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ABSTRACT – Aim. The somatic marker hypothesis is an influential model
of human decision-making postulating that somatic feedback to the brain
enhances decision-making in ambiguous circumstances, i.e. when the
probabilities of various outcomes are unknown. The somatic feedback can
be measured as autonomic responses, which are regulated by the amyg-
dala. The failure to evoke this somatic feedback, which occurs in patients
with amygdala lesions, impairs decision-making. The purpose of this study
was to investigate the decision-making behaviour of mesial temporal lobe
epilepsy patients with pre- and post-epilepsy surgery to ascertain whether
the decision-making abilities of groups can be explained by means of the
generation of somatic feedback responses.
Methods. The preoperative group comprised 32 patients with mesial tem-
poral lobe epilepsy due to hippocampal sclerosis, while the postoperative
group comprised 23 patients who had undergone anterior temporal lobec-
tomy. The age and gender-matched control group consisted of 30 healthy
participants. Decision-making performances were assessed and skin resis-
tance responses were measured simultaneously.
Results. The findings of this study reveal that the decision-making per-
formance of preoperative patients with unilateral mesial temporal lobe
epilepsy was impaired under conditions of ambiguity, i.e. they did not
generate somatic feedback responses before making decisions around
ambiguous outcomes, and produced significantly poor scores overall based
on a decision-making task. In addition, the resection of epileptogenic limbic

*This study was presented at the 31st International Epilepsy Congress, Istanbul, Turkey
(05-09 September 2015).
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structures positively affected the generation of somatic feedback
responses, as demonstrated by the significant difference between the mag-
nitudes of autonomic responses of the pre- and post-operative groups.
Conclusion. The findings of the study validate the contribution of mesial
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esial temporal lobe epilepsy with hippocampal scle-
osis (MTLE-HS) is commonly an intractable type
f epilepsy that is highly responsive to anterior

emporal lobectomy (ATL), in which the uncus,
ntorhinal cortex, amygdala, and temporal neocortex
re resected unilaterally. Hippocampal sclerosis is the
ajor pathology, but there are electrophysiological

nd neuropathological data indicating a contribu-
ion from the neighbouring structures, namely the
mygdala and parahippocampal gyrus (Malmgren
nd Thom, 2012). Patients affected by this type of
pilepsy also present with various types of psychiatric,
ehavioural, and cognitive comorbidities (Verrotti et
l., 2014). While cognitive functions such as memory,
anguage, and executive functions have been studied
xtensively (Zhao et al., 2014), only a few studies have

nvestigated the decision-making behaviours of MTLE
atients. The findings of these studies support the role
f limbic structures by showing impaired decision-
aking performances in these patient groups (Bonatti

t al., 2009). Delazer et al. (2010) found that in situ-
tions of ambiguity, MTLE patients showed marked
ecision-making deficits and did not improve their
ecision-making performances over the task, as com-
ared to controls. Labudda et al. (2009) compared the
ecision-making performances of MTLE patients in
isky and ambiguous situations. Patients performed
ormally in decision-making under risk, but showed
eficits in decision-making under ambiguity.
ccording to the Somatic Marker Hypothesis (SMH),
hen an individual has to make a decision in a

ituation that involves complexity and ambiguity, a
iasing signal known as the “somatic marker” drives

he decision-making process in an advantageous
irection (Damasio, 1994). The amygdala is a critical
tructure in terms of its contribution to stimulating
his signal (Damasio, 1994). This signal is then received
y the autonomic nervous system, a known function
18

f which is the adjustment of the physiological param-
ters in the body, such as the increased secretion of
weat during emotional arousal (Naqvi and Bechara,
006). This increase in the quantity of sweat can be
easured either by a change in skin conductance or

y a change in skin resistance (Grimnes et al., 2011).
n order to test SMH, Bechara et al. (1994) devel-

e
t
o
r
t
t
w

ures to decision-making behaviour, and also point to
amining the connectivity patterns between the neural

the decision-making network.

