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Abstract Emotional processing may be abnormal in
amyotrophic lateral sclerosis (ALS). Our aim was to
explore functional anatomical correlates in the processing
of aversive information in ALS patients. We examined the
performance of nine non-demented ALS patients and 10
healthy controls on two functional MRI (fMRI) tasks,
consisting of an emotional attribution task and a memory
recognition task of unpleasant versus neutral stimuli.
During the emotional decision task, subjects were asked to
select one of three unpleasant or neutral words. During the
memory task, subjects were asked to recognize words
presented during the previous task. Controls showed, as
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expected, greater activation in the right middle frontal
gyrus during selection of unpleasant than neutral words,
and a greater activation mainly in right-sided cerebral areas
during the emotional recognition task. Conversely, patients
showed a general increase in activation of the left hemi-
sphere, and reduced activation in right hemisphere in both
emotional tasks. Such findings may suggest extra-motor
neurodegeneration involving key circuits of emotions,
mostly negative, commonly involved in FTD.

Keywords ALS - fMRI - Emotional processing -
Negative words - Lateralization

Introduction

Evidence of extra-motor cerebral dysfunction in amyotro-
phic lateral sclerosis (ALS) comes from both structural and
functional imaging studies. A series of functional imaging
studies using PET and fMRI have shown a pattern of pre-
dominant frontotemporal dysfunction in non-demented ALS
patients with verbal fluency deficits [1-3]. Thalamic and
hippocampal system degeneration has also been demon-
strated [1, 2]. Mezzapesa et al. [4] showed significant grey
matter reduction in temporal and frontal lobes bilaterally,
with a prevalence of right hemisphere involvement in ALS
patients. Evidence of white matter involvement has also been
found in frontotemporal regions, predominantly in patients
with verbal fluency deficits [5]. Neuropsychological deficits,
found as independent from level of disability[6], are now
well-established, including frontotemporal dementia (FTD)
in 5-15% of cases [ 7] and mild cognitive impairment, mainly
evident in executive functions [8, 9], in up to 35% of non-
demented ALS patients. Behavioural abnormalities and
difficulties with social judgement have been described
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recently as frequent in these patients [10, 11]. Gibbons et al.
[12] described a behavioural spectrum that ranges from no
changes to behaviours similar to those seen in FTD, such as
disinhibition, behavioural stereotypes, compulsions and
reduction in response to pain. Similarly, changes in emo-
tional control in ALS have been frequently described as a
common symptom [13]. Recent studies have also described
changes in emotional perception, i.e. emotional facial
expression recognition, both in ALS and FTD patients [14,
15]. Papps et al. [16] found a selective failure in memory for
emotional material in ALS, while Lulé et al. [17] found
altered emotional responses to a picture test with respect to
positive valence and decreased excitability for extremely
emotional stimuli. In a more recent fMRI study, the same
authors [18] found that ALS patients showed increased
activation in the right supramarginal area and a reduced
response in extrastriate visual areas when presented with
emotional stimuli depicting social interaction and facial
expression. Thus, compared to healthy controls, ALS
patients showed enhanced (i.e. altered) sensitivity to social-
emotional cues.

The aim of this study was to use fMRI to further investigate
the brain regions mediating emotional processing of words,
using a protocol which involved the explicit evaluation of
emotional valence and subsequent recognition of unpleasant
and neutral words. The finding of such dysfunction may also
imply relevant issues for clinicians.

Methods and materials
Patients and controls

Ten patients with sporadic ALS were recruited from the
Motor Neuron Disease Centre of the University of Padova.
All of them met the criteria for probable or definite ALS
(Revised El Escorial Criteria) [19]. Physical disability was
measured using the ALS/FRS-r [20]. Patients were exclu-
ded a priori if their severity of upper limb involvement
prevented them from undertaking the manual task, and if
the severity of bulbar symptoms made it uncomfortable for
them to breath whilst lying supine in the MRI scanner. A
score higher than clinical cut-off for suspected presence of
depression on BDI [21] was a further exclusion criteria, as
well as the presence of frontotemporal lobar degeneration
according to Neary’s criteria [22]. A patient was excluded
after the performance in the scan because of excessive
movement. Finally, nine ALS patients were tested (7
males; mean age 51.67 £ 11.45; range 32-63 years; mean
education 8.89 years). Ten healthy comparable controls
were recruited. Detailed data are shown in Table 1. All
subjects were fluent in Italian, were right-handed as
determined by the Edinburgh Handedness Inventory [23],

and had normal visual acuity (measured by a Snellen Test);
none had a history of previous significant head injury or
cerebrovascular disease.

Neuropsychological and psychopathological measures

The ALS and control groups underwent a battery of neu-
ropsychological tests focusing on executive and memory
functions. Most tests were controlled for individual varia-
tions due to dysarthria and motor dysfunction [9] (detailed
data and references are reported in Table 2). Patients’ and
controls’ affective status was assessed with the Beck
Depression Inventory (BDI) [21] and State-Trait Anxiety
Inventory (STAI-Y1) [36]. Emotional Lability Question-
naire (ELQ) [14] was used to assess the presence of
pathological laughing, crying or smiling.

The Kolmogorov—Smirnov test was applied in order to
decide whether a parametric or non-parametric test was to be
used: simple comparison between patients’ and controls’
scores were conducted using a parametric f test or non-para-
metric equivalents (Mann-Witney U tests). Significance was
determined for p < 0.05. Measures are reported in Table 2.

Procedure

An adapted version of the emotional paradigm described
by Tabert et al. [35] was employed. Neuropsychological
profile, depressive symptoms and neurological condition,
were investigated a few days (1-3 days) before the fMRI
scan. Anxiety level was assessed with STAI-Y1 [36], both
immediately before and immediately after fMRI scanning.
On the day before the fMRI measurement, all subjects
practiced a simulation of the two tasks outside the scanner
using a different set of negative and neutral words. Written
informed consent was obtained by all participants in
accordance with the Declaration of Helsinki. The study
protocol was approved by the Ethics Committee of the
University of Padova.

Words selection process

The words were selected from the ‘Dictionary of word
frequency in spoken Italian’ [37] which includes 10,561
words that have been rated for frequency in Italian spoken.
We selected a large group of words (161) with similar
length and high frequency. A group of 50 volunteers (32
males) rated these words on concreteness [from 1 (low
concreteness) to 7 (high concreteness)] and unpleasantness
[from 1 (unpleasant) to 7 (neutral)]. For the current study,
we selected 30 words from those rated as the most
unpleasant, and 30 words from those rated as the most
neutral. Selected words did not differ in word length, fre-
quency and concreteness (p > 0.05).
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Table 1 Participants characteristics

ALS (n =9) Controls (n = 10) t/U value p value

Age (years) 51.67 (11.45) 51.11 (12.05) 0.100 0.921
Education (years) 8.89 (3.82) 11.56 (4.82) 1.299 0.212
Time since diagnosis (months) 24 (12) - - -

ALS/FRS-r total score 37.89 (5.84) - - -

FVC % 80.25 (15.50) - - -

Emotional lability: laugh 5.43 (5.70) 2.90 (5.61) 0.950 0.112
Emotional lability: cry 2.26 (3.40) 2.15 (2.58) 0.077 0.215
Emotional lability: smile 3.44 (4.70) 1.26 (3.08) 1.163 0.092
BDI 10.4 (2.07) 5.8 (1.40) 5.670 0.000
STAI-Y1 (pre-scan) 35.6 (7.36) 34.6 (7.24) 0.290 0.240
STAI-Y1 (post scan) 37.8 (7.10) 36.6 (6.50) 0.373 0.512

