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Differential contribution of right and left
amygdala to affective information processing

Hans J. Markowitsch∗

Physiological Psychology, University of Bielefeld,
D-33501 Bielefeld, Germany

Evidence for a differential involvement of the human left and right
amygdala in emotional and cognitive behaviour is reviewed, with a
particular emphasis on functional imaging results and case reports on
patients with amygdalar damage. The available evidence allows one
to conclude that there is definitely a hemisphere specific processing
difference between the left and right amygdala. However, between
studies the direction of the asymmetry is partly incongruent. In spite
of this, the following tentative proposals are made: the left amygdala
is more closely related to affective information encoding with a
higher affinity to language and to detailed feature extraction, and
the right amygdala to affective information retrieval with a higher
affinity to pictorial or image-related material. Furthermore, the right
amygdala may be more strongly engaged than the left one in a fast,
shallow or gross analysis of affect-related information.
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lateralisation

1. The amygdala: interface between affect and
memory

One of the major differences between the brains of
animals and humans is the extensive functional later-
alisation of the human brain. This has been known
for cortical areas since the times of Broca [18] and
Wernicke [127], but only recent neuropsychological
[44, 82, 121, 123] and structural [105] and func-
tional neuroradiological research [1, 88, 106, 114, 117]
demonstrated its extension to subcortical structures.
One of the structures which is of particular attrac-
tion for studying hemispheric-specific functional dif-
ferences, is the amygdala, a nodal point for processing
and integrating affect-related information [28].

The amygdala is a complex nuclear agglomer-
ate in the anterior portion of the temporal lobe
[24, 58, 95, 104, 112, 116] (cf. Figs 1 and 2) which
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demonstrates major changes during evolution [30, 79].
This review attempts to shed light on the differential
roles of the left and right amygdala in certain aspects
of emotional and mnestic behaviour. The review will
first introduce some more general results on patients
and normal subjects with respect to involvements of
the amygdala in the processing of emotions and in
modulating memory functions. Thereafter, different
roles of the left and right amygdala with respect to
these functions will be discussed, followed by making
some inferences from the data bases.

While focussing on the amygdala, I wish to em-
phasise that this structure (as is the case for almost
all other brain structures) cannot act on its own, but
is dependent on the rest of the brain and in particu-
lar on the widespread network of closely interacting
structures from the brain stem to the neocortex [59].
Furthermore, in this review I will avoid commenting
on established differential roles of the various amyg-
daloid nuclei (Figs 1 and 2), as most of the avail-
able evidence stems from animal research (see, e.g.,
[29, 89, 101, 102, 104, 122]), and there are at best
very, very sparse data on lateralised functions of the
amygdala in animals [2, 26].

Originally the amygdala was seen as a central struc-
ture for processing emotions [11, 39, 47, 54, 83, 119],
and indeed its complex biochemistry includes a ma-
jor affinity to stress hormone involvement [33, 97].
Changes in amygdaloid metabolism and structure may
result in impaired social judgement [7, 15] and fear
processing [8, 17, 23, 56, 99], and in psychiatric dis-
eases [1, 13, 31, 32, 65, 90, 111].

A main hypothesis says that the amygdala primar-
ily processes fear, anger, and anxiety-related informa-
tion, and is unimportant in processing positive (or even
disgust-related) information [5, 6, 8, 23, 94, 119, 124,
130]. Many reports on patients with bilateral amygdala
damage favour this hypothesis (summarised in [10]),
but functional imaging data on normal subjects indi-
cate an involvement in the analysis of positive stimuli
(e.g., happy looking faces) as well [16, 42, 85, 106].
An example for such a report is the study of Hamann
et al. [42], using positron emission tomography. They
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Fig. 1. Schematic illustrations of the amygdala of the rat (R), cat (C), and rhesus monkey (M) in coronal sections. For each of the three
species, the amygdala is shown at an anterior (1), middle (2), and posterior (3) level. More detailed ways of subdividing some individual nuclei
[magnocellular part and parvocellular part] have been omitted. Note that the drawings for the three species have not been made in the same
scale. AAA = anterior amygdaloid area; AHA = amygdalo-hippocampal area; B = basal nucleus of the amygdala; Ba = basal accessory nucleus
of the amygdala; BAOT = bed nucleus of the accessory olfactory tract; Bla = anterior division of the basolateral nucleus of the amygdala;
Blp = posterior division of the basolateral nucleus of the amygdala; Bm = basomedial nucleus of the amygdala; Cd = caudate nucleus; Ce =
central nucleus of the amygdala; Cel = lateral division of the central nucleus; Cem = medial division of the central nucleus; Cl = claustrum;
Co = cortical nucleus of the amygdala; Coa = anterior division of the cortical nucleus; Cop = posterior division of the cortical nucleus; Ea =
entorhinal cortex, anterior part; En = endopiriform nucleus; End = dorsal division of the endopiriform nucleus; Env = ventral division of the
endopiriform nucleus; H = hippocampal formation; I = intercalated masses; L = lateral nucleus of the amygdala; M = medial nucleus of the
amygdala; P = putamen; Pa = periamygdaloid cortex; Pe = perirhinal cortex; Pif = pririform cortex, frontal part; Pit = piriform cortex, temporal
part; Pr = prorhinal cortex; Prp = prepiriform cortex; TG = temporal polar cortex; Tr = transition area. (After Fig. 1 of ref. 104; Copyright
1985 by the American Psychological Association. Reprinted with permission.)

found bilateral amygdala activation during encoding
of pleasant stimuli. Isenberg et al. [50], who, however,
did not use stimuli with a positive valence, observed
a greater bilateral amygdala activation when normal
subjects had to name words with threat valence than
when they had to name words of neutral valence.

The Hamann et al. [42] report is an example of the
currently increasing trend to combine the domains of
emotion and memory, when studying the amygdala
[22, 39, 59, 81, 104]. Adolphs et al. [3] described the
amygdala as a mediator between the evaluation and

experience of emotional events and their encoding and
consolidation. Some years earlier, Sarter and Marko-
witsch [104] had proposed that it is the amygdala’s role
to charge cues so that mnemonic events of a specific
emotional significance can be successfully searched
within the appropriate neural nets and re-activated.
And quite recently, McGaugh [80] emphasised that the
amygdala is critically involved in memory consolida-
tion by mediating the influences of epinephrine and
glucocorticoids and regulating the actions of both the
hippocampus and the striatum. (The hippocampus is
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Fig. 2. Coronal section of the amygdala of the rat (R), cat (C), and monkey (M). The sections of the rat and monkey are from the left hemisphere;
that of the cat is from the right one. The sections of the rat and monkey are stained with cresyl violet; that of the cat, with the Klüver-Barrera
method. The scales represent 1 mm. The abbreviations are given in the caption to Figure 1. As long as there is still some debate on the
identification and terminology of the basomedial nucleus of the monkey [also called basal nucleus, parvocellular part, or mediobasal nucleus],
it is unclear whether this nucleus should be compared with the rat’s and cat’s basomedial nucleus or with their posterior basolateral nucleus.
(After Fig. 2 of ref. 104; Copyright 1985 by the American Psychological Association. Reprinted with permission.)

said to be primarily engaged in episodic memory en-
coding and the striatum in that of procedural infor-
mation [68, 69]; the amygdala contains many adren-
ergic receptors and β-adrenergic receptor antagonists
were found to block the memory-enhancing effects of
emotional arousal.)

1.1. Findings in patients

Patients with amygdaloid damage become emotion-
ally flat and are unable to differentiate between the

significance of external stimuli or perceived informa-
tion [21, 71]. Hamann et al. [43], however, opposed
the idea that the amygdala is engaged in recognising
emotions. They had two patients with complete bi-
lateral amygdala damage who appeared unimpaired
in recognising facial expression of emotion, including
fear. Broks et al. [19] failed to confirm the findings
of Hamann et al. [43], though they stressed that aeti-
ology and extent of brain damage were very similar
in both patient samples. They suggested differences
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in the testing procedures used to assess recognition of
emotion, as a possible source for the discrepant data.

A recent multicentre study by Adolphs et al. [10]
directly compared the recognition of facial emotion in
nine patients with bilateral amygdala damage. While
most of their subjects were impaired on several neg-
ative emotions including fear, there was still a range
from severely impaired to essentially normal. For ex-
ample, patient GT of Hamann et al. [43] again was
largely unimpaired in this multicentre study though
having extensive amygala and further brain damage.
These observations are difficult to explain and the au-
thors’ only suggestion was that ‘. . . the subject may
adopt alternate strategies that allow retrieval of knowl-
edge about the emotion using anatomical routes other
than the amygdala.’ In light of the extensive brain
damage in GT, it can be further speculated that espe-
cially after substantial brain damage there might be a
release of inhibitory or blocking mechanisms which
in less extensively damaged individuals still act sup-
pressive. Evidence for this idea has been found both
in animal studies [48, 49, 113] and on the human level
[40, 51].

Phelps et al. [93] argued that it is more likely to be
impaired arousal than impaired judgement of valences,
which characterises patients with amygdala lesions.
Their argument is supported by findings of Weniger et
al. [126] who found significant deviations in arousal,
but not in valence ratings of facial emotions in a patient
during a state of likely hyperactivation of the right
amygdala.

Other possible roles of the amygdalae are related to
the processing of emotional responses and of informa-
tion about reward [53, 100], and – connected to the
arousal functions proposed by Phelps et al. [93] – to
joint attention [115].

In a study of two siblings with major amygdala
degeneration resulting from Urbach-Wiethe disease
(a rare metabolic disturbance with accumulation of a
lipoprotein and hyalinisation, leading sometimes to se-
lective amygdala degeneration), it was found that both
had developed severe memory disturbances in verbal,
visuo-spatial, and olfactory domains, most of which
could be interpreted as being due to an inability to
distinguish between emotionally significant and emo-
tionally insignificant information [71]. A further in-
vestigation during which a story with an emotional
content in its middle part had to be repeated after a
delay, confirmed the inability of such patients to prop-
erly evaluate the significance of obtained information
and therefore to remember significant details [21].

Related to this finding, Mori et al. [84] demonstrated
that patients with probable Alzheimer’s disease were
unable to retrieve old episodic memories (about an
emotionally significant earthquake in their city) when
their amygdalar volume was reduced. While Phelps et
al. [93] had suggested that the reduced processing of
arousing stimuli will lead to improper emotional mem-
ory processing after amygdaloid damage, and Holland
and Gallagher [46] had proposed that the amygdala is
engaged in attentional (and relational) processes, the
findings of Mori et al. [84] indicate that an amygdaloid
activation may also be of relevance during retrieval of
significant episodes.

1.2. Functional imaging results in normal subjects

Functional imaging studies in normal subjects have
gained great popularity in the behavioural neuro-
sciences of the last decade. This stems largely from the
fact that they allow one to trace the processing of infor-
mation in intact, non-brain damaged individuals and
that they provide data on the whole brain. In particu-
lar, the technique of subtracting metabolic activity dur-
ing one condition from activity during a related condi-
tion has been employed to gain insight into the normal
brain’s action and engagement during specific forms of
information processing [25, 96]. However, this tech-
nique has some disadvantages as well and has there-
fore been criticised or modified [20, 36, 37, 118, 129].
Especially, when inferences on asymmetric activations
are made, the usual procedure is to identify the hemi-
sphere with the greatest number of significantly ac-
tivated voxels. This means that conclusions about
asymmetry may be false because they rest on the com-
parison between two ‘main effects.’ (This statistical
problem was pointed out by a reviewer of this pa-
per.) Davidson and Irwin [28] suggested an alterna-
tive method which tests for the relevant group (or con-
dition) × hemisphere interaction term; however, this
apparently has not yet been done. Nevertheless, the
alternative method is a more appropriate way of con-
fidently identifying real hemisphere differences in ac-
tivation. When evaluating the interpretations of func-
tional imaging studies referred to below, this cautious
note should therefore be kept in mind.

While it is generally emphasised that the amygdala
is more closely involved in negative emotions such as
fear [8, 56, 99], there is still no straightforward evi-
dence whether both amygdalae are primarily engaged
in processing negative emotions, or whether there is
a certain lateralisation [42]. A study with positron
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emission tomography (PET) on normal human vol-
unteers given procaine (an anaesthetic) showed that
procaine-induced fear compared to procaine-induced
euphoria resulted in greater increases in left amygdalar
cerebral blood flow [52]. Evidence for a lateralisa-
tion with respect to positive versus negative emotions
would also be of importance in light of recent findings
of a hemisphere-specific engagement in the retrieval
of episodic-autobiographical as opposed to (neutral-
)semantic information [34, 62, 66, 70, 72, 77]. Up to
now results are inconclusive as, in the report of Fink
et al. [34], both positive and negative old memories
were combined, resulting in a primarily right hemi-
spheric activation which included the amygdala. On
the other hand, failure to ecphorise the own biography
also failed to engage the amygdala at all [72]. (The
term ‘ecphory’ describes the process by which retrieval
cues interact with stored information so that an im-
age or a representation of the information in question
appears [120].)

Experimental studies confirmed the importance of
the amygdalar nuclei both during encoding and storage
of emotional information [22, 81]. And, in a recent
functional imaging study, we found a selective activa-
tion of the right amygdala and uncus region during the
retrieval of affect-related autobiographical old mem-
ories, as opposed to fictitious memories of a similar
character [77]. Related to this finding was another re-
port, based on positron emission tomography, in which
a selective activation in the region of the amygdala
was detected in a patient, who, probably due to sex-
ual abuse as a child, failed to consciously memorise
childhood information, but had some vague emotional
memory about that time which she depicted in abstract
drawings [78].

2. Evidence for a differential functional
involvement of the left and right amygdala

Many reports indicate comparable structural changes
[13, 111] or comparable functions of the two amyg-
dalae, or suggest that damage to one amygdala can be
compensated for by the other one [9, 15, 35, 57, 84].
There are, however, a few studies which have found
a differential involvement of one amygdala in be-
havioural expression.

In a commentary, Tranel [119] pointed out that ‘per-
haps it will turn out that the two amygdalae are not
functionally symmetric with regard to emotional pro-
cessing’ (p. 47). His hypothesis was reinforced by a

comment of Young and Aggleton [130] who, however,
emphasised that it might not be the processing of stim-
ulus valence (as suggested by Tranel [119], Breiter et
al. [16], and Whalen et al. [128]), but the appropriate
implications of such information which is impaired af-
ter amygdaloid damage. This means that – in the view
of Young and Aggleton [130] – amygdaloid damage
may impair the possibility of recognising the signals
or action implications of a certain aversive stimulus.

With respect to alterations in amygdaloid metabo-
lism in psychiatric illness, there are two PET studies
which indicate a hemisphere-specific involvement of
the amygdala in depressed behaviour [1, 32]. Both
reports provided, however, opposing results: While
Drevets [32] found that depressed patients had higher
blood flow rates in the left amygdala, Abercrombie et
al. [1] observed them in the right amygdala. Aber-
crombie et al. [1] suggested that the difference in the
two sets of results might be related to technical differ-
ences in scanning and to the homogeneity and more
severe illness of the patients studied by Drevets et al.
[32]. While these reports are not of help in elucidating
possibly differing roles of the left and right amygdala,
they indicate at least that it needs sophisticated designs
and a careful selection of patients when testing possi-
ble consequences of psychic deviations on the brain.
Drevets [32], in fact, discussed a number of points
which are of direct relevance to the interpretation of
image data in depressed subjects. Among them are
medication effects, the clinical heterogeneity inherent
within the depressive syndrome (e.g., anxiety, obses-
sive ruminations, psychomotor agitation, versus apa-
thy and psychomotor slowing), and the heterogeneity
with regard to etiology and pathology.

Most findings on a hemispheric-specific involve-
ment of the two amygdalae come from reports in nor-
mal subjects. Paradiso and co-workers [92] studied
cerebral blood flow changes in response to emotional
valence determination for pleasant, unpleasant, and
neutral stimuli. They found in 17 normal subjects that
the evaluation of unpleasant visual stimuli activated
(among other regions) the left amygdala. This activa-
tion not only held for fear-related, but for a wide range
of unpleasant stimuli.

Studying regional cerebral blood flow changes in re-
sponse to the presentation of faces with different emo-
tional expressions, has provided a major basis for es-
tablishing a differential role of the left and right amyg-
dala in cognitive information processing. Interesting
results were obtained in a series of studies by Mor-
ris [85, 87, 88]. Morris et al. [85] found enhanced
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activity in the left amygdala of normal subjects dur-
ing the processing of fearful faces. Also Breiter et al.
[16] observed a higher activation of the left compared
to the right amygdala during viewing of fearful faces
and Ketter et al. [52] similarly reported a procaine-
induced left hemispheric amygdaloid activation, cor-
relating positively with fear. On the other hand, Mor-
ris et al. [87, 88] found a significant neural response in
the right, but not the left, amygdala to masked presen-
tations of a conditioned angry face. Combined, these
findings suggest that unconscious (masked) process-
ing is mediated more readily by the right, and con-
scious processing more readily by the left amygdala
(among other structures). Alternatively, when taking
into account related reports on the recognition of facial
expression, which in patients with right, but not with
left neocortical damage led to an impairment [4], it
might be proposed that especially more superficial face
processing is a matter of right-hemispheric structures.

These data are also in conformity with results em-
phasising the left hemisphere in detailed, analytic pro-
cessing of faces and figures [55], and the right hemi-
sphere in a more or-all-none global, immediate stim-
ulus perception [45]. Krickl et al. [55] had presented
figures and human faces to patients with damage to the
right or left hemisphere. The stimuli were presented
under three conditions: normal, sequential (1/3, 2/3,
full picture) and fragmentary (faces only). Under the
condition ‘normal’ the stimulus was shown for 0.3 s
as a whole, under condition ‘sequential’ it was pre-
sented in three degrees of completeness, the first show-
ing one third and the third the complete picture, and
under condition ‘fragmentary’, only the upper third of
the face was shown during learning, while for testing
the complete face had to be identified among distrac-
tor items. The authors found a dissociation between
side of brain damage and performance under sequen-
tial versus normal presentation. Similar to control sub-
jects, patients with left hemispheric brain damage re-
membered previously seen stimuli better under nor-
mal (‘global’) presentation, while patients with right
hemispheric brain damage were superior under partial
or sequential presentation.

Henke et al. [45] studied the subliminal perception
of human faces in normal subjects and found a right
hemisphere advantage under conditions of very brief
(40 ms), but repeated presentation. That processing in
the left hemisphere is more analytic and in the right one
is more global is also confirmed by fear conditioning,
an in principal universal or general condition. Fear
conditioning in humans was related to a heightened

activation of the right amygdala [38]. Fear condition-
ing was accomplished by pairing visual snake stimuli
with electric shock and measuring non-specific elec-
trodermal fluctuations and regional cerebral blood flow
changes (PET) [38]. In animals, Coleman-Mesches
and McGaugh [26] similarly found that the right amyg-
dala was more important to the expression of memory
for aversively motivated training.

Using olfactory stimuli, Zald and Pardo [131]
demonstrated with PET imaging that left amygdala
blood flow was significantly correlated with subjec-
tive ratings of perceived aversiveness, indicating that
the left amygdala is to a higher degree than the right
one involved in hedonic or emotional processing of
olfactory stimuli.

Cahill et al. [22] asked normal subjects to learn the
contents of 12 emotionally arousing and 12 neutral
film clips and measured their regional cerebral glucose
metabolism during retrieval. They found that glucose
metabolism in the right amygdala correlated signifi-
cantly with the number of emotional but not neutral
film clips remembered long-term under free recall con-
ditions. Encoding of neutral information failed to ac-
tivate either the left or right amygdala [12]; instead,
the hippocampal region was found to be engaged in
this process. It might be mentioned in this context that
in the study of Hamann et al. [42], discussed above,
both amygdalae were activated, while in that of Cahill
et al. [22] significant increase was restricted to the
right one only. (There is, however, no direct compar-
ison possible, as one report was based H15

2 O and the
other on FDG-PET.) Furthermore, Hamann et al. [42]
interpreted their findings as showing that the amyg-
dala seems to modulate, through interactions with the
hippocampus, the strength of conscious memory for
emotional events, regardless of their valence.

Similarly to Cahill et al. [22], Fink et al. [34] ob-
served a highly significant activation in the right an-
terior and medial temporal lobe regions during the re-
call of old autobiographic information (this informa-
tion was usually of considerable emotionality). Vice
versa, failure of recall of autobiographic episodes in
psychogenic amnesia also failed to activate these right
hemispheric regions (and instead activated more cen-
trally and left hemispherically situated regions) [70].

Using PET, Hamann et al. [41] examined the neural
systems engaged in positive and negative emotion and
in emotional episodic memory. Viewing both posi-
tive (e.g., erotica) and negative (e.g., mutilation) emo-
tional stimuli activated the left amygdala significantly
in normal subjects, and memory encoding of positive
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Table 1
Results and hypotheses on the involvement of both or one amygdala in emotion and cognition

More general results and hypotheses:

– The amygdala is a mediator between the evaluation and experience of emotional events and their encoding and
consolidation [3].

– It is the amygdala’s role to charge cues so that mnemonic events of a specific emotional significance can be
successfully searched within the appropriate neural networks and (re-)activated [104].

– The amygdala is important for all stages of information processing: during encoding [22] and storage [56] of
information, and during its retrieval [34, 84].

– The amygdala is more strongly engaged in negative than in positive information processing [5, 6, 8, 23, 94, 119,
124, 130].

– The amygdala is involved in the processing of stimulus valency [16, 119, 128].
– The amygdala is engaged in arousal [92, 125] and attentive [46] aspects of information processing.
– The amygdala is involved in processing information about reward [53, 100].
– The amygdala is central to the appropriate recognition of emotions [130].

Results and hypotheses emphasising a differential role of the left (as opposed to the right) amygdala:

– The left amygdala is engaged in hedonic or emotional processing of olfactory stimuli [131].
– The left amygdala is engaged especially in processing of fearful stimuli [16, 28, 52, 85].
– The left amygdala is engaged in processing both pleasant and aversive stimuli [41].
– The left amygdala is more active during generation of words with emotional meaning than during generation of

neutral words [27].
– The left amygdala as opposed to the right one has a higher cerebral blood flow in depressed patients [32].

Results and hypotheses emphasising a differential role of the right (as opposed to the left) amygdala:

– The right amygdala as opposed to the left one has a higher cerebral blood flow in depressed patients [1].
– The right amygdala has an enhanced cerebral blood flow during masked stimulus presentation [87, 88].
– The right amygdala is engaged in the retrieval of emotional old memories [34, 98] and in remembering emotional

information [21, 22].

The listed hypotheses are not mutually exclusive.

and negative pictures activated the amygdala bilater-
ally. Similarly to the results of Hamann et al. [41, 42],
Crosson and co-workers [27], in a functional mag-
netic resonance imaging study with 17 normal strongly
right-handed subjects, obtained evidence for an acti-
vation of the left amygdala during generation of emo-
tionally evocative words, but not during generation of
emotionally neutral words.

3. Consequences for a differential role of the two
amygdalae

The results described above and related findings on
hemisphere-specific processing in the region of the an-
terior temporal lobe [62, 63], suggest a number of con-
clusions which will now be outlined. The summarised
results and hypotheses of Table 1 give a rough guide
to the bases of these conclusions.

Table 1 indicates that both the left and right amyg-
dala are principally engaged in emotional processing
and in linking emotional stimuli to memory. There is a
prevalence for processing negative as opposed to pos-
itive stimuli, but this prevalence may be confounded
with the salience of the respective stimuli. The amyg-
dala also seems to be important for encoding and re-
trieval of information.

With respect to a differential involvement of the left
and right amygdala, there are some partially incon-
sistent or even opposing results (e.g., with respect to
the consequences of depression on amygdaloid activ-
ity). However, the right amygdala seems to be more
engaged than the left one in the retrieval of emotional
information and in a more shallow or crude general
processing of information.

The following hypotheses are proposed: The left
amygdala is particularly involved in the active process-
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ing of threatening and other emotional stimuli, partic-
ularly in their encoding [83, 104, 105, 106], but also in
their retrieval [27, 41]. The more frequently observed
amygdalar engagement in negatively affective stimuli
is reflected by the finding that the induction of a sad
mood in normal subject leads to increases in cerebral
blood flow in the left amygdala and to a decrease in
the right one [106]. It may, however, also be related to
the frequently greater salience of negative compared
to positive emotional stimuli.

The right amygdala is mainly engaged in implicit
processing of affective information and in the implicit
(and to lesser degree also the explicit) retrieval of
emotion-related information [14, 34, 72, 77, 78, 88,
98, 110]. Especially the expected outcome of be-
havioural, arousal-evoking responses may be intensely
modulated by the amygdalae with the right one prob-
ably engaging more in imagery-related, pictorial and
fast or shallow, and the left one probably more in ex-
plicit, language-related or feature-extracting processes
[109, 125]. For instance, the consciously reflected
rating of olfactory stimuli engages the left amygdala
[131], while conditioned fear reactions [38] or con-
frontation with traumatic events [98] activate the right
one.

It is not unlikely that the two amygdalae (as
well as surrounding cortical regions of the anterior
temporal, the orbitofrontal and the cingulate cortex
[28, 34, 114, 117]) complement each other in the way
they process information with the right-hemispheric
structures being more strongly engaged in a gross,
overall analysis and the left-hemispheric structures be-
ing engaged in a detailed, in-depth analysis. This hy-
pothesis would also fit the assumption that an under-
standing of new incoming information needs a com-
parison with already existing information (done by the
left amygdala and other structures), while the process
of retrieval (information ecphory) more likely can oc-
cur on the basis of minor retrieval cues and may be
done in a broader or less specific manner – and with the
help of the right amygdala and surrounding regions.

The high receptor density of the amygdala for glu-
cocorticoids, released in response to stress, points to
the importance of – probably mainly the left amyg-
dala – for (detailed) information encoding [61, 81, 97],
and of the right one for information retrieval [34, 77],
or, when there is a stress-induced memory block
[64, 67, 91, 103], for failure of memory retrieval. Such
blocking conditions may lead to major and lasting
memory disorders [73, 74, 75]. While these ideas are

still speculative, they can be tested both experimentally
and by neuropsychological case studies.

The above-given hypotheses are multi-leveled or in-
termingled which, however, seems to be justified both
by the available data and by the means and manner of
information processing within the nervous system.
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(1861), 330–357.

[19] P. Broks, A.W. Young, E.J. Maratos, P.J. Coffey, A.J. Calder,
C.L. Isaac, A.R. Mayes, J.R. Hodges, D. Montaldi, E. Ceza-
yirli, N. Roberts and D. Hadley, Face processing impair-
ments after encephalitis: amygdala damage and recognition
of fear, Neuropsychologia 36 (1998), 59–70.

[20] R.L. Buckner, W. Koutstaal, D.L. Schacter, A.M. Dale,
M. Rotte and B.R. Rosen, Functional-anatomic study of
episodic retrieval. II. Selective averaging of event-related
fMRI trials to test the retrieval success hypothesis, NeuroIm-
age 7 (1998), 163–175.

[21] L. Cahill, R. Babinsky, H.J. Markowitsch and J.L. Mc-
Gaugh, Involvement of the amygdaloid complex in emo-
tional memory, Nature 377 (1995), 295–296.

[22] L. Cahill, R.J. Haier, J. Fallon, M. Alkire, C. Tang, D. Keator,
J. Wu and J.L. McGaugh, Amygdala activity at encoding
correlated with long-term, free recall of emotional informa-
tion, Proceedings of the National Academy of Sciences of
the USA 93 (1996), 8016–8021.

[23] A.J. Calder, A.W. Young, D. Rowland, D.I. Perrett, J.R.
Hodges and N.L. Etcoff, Facial emotion recognition after
bilateral amygdala damage: Differentially severe impair-
ment of fear, Cognition and Neuropsychology 13 (1996),
699–745.

[24] M.D. Cassell, The amygdala: myth or monolith?, Trends in
Neurosciences 21 (1998), 200–201.

[25] J. Chmielowska, R.C. Coghill, J.-M. Maisog, R.E. Carson,
P. Herscovitch, M. Honda, R. Chen and M. Hallett, Positron
emission tomography [15O]water studies with short inter-
scan interval for single-subject and group analysis: Influ-
ence of background subtraction, Journal of Cerebral Blood
Flow and Metabolism 18 (1998), 433–444.

[26] K. Coleman-Mesches and J.L. McGaugh, Differential in-
volvement of the right and left amygdalae in expression
of memory for aversively motivated training, Brain Re-
search 670 (1995), 75–81.

[27] B. Crosson, K. Radonovich, J.R. Sadek, D. Gökcay, R.M.
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W.-D. Heiss, Persistent psychogenic amnesia with a PET-
proven organic basis, Cognitive Neuropsychiatry 2 (1997),
135–158.

[73] H.J. Markowitsch, J. Kessler, E. Kalbe and K. Herholz,
Functional amnesia and memory consolidation. A case of
persistent anterograde amnesia with rapid forgetting follow-
ing whiplash injury, Neurocase 5 (1999), 189–200.

[74] H.J. Markowitsch, J. Kessler, M.O. Russ, L. Frölich, B.
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