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ABSTRACT – The aim of this study was to describe in detail the neurological
features of nine patients carrying the recently reported microduplication at
Xp11.22-11.23. Clinical and neurological examination, brain magnetic reso-
nance imaging (except for two patients), electroencephalography and a
neuropsychological assessment specific for language disturbances were

croduplication at Xp11.22-11.23, dis-
performed in nine patients with mi
d
o
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closed by comparative genomic hybridisation array. Six patients were
familial cases belonging to three unrelated pedigrees and three were spo-
radic cases. The patients had the following characteristics: mild dysmorphic
facial features (except for two patients), mental retardation with mode-
rate to severe global language deterioration, electroencephalographic
epileptiform discharges during wakefulness and especially during sleep

This work was presented during the last American Epilepsy Society poster session
(San Antonio, USA, December 2010).
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or electrical status epilepticus during slow sleep in younger cases, and
negative brain magnetic resonance imaging. The main clinical features of
this new microduplication syndrome were mild facial dysmorphisms, from
increased electroencephalogram abnormalities during sleep to electrical
status epilepticus during slow sleep, and mental retardation mainly involv-
ing language function in the absence of detectable brain lesions. In the
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iorda et al. (2009) recently identified a group of sub-
ects with a microduplication at Xp11.22-11.23 during a
iagnostic genome array screen (comparative genomic
ybridisation array) (CGH array) of 2,400 subjects with
ental retardation (MR), either isolated or associated
ith a more complex phenotype. The duplication was
ither familial or sporadic. The aim of this paper was to
etter define the neurological phenotype of this new
yndrome.

aterials and methods

e directly studied nine patients belonging to
group of subjects with a microduplication at

p11.22-11.23, identified by Giorda et al. (2009). A
eurologist reconstructed the patients’ family and
ersonal histories by telephoning or visiting rela-

ives. All patients underwent neurological evaluation,
lectroencephalography (EEG) (during the awake and
leep state, especially afternoon naps and some-
imes overnight) and, except for two patients (Cases
.1 and II.3 of Family 1), morphological brain mag-
etic resonance imaging. Brain functional MRI (fMRI)
as performed only in one patient (Case II.1 of

amily 2) to explore receptive and expressive language
unctions (for details of fMRI stimulation paradigm,
mage acquisition, and image analysis (Appendix Asee
ppendix). Electroneurography was also performed
n two patients (Cases II.1 and II.3 of Family 2).
ll patients underwent neuropsychological evaluation
ut both intellectual and language difficulties pre-
luded extensive neuropsychological assessment. A
anguage analysis was also performed but only a qual-
tative evaluation was possible.
pileptic Disord, Vol. 13, No. 3, September 2011

esults

linical and instrumental features of the nine patients
re summarised in table 1 ; details of electrical status
pilepticus during slow sleep (ESES) are summarised

n table 2. Of these nine patients, six belonged to
hree families and three were sporadic cases. None

a
p
n
r
s
w
t

e brain lesions, speech delay may be associated with
pticus during slow sleep or, alternatively, related to
ssion of a dosage-sensitive gene contained within the

1.23, mental retardation, speech impairment

f the patients who underwent brain MRI (seven of
ine patients) showed structural abnormalities. The
enealogical trees and further information of all fami-

ial and sporadic cases was previously published by
iorda et al. (2009).

amily 1 (the follow-up of this family is incomplete
ue to loss of patient compliance)

atient I.1 (female of 39 years)
linical history. The patient was the only child born

o non-consanguineous parents with a second degree
ousin affected by MR. Infancy was reported as normal
xcept for speech delay and menarche at nine years.
he reached primary school level education. She mar-
ied and had five pregnancies. Her first child died at
irth during a dystocic delivery. Of the others, two
arry the microduplication and two are disease-free.
he never had overt clinical seizures.
europsychological assessment. Raven’s Coloured
rogressive Matrices revealed borderline intellectual
unctioning. Results showed impaired abilities in
ogical and abstract thought. Verbal language was
haracterised by complete sentence structure,
lthough the content of speech was poor and
xpressed in simple language. The vocabulary was

imited, related to semantic categories in common use
nd often revealed phonological and syntactic errors.
daptive behaviour was not inappropriate.
EG. Infrequent single sharp waves and spike-waves
ere observed at temporal-parietal areas of both hemi-

pheres and vertex.

atient II.1 (female of 14 years)
linical history. The patient was the second child born
241

t 40 weeks by eutocic delivery after an uneventful
regnancy. Psychomotor milestones were reported as
ormal. Language delay with speech (dyslalia) and
elationship disorders were diagnosed at the age of
ix years. At eight years, early puberty appeared and
as treated with gonadotropin-releasing hormone

herapy. She never had overt clinical seizures.
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Table 2. Summary of ESES features.