Data are mean (SD) and analyses are between groups

ALS/FRS-r Amiotrophical Lateral Scleroris Functional Ratings Scale [20]. FVC Forced Vital Capacity. ELQ Emotional Lability Questionnaire
[13]. BDI Beck Depression Inventory [21]. STAI-Y1 Spielberger State-Trait Anxiety Inventory-State Form [36]

fMRI emotional decision task

Each word set was presented in eight alternating unpleasant
and neutral blocks (4 cycles). Each block began with a 2-s
written instruction (‘negative words’ or ‘neutral words’).
Five word set trials were presented during each block, each
appearing for 4 s with a 2-s inter-stimulus interval (ISI).
During each ISI, a centrally placed fixation cross replaced
the word set. A 30-s resting baseline preceded the first
block of trials, and an 11-s resting period separated all
subsequent blocks of trials. During each trial, a word set
was projected to the centre of the subject’s field of view via
a computer-controlled projection system that presented
stimuli to a rear-projection screen. Subjects viewed stimuli
projected onto the screen via a4 x 10 cm? mirror attached
to a head coil and positioned about 6 cm from and directly
above the subject’s eyes. Each word appeared twice over
the course of the scan within a unique word set. Word sets
were presented in a fixed pseudo-randomized order across
the blocks with the condition that a word would not reap-
pear until all words had been presented once. The position
of a word within a word set was counterbalanced across
presentation. The sequence of blocks of unpleasant and
neutral trials was counterbalanced across subjects by
reversing the trial order for four of the nine subjects.
During the unpleasant blocks, subjects were instructed to
select the most unpleasant word from the three negative
words presented on each words set using their right hand.
Subjects were instructed to base their decision on their
personal knowledge of and experience with the concept.
Similarly, during neutral blocks, subjects selected the word
they deemed to be the most neutral (i.e., non emotional)
from each word set using their right hand.
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fMRI recognition memory task

Sixty additional new words were selected from the total
sample to serve as distractors in the memory task (30
unpleasant and 30 neutral), matched for length and fre-
quency. Together, 120 words (60 previously seen and 60
not previously seen) were presented on 12 alternating
unpleasant and neutral blocks (6 cycles). Each block con-
sisted of a fixed random sequence of 10 words, with a 0.50
probability of being a previously seen word. Each word
was presented for 2 s and was immediately followed by the
next word. A 20-s resting period preceded the first block
and separate successive blocks in counterbalanced order.

Imaging acquisition and post processing of fMRI data

Images were acquired using a 1.5 T Philips MRI scanner,
using a T2*-weighted block-design matrix. Echo-planar
images (EPI) were acquired in a single session for each
paradigm from 14 axial planes (thickness = 5 mm; inter-
slice gap = 1 mm; matrix size 64 x 64; TR = 25),
parallel to the AC-PC line. For the emotional-decision
paradigm 188 images were acquired for the entire session.
Each activation block consisted of 15 contiguous images
and was repeated four times in each session (60 total
images each for neutral and unpleasant stimuli); resting
periods comprised eight images, and were repeated for a
total of seven times. For the memory-decision paradigm
242 images were acquired for the entire session. Each
activation block consisted of 10 contiguous images and
was repeated six times in each session (60 total images
each for neutral and unpleasant stimuli); resting periods
comprised 10 images, and were repeated for a total of 11
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Table 2 Neuropsychological Assessment: means (SD) and p values for between-groups analyses
ALS (n =9) Controls (n = 10) t value p value
Global intelligence
MMSE [24] 29 (2) 28.89 (1.17) 0.123 0.893
TIB predicted full scale premorbid IQ [25] 105.11 (5.82) 110.44 (6.89) 1.773 0.095
Raven’s CPM score [26] 31.44 (2.30) 33 (2.89) 1.221 0.235
Executive functions and attentive control
Written verbal fluency test (total ‘M’ words generated) [9] 37.25 (13.26) 43.00 (14.42) —0.622 0.557
WVfi written verbal fluency test for ‘M’ words [9] 7.01 (4.19) 2.19 (2.09) 2.106 0.061
Written verbal fluency test (total ‘four-letter C’ words generated) 17.75 (4.57) 17.8 (6.46) —0.013 0.989
WVfi written verbal fluency test for ‘C’ words [9] 8.86 (4.77) 8.85 (4.50) 0.017 0.986
Spoken verbal fluency test (F.A.S.) total words generated [27] 29.14 (7.10) 34.89 (12.13) —1.184 0.286
SVfi spoken verbal fluency [9] 4.06 (1.73) 5.22 (2.47) 0.829 0.381
Category fluency test total words generated [27] 40.57 (10.21) 43 (14.70) —0.389 0.716
Cfi category fluency test [9] 4.51 (1.90) 3.27 (1.50) 1.198 0.292
M-WCST categories [28] 4.77 (1.71) 5.14 (0.90) 0.548 0.619
M-WCST total errors [28] 13.89 (13.10) 11.57 (5.35) 0.481 0.668
M-WCST % perseverative errors [28] 17.56 (11.38) 9.67 (4.21) 1.950 0.068
TMT B-A [29, 30] 73.29 (83.31) 41.11 (19.89) 0.999 0.278
Memory functions
Digit span forward [31] 5.88 (0.64) 6 (2.06) 0.173 0.872
Digit span backward (WAIS-R) [31] 3.43 (0.79) 3.86 (1.13) 0.898 0.397
Corsi blocks tapping test [27] 5.33 (0.50) 6 (1.22) 1.511 0.150
Words recognition memory test raw score [32] 45.3 (4.6) 43.8 (5.7) 0.633 0.537
Prose memory test [27] 11.64 (3.11) 13.73 (2.71) 1.472 0.158
Language
Boston naming test [33] 4.33 (4.88) 4.83 (1.72) 0.236 0.818
Token test [27] 1.5 (1.80) 0 (0.00) 1.441 0.346
Visuospatial Abilities
Rey-Osterrieth copy [34] 31.25 (1.77) 35.5 (0.70) 3.156 0.087
Rey-Osterrieth recall [34] 22.5 (4.24) 21 (4.25) 0.353 0.757

Data are means (SD) and analyses are between groups

MMSE Mini Mental State Examination. T/B Brief Intelligence Test. CPM Coloured Progressive Matrices. fi fluency index

times. The first 12 images of both tasks were discarded as
‘dummy scans’. Pre-processing steps comprised slice
acquisition time correction, within-subject image realign-
ment, spatial normalization to the MNI template (voxel
size: 4 x 4 x 4 mm) and spatial smoothing using a
Gaussian kernel (12-mm full-width at half-maximum).
Data sets were rejected if head displacement was greater
than 2 mm in any direction. The time series was high-pass
filtered to remove low frequency noise. Changes in blood
oxygenation level-dependent (BOLD) contrast associated
with the performance of the cognitive tasks were assessed
on a pixel-by-pixel basis using the general linear model and
the theory of Gaussian fields. Significant hemodynamic
changes for each contrast were assessed using ¢ statistical
parametric maps (SPMt). The intragroup activations and
comparisons between groups were investigated using a
random-effect analysis, with a one-sample or two-sample

t test. Data processing and analysis were accomplished
using Statistical Parametric Mapping (SPM2) software [38].
p value threshold was <0.05 corrected for multiple com-
parisons; extent threshold >5 contiguous voxels.

Results
Psychopathological and neuropsychological tests

There was no evidence of a significant difference between
groups on anxiety state ratings and no significant increase
in ratings from pre- to post-scanning. A significant differ-
ence between groups emerged for BDI scores indicating
that the patient group showed more depressive sympto-
mology than controls (t = 5.670; p = 0.001). However, all
subjects’ BDI scores were below the clinical cut-off (score

@ Springer
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Table 3 Behavioural data of the memory recognition task, means (SD), # and p value for between group analysis

ALS mean score (n = 9) Controls mean score (n = 10) t value p value
Unpleasant words (n = 60)
False positive 4.22 (4.18) 3.80 (3.22) 0.245 0.807
False negative 11.44 (1.13) 8.20 (3.33) 2.903 0.013
Correct omission 22.44 (6.58) 25.20 (4.80) —1.033 0.308
Correct recognition 18.56 (1.13) 21.80 (3.33) —2.903 0.013
Correct response—total score 41.00 (6.32) 47.00 (4.76) —-2.316 0.031
Neutral words (n = 60)
False positive 3.00 (4.15) 1.50 (1.72) 1.009 0.309
False negative 15.11 (7.08) 14.30 (7.82) 0.237 0.816
Correct omission 27.00 (4.15) 28.50 (1.72) —1.009 0.309
Correct recognition 14.89 (7.08) 15.70 (7.82) —0.237 0.816
Correct response—total score 41.89 (6.01) 44.20 (6.91) —0.780 0.450

greater than 16), indicating that no individual patient nor
control subject was clinically depressed. There was no
significant difference between groups in the Emotional
Lability Questionnaire or on any neuropsychological test;
data are presented in Tables 1 and 2.

Behavioural data

Subjects attended to the stimuli and responded to every
trial as instructed for the entire duration of the scans. All
subjects found the unpleasant word sets to be highly
unpleasant, particularly when compared with the neutral
word sets. During the memory recognition task, healthy
subjects recognized significantly more unpleasant than
neutral words: they detected 73% of the unpleasant words
and 52% of neutral words, demonstrating a significant
memory enhancement for unpleasant words (1 = 2.270;
p = 0.036). Conversely, our patients recognized 62% of
the unpleasant and 50% of the neutral words presented,
which was not significant (+ = 1.534; p = 0.144). Data are
shown in Table 3.

fMRI emotional decision task
Within subjects analyses

Unpleasant versus neutral words: the control group
exhibited greater activation for unpleasant words versus
neutral word stimuli in the left inferior parietal lobule (BA
40), right anterior cingulate gyrus (BA 32), and right
middle frontal gyrus (MFG; BA 6). The ALS group
revealed greater activation in the left-sided inferior frontal
gyrus (BA 47), left precuneus (BA 7) and right anterior
cingulate gyrus (BA 32). Data are shown in Fig. 1 and
Table 4.
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Between subjects analyses

Unpleasant versus neutral words: controls displayed
greater activation as compared with patients in right MFG
(BA 6). Conversely, patients showed significantly greater
activation on left inferior frontal gyrus (BA 47) during
unpleasant stimuli decision in comparison with controls.
Data are shown in Table 5.

Unpleasant words versus rest: controls revealed greater
activation in the right MFG (BA 9, 46) than patients when
compared with rest. Conversely, patients showed greater
activation in the left MFG (BA 10) in the same analyses.

Neutral words versus rest: a greater activation was
shown in controls compared to patients in the left precen-
tral gyrus (BA 6), right cerebellum and right parietal lobule
(BA 39, 40). Patients displayed greater left MFG (BA 10,
11) activation in such analyses. (see Table 5).

fMRI memory recognition task
Within subjects analyses

Unpleasant words versus neutral words: the control group
showed greater activation for unpleasant words versus
neutral word stimuli in the bilateral insula (BA 13,) and
right superior parietal lobule (BA 7). The ALS group
revealed greater activation in the left middle frontal gyrus
(BA 9), left inferior frontal gyrus (BA 47), left superior
parietal lobule (BA 7), right anterior cingulate (BA 13),
and right superior parietal lobule (BA 7). (Fig. 2; Table 4).

