8] who found that extensive, bilateral
removal of the anterior temporal lobes led to a highly
distinctive pattern of severe behavioural changes, cha-
racterized by a loss of emotional reactivity and lack of
fear responses (tameness), as well as hypersexuality,
orality, hypermetamorphosis, and visual agnosia. Sub-
sequent work by Weiskrantz [9] revealed that the beha-
vioural and emotional abnormalities associated with
the Kliiver-Bucy syndrome could be produced by lesions
of the amygdala region alone. This finding has then
been replicated many times in monkeys [10, 11] follow-
ing complete destruction of the amygdala and its
connections in both hemispheres.

However, it is now thought that the full symptoms
of Kliiver-Bucy syndrome, including some aspects of hy-
po-emotionality, may reflect the extent of the lesions to
adjacent structures in the rhinal and polar temporal
cortices, as well as in the white matter connecting tem-
poral regions with orbitofrontal cortex [12, 13], rather
than damage to the amygdala itself. Focal lesions pro-
duced by local infusion of cytotoxic agents produce a
more selective destruction of amygdala neurons,
sparing neighbouring axonal tracts, and thus lead to
less dramatic disturbances than amygdala destruction
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by surgical removal or aspiration. Moreover, in humans,
a complete form of the Kliiver-Bucy syndrome is rarely,
if ever, observed after damage to the amygdala, unless
such damage extends to other limbic regions within
temporal, insular, and orbitofrontal areas [14, 15]. This
is best exemplified by the famous patient HM who suf-
fered from severe amnesia after bilateral temporal
lobectomy, which included both the amygdala and an-
terior hippocampus. HM is reported to show some signs
of emotional indifference but no other striking disor-
ders in affective and social behaviour.

The rarity of Kliiver-Bucy syndrome in humans may
reflect the fact that other regions in temporal and fron-
tal cortex play a greater role in the control of emotional
and social functions, as compared with other primates,
such that lesions to one single area within this neural
network may not be sufficient to produce similar disor-
ders. Alternatively, amygdala functions may have
changed in humans over the course of evolution,
perhaps due to the greater complexity and influences
of cortical interactions which could have resulted in a
somewhat different processing role. Several patients
with bilateral amygdala damage have now been repor-
ted in the literature and extensively studied in the past
two decades, but their deficits are relatively subtle as
compared with emotional and social disturbances pre-
viously associated with the Kliiver-Bucy syndrome.
Moreover, the deficits are quite variable across cases
[16]. Thus, in humans, the exact role of the amygdala in
emotion and social cognition, and the exact deficits
caused by selective amygdala lesions, still remain unre-
solved. Nevertheless, neuropsychological studies of the
rare patients have clearly established the existence of
selective impairments in a variety of affective and social
domains, as we will review in details below. Taken
together, these studies clearly indicate that the human
amygdala play a major role in assigning affective values
and recognizing emotional meaning of environmental
stimuli, including faces, voices, or other events. Accord-
ingly, patients with amygdala dysfunction show deficits
of various degrees in processing and learning the affec-
tive values of stimuli, particularly those associated with
a negative or aversive content (see below).

A major role of the amygdala in aversive or threat-
related processing is further suggested by studies of
fear-conditioning in animals [17]. A large body of work
in neurophysiology and molecular biology has now
clearly established that the amygdala is involved in
pavlovian associative learning situations, where an
innocuous stimulus (e.g. a tone) is paired with a no-
xious event (e.g. a electric shock): after a few pairings,
the initially neutral stimulus (conditioned stimulus,
CS+) will elicit a set of behavioural and physiological
responses that are indicative of fear (e.g. freezing,
tachycardia, increased blood pressure, sweating, papil-
lary dilatation) even in the absence of the threatening
event (unconditioned stimulus, US). Such fear-condition-
ing has been extensively studied in a variety of animal
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species, and shown to depend on amygdala integrity,
including in humans [5]. Furthermore, different aspects
of the acquisition and expression of fear responses have
been shown to depend on different subregions within
the amygdala, which can be separately disrupted by
different types of lesions or neuropharmacological
interventions.