Patient Case 1 Case 2 Case 3 II.1 II.3

ESES age onset 7 years 7 years 7 years 10 years 5 years

ESES age resolution 13 years 8 years 12 years No follow-up No follow-up

ESES therapy (AEDs) LTG + CLB ESM + VPA VPA Not done Not done

A : etho

N
a
S
P
S
m
t
i
s
a
b
s
i
E
s
a

P
C
a
c
b
p
o
N
o
(
V
M
s
b
i
w
E
s
a

F

I
b

(
o
i
m
H
H
f
i
t
a
p

P
C
i
t
a
t
s
t
c
N
t
c
i
b
m
T
d
t
i
T
w
E

LEV + VPA

Response to treatment Yes Yes

EDs: antiepileptic drugs; LTG: lamotrigine; CLB: clobazam; ESM

europsychological assessment. Cognitive tests and
n adaptive behaviour scale (Wechsler Intelligence
cale for Children revised, Leiter-R, Raven’s Coloured
rogressive Matrices, and Vineland Adaptive Behavior
cales) disclosed mild intellectual disability with a
oderately dysharmonic profile in cognitive func-

ioning. The delay in cognitive functions was higher
n verbal (vocabulary and comprehension), visuo-
patial, and constructive skills (Block Design task) and
ttention/concentration. The analysis of the adaptive
ehaviour showed a global low score without any
ignificant difference between communication, social-
sation and daily living skills.
EG. Many spike-waves, usually single or organised in
hort sequences, were observed at temporal-parietal
reas of both hemispheres and vertex.

atient II.3 (female of 9 years)
linical history. The patient was the fourth child born
t 37 weeks by Caesarean section after a pregnancy
omplicated by poor foetal movement and threatened
y miscarriage. Psychomotor milestones were unre-
orted. She showed language delay. She never had
vert clinical seizures.
europsychological assessment. The administration
f cognitive tests and an adaptive behaviour scale

Leiter-R, Raven’s Coloured Progressive Matrices, and
ineland Adaptive Behavior Scales) disclosed a mild
R/intellectual disability and a receptive and expres-

ive language disorder. The analysis of the adaptive
ehaviour showed a global low score. Impulsiveness,

nattention, oppositional and aggressive behaviours
ere observed.

EG. Many spike-waves, usually single or organised in
44

hort sequences, were observed at temporal-parietal
reas of both hemispheres and vertex.

amily 2

I.1 and II.3 siblings belonged to a family in which
oth parents presented MR. The 60-year-old mother

o
(
E
v
w
m
t

ESM
LEV
ESM + VPA

Yes _ _

suximide; VPA: valproic acid; LEV: levetiracetam.

Case I.1 of Family 2) had diabetes and, like her
ffspring, showed microduplication at Xp11.22-11.23,

dentified by CGH array. The 65-year-old father, with
ild, unspecified MR, had a history of alcohol abuse.
e refused clinical examination and genetic analysis.
istory taking was difficult for the two siblings of this

amily because they were institutionalised and had an
mpaired ability to communicate (MR and speech dis-
urbances). Information was therefore gathered from
vailable clinical documentation and interviewing the
atients’ caregivers.

atient II.1 (male of 35 years)
linical history. At age 20 years, the patient was

nstitutionalised due to a deprived family set-
ing and maltreatment. There was no information
bout his birth or possible pre-, peri-, or postna-
al complications. Caregivers and relatives reported
evere speech delay. He currently works as carpen-
er. He has ulcerative rectocolitis. He never had overt
linical seizures.
europsychological assessment. All tests (Mini Men-

al Examination, Coloured Raven’s Progressive Matri-
es ‘47, and immediate visual memory) were markedly
mpaired. Spontaneous speech was characterised only
y very limited verbal production, such that phone-
ic and syntactic structure could not be assessed.

he Token listening comprehension test showed ran-
om answers, even though the patient was able

o understand simple verbal orders. Repetition was
mpaired for sounds, phonemes, syllables and words.
he patient was able to read only letter by letter and
rite only his name.

EG. Bursts of diffuse epileptiform activities were
Epileptic Disord, Vol. 13, No. 3, September 2011

bserved during sleep (up to phase 2 NREM sleep)
figure 1).
lectroneurography. Normal nerve conduction
elocities and amplitudes in the nerves examined
ere observed using surface electrodes on the right
edian, left ulnar, right peroneal, right and left

ibial, and right and left sural nerves. This examination
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Figure 2. fMRI of Case II.1 (family 2); axial representation of
the eloquent areas was evoked by two language paradigms.
A) Text listening (p<0.001). Besides the wide occipital bilateral
activations, bilateral temporal activations are appreciable; on the
left side, an additional posterolateral eloquent area (arrow) is
evident. B) Image naming (p<0.05). Wide bilateral occipital acti-
v
e
h

igure 1. EEG of Case II.1 (family 2) during sleep deprivation. Dur-
ng sleep (up to phase 2 NREM), high amplitude bisynchronous
nterior dominant spike-wave complexes are evident.