Between-subjects analyses

Unpleasant versus neutral words: The control group dis-
played significantly greater activation in the right superior
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Table 4 Regions of significant difference in activations in the
comparison within subjects during the emotional decision and
memory recognition tasks

Cortical region of centroid Z score  MNI coordinates

Unpleasant words > neutral X y z

Emotional decision task (see Fig. I)

Controls
Left inferior parietal lobule (BA 40) 4.04 —36 —48 52
Right middle frontal gyrus (BA 9) 3.92 40 12 40
Right anterior cingulate gyrus (BA 32) 3.56 16 40 4
Patients
Left inferior frontal gyrus (BA 9) 4.63 —44 12 24
Left precuneus (BA 7) 3.55 —20 —-56 48
Right cingulate gyrus 3.50 8 24 44
Memory recognition task (see Fig. 2)
Controls
Left insula (BA 13) 4.72 —32 12 12
Right middle frontal gyrus (BA 6) 4.53 36 0 32
Right insula (BA 13) 4.16 40 16 8
Right superior parietal lobule (BA 7)  3.86 32 =56 52
Patients
Left middle frontal gyrus (BA 9) 4.30 —40 12 32
Left inferior frontal gyrus (BA 47) 3.99 —48 20 —4
Left superior parietal lobule (BA 7) 4.57 —28 —60 48
Right anterior cingulate (BA 13) 4.22 —4 12 36
Right superior parietal lobule (BA 7)  4.77 32 —64 52

Fig. 1 Brain areas more activated in healthy subjects (a) and ALS
patients (b) during the emotional decision task (unpleasant vs. neutral
words). Significant activations are overlaid onto two sagittal (left and
right anatomical coordinates) standard MNI brain images, (areas are
discussed in text; statistical parameters are reported in the text)

parietal lobule (BA 7) for unpleasant stimuli in comparison
with ALS subjects.

Unpleasant words versus rest: Controls revealed sig-
nificantly greater activation of the right posterior cingulate
(PC) gyrus in comparison with patients.

Fig. 2 Brain areas more activated in healthy subjects (a) and ALS
patients (b) during the memory recognition task (unpleasant vs.
neutral words). Significant activations are overlaid onto two sagittal
(left and right anatomical coordinates) standard MNI brain images,
(areas are discussed in text; statistical parameters are reported in the
text)

Neutral words versus rest: The control group displayed
significantly greater activation in the right PC gyrus
(BA10, BA11) for neutral stimuli in comparison with ALS
subjects. Data are shown in Table 5.

Discussion

This study demonstrates a differential task-related activa-
tion in the neural networks underlying decision making
(decision among unpleasant words and decision among
neutral words) and recognition for emotional material
(identification of known unpleasant or neutral stimuli vs.
new unpleasant or neutral stimuli) in patients with ALS
compared to healthy controls.

According to the literature [39, 40], in our control group,
fMRI showed greater activation for unpleasant versus neutral
words in the right hemisphere during the emotional decision
and memory recognition tasks. On the contrary, while per-
forming the same tasks, patients included in the study mainly
revealed activation for negative words on the left hemi-
sphere. The between-groups analysis confirmed significantly
greater activation in left-sided inferior frontal gyrus of
patients, while controls displayed significantly greater acti-
vation, as expected, in right-sided MFG, a cerebral region
typically involved in language-related functions and partic-
ularly in emotional word processing [39, 41]. Findings of
unpleasant words activation versus rest in patients compared
to controls corroborated such lateralization (controls showed
greater activation in the right MFG than patients; patients
displayed greater activation in the left MFG than controls for
same unpleasant words’ selection). The between-subjects
analysis for the unpleasant versus neutral words recognition
confirmed significantly greater activation in controls

@ Springer
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Table 5 Regions of significant difference in activations in the
comparison between control and ALS groups during the emotional
decision and memory recognition tasks

Cortical region of centroid Z score  MNI
coordinates
X y Z
Emotional decision task
Unpleasant words > neutral
Controls > patients
Right MFG (BA 6) 4.45 40 -4 44
Patients > controls
Left Inferior Frontal Gyrus (BA 47) 3.52 -36 20 —16
Unpleasant words > rest
Controls > patients
Right MFG (BA 9, 46) 4.39 40 -4 44
Patients > controls
Left MFG (BA10) 393 =32 60 4
Left MFG (BA11) 3.87 —-24 36 -20
Neutral words > rest
Controls > patients
Left precentral gyrus (BA6) 4.20 -36 —4 48
Right cerebellum 3.68 20 —-52 —16
Right inferior parietal lobule 3.59 56 =32 28
(BA 39, 40)
Patients > controls
Left MFG (BA 10, 11) 3.66 —36 40 -16

Memory recognition task
Neutral words > unpleasant
Controls > patients
Right Inferior Parietal Lobule (BA 40) 3.66 32 —48 44
Unpleasant words > neutral
Controls > patients
Right superior parietal lobule (BA 7) 3.55 36 —60 56
Unpleasent words > rest
Controls > patients
Right PC gyrus (BA 23, 31) 4.24 20 —68 8
Neutral words > rest
Controls > patients
Right PC gyrus (BA 23, 31) 4.22 20 —68 16

compared to patients, in the right-sided superior parietal
lobule, typically involved in mnesic functions. Moreover,
greater activation for control subjects compared to ALS
patients, in the right PC gyrus both for recognition of
unpleasant and neutral stimuli when compared to rest was
found. The PC gyrus has been implicated in the interaction of
emotional and memory-related processes and receives strong
afferent input from regions of the brain related to emotion
and social behaviour (including the anterior cingulate,
orbitofrontal and dorsolateral cortex, and the superior tem-
poral sulcus) [41, 42].
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A shortcoming of our study is that the fMRI parameters
we adopted (i.e. the smoothing with a 12 mm Gaussian
kernel) may not be ideal to distinguish activation in sub-
cortical structures, presumably involved in emotional pro-
cessing, in addition to the cortical areas mentioned above.

To summarize, our ALS patients showed an abnormal
lateralization in emotional processing, mainly for unpleas-
ant words, in terms of an increased brain activation in the
left hemisphere and a reduced brain activation in the right
hemisphere, compared to controls. This lateralization may
indicate compensatory cognitive or neuroplastic changes.
Dysfunction of frontal networks have been repeatedly
observed in ALS [8], and classically includes frontal lobe
atrophy and frontotemporal cortical hypometabolism that
extends to the anterior cingulate gyrus [3]. However, the
more lateralized right-sided reduced activation in ALS is
more consistent with lateralized atrophy registered by some
studies [4]. Murphy et al. [43] suggested the right hemi-
spheric atrophy as a type of biomarker linked to behavioural
abnormalities among patients with ALS. Patients with right
hemisphere deficits exhibit an indifferent reaction, tending
to deny the extent of their disabilities; this is a common trait
observed in patients with ALS with behavioural distur-
bances [6, 10]. A recent conceptualization postulates that
both hemispheres process emotions, but each hemisphere is
specialized for a particular type of emotion, mainly in the
frontal cortex. In one formulation of this approach, the left
hemisphere is dominant for positive emotions whereas the
right hemisphere is dominant for negative emotions [44].
This suggests that the abnormal functioning of the right
hemisphere that we found in ALS may lead to difficulties in
processing negative emotions. This was further supported
by the behavioural data in which our ALS patients did not
show the enhanced memory for the unpleasant versus
neutral words in contrast to controls, indicating some dys-
function in emotional processing. Whether such changes
in emotional processing underlie the behavioural symp-
toms which appeared prevalent in ALS, such as apathy,
warrant further study. However, such dysfunction may imply
neurodegeneration in key circuits related to emotional
processing, mainly in the right hemisphere, supporting
Murphy et al.’s [43] suggestion and confirming extra-motor
involvement in ALS. Moreover, such findings further support
the hypothesis of a link between ALS and FTD patients who
present with widespread impairment in recognition of emo-
tions, most marked for negative emotions [15].

The potential clinical implications on cognitive affective
impairment in patients with ALS might have also a major
importance and should be taken into account when patient
care or experimental trials are planned, focusing on the
patient’s ability to evaluate emotional consequences and
implications of therapeutic approaches, for them and their
families.
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