In epilepsy patients, amygdala lesions arising due to
sclerosis, calcifications, tumoral diseases, or surgery are
typically unilateral. As a consequence, any emotional
and social deficits after unilateral lesion can potentially
be alleviated by the intact amygdala on the opposite
side. However, as for memory disturbances, the impact
of unilateral damage or surgery might depend on the
presence of subclinical anomalies in the other hemi-
sphere, and therefore vary across patients. Moreover,
the severity of lesion (e.g. sclerosis) or the extent of sur-
gical resection (cortical and subcortical) may also differ
across patients, and thus produce distinct patterns of
deficits, rather than a complete loss of amygdala func-
tions. Furthermore, epileptic activity and/or underlying
pathology may induce slowly progressive changes in
the functional organization of the medial temporal
lobe, such that removal of neuronal tissue on the affec-
ted side may not produce similar deficits after surgery
as would be expected if such removal was made in a
healthy brain. Likewise, amygdala dysfunction arising in
early childhood, or later during life, is likely to result in
distinct degree of neuronal plasticity and reorganiza-
tion, and perhaps to differentially affect the develop-
ment of emotional and social functions (see below).
Accordingly, the type and severity of emotional deficits
associated with amygdala damage in temporal lobe
epilepsy will certainly depend not only on the nature
and site of the underlying disease but also on the age of
onset, its time-course, and duration.

Moreover, some studies have suggested that amyg-
dala function may be influenced by laterality as well as
by gender, with slightly different roles in the right vs left
hemisphere [18], and different degrees of hemispheric
asymmetry in men vs women [19]. These factors may
therefore also influence the nature of emotional
symptoms caused by right or left amygdala dysfunc-
tion.

Finally, it is important to bear in mind that epilepsy
patients are usually treated by one or several drugs that
can have direct effects on neural activity within the
amygdala and other limbic brain regions. Indeed, many
anti-epileptic drugs also have psychotropic effects on
mood, arousal, and learning. These effects might poten-
tially interact with some emotional processes normally
associated with amygdala function, and hence contri-
bute to the pattern of anomalies seen in temporal lobe
epilepsy patients. However, the exact interplay
between these different factors also remains poorly
known.
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Anatomy and physiology of the amygdala

A great deal of knowledge has accumulated over the
last years concerning the precise anatomical organization
of the amygdala, particularly through the study of fear
conditioning in mice and rats. However, less is known
about the amygdala in primates, although the general
structure and function appear remarkably shared
across the different species. Comparative studies
suggest that the relative size of the amygdala has
increased rather than decreased in primates and
humans, as compared with smaller animals, especially
for the more lateral and basal subnuclei that are
strongly connected to cortical brain regions. Thus, much
of what is known about amygdala functions in rodents
is thought to also apply to primates, but presumably
with a much richer repertoire of interactions between
amygdala and neocortex in humans.

Anatomically, the amygdala is not a homogenous
structure. It contains more than 15 different nuclei that
are interconnected together to form different proces-
sing circuits, each with distinct specialized functions
[20, 21]. It is therefore often preferable to refer to this
structure as the “amygdaloid complex”, particularly be-
cause it is often difficult to distinguish between differ-
ent subnuclei with conventional imaging techniques
(including MRI or fMRI). These nuclei can be schemati-
cally grouped into a few major functional units. The
lateral nucleus receives sensory inputs from neocortical
areas in all modalities, and thus constitutes the main
site of convergence for afferent information about the
association between stimuli during fear-conditioning.
However, olfactory inputs enter the amygdala by a dif-
ferent route, via corticomedial nuclei and periamygda-
loid cortex. The lateral nucleus then projects to all other
nuclei, in particular the basal, accessory basal, and cen-
tral nuclei. The central nucleus provides the main out-
put system projecting to various brain areas that are in-
volved in the behavioural expression of emotional
responses (e.g. fear), such as the hypothalamus (for
sympathetic autonomic responses and stress hormone
release), brainstem (for freezing or startle), cholinergic
nuclei in basal forebrain (for arousal and attention), etc.
The basal nucleus receives information from both the
lateral nucleus and other brain regions such as orbi-
tofrontal cortex and hippocampus, and in turn projects
to the central nucleus, as well as to several cortical
regions and hippocampus. This pattern of connectivity
suggests that the basal nucleus may serve to integrate
contextual information with incoming sensory informa-
tion in order to modulate the emotional responses
orchestrated by central nucleus and other target
regions [22]. For example, studies of fear conditioning
have shown that inputs from the hippocampus to the
amygdala are involved in the association of fear respon-
ses with a specific place or context [23]; whereas inputs
from ventromedial frontal areas play a crucial role in
the inhibition of fear responses during the extinction of
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conditioning [24]. Furthermore, neural processing
within amygdala circuits can also be finely controlled by
various other modulatory afferents, including dopa-
mine, hormones, or neuropeptides such as oxytocine
and orexin.