as performed due to absence of leg osteotendinous
eflexes with pes cavus and hammer toe.
rain fMRI. Asymmetries were disclosed in the elo-
uent language areas indicating left hemispheric
ominance (appendix). The smaller width of the elo-
uent language areas in this patient could be a sign
f reduced brain function and represent one of the
eurological correlates of the clinical characteristics
f this pathology (figure 2).

atient II.3 (female of 38 years)
linical history. At age 23 years, the patient was

nstitutionalised due to a deprived family setting
nd maltreatment. There was no information about
er birth or possible pre-, peri-, or postnatal
omplications. Her caregivers and relatives reported
evere speech delay. She works in a factory. She has

egener granulomatosis and, in the past, suffered
rom recurrent uveitis. She never had overt clinical
eizures.
europsychological assessment. All tests (Mini Men-

al Examination, Coloured Raven’s Progressive Matri-
es “47” and immediate visual memory) indicated
arked impairment. Spontaneous speech was charact-
pileptic Disord, Vol. 13, No. 3, September 2011

rised by limited verbal production, sometimes unin-
elligible, with articulatory difficulties and phonemic
rrors with neologisms; prosody was impaired with
onotonous intonation and without inflections. There
as also a frequent lack of grammatical functors

nd phonemic inflections. Repetition was impaired
or both words and phrases. The Token listening

a
i
t

c
d
d

ations are appreciable together with smaller frontal opercular
loquent areas prevailing on the left side. Note the threshold
ad to be lowered (p<0.05 vs p<0.001 in A) to disclose eloquent
245

reas. Asymmetries can be seen in the language eloquent areas
ndicating a left hemispheric dominance and a smaller width of
he language eloquent areas.

omprehension test was markedly poor (and was
iscontinued at the 27th item due to apparently ran-
om responses). Nevertheless, the patient was able to
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nderstand simple verbal orders and could read let-
er by letter but not whole words. She was capable of
riting only her name.

EG. An anterior dominant fast activity was observed
hen EEG was performed at sleep deprivation during
akefulness; drowsiness evoked rare bisynchronous

nterior dominant spike-wave complexes.
lectroneurography. Normal nerve conduction
elocities and amplitudes in the nerves examined
ere observed using surface electrodes on the right
edian, left ulnar, right peroneal, right and left

ibial, and right and left sural nerves. This examination
as performed due to absence of leg osteotendinous

eflexes with pes cavus and hammer toe.

amily 3

atient II.3 (male of 11 years)
linical history. The patient was the third child of
on-consanguineous parents with two sisters in good
ealth. Family history for MR was negative. He was
orn at term by Caesarean section for podalic pre-
entation after a pregnancy complicated by threatened
remature delivery from the seventh month. No peri-
atal disease was present. The proband, his mother
nd one uncle of maternal lineage presented previous
pisodes of cyanosis and staring blankly. At the age of
ix months, he had a seizure characterised by clonic
ovements of the limbs and a stare lasting for one
inute with spontaneous termination. He was under
agnesium valproate therapy up to the age of five

ears. Motor milestones were slightly delayed. Blood
est revealed a beta-thalassaemic trait.
europsychological assessment. The administration
f cognitive tests and adaptive behaviour scales

Leiter-R, Raven’s Coloured Progressive Matrices, and
ineland Adaptive Behavior Scales) defined a mild
ental retardation/intellectual disability, impairment

f motor skills and expressive language disorder. The
ubject had difficulties in tasks requiring attention and
pecific logical skills. His language was poor with sen-
ences structured in an elementary way. Omissions,
ubstitutions and dyslalia were also shown. His adap-
ive skills were generally poor.
EG. Spikes and waves were observed, usually single
r organised in short sequences at temporal areas of
oth hemispheres.
46

poradic cases

ase 1 (female of 14 years)
Case 4 of Giorda et al. [2009])
linical History. The patient was the first born child
t 34 weeks by Caesarean section due to premature
embrane rupture. At the age of three years, she

L
N
c
f
i
c
a

resented febrile convulsions and delayed language
evelopment was diagnosed. Significant inhibition

n relational attitude and emotional coercion were
lso noticed. Since the age of nine, it was reported
hat her EEG recordings showed discharges of bilate-
al diffuse epileptiform abnormalities mainly during
leepiness, hyperpnoea and intermittent light stimu-
ation. Epilepsy started at the age of 12 years with
eneralised tonic-clonic seizures during sleep. Sat-

sfactory seizure control was achieved with lamo-
rigine (LTG) monotherapy. She is overweight and
lso presents hypothyroidism, hyperinsