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Brain mechanisms involved in decision making
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BRAIN MECHANISMSINVOLVED IN DECISION-MAKING

Summary. Aim. To review the studies on brain mechanisms in decision making within the framework of the somatic marker
hypothesis, and based on experiments employing the lowa Gambling Task. Development. An overview of the somatic marker
hypothesis is presented together with the review of the main results obtained from research in brain damaged patients, and
normal subjects with functional neuroimaging studies, that have led to the identification of the neural structures involved in
decision making in humans. Conclusions. The main region involved in decision making is the ventromedial prefrontal cortex,
that integrates sensory, mnesic and emotional information relevant to the task. Other structures intervening in the various
relevant processes in decision making are the amygdala (processing and encoding of the emotional signal and its association
with contextual stimuli) and the cingulate cortex (process monitoring and response inhibition, especially in situations of
uncertainty). The prefrontal dorsolateral cortex would also be involved through the necessary activation of the working
memory in the decision making process, especially in the case of complex tasks. [ REV NEUROL 2006; 42: 411-8]
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INTRODUCTION

Decision making is a continuous human activity in all walks of
life. Choosing from several options may be avery simple task,
but on occasionsit can become so complex asto be a source of
serious preoccupation. A number of cognitive processes come
into play in decision making, among them the processing of
the stimuli present in the task, the memory of previous experi-
ences and the estimating of the possible outcomes of each
option. All these processes require the involvement of the
working memory in conjunction with the so called executive
functions [1]. Current research is placing more and more
weight on decision making’'s not being merely a rational
process of counting or comparing the losses and gains result-
ing from a specific choice. Rather, it seems that emotional
aspects, deriving from the experience of similar situations, be
they personal or vicarious, and aspects associated with out-
comes or with the context in which the decision occurs, play a
decisiverole[2].

Emotions guide decision making, they simplify and acceler-
ate the process, they reduce the complexity of the decision and
temper potential conflicts between similar options. It is signifi-
cant that people who do not perform well in experimental tasks
of decision making do not show similar emotional changes to
those who perform well, and they present serious adaptation
problems in their social or interpersonal lives, as occurs with
patients with certain frontal cortex lesions and with some groups
of subjects suffering drug addiction [3-5].
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We examine here the somatic marker hypothesis as a neu-
rocognitive model of decision making, and its experimental
study with the use of the lowa Gambling Task (IGT).

SOMATIC MARKER HYPOTHESIS

The somatic marker hypothesis, developed by Damasio [2]
describes the role emotion might play in decision making and it
has served as aguide for research in thisfield. A somatic marker
is abodily change which reflects an emotional state, be it posi-
tive or negative, which may influence decisions made at agiven
moment. Anticipation of possible consequences of a choice gen-
erates somatic responses of an emotional origin which guide the
decision making process. Responses which arise from the possi-
ble conseguences of a choice stem from emotiona reactions
produced by earlier decisions. The somatic marker facilitates
and speeds up decision making, especialy in social behaviour,
where situations of greater uncertainty may arise.

In this context the emotiona response is the subjective and
somatic —be it motor or autonomic— reaction of an individual to
an event, e.g. the positive or negative outcomes arising from a
decision. When this reaction is associated to a situation or to
a set of stimuli, it may consciously or subconsciously affect
future behaviour, thus becoming a somatic marker. These mark-
ers, which are understood at the experimental level as autonom-
ic, muscular, neuroendocrine or neurophysiological changes,
can provide unconscious signals which precede, facilitate and
contribute to decision making, even before the subjects can
explain why they take the decision or can state conceptually or
openly the strategy they are using to make the decisions [6,7].
Somatic markers therefore support cognitive processes, they
enable appropriate socia behaviour, they contribute to making
advantageous decisions —by inhibiting the tendency to seek
immediate rewards— and they facilitate the representation of
future scenarios in the working memory [6].

In contrast, the absence, alteration or weakening of somatic
markers leads to unsuitable or disadvantageous decisions. This
deficit occursin patients with ventromedial prefrontal and other
prefrontal regions lesions, e.g. the prefrontal dorsolateral and
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cingulate cortex, and also in patients with bilateral lesionsin the
amygdala, in whom there is an incapacity to experiment emo-
tions appropriately or to generate autonomic responses to aver-
sive stimuli.

IOWA GAMBLING TASK

Experimental study of decision making processes is based on a
series of tasks, of greater or lesser complexity, in which the sub-
ject chooses options trial-by-trial. The most used task has been
the IGT [1,2,7-9]. In the IGT the subjects choose from four
decks of cards and depending on the deck chosen in each trial,
they receive symbolic monetary rewards (winnings or punish-
ments), such that two of the stacks will, over time lead to them
losing while the other two will lead to them winning. Moreover,
two of the decks are characterised by frequent small losses,
while the other two suppose less frequent, but greater losses.
Normal subjects begin by choosing the higher risk decks, with
greater rewards and losses, and then change, around the 40th
assay of the one hundred which make up the test, to the
favourable decks, which lead to rewards over the long term.

This is a complex task which most normal people (about
two thirds) perform with no difficulty. A bad performancein the
IGT may be due to different factors [10]:

— Preference towards high risk choices.

— Inability to evaluate the likelihood of reward or punishment
associated to each option, or to learn the rel ationshi ps between
the outcomes of the choice and the stimuli associated to the
task.

— Hypersensitivity towards the reward.

— Insensitivity towards the punishment.

— Problems in executive functions (e.g. deficient working
memory or attentional inflexibility).

— Lack of inhibition or problemsin controlling impul ses.

Thus, given the complexity of the task, other tasks have been
designed and used to isolate the components and allow separate
study of aspects such asworking memory, attentional flexibility
or change, impulsiveness or lack of motor inhibition, or the
effect of earlier learning or the subject’s preference of risk.
Examples include the Cambridge Gamble Task and the Risk
Task, of Rogers et al [11,12], and the Guessing Task of Elliott
et al [13].

The changes in electrodermal activity (skin conductance
levels and responses) caused by the decision making situation
are the somatic markers which have been studied most. These
changes are the result of the sympathetic activity caused by the
situation, the mental effort and emotional activity, including
the anticipation of the consegquences of a decision taken and
the memory of the emotional reaction which occurred previ-
ously in response to the consequences of the same choice. Two
types of electrodermal responses occur in the IGT: those which
follow a reward or punishment, and anticipatory ones which
precede achoice. Studies by Becharaet a [6,7,14] indicate that
normal subjects show skin conductance responses provoked by
the consequences of their choices —winnings or losses- and
these are greater the higher the intensity of the reward or the
punishment. The main finding by this research group is, how-
ever, the presence of anticipatory electrodermal responses, i.e.
those that appear immediately prior to the subjects making
their choice. At the beginning of the task, cards are taken from
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disadvantageous decks, but as the task progresses, those sub-
jects who switch to choosing cards from the advantageous
tasks show greater conductance responses prior to choosing
disadvantageous decks. These responses have been interpreted
as somatic markers, which are associated to choices made by
the subject which derive from experience of the outcomes of
the choicesin earlier trials. The greater magnitude of respons-
es prior to choosing a disadvantageous deck represents the
accumulated somatic signal, which biases or guides the sub-
jects away from that deck. Inexistent or low intensity anticipa-
tory conductance responses are associated to a higher choice of
unfavourable cards and, hence, worse results. This occurs in
subjects suffering prefrontal lesions, especially in the ventro-
medial sector [6,7,14].

These data have been partially replicated by other researchers.
Croneet al [15] found that the losses, compared to the gains, led
to increases in the levels of skin conductance together with a
deceleration in the heart rate. These autonomic changes corre-
lated with the magnitude of the loss. Subjects who performed
well in the IGT were those who showed the most pronounced
heart rate deceleration, especially following losses, and an
increase in the levels of skin conductance prior to unfavourable
choices. In contrast, those subjects who performed badly in the
task showed no differences in anticipatory autonomic activity
for advantageous and disadvantageous choices. The decelera-
tion in heart rate, which was higher in subjects who performed
the task well, was interpreted by the researchers as an anticipa-
tion of the punishment, and it could thus be considered a somat-
ic marker which exerts an influence on decision making, like
the changes in skin conductance.

Elsewhere, Tomb et al [16] have found that the greater or
lesser amplitude in the skin conductance responses to the
advantageous decks may be due more to the size of the rewards
and the punishments than to net outcomes, be they positive or
negative, of the choices. Likewise, Suzuki et a [17] reported
higher conductance responses as a conseguence of the choice of
advantageous decks, especially when the result isaloss. Thus,
these responses have an emotional character, since they occur in
accordance to the magnitude of the result and the conseguence,
especially when the latter is negative.

The presence of weak somatic markers, or their absence,
leads to inappropriate or disadvantageous decisions. Suzuki et
a [17] found a negative correlation between the amplitude of
the conductance response at the beginning of the IGT and the
choice of advantageous decks. However, these researchers
reported no relation between the anticipatory conductance
responses and the results of the subjects in the task. Anticipa-
tory conductance responses to the disadvantageous decks
either do not exist or are of lower intensity in subjects who
perform badly in the task [15]. This reduced level of autonom-
ic response leads subjects to disadvantageous decisions and a
bad task performance. Thus, just as the somatic marker
hypothesis proposes, there exists a subgroup of normal sub-
jects who show reduced physiological responses during the
IGT, aswell as performing badly —a situation which resembles
that of patients with lesions in the ventromedial sector of the
prefrontal cortex.

Indirect proof of the need for somatic markers in decision
making comes from a series of experiments by Hinson et al [18]
in which the working memory overload leads to diminished
conductance responses and a worse performance of the task.
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However, in that experiment the higher conductance responses
did not appear for disadvantageous decisions but for advanta-
geous ones. Hinson et al [18] point to a certain cognitive
resource competence or interdependence between the working
memory and affective markers. Hence, the increase in the work-
ing memory load hinders decision making, leads to there not
being an affective response and decreases the conductance
response.

Authors who are critical of the somatic marker theory, e.g.
Maiaet a [19], do not discard there existing emotional mecha-
nisms or unconscious processes which guide decision making,
athough they insist that to date there is no proof of the exis-
tence of a somatic marker. The appearance of skin conductance
responses associated to the choicesis not necessarily indicative
of any emotional activity which guides such a decision. Never-
theless, experimental evidence does, at least in part, support the
somatic marker theory.

BRAIN MECHANISMS

A number of studies with patients suffering brain damage,
together with others using functional neuroimaging techniques,
indicate the prefrontal cortex, especially the ventromedial
orbitofrontal portion, as the key region in decision making in
humans. Lesionsin this region may cause disorders in the deci-
sion-making process. Neither is there a shortage of studies
pointing to the intervention of other structures, such asthe ante-
rior cingulate cortex. Hence, the study by Ernst et a [20] using
positron emission tomography (PET) extends the regions acti-
vated during the IGT to the orbitofrontal, dorsolateral pre-
frontal, ventral prefrontal, anterior cingulate, insular and pari-
etal cortices, and cerebellum. Elliott et al [13] found with func-
tional magnetic resonance that the Guessing Task activates the
dorsolateral prefrontal cortex, the right orbitofrontal cortex, the
anterior cingulate cortex, the bilateral inferior parietal cortex
and the right thalamus. When the task becomes more complicat-
ed and there is an increase in uncertainty, however, the prefer-
ence is for activation of the medial orbitofrontal cortex and the
left lateral orbitofrontal cortex.

Ventromedial prefrontal cortex

The hypothesis put forward by Damasio and colleagues [7,
14,21] points to the ventromedial region of the prefrontal cor-
tex integrating the different sources of activity involved in
decision making. The ventromedial prefrontal cortex refers to
the medial ventral region of the prefrontal cortex and to the
medial sector of the orbitofrontal cortex, and it includes the
Brodmann areas 25, the inferior portion of areas 24 and 32, and
the medial sector of areas 10, 11 and 12. This region is in
charge of integrating the somatic states with the information
present and provided by the decision making situation, thus
providing the substratum for the integration of the relations
learnt between the complex situations and the internal states,
including those emotional ones associated to such situationsin
previous experiences. The activation of this region may be
somatic and direct, caused by the information which reaches
the somatic sensorial cortex, but also indirect, such that it is
possible that a cortical activation is produced with no somatic
changes. In this case, we would be talking about amnesic reac-
tivation of somatic sensations, caused by context stimuli which
evoke similar somatic markers to those previously experienced.
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Thus, when a decision is going to be taken, those emotional
states which appeared as an outcome of decisions made before
in similar circumstances are ‘relived’ or updated in the ventro-
medial prefrontal cortex. The somatic state provoked by the
situation is thus recovered, and this guides the decision to be
taken.

Somatic states, sensory information and previous experi-
ences are integrated in the ventromedial prefrontal cortex with
information coming from the amygdala, the hypothalamus and
other nuclel of the brain stem [14]. The ventromedial prefrontal
cortex exerts its influence on the autonomic and motor activity
through circuits which are directed towards the amygdala, the
hypothal amus and the striatum, and from there to the brain stem
nuclei. In conclusion, this region of the brain intervenes in the
estimation of the long term outcomes of decisions taken due to
the integration of the somatic states and key information com-
ing from the situation itself or that stored in memory.

Lesions

The main source of data on the implication of the ventromedi-
al prefrontal cortex in decision making comes from the study
of patients with lesions in this region. These patients usually
show alterations in their social behaviour, decision making
and emotional processing. Although they have difficulties in
learning from their errors, their intellectual capacities, their
intelligence and their memory, along with the other cognitive
functions are preserved at normal levels [22]. However, in
their social, work and economic lives they are prone to taking
decisions and to adopting conducts which lead to negative
outcomes. They lose behavioural flexibility and they present
problems in adapting to the changes produced in tasks. They
show difficulties in planning their daily and future activities,
in choosing friends, partners and activities. They are insensi-
tive to long term future outcomes, be they positive or nega-
tive, and they are guided rather by immediate outcomes [3,
9,21,23,24] Apparently, they have lost the capacity to use
emotions and feelings to guide their behaviour. The most
plausible hypothesis to explain their behaviour is that they do
not have access to somatic indicators which signal the various
alternatives and their possible outcomes [1,25]. Proof of this
isthat patients with ventromedial prefrontal lesion do not per-
form well in the IGT and do not develop anticipatory electro-
dermal responses in the disadvantageous choices [26]. In con-
trast, these patients experience somatic reactions to the conse-
guences of the decisions they take, i.e. to losses or winnings,
just like the normal subjects, although their responses are of
lower intensity. Their lesions prevent or interfere in the use of
somatic signals triggered off by the amygdala, the hypothala-
mus and the brain stem nuclei which are to be used into future
decisions and which are necessary for suitable decisions to be
made. The impression is that the patients with ventromedial
lesion, and with no memory problems, do not take into
account previous experience in their decisions and when the
new decision making situation comes, they do not show antic-
ipatory somatic reactions, which leads to disadvantageous
choices.

Different alterations have been found as a function of the
lesion location in this region. Anterior lesions to the ventrome-
dial cortex cause bad performance in the IGT decision making
task, but a good realisation of working memory tasks. Posterior
lesions to the same region, however, lead to bad realisation of
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both. Since the dorsolateral prefrontal cortex is directly involved
in working memory, Bechara et a [26] propose that the posteri-
or ventromedial prefrontal cortex carries out parallel functions
to dorsolateral prefrontal cortex, since its lesion also worsens
the working memory, in particular the capacity to storeinforma-
tion which will be used later. However, the task employed in
this experiment (delayed non-matching to sample) involves two
processes both of which are parts of working memory: oneis
a memory process (remembering what the stimulus was over a
delay period), and ancther is an inhibition process (inhibiting
the response to the matching stimulus and selecting the non-
matching one). Poor performance can be the result of interfer-
ence with either process. If the subjectsare dis-inhibited it is not
necessarily because they forget.

The data obtained from patients with ventromedial frontal
lesions have been confirmed by almost all researchers in the
case of general lesionswhich takein the orbital prefrontal cor-
tex. Rogers et a [11] also report an increase in deliberation
time, which is probably widespread in this type of lesions.
Elsewhere, Manes et a [27] report that patients with exten-
sive, diffuse frontal lesions resemble patients with restricted
lesionsto the ventromedial prefrontal cortex: bad performance
in the IGT, with a clear preference towards high risk options
and a tendency to bet higher stakes in the search for higher
rewards.

Patients with focal lesions do not present as many prob-
lems. Focal orbitofrontal lesions do not produce a significant
deterioration in the realisation of the IGT, with patients show-
ing alevel which is near to that of the normal controls, although
they do take longer to respond [27]. When patients are grouped
applying a criterion similar to that of Bechara and collabora-
tors, those presenting alesion in the orbitofrontal region whose
damage extends to other areas are those who have the greatest
problems in decision making. There may be, therefore, con-
founding effects resulting from the location and extension of
thelesion.

The data provided by functional neuroimaging also shows
the involvement of this prefrontal region in decision making.
Rogers et al [12] reported a selective activation of three regions
of the right inferior orbital prefrontal cortex: The anterior part
of the middle prefrontal gyrus, corresponding to Brodmann
area 10, the orbital gyrus, corresponding to area 11, and the
anterior sector of the inferior frontal gyrus, corresponding to
area 47. Other studies have also found an activation of the mid-
die frontal gyrus during realisation of the IGT. There thus
appears a positive correlation between the activation of the
medial prefrontal cortex and the scores obtained in the decision
making tasks [28]. Other studies with neuroimaging highlight
the role of the orbital prefrontal cortex in decision making and
report a greater activation in the processing of rewards and also
when short and long term response trends are in competition
[13,20,29]. Altogether, these data support in general the hypoth-
esis of Damasio et al.

Lateralisation

The right hemisphere is more involved in emotional functions,
in awareness and in the ‘map’ or subjective reference of the cor-
poral states, and in understanding somatic information at the
neurocognitive level. Lesions here ater visua processing of
faces or social scenes, emotional experience and expression, as
well asimagination of emotions. Likewise, emotional autonom-
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ic responses, e.g. skin conductance, are weakened or disappear
[30]. The right prefrontal cortex seems to be more involved in
avoidance behaviors and in the processing of negative emo-
tions. A lesion in thisregion may lead to insensitivity to the neg-
ative outcomes of actions and hypersensitivity to positive out-
comes [25].

The data obtained from functional neuroimaging show that
the right orbitofrontal cortex is activated in the Risk Task [12].
Other data indicate that the right prefrontal region is activated
more as a reaction to punishment and during defense and with-
drawal responses, while the left region is activated more in
response to reward and the approach to the stimulus [10,30].
Elsewhere, Ernst et al [20] associate right lateralisation to affec-
tive processing, but also to inhibitory processes.

A ventromedial lesion in the right hemisphere leads to
worse decision making than does a left side ventromedial
lesion [30]. In patients with frontal lesions whose damage is
limited to the orbital prefrontal cortex, those who present right
side lesions show a preference for risky choices [10]. An
effect of the size of the lesion also appears, to the extent that
the further it extends to areas beyond the ventromedial pre-
frontal cortex, the greater the tendency to make disadvanta-
geous choices and the worse the performance in the IGT. A
more detailed analysis relates the bad results of these patients
inthe IGT tolesionsin the right middlie and upper frontal giry
and in theright medial prefrontal cortex. Clark et al [10], how-
ever, found no lateralisation effects in IGT derived tasks,
which is not surprising in the Gambling Task, since the work-
ing memory is not required here, nor in the Risk Task, which
evaluates risk propensity. Patients with |eft frontal lesions per-
formed rather worse in the IGT than normal subjects, due pos-
sibly to attention problems or to a general effect of the psy-
chomotor slowing, common to the left superior frontal gyrus
lesion.

To summarise, the right ventromedial prefrontal cortex is
more involved than the left one in social behaviour, emotions
and decision making. It does not appear to be activated in tasks
requiring working memory, except when the uncertainty demands
an additional effort, and its possible function is related to the
evaluation of the affective consequences or the behavioural sig-
nificance of the choice [13].

Dorsomedial and dorsolateral prefrontal cortex

The dorsolateral prefrontal cortex performs an essential rolein
working memory and in other executive and attentional func-
tions. Working memory is closely related to decision making,
athough they are different processes. In normal circumstances,
the working memory contributes to decision making and to the
use of somatic markers in the process [26]. Unicellular studies
in monkeys and functional magnetic resonance studiesin humans
show that this region isinvolved in attentional control and inte-
grates sensory data from various sources of information. The
more information there exists to process a given task, the more
thisregion is activated [23,24,31-33].

Lesions

A lesion to the dorsolateral prefrontal cortex affects decision
making, information retention and working memory, although
the deterioration is greater in tasks which require the latter
functions. Patients with lesions in this region perform badly
some tests related to executive functions and they show plan-
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ning disorders. Patients with dorsomedial prefrontal damage
make more disadvantageous choices in the IGT, although not
in simpler derived tasks. Thus, they perform well the Gambling
Task, which does not require working memory, and the Risk
Task, which evaluates the tendency to take risks [27]. Other
authors report that patients with dorsolateral prefrontal lesion
show a normal, or slightly lower, level of performance in the
IGT, and that only those patients with widespread diffuse
lesions showed a bad performance in the IGT, with a prefer-
ence for risky decisions [10]. As we saw above, dorsal or pos-
terior ventromedial lesions disrupt working memory and affect
decision making [26]. Bechara et a [6] highlight that patients
with dorsolateral prefrontal lesion show problems in decision
making, but these are secondary and are mainly due to prob-
lems in executive functions, especially working memory, and
this effect is more pronounced in lesions of the right hemi-
sphere. Thus, the general ideaisthat theselesionsindirectly alter
decision making, since they have an adverse effect on working
memory [14].

Manes et a [27], however, report a bad IGT performance
for patients with dorsomedial prefrontal lesion and conclude
that the activity of the ventromedial and dorsomedial pre-
frontal cortices in decision making cannot be separated. Else-
where, Rogers et a [12], using functional neuroimaging, found
no activation of the dorsomedial prefrontal cortex, and, there-
fore, working memory would not be necessary to perform the
Risk Task.

Lateralisation

The right prefrontal cortex seems to play a crucial role in deci-
sion making [27]. Compared to normal subjects and patients
with lesionsin the left hemisphere, patients with right dorsome-
dial frontal lesions show a bad performance in delayed tasks,
which points to a deficit in working memory, and a deficient
performance in decision making tasks, which likens them to
patients with ventromedia lesions [10]. Bechara et a [26], how-
ever, report that these patients perform well the IGT, but with a
low normal score.

In contrast, patients with dorsolateral frontal lesions in the
left hemisphere perform similarly to normal subjects after sev-
eral trias, which shows alearning effect [10]. Becharaet al [26]
report that such patients perform well in both decision making
and delay tasks.

According to Clark et a [10], it is highly likely that the
effects of lateralisation and the extension of the lesion are
confused in their patients. Under equal conditions of exten-
sion, the right side disrupts decision making more, and the
degree of alteration correlates with the volume of the lesion.
This happens even when the lesion affects the dorsolateral
prefrontal cortex but does not reach the ventromedial cortex.
A contrasting piece of data can be found in the study by
Elliott et al [13], who report a greater activation of the left
dorsolateral prefrontal cortex in the Guessing Task, which
requires the intervention of the working memory. These authors
interpret this as a result of the activation of the regions
involved in verbal categorising, memory or practice, as occurs
when naming or categorising cards according to face, suits or
colours. In conclusion, the right dorsolateral frontal lesion
resembles the ventromedial lesion in its effects on the deci-
sion making task, apparently due to disturbance of the work-
ing memory.
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Amygdala

The amygdala takes part in the acquisition of fear conditioned
to signals which anticipate a danger or a threat. Within this
structure takes place the convergence of sensory information
proceeding from the conditioned stimulus and that from the
aversive unconditioned stimulus, and in a way that the motiva-
tional and emotional meaning of the stimuli is reflected in the
autonomic responses [34]. Associations or previous connec-
tions between stimuli and their aversive consequences are pro-
duced in the amygdala, which are then used in decision making
in similar situations. This structure processes the emotional
content of unfavourable choices and promotes autonomic
responses, and thus it is possible that the cognitive appraisal of
the situation is made on the basis of the earlier emotiona
appraisal [35].

Research attributes an important role to the amygdalain the
triggering of emotional responses and is decisive in recognition,
learning and response to affective stimuli [36-39]. The impor-
tance of the amygdala in processing emotional stimuli with a
negative affective load has also been highlighted in studies
using functional neuroimaging [40-42]. Ernst et a [20] place
the role of the amygdala in the initia stages of the decision
making task, even before the subject has developed a defined

strategy.

Lesions

Patients with amygdala lesion do not present electrodermal
responses in reaction to rewards or punishments, nor fear-
conditioned autonomic responses [36,37,43]. However, there
is an explicit conscious appraisal of the situation [35]. Lesions
in the central nucleus of the amygdala disrupt the condition-
ing and manifestation of fear and hinder recognition of the
facial expression of fear [14,44]. These patients do not show
anticipatory conductance responses to disadvantageous choic-
es. Lesions in the amygdala give rise to similar outcomes to
those in patients with ventromedial frontal lesion when per-
forming the IGT, i.e. they perform worse than the normal
control subjects and they do not develop anticipatory auto-
nomic responses to disadvantageous choices. Nevertheless,
the nature of the difficulties differs between the two groups of
patients, so these structures —amygdala an ventromedial pre-
frontal cortex— may carry out different functions in decision
making [14,44]. In patients with amygdala damage thereis an
incapacity to experiment sufficiently the emotional aspects of
situations with an affective load, which impedes the appear-
ance of the somatic state which facilitates deliberation or
judgment about the outcomes of an event. Patients with ven-
tromedia lesion do show autonomic responses as a result of
winnings or losses in the IGT, while the problems of those
patients with lesion in the amygdala lie in connecting affec-
tive aspects to the stimuli. Hence, the ventromedial prefrontal
cortex would integrate the somatic states with the subject’'s
previous experience, including those emotions processed in the
amygdala.

The hypothesis proposed by Bechara [25] is that the men-
tal activity triggered by the decision making reaches the ven-
tromedial prefrontal cortex which, in turn, activates the amyg-
dala. This then leads to reactivation or ‘remembering’ of a
somatic state which integratesthe likely probabilities of areward
or punishment following a choice, based on previous experi-
ence. The final somatic state, indicated by autonomic responses
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such as skin conductance, influences the decision that will be
taken.

Anterior cingulate cortex

The anterior cingulate cortex is a pardimbic region closely relat-
ed to the striatum and associated with the anticipation of the
outcomes of a choice. This region appears to be more active
when negative outcomes are expected, especially in the right
hemisphere [45,46]. Studies using functional neuroimaging
relate the anterior cingulate cortex to a control or monitoring
process of the behaviour itself which includes the evaluating
and the response inhibition processes, in which the latera orbito-
frontal cortex is aso involved [47]. It is most activated in cir-
cumstances like incongruence or the conflict between options
common to decision making or to the Stroop task [20,33].
Electrophysiological data place in the cingulate cortex the ori-
gin of error-related negativity which appears when making
errors [48-50].

Lesionsto the anterior cingulate cortex produce disordersin
behavioural control and in the capacity to evaluate risks or
effort involved in the search for rewards. This region, together
with the orbital cortex, seems to be more active during the per-
formance of decision making tasksinvolving risk or uncertainty
[51,52]. According to the data provided by these authors and in
the body of the research, while the frontal orbital cortex isrelat-
ed to the associations between the stimuli and the reward, the
anterior cingulate cortex would participate in the control and
selection of the most suitable conducts, error detection and the
calculation of the likelihood of areward.

CONCLUSIONS

The somatic marker hypothesis of Damasio [2], along with the
use of the IGT in patients with brain lesion and in normal sub-
jectswith functional neuroimaging techniques, have shed light
on those brain structures and systems which may be activated
in decision making. The following cortical and subcortical
regions have been identified as intervening in the various rele-
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vant processes in decision making: integration of sensory,
mnesic and emotional information (ventromedial prefrontal
cortex); processing and encoding of the emotional signal and
its association to contextual stimuli (amygdala); monitoring of
the response inhibition process, especialy in situations of
uncertainty (cingulate cortex). Although there is not unanimi-
ty, the participation of the dorsolateral prefrontal cortex would
be involved by the necessary activation of the working memo-
ry in the decision making process, especialy if the task is
complex.

Bechara [53] proposes two systems that would intervene in
decision making, which interact between themselves, and which
are seen to be altered in those patients with the lesions referred
to here and in drug addicts:

— An impulsive system, that pertains to the amygdala, which
indicates pleasure or pain as an immediate outcome of the
possible options.

— A reflexive system based in the ventromedial prefrontal cor-
tex, which is sensitive to future conseguences set in motion
by those same options.

The first system responds to what is present at the moment of
the choice and it provides fast motor or visceral responses. The
second system responds to future outcomes and is based more
in memory and in anticipation to elicit emotional reactions,
which guide decisions. The critical region is the ventromedial
prefrontal cortex, which requires three subsystems:

— One made up by the insula and the somatosensory cortex,
especialy that of the right hemisphere, which would con-
tribute to represent bodily patterns of affective and motiva-
tional states.

— A second subsystem made up by the dorsolateral prefrontal
cortex and the hippocampus, which are critical for the exec-
utive functions and memory, which are in turn necessary in
decision making.

— A third subsystem would be in charge of behavioural inhibi-
tion, and would involve the anterior cingulate region and the
anterior basal brain.

REV NEUROL 2006; 42 (7): 411-418
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JM. MARTINEZ-SELVA, ET AL

MECANISVMIOS CEREBRALESDE LA TOMA DE DECISONES

Resumen. Objetivo. Revisar |0s estudios sobre |os mecanismos ce-
rebrales de la toma de decisiones en el marco de |la hip6tesis del
marcador somético y basados experimentalmente en el empleo de
la tarea de apuestas de lowa (lowa Gambling Task). Desarrollo. Se
presenta la teoria del marcador somaticoy las caracteristicasdela
citada tarea de toma de decisiones y otras relacionadas. A conti-
nuacion, serevisan los principal es estudios llevados a cabo en per-
sonas con lesidn cerebral y los procedentes de sujetos normales,
con el empleo de neuroimagen funcional, que han hecho posible la
identificacion de las estructuras neurales implicadas en la toma de
decisiones en humanos. Conclusiones. La principal region implica-
da esla corteza prefrontal ventromedial, donde se produce la inte-
gracion de la informacion sensorial, mnésica y emocional necesa-
ria para la tarea. Otras estructuras que intervienen en diferentes
procesos relevantes para la toma de decisiones serian la amigdala
(procesamiento y codificacion de la sefial emocional y su asocia-
cion con estimulos contextuales) y la corteza cingulada (monitori-
zacion del proceso e inhibicidn de respuesta, especialmente en si-
tuaciones de incertidumbre). La corteza prefrontal dorsolateral
también participaria en este proceso debido a la necesaria activa-
cién dela memoria de trabajo en la toma de decisiones, en especial
cuando la tarea es compleja. [REV NEUROL 2006; 42: 411-8]
Palabras clave. Amigdala. Corteza prefrontal. Emocidn. lowa
Gambling Task. Lesién cerebral. Marcador somético. Toma de de-
cisiones.

418

MECANISMOS CEREBRAIS DA TOMADA DE DECISOES

Resumo. Objectivo. Rever os estudos sobre os mecanismos cere-
brais da tomada de decisdes no quadro da hipétese do marcador
somatico e baseados experimental mente na utilizagéo da tarefa de
apostas do lowa (lowa Gambling Task). Desenvolvimento. Apre-
senta-se a teoria do marcador somatico e as caracteristicas da
referida tarefa de tomada de decisdes e outras relacionadas. A
seguir, procede-se a revisdo dos estudos principais levados a cabo
emindividuos comlesdo cerebral e os provenientes de sujeitos nor-
mais, com 0 emprego da neuroimagem funcional, que tornou possi-
vel aidentificacdo das estruturas neuraisimplicadas na tomada de
decisdes no seres humanos. Conclusdes. A principal regido impli-
cada é o cortex pré-frontal ventromedial, no qual se produz a inte-
gracéo da informagéo sensorial, mnésica e emocional necessaria
para a execucao da tarefa. Outras estruturas que intervém em dife-
rentes processos relevantes para a tomada de decisfes seriam a
amigdala (processamento e codificacdo do sinal emocional e a sua
associacdo a estimulos contextuais) e o cortex cingulado (monito-
rizacdo do processo e inibicdo de resposta, especialmente em
situagdes de incerteza). O cortex pré-frontal dorsolateral também
participaria neste processo devido & necesséria activacdo da
memodria de trabalho na tomada de decisdes, em especial quando a
tarefa € complexa. [REV NEUROL 2006; 42: 411-8]

Palavras chave. Amigdala. Cortex pré-frontal. Emocdo. lowa
Gambling Task. Lesdo cerebral. Marcador somético. Tomada de
decisOes.
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