l lobe epilepsy, decision-making, epilepsy surgery,
thesis, psychophysiology

ped the Iowa Gambling Test (IGT; see Methods),
hich simulates real-life decision-making in terms of

mbiguity, reward, and punishment, and compared
he IGT performances of patients with lesions in the
entromedial prefrontal cortex (VMPFC) with those of
he controls. In their first study, Bechara et al. (1996)
ound that while the controls gradually began making

ore advantageous decisions as the task progressed,
atients with lesions in the VMPFC continued to make
isadvantageous choices. Moreover, the anticipatory
utonomic responses recorded from the controls
efore making disadvantageous decisions were
igher than when making advantageous choices. This
as interpreted as an absence of somatic markers

o enhance the decision-making of the patients with
MPFC lesions, and positioned the VMPFC as a crucial
eurobiological structure in creating somatic markers

Zahn et al., 1999; Bechara et al., 2001).
he SMH also addresses the important role of the
mygdala in this process. In a later study, Bechara et
l. (1999) compared the IGT performance of patients
ith bilateral VMPFC damage to those with bilateral

mygdala damage and simultaneously measured the
utonomic responses of both groups. Both patient
roups lacked somatic markers and performed worse
han the healthy controls. Additionally, the autonomic
esponses recorded after punishments during the IGT
ere higher in both the VMPFC patients and the con-

rol group than those in the patients with amygdala
esions, leading to the supposition that the inability to
voke somatic markers might be explained by different
nderlying mechanisms in these patient groups.
e extend previous studies on poor decision-making

n MTLE by assessing decision-making performance
n addition to measurement of the accompanying
utonomic responses relative to the performances of
ealthy controls. We hypothesize that since decision-
aking in ambiguous situations relies heavily on
Epileptic Disord, Vol. 20, No. 6, December 2018

motional and cognitive processes mediated by mesial
emporal lobe structures (Bechara et al., 1999), pre-
perative patients would show lower autonomic
esponses to punishment in comparison to those of
he healthy controls and to those of the postopera-
ive patients; and their decision-making performances
ould be significantly poorer than those of the healthy
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Decision-

ontrols and those of the postoperative patients. Addi-
ionally, as a result of the resection of the dysfunctional
mygdala, the autonomic responses to punishments in
he postoperative group would be higher than those
f the preoperative group. Also, we hypothesize that
ince the postoperative patients’ autonomic responses
o punishment would be higher than those of the pre-
perative patients, their autonomic responses before
aking disadvantageous decisions would be signifi-

antly higher than those of the preoperative groups,
hich in turn, would lead them to have better decision-
aking performances than those of the preoperative

roups.

aterials and methods

articipants

articipants in the preoperative and postoperative
roups were selected among patients referred for
pilepsy treatment to the Department of Neurology at
he Cerrahpaşa Faculty of Medicine at Istanbul Univer-
ity. The inclusion criteria were diagnosis of epilepsy
ith typical aura and/or seizures originating from
esial temporal structures. Patients with intellectual

isability and those who were illiterate were excluded.
emographic data, neuropsychological tests, routine

EGs, and MRI scans were obtained for each patient.
ctal video-EEG recordings were also obtained for all
atients who were candidates for surgery or who had
lready undergone surgery.
atients in the preoperative group had intractable
pileptic Disord, Vol. 20, No. 6, December 2018

eizures, which were defined as uncontrolled seizures
espite the administration of at least two antiepileptic
rugs (AEDs) at therapeutic doses. Twenty-five patients

n this group had seizures 1-10 times per month. One
ad daily seizures. Six patients had seizures approx-

mately 1-3 times per year. The mean frequency of
eizures in this group was 4.59 ± 4.11 per month (1-20).

s
a
s
d
a
T
t

Table 1. Clinical variable

n F/M Age
(years)
(M±SD)

Education
(years)
(M±SD)

O
o
(

Preoperative group 32 23/9 31.3± 9.73 9.2±3.46 1

Postoperative group 23 12/11 35.3±11.1 8.5±3.55 1
(

Control group 30 21/9 30.8±11.18 9.4±3.09

p value 0.75 0.24 0.64 0

/M: number of female and male participants respectively; M±SD: me
f duration of epilepsy in the postop group, three patients who were
ng in temporal lobe epilepsy after anterior temporal lobectomy

or the postoperative group, the surgical method was
he standard anterior temporal lobectomy resection of
he hippocampus, uncus, entorhinal cortex, amygdala,
nd temporal neocortex, 4.5 to 5.5 cm, depending on
he side (Binder and Schramm, 2008). For the postop-
rative group, the average time since ATL was 5.93 ±
.41 (1-16) years. Nineteen patients in the postopera-
ive group were seizure-free although six had seizure
ecurrences after drug withdrawal, but had achieved
emission with the reintroduction of the drugs. One
ad rare nocturnal focal seizures with automatisms.
hree patients had persistent seizures after surgery.
he clinical properties of both patient groups are
hown in table 1.
articipants without intellectual disability and with-
ut any neurological or psychiatric disorders were
ecruited for the control group. There were no sig-
ificant differences regarding mean age or education
ears between the groups (p = 0.244 and p = 0.644,
espectively). Chi square tests revealed no significant
ifference in the number of male or female partici-
ants across the groups (p = 0.757).
he study was approved by the local ethics com-
ittee (approval number: 19451483/604.01-5548) under

he guidelines of the Declaration of Helsinki and
upported by the Scientific Research Projects Coor-
ination Unit of Istanbul University (project number:
4547).

ssessing decision-making:
he Iowa Gambling Test

ll participants were administered a computerized ver-
519

ion of the Turkish adaptation of the IGT (Bechara et
l., 1994; Icellioglu, 2015). In the IGT, participants are
eated in front of a computer screen which shows four
ecks of cards, labelled A, B, C, and D. The screen
lso shows that the participant has a stake of 2,000
urkish Liras (TL) prior to the start of the game. The
ask requires participants to select one card from four

s of patient groups.

nset age
f epilepsy

years)

Duration of
epilepsy
(years)

Number of
antiepileptic
drugs

Lateralization
of lesion
(R/L)

5 (1-46) 15.5 (3-37) 2.15 (1-3) 21/11

0.69
1-28)

24.85
(8-52)

1.69 (0-3) 10/13

.11 0.00 0.49 0.21

an and standard deviation; R/L: right and left (for the calculation
seizure and drug-free were excluded).
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dentical-looking decks of cards for 100 trials. Unbe-
nownst to the subject, each card choice leads either
o a variable monetary reward or to a combination of
variable monetary reward and punishment. For each

election from decks A and B, participants win 100 TL,
nd for each selection from decks C and D, participants
in 50 TL. Overall, the high-reward decks (A and B) lead

o higher levels of punishment (i.e. causing a net loss of
50 TL every 10 trials), whereas the low-reward decks (C
nd D) lead to lower levels of punishment (i.e. leading
o a net gain of 250 TL every 10 trials). Thus, successful
ask performance relies on choosing more from decks

and D (the advantageous decks) than from decks A
nd B (the disadvantageous decks). A visual represen-
ation of profits and losses, reflected by a green bar
hat increases or decreases in size on the screen, to
ecord the total money held by the participants is dis-
layed after each selection. Participants are instructed

hat the game requires them to choose cards from any
ne of the four decks until they are told to stop. The
oal of the game is to acquire as much money as pos-
ible and to avoid losing money as far as possible. As
n conventional analyses of IGT performance (Mazas
t al., 2000; Ernst et al., 2003; Bechara et al., 2005), the
ask was divided into five blocks of 20-card selections
o examine the changes in performance over time. A
otal net score for 100 trials and net scores for each
ve consecutive blocks of 20 trials were computed by
ubtracting the total number of choices from decks C
nd D from the total number of choices from decks
and B [(C′+D′)-(A′+B′)]. This calculation provided six

et scores for the IGT, including a net score for each
f the five blocks and an overall net score for 100 trials.

kin resistance response during the Iowa
ambling Test

e used electrodermal skin resistance response (SRR)
s the dependent measure of autonomic nervous sys-
em activation. Electrodermal activity was recorded
s skin resistance values during the IGT using the
ERMAN system (TEKNOFIL Research, Inc., Istanbul,

urkey) at a rate of 10 samples per second. Electrodes
ere attached to the thenar and hypothenar palms of

he non-dominant hands of the participants. Although
he measured skin resistance was computed by mea-
urement of impedance value, these impedance values
ere transformed into random real numbers. In other
20

ords, although the measurements were computed as
Ohm, these values were considered real numbers.
he moment at which a participant made a choice was
hown as a marker on the recording screen for the
RRs. Inter-trial intervals were fixed at a minimum of six
econds in this version of the IGT to ensure the record-
ng of an anticipatory SRR (Guillaume et al., 2009).

4
t
m
t
g
s
(

he SRRs generated during the task were divided into
wo categories: (1) punishment SRRs as mean ampli-
udes of SRRs recorded during the five-second interval
fter clicking on a card which was followed by an
verall loss of money; and (2) anticipatory SRRs as
ean amplitudes of SRRs generated during the period

etween the end of the five-second interval of the
RR outcome and the following selection of a deck
Guillaume et al., 2009).

tatistical analysis

he data were analysed using the Statistical Pack-
ge for the Social Sciences for Windows, Version 23
SPSS Inc., Chicago, IL) and were inspected for nor-

ality to ensure that the assumptions of parametric
tatistics were met before analyses were performed.
erformance on the IGT was analysed by means of
repeated-measures analysis of variance (ANOVA),
ith block (five levels) as the within-subjects factor

nd groups (preoperative, postoperative, control) as
etween-subjects factors. Differences between the
et scores of the first and last blocks of the IGT
ere analysed by means of pairwise t tests for each
roup separately. Magnitudes of anticipatory SRRs
ere compared by means of two-way ANOVA with
ecks (two levels; AB/CD) as the within-subjects factor
nd groups (preoperative, postoperative, control) as
etween-subjects factors. Magnitudes of punishment
RRs were compared by means of one-way ANOVA.
or multiple comparisons, Scheffe post hoc tests were
onducted. Finally, Pearson correlation analysis was
onducted to investigate whether IGT performance
nd SRR magnitudes correlated with the duration
f illness and the number of AEDs in each of the
atient groups.

esults

ecision-making task performances of patient
nd control groups

ecause the assumption of sphericity was not met
Mauchly’s W = 0.63; p < 0.01), the degrees of freedom
or tests of within-subjects effects were adjusted using
he Greenhouse-Geisser F test. Between-subjects tests
evealed a significant main group effect (F [2.45,
Epileptic Disord, Vol. 20, No. 6, December 2018

48.8] = 4.64, p = 0.01; �2=0.102). Scheffe post hoc
ests indicated that, overall, the preoperative group

ade significantly more disadvantageous choices
han the control group (p = 0.01); the postoperative
roup did not differ from the other groups. Within-
ubjects tests showed a significant main effect of block
F [3, 255] = 7.29, p = 0.00, �2=0.08), but there was no
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igure 1. Mean ± SEM number of selections from advanta-
eous/disadvantageous decks by control (n=30), preoperative
n=32), and postoperative (n=23) patients across blocks of 20
ard selections in the Iowa Gambling Test (Preop: preoperative,
ostop: postoperative).

ignificant block x group interaction (F [6, 255] = 1.61,
= 0.14, �2=0.04) (figure 1).
ccording to paired-sample comparisons, significant
ifferences were found between the first and last block
et scores in both the postoperative (t [22] = -2.63,
= 0.01) and the control groups (t [29] = -3.74, p =

.001), showing that the performance of these partici-
ants improved over time, consistent with learning. In

he preoperative group, no significant difference was
ound.

nticipatory and punishment SRRs across groups

two-way ANOVA on the means of anticipatory SRRs
enerated by the preoperative, postoperative, and
ontrol groups in association with the disadvanta-
eous decks (A and B) and advantageous decks (C and
) revealed a significant main effect of deck (F [1, 77]
18.178; �2 = 0.19; p = 0.00), i.e. the magnitudes of

nticipatory responses before choosing from disad-
pileptic Disord, Vol. 20, No. 6, December 2018

antageous decks were larger than the magnitudes of
nticipatory responses before choosing from advan-
ageous decks. A significant interaction of group with
eck (F [2, 77] = 10.151; �2 =0.21; p = 0.00) was also

ound. Further investigations of the significant inter-
ction were analysed by means of pairwise t tests.
or the preoperative group, the difference between

a

S
o
p
i
v

igure 2. Mean ± SEM amplitudes of anticipatory and punish-
ent SRRs generated by control (n=30), preoperative (n=32), and

ostoperative (n=23) patients averaged across all cards selected
rom advantageous (C and D) and disadvantageous (A and B)
ecks. *p<0.05, **p<0.01.

he magnitudes of anticipatory SRRs before choos-
ng from advantageous and disadvantageous decks
ere not significant. For the postoperative and control
roups, the magnitudes of SRRs to the disadvanta-
eous decks were significantly higher than SRRs to the
dvantageous decks, indicating that the groups gen-
rated larger anticipatory responses prior to choices
rom the disadvantageous decks than to choices from
he advantageous decks (p = 0.01 and p < 0.01,
espectively).

ne-way ANOVAs of punishment SRRs revealed a sig-
ificant difference between the magnitudes of groups’
esponses (F [2, 80] = 5.96; �2 = 0.13; p = 0.04). Scheffe
ost hoc tests revealed that the punishment SRRs
f the postoperative patients and those of the con-

rol group were significantly higher than those of the
reoperative group (p = 0.01, p = 0.001, respectively)

figure 2).

orrelations of decision-making performances
521

nd SRRs with clinical variables

ince significant differences were found in the number
f AEDs and the duration of illness between the preo-
erative and postoperative patient groups, as shown

n table 1, we examined the relationship of these
ariables with decision-making performances and the
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agnitudes of autonomic responses for each of the
roups separately. No significant relationships were
ound between these variables in patient groups
table 2).

iscussion
n the present study, we assessed the decision-

aking performance of preoperative and postopera-
ive patients with unilateral MTLE with hippocampal
clerosis under ambiguity and compared the scores of
atient groups with those of a control group.
he first major finding of this study was that the
ecision-making performances of the preoperative
roup were poorer than those of the control group.
atients in the preoperative group made more dis-
dvantageous choices and showed no learning over
ime. This finding is consistent with previous studies
hat examined the decision-making performances of

TLE patients (Bonatti et al., 2009; Labudda et al., 2009;
elazer et al., 2010). On the other hand, the decision-
aking performance of the postoperative group did

ot differ significantly from those of the control
roup. Second, the autonomic responses to punish-
ents in the preoperative group were significantly

ower than those in both the postoperative and con-
rol group. The third major finding of this study is
hat in both the postoperative and control groups,
he autonomic responses generated before making
22

isadvantageous decisions were significantly higher
han those generated before making advantageous
ecisions. However, this difference did not reach a
ignificant level in the preoperative group. It can be
nferred from this finding that both the postoper-
tive and control groups acquired somatic markers
hich acted as warning signals during the time the

t
t
r
s
p
e
t

able 2. Correlations between clinical variables, IGT perfo

Preoperative group

Duration of illness Number o

aSRR (AB) r 0.39 -0.09
p 0.14 0.72

aSRR (CD) r 0.38 -0.09
p 0.14 0.74

pSRR r 0.01 -0.18
p 0.99 0.53

IGT Total
net score

r 0.29 0.56
p 0.28 0.05

SRR (AB): magnitudes of anticipatory skin resistance responses to dec
esponses to decks C and D; pSRR: magnitudes of skin resistance resp
articipants were deciding which deck they would
hoose, as suggested in SMH.
ecision-making behaviour is a function of a neu-

al network that involves various neural structures
ncluding the hippocampus, dorsolateral prefrontal
ortex, amygdala, VMPFC, insula, and somatosensory
ortex (Damasio, 1994; Cohen et al., 2008). In this
eural network, the amygdala is responsible for the
cquisition and/or association of information regard-
ng the emotional value of an event or a stimulus
e.g. monetary reward or punishment). The VMPFC
eceives this information and uses it to induce somatic
ignals that are thought to be involved in ensuing
ecision-making behaviour in an advantageous way.
his suggests that the VMPFC can induce these somatic
ignals only in the presence of a healthy, functioning
mygdala. In our study, the autonomic responses
ecorded after choosing from the disadvantageous
ecks were measurements of these somatic feedback
esponses elicited by the amygdala and were found
o be smaller in the preoperative group. Furthermore,
hey did not produce a distinct anticipatory response
o a disadvantageous versus advantageous situation,
uggesting that the seizures originating from limbic
tructures such as the amygdala undermine the func-
ioning of the decision-making network, including its
onnections to the VMPFC (Bechara et al., 1999; Gupta
t al., 2011). The correlation analysis between the
umber of seizures or the number of AEDs used and
Epileptic Disord, Vol. 20, No. 6, December 2018

he decision-making performance and the magni-
udes of autonomic responses revealed no significant
elationship in the preoperative group. Thus, in our
tudy, the poor decision-making performance of the
reoperative group cannot be accounted for by
ither their ongoing seizures or the number of drugs
hey took.

rmances, and autonomic responses in patient groups.

Postoperative group

f AEDs Duration of illness Number of AEDs

-0.34 0.08
0.41 0.84

-0.42 -0.02
0.31 0.97

-0.32 0.10
0.44 0.79

0.49 -0.13
0.22 0.73

ks A and B; aSRR (CD): magnitudes of anticipatory skin resistance
onses to a card which was followed by an overall loss of money.
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Bechara A, Dolan S, Denburg N, Hindes A, Anderson SW,
Decision-

n the other hand, the autonomic responses gen-
rated by the postoperative group both before and
fter making disadvantageous decisions were found
o be similar to those of the control group and their
ecision-making performances were no different from

hose of the control group. These results may be
nterpreted as a demonstration of the positive effects
f surgery on cognitive domains, including decision-
aking behaviour. Frequently, cognitive impairments

ffect the contralateral temporal and frontal func-
ions (Simons and Spiers, 2003; McAndrews and Cohn,
012; Malikova et al., 2015). Epileptic activity spread-
ng from mesial temporal lobe structures including
he amygdala may worsen the related functions of
he contralateral hemisphere. After successful ATL
urgery, the removal of the chronically discharging
pileptic foci and a contralateral amygdala released
rom this spreading may activate reorganization pro-
esses, including the recruitment of a widespread
ecision-making network comprising the VMPFC.
onsistently, studies that have examined neuroplastic-

ty after surgery have found compensatory functional
RI activation contralateral to the resection site

McClelland et al., 2006; Wong et al., 2009; Benuzzi et
l., 2014).
e also compared the number of advantageous

hoices in the first and last blocks of the decision-
aking test to see if the groups significantly improved

heir performances throughout the test. Despite signif-
cant differences found in control and postoperative
roups, in the preoperative group, no difference
as found in the number of advantageous choices
etween the first and last block. These results confirm

he presence of an improvement in performance in
he decision-making behaviour of the postoperative
roup following surgery.
his study provides new data to the existing literature
y showing that a dysfunctional amygdala results in
oor generation of different patterns of autonomic
esponses, for the purposes of enhancing decision-

aking in ambiguous situations.
o achieve a more precise understanding of the
hanges in behaviour after ATL, it would be more reli-
ble to compare the same patients before and after
urgery, thereby overcoming the major limitation of
he current study. In the future, we plan to examine
hose patients who will undergo surgery after par-
icipation in this study. In addition, the absence of
irect correlations between magnitudes of autonomic
esponses and decision-making performances could
pileptic Disord, Vol. 20, No. 6, December 2018

e considered a limitation of this study. A few stud-
es have investigated the relationship between these
ariables, however, these studies involved healthy par-
icipants and differ from our study in terms of their aim
nd methodology (Carter and Smith-Pasqualini, 2004;
enkinson et al., 2008).

N
t
s

B
G
q

ng in temporal lobe epilepsy after anterior temporal lobectomy

n conclusion, the findings of this study validate the
ontribution of mesial temporal lobe structures to
ecision-making behaviour. The findings also high-

ight the importance of examining the connectivity
atterns between the neural structures involved in

he decision-making network. In addition, our study
learly shows that some quantitative benefits in vari-
us cognitive domains, including decision-making, are
bserved following surgery in patients with intractable
pilepsy. However, these results should be validated
ith further studies. From a clinical point of view, it
ay be suggested that assessment of decision-making

erformance be included in the standardized neu-
opsychological examination of MTLE patients both
efore and after surgery, to provide a broader exam-

nation of cognitive functions. The results of the
ecision-making tests may be relevant to treatment,
s therapy designed to strengthen decision-making
bilities of MTLE patients may facilitate and help
hem deal with complex situations they face in
aily life. �

upplementary data.
ummary didactic slides are available on the
ww.epilepticdisorders.com website.
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