This complex functional architecture testifies that
the amygdala complex occupies a key position at the
interface between the appraisal of external environ-
mental events and adjustment of internal motivational
processes. This privileged position makes it capable of
eliciting and learning adaptive responses to various
stimuli with intrinsic or acquired affective values,
including social cues, as we will describe in more details
in the following sections of this review. However, in
humans, relatively little is known about the role of
different subregions of amygdala in different aspects of
emotional behaviour. Recent functional brain imaging
studies [25, 26] converge with neurophysiology data in
monkeys to point to the same general principles of
organization. Nevertheless, it is conceivable that dis-
tinct patterns of emotional or social disorders might be
associated with different types of lesion or dysfunction
within amygdala circuits. Elucidating these differences
is clearly a challenge for future research.

Recognition of facial emotional expressions

A large body of neuropsychological and neuroima-
ging studies has demonstrated an implication of the
amygdala in the recognition of facial expression of
emotions (for reviews see [27, 28]). In particular, many
observations have supported the hypothesis of a spe-
cialisation of amygdala responsiveness to negative
emotions, especially fear, but also anger and sadness.

The most famous case reported in the literature is
that of SM, a 40-year-old woman who has complete
bilateral amygdala destruction resulting from
Urbach-Wiethe disease [29]. Her rare pathology has
allowed a detailed study of the role of amygdala across
a range of face processing tasks. Overall, she shows a
disproportionate impairment in recognizing fear in
facial expressions, and only a much milder impairment
in recognizing the intensity of related emotions such as
surprise and anger [29]. She is also impaired at making
judgements of other subtle aspects of facial appear-
ance that have particular threat or social meaning, such
as perceived trustworthiness.

Likewise, in patients with temporal epilepsy, several
recent studies have now also reported significant defi-
cits in the recognition of facial emotions, presumably
caused by amygdala pathology. Such deficits have been
observed in patients with mesial sclerosis lesions [30,
31] or after anterior lobectomy for surgical treatment
[32]. Some reports have emphasized more frequent de-
ficits with right than left hemisphere disease, and with
an early age at epilepsy onset, consistent with a right-
hemisphere dominance in emotion and face processing.
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This selective loss for fear recognition is paralleled with
a disruption of fear conditioning in some cases with
unilateral temporal lobe damage [33]. Remarkably,
however, these patients may still be able to produce
appropriate fear expressions on their own face when
verbally instructed to do so, even though they fail to
recognize the same expression presented visually in
pictures or movies. According to some authors, patients
with bilateral temporal lobe lesions might show more
extensive deficits, affecting not only the recognition of
fear, but also disgust, anger, sadness, and even happi-
ness in faces (and perhaps in other modalities, e.g.
voices) [34] — unlike the selective deficit for fear in
patient SM who has bilateral lesions restricted to the
amygdala. These findings suggest that some other
cortical areas within the temporal pole, more extensive-
ly damaged after epilepsy surgery, might also contri-
bute to expression recognition deficits. In addition,
some patients with amygdala damage due to Urbach-
Wiethe disease do not show deficits for a single emo-
tion category (e.g. fear), but make more confusions be-
tween categories and report ”"blends” of emotion more
often than normal controls do [35].

Selective impairments in the visual recognition of
fearful expressions may arise without any correspond-
ing deficits in the subjective experience of fear and
anxiety in everyday life. For instance, Anderson and
Phelps [36] investigated self-evaluation of emotion
states in amygdala-damaged patients and healthy
control subjects. They observed that patients described
their emotional life not differently than controls, and
concluded that the amygdala is not necessarily implica-
ted in the generation of affective states. But different
results were reported by Tranel and colleagues [37].
They investigated personal feelings of emotion in SM
(the same patient with bilateral amygdala destruction
as described before; see [29]). These authors observed
that when SM reports events of her life, the content of
her reports misses negative emotions or subjective
threat experiences: even when she talks about negative
events or illnesses, no negative emotional state is
verbally conveyed, making her appear as “brave” and
“unusually courageous” in the face of her medical
disease for other naive observers. Thus, in this case, the
deficit in recognizing negative facial emotions was
accompanied by a parallel defect in negative experien-
tial aspects of emotional life.

Finally, recent observations in patient SM suggest
that her deficit in recognizing fearful expressions might
result at least in part from an abnormal scanning of fa-
ces, with a lack of exploration of the eye region in faces,
where the critical “diagnostic” features of fear expres-
sion are present. Thus, when instructed to look at the
eyes in faces, SM can significantly improve her recogni-
tion of fearful expressions. This finding points to an im-
portant role of eye information in driving amygdala re-
sponses, and of active visual exploration for accurate re-
cognition of expressions.
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Eye gaze perception

While facial expressions of emotion are an impor-
tant source of information in normal communicative
and social life, concomitant information conveyed by
eye gaze is also crucial to appropriate interpretation
and interaction between individuals. Several studies
have emphasized an implication of the amygdala in
processing both facial emotion and eye gaze. It has
been reported that eye cues are sufficient to produce a
threat superiority [38] in healthy subjects. Direction of
eye gaze also informs about the emotional state and
intention of other individuals.

In the context of some expressions of emotion, the
direction of gaze can modulate the interpretation of
emotional state perceived from the other. Thus, Adams
et al. [39] reported that perception of anger expression
is enhanced for faces with straight/direct eye-gaze,
whereas perception of fear expression is enhanced in
faces with averted/deviated gaze. Recently, Sander et al.
(in press) also investigate the perceived intensity of
emotion in faces when gaze was direct or averted. They
used dynamic faces expressing anger, fear, or happi-
ness. They observed that angry faces with direct gaze
were perceived as expressing more intense anger than
with averted gaze. Inversely, fearful faces with averted
gaze were perceived as expressing more intense fear
than with direct gaze. These results support appraisal
theories of emotion [40] according to which the interac-
tion between both facial expression and gaze direction
can modulate the personal relevance of stimuli, and
hence the resulting emotion. However, two fMRI stu-
dies investigated whether such effects were mediated
by amygdala and reported contradictory results. A first
study [41] confirmed this interaction between gaze di-
rection and expression, with greater amygdala activation
to fearful faces with averted gaze and to angry faces
with straight gaze. But conversely, a second study [42]
found that angry faces with averted gaze and fearful
faces with straight gaze elicited stronger left amygdala
responses, as compared with angry faces with direct
gaze and fearful faces with averted gaze, which was at-
tributed to the fact that threat signals were more ambi-
guous in the former than the later situation. Other ima-
ging results suggest that the amygdala may be particu-
larly sensitive to the perception of eye-gaze contact, a
facial cue with particular affective relevance in interper-
sonal interactions [43, 44]. Neuropsychological findings
in a patient with a large temporal lobe lesion including
the amygdala also indicate a deficit in discriminating
between different eye gaze direction in faces [45].
However, to our knowledge, no study has yet investiga-
ted whether such tasks might reveal deficits in tempo-
ral lobe epilepsy.

Gaze direction can also provide important signals to
orient attention in space. Seeing a face with gaze devia-
ted can induce a reflexive shift in attention towards the
gazed-at location [46, 47]. A recent study has investiga-
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Figure 2: Consequences of amygdala lesion on neural activity in distant cortical areas. The upper left panel shows a coronal
brain section on T2-FLAIR MRI, demonstrating bilateral sclerosis in the amygdala-hippocampal region in a patient with tempo-
ral lobe epilepsy. All other panels show fMRI activations in brain areas responding less to fearful face expression in patients
with amygdala sclerosis, relative to patients with hippocampal sclerosis only. These areas include (from top to bottom, left to
right): visual cortex, retrosplenial cortex, anterior cingulate, fusiform gyrus, bilateral posterior superior temporal sulcus, hypo-
thalamus, somatosensory cortex, and peri-hippocampal regions. (Adapted from Vuilleumier et al., 2003).

ted these effects in patients with amygdala damage
subsequent to lobectomy for epilepsy surgery, and
found a selective deficit in attentional orienting by per-
ceived gaze direction. In this study, attention was mani-
pulated in a simple visual detection task by using two
kinds of stimuli to indicate the position of an upcoming
target: a photograph of a face with gaze averted either
rightward or leftward; and a schematic arrow pointing
either rightward or leftward (all presented centrally on
a computer screen). Results revealed that healthy sub-
jects show a congruency effect (i.e. faster reaction
times) when the target appears in the position indica-
ted by gaze as well by the arrow. By contrast, patients
with amygdala lesions showed a specific deficit in ori-
enting attention to the direction indicated by gaze, but
normal orienting when direction was indicated by the
arrow. Taken together, these findings indicate that
some anomalies in the perception of, and reaction to,
eye gaze direction in faces may provide a useful mea-
sure of amygdala integrity.
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Emotional influences on perception and attention

The amygdala and related limbic areas are not only
responsible for appraising the affective value of exter-
nal stimuli or events, but also critically involved in or-
chestrating adaptive responses to emotionally relevant
information, such as modulating perceptual analyis and
attention. Anatomical studies have shown strong bidi-
rectional connections between amygdala and sensory
cortical regions, with important feedback projections
from the amygdala to sensory areas which might serve
to modulate perceptual processing taking place in these
regions [22]. Such modulatory influences might be
responsible for the enhanced activation of sensory
areas in response to emotional stimuli, as compared
with neutral stimuli, a typical finding in many
functional brain imaging studies in humans [48, 49]
that may facilitate detection and subsequent memory
for emotional stimuli [50].
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Damage to the amygdala in temporal lobe epilepsy
can therefore also impair this modulatory feedback of
emotional processes on cortical sensory function and
perception. Such a deficit was demonstrated in a recent
fMRI study of medial temporal lobe sclerosis that com-
pared patients in whom sclerotic lesions involved the
hippocampus alone, but not the amygdala, with
patients in whom sclerosis involved both the hippocam-
pus and the amygdala [51]. During this fMRI study,
patients had to perform a same/different judgment
task on pictures of faces or houses, while faces could
have either a neutral or fearful expression. Severity of
medial temporal lobe sclerosis was determined
independently by the intensity of T2 signal on FLAIR
MRI scans. Results from the fMRI task showed normal
activation in fusiform cortex when the task required
face judgments, and normal activation in parahippo-
campal cortex when the task required house judg-
ments, just like expected from healthy subjects. By con-
trast, the enhancement of fusiform activation to fearful
vs neutral faces was seen in patients with sclerosis
affecting the hippocampus alone, but not in those with
sclerosis affecting the amygdala in addition to hippo-
campus (Figure 2). This difference was found even
though the two groups of patients did not differ other-
wise, had the same clinical epilepsy history and drug
treatment, and performed at the same level on stand-
ard cognitive tasks. Moreover, amygdala lesions had a
predominant impact on visual activation in the same
(ipsilateral) hemisphere, such that the greater the
sclerosis in left amygdala, the weaker the emotional
response to fearful face expressions in left fusiform
cortex; and conversely, the greater the sclerosis in right
amygdala, the weaker the response to fearful expres-
sions in right fusiform.

In addition, this fMRI study [51] also showed that
amygdala lesion (right or left) altered the normal pat-
tern of activations to fearful face expressions in a va-
riety of other intact brain regions, suggesting that ac-
tivity in these regions may normally be influenced by
amygdala processing, but be impaired as a conse-
quence of amygdala sclerosis. Regions showing such a
loss of emotional effect due to amygdala lesion inclu-
ded the rostral anterior cingulate cortex (rACC), retro-
splenial cortex, superior temporal sulcus (STS), secon-
dary somatosensory cortex (Sll), and hypothalamus (Fi-
gure 2). All these regions have previously been associa-
ted with some aspects of affective or social processing.
For instance, rACC is involved in emotion regulation and
depression [52]; STS is involved in theory of mind and
eye gaze perception [53], whereas Sll is implicated in so-
matic markers and facial mimicry during extinction
recognition [54]. These fMRI results therefore indicate
that abnormal amygdala function due to sclerosis and
epilepsy may alter a large cortico-subcortical network
of regions normally engaged by emotional face expres-
sion and social cognition. However, the exact behaviou-
ral correlates of such distant consequences of temporal
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lobe sclerosis still remain unknown.

It is generally thought that a likely function of the
increased activation of sensory areas in response to
emotional stimuli [48, 55] is to enhance perceptual
analysis, and perhaps subsequent memory traces, for
emotionally salient relative to neutral stimuli [50]. In
support of this, many studies in healthy subjects have
shown an advantage for detecting and/or orienting
attention towards emotional stimuli, in conditions
where neutral stimuli are typically difficult to detect
(e.g. visual search, attentional blink). Remarkably, such
facilitation is abolished in patients with amygdala
lesion or anterior temporal lobectomy [56]. This surpri-
sing finding that amygdala disease can impair visual
perception in detection tasks underscores the major
role of amygdala in modulating cortical visual path-
ways, and the important interactions between emotion
and attention processes.

Emotional memory

Beyond modulating perceptual analysis, the amyg-
dala has also been shown to be critical for emotional
memory, by enhancing the storage (and perhaps retrie-
val) of affectively salient events. Thus, recall is typically
better for emotional relative to neutral material. Several
studies have found deficits of emotional memory in epi-
lepsy patients with temporal lobectomy and amygdala
damage.

In a recent work [34], lobectomy patients were
initially presented with a series of sentences containing
neutral and emotional target words, and then tested
one hour later on a recognition task where these target
words were presented using a forced choice paradigm.
Results showed that memory for emotional items was
impaired after bilateral temporal lobe damage, while
the performance of unilateral patients was comparable
to that of healthy controls. Emotional memory therefore
appears to be more adversely affected when lesions to
the amygdala are bilateral. Another study [57] on verbal
emotional memory reported a loss of the normal
enhancement for emotional aspects of a story in
patients with unilateral amygdala and hippocampus
lesions, relative to controls. Recent work in lobectomy
patients suggests that such emotional memory deficits
may concern the gist more than the details of emotio-
nal events [58]. In the latter study, epilepsy patients
with unilateral lobectomy were first shown neutral tar-
get pictures in the context of either a neutral or an
emotional story (determined by the content of other
pictures); and then they were tested on the next day by
asking them to recall these target stimuli, in response
to a fixed set of questions about the gist and details of
each story. Results showed a specific impairment in
emotional memory associated with unilateral damage
to medial temporal lobe including the amygdala.

However, in contrast with previous findings, Phelps
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et al. [59] reported a study where amygdala-damaged
patients did not show any significant deficit on some
emotional memory tasks. This study investigated emo-
tional memory in patients with unilateral damage to
the medial temporal lobe including both the hippocam-
pus and amygdala. The authors examined memory for
emotional words and memory for neutral words em-
bedded in emotional sentences. They found that all
groups showed superior recall for positive and negative
words in comparison to neutral words; and positive
words were recalled significantly more often than nega-
tive words. However, no difference was found between
unilateral damage patients and healthy controls. The
authors concluded that unilateral temporal lobectomy
may preserve a normal pattern of performance when
recalling affective words. Yet, such effects might partly
be mediated by semantic associations rather than by
purely emotional influences. Therefore, although some
results are still partly contradictory and controversial, it
now seems clearly established that the amygdala is cru-
cially involved in processing emotional memories. But
more work remains to be done to better characterize
the nature of emotional effects on memory, and the
possible hemispheric asymmetries for different types of
information.

Emotion in music perception

A more recent focus of research is the role of amyg-
dala in the perception of emotion in music. Gosselin et
al. [60] have explored the ability to recognize the emo-
tional character of different musical excerpts in a series
of patients with unilateral left or right medial temporal
lesion, including amygdala, after surgery for epilepsy.
Because the amygdala involvement in recognizing fear
in faces is well known, these authors were particularly
interested in the perception of threat in music. They
used musical excerpts composed to induce fear, peace-
fulness, happiness and sadness; and then asked
patients to judge how much of each labelled emotion
(threat, peacefulness, happiness and sadness) was pre-
sent in the music. They found that unilateral lobectomy
patients showed a specific deficit in recognition of
“scary” music, and this impairment was more pro-
nounced in right hemisphere-damaged patients. It is
important to notice that the amygdala was completely
removed in all patients, but the lesion involved several
other regions, so it is difficult to know if the deficit was
due to amygdala damage alone or to some disconnec-
tion with other brain structure.

To ascertain the specific contribution of amygdala in
recognition of scary music, the same experimental de-
sign was administered to patient SM, who has selective
bilateral amygdala atrophy due to Urbach-Wiethe
disease. This patient has been studied in detail and her
selective lesion has already established the role of
amygdala in the perception of fear in facial expressions
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(see above) [29, 61]. In the music paradigm, Gosselin et
al. [62] confirmed that her deficit in the recognition of
fear extended to musical stimuli. Recognition of joyful
music was not impaired. This result emphasizes the
specificity of amygdala function in the identification of
emotion from music.

Theory of mind

An important aspect of social cognition is the ability
to make inferences about others' mental states, an
ability that is necessary to interpret people's behaviour,
beliefs and intentions. This important aspect of social
cognition is named “theory of mind” (ToM) [63, 64], and
its reliance on amygdala function is still partly un-
resolved.

Many tasks have been designed to evaluate the ToM.
A classic task is the detection of “faux-pas”, i.e., socially
inappropriate actions. For instance, a “faux-pas” occurs
when a person involuntary makes a remark that he
should not have made and that was perceived as hurt-
ful, or insulting. Many studies have demonstrated that
this ability, acquired during early childhood, is impaired
in some developmental disorders such as autism [64].
Recently, some authors have proposed an implication of
amygdala function in ToM, and tested this hypothesis in
epileptic patient with lesion involving the amygdala,
using various tasks such as the detection of “faux-pas”.

Shaw and coworkers [65] compared the effects of
early and late developmental damage to the amygdala
on ToM abilities. They divided epileptic patients in two
groups: “early” and “late” damage. The first included
patient who had amygdala dysfunction since the age of
their first seizure; the second group consisted of
patients in whom amygdala damage occurred at the
time of surgical resection, but who had a normal
amygdala function before operation. Theory of mind
abilities were examined by a “faux-pas” task and other
tests. The authors found that only patients with
amygdala lesion occurring during the first two decades
of life showed deficits in complex abilities of reasoning
about the mental states of others. In contrast, subjects
with acquired lesions of the amygdala showed no
significant impairment in ToM tasks, as compared with
a control group of patients.

Different results were provided by a study of Stone
et al. [66]. The latter researchers investigated the social
abilities of patients with acquired bilateral amygdala
lesion due to focal brain injuries, using both the
recognition of “faux-pas“ and another classic task, the
test of “reading the mind in the eyes”. This latter task
was created by Baron-Cohen et al. [67] to study autistic
subjects and consists of photographs showing only the
eye region of 25 different faces, from which the partici-
pant is asked to decide what the depicted person is
feeling or thinking (i.e. envy, seduction, etc.). Stone et al.
[66] observed that amygdala-damaged patients per-
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formed worse than control subjects in both of these
tasks probing theory of mind. These results therefore
suggest that theory of mind can be impaired by amyg-
dala lesion even if the lesion occurs in adult age. Simi-
larly, Schacher et al. [68] have investigated the ability to
detect ,faux-pas“ in patients with mesial temporal lobe
epilepsy compared to patients suffering from epilepsy
originating outside of the mesial temporal lobe. They
found that only patients with mesial temporal epilepsy
(tested either preoperatively or postoperatively)
showed an impairment in the recognition of “faux-pas®,
but not those with extra-mesiotemporal epilepsy. No
correlation was found with the age of seizure onset.
Taken together, these data corroborate the idea that, in
humans, the amygdala plays a crucial role in a wide
range of complex social abilities, in addition to just fear
perception.

Mood and psychiatric disorders

Besides deficits in processing stimuli or events with
emotional significance, as reviewed above, temporal
lobe epilepsy is frequently associated with mood or psy-
chiatric disorders. The risk of psychiatric comorbidity is
20-40 % in TLE patients, and it is greater in those with a
form of drug-resistant epilepsy [69]. Affective disorders,
such as depression and anxiety, are the most common
disturbances with a prevalence as high as 50 % in
patients with drug-resistant epilepsy [70]. Clinical
symptoms are often different from the classic endoge-
nous forms of depression, and this may cause some
difficulty for diagnosis. The causal relationship between
epilepsy and depression is not really clear. Many resear-
chers have proposed that depression is a consequence
or a correlate of the chronic illness, but it was shown
that in some patients the affective disorder may appear
before the onset of epilepsy. Moreover, in many cases,
epileptic patients with depression present a family
history for depression or other psychiatric disorders. As
some abnormalities in the size and function of the
amygdala are commonly observed in depression, simi-
lar anomalies might also be present in patients at risk
of depression. In keeping with this, Richardson et al.
[71] reported bilateral increases in amygdala volume for
temporal epileptic patients with self-reported depres-
sive symptoms.

A particular form of psychosis can also be associated
with temporal lobe epilepsy. This has been recognized
since the early 1950s, when the term psychosis of
epilepsy (POE) was introduced to define a sample of
psychiatric symptoms related to seizure disorder.
However, POE can arise in different situations with
different clinical characteristics. Psychotic symptoms
can appear during a seizure (ictal), with a high pre-
valence of confusion and hallucination; or following
seizures (postictal), with variable delays [72]. Finally,
other psychotic signs can alternate with seizures (inter-
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ictal), characterized by hallucinations, delusions,
aggression, and disorganized behaviour. The relation to
some dysfunction within the limbic system is still
poorly known, but anomalies in both amygdala and
prefrontal projections have long been suspected in
schizophrenia [73] and may also play an important role
in POE.

A few studies have evaluated the effect of surgical
intervention on psychiatric disorders in epileptic
patients. Devinsky et al. [74] tested a large sample of
patients with temporal or extratemporal epilepsy
before and after surgery, using self-reported and
structural interview to evaluate various psychiatric
disorders. The observed prevalence of depression was
approximately 25% in their population before surgical
intervention. At 3, 12, and 24 months of postoperative
follow-up, there was a significant reduction of depres-
sion symptoms. Similarly, other longitudinal studies
[75, 76] observed an improvement of depression after
surgery in patients with temporal epilepsy who presen-
ted clinically relevant affective disorders before surgery.
By contrast, other authors have noted the emergence of
mood disturbances after surgery. Kanemoto et al. [77]
tested a sample of patients before and after temporal
lobectomy including amygdala and hippocampus. They
observed that patients with a history of psychiatric
disease before surgery also present a higher risk of
manifesting new mood deficits after surgery, relative to
those with no previous history of psychiatric disease.
Future studies may usefully employ new neuroimaging
measures, both prior and after surgery, in order to
monitor changes in brain activity that may correlate or
predict subsequent changes in mood states in these
patients.

Conclusion

While the importance of medial temporal lobe
structures has long been established for the hippocam-
pus and memory function, the role of the amygdala and
of its dense projections to widespread brain areas is still
largely underappreciated in temporal lobe epilepsy.
Damage to the amygdala may cause a wide range of
deficits in the appraisal of emotional and social signifi-
cance of sensory events, although these deficits are
often variable and still poorly understood. These
deficits may include the recognition of facial ex-
pressions, perception of gaze direction, attention,
memory, musical emotions, theory of mind, as well as
mood and other neuropsychiatric disorders. Some of
these deficits might result from the loss of distant
modulatory inputs from the amygdala on other intact
regions, as can now be demonstrated by functional
neuroimaging methods. We believe that a more
systematic assessment of the rich repertoire of affective
functions mediated by the amygdala might provide
useful information about temporal lobe pathology and
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neuropsychological outcome after surgery in TLE
patients. In the future, new tests probing emotional
and social processing should be highly desirable for
clinical applications in these patients, to improve
clinical management and to shed new lights on amyg-
dala functions in humans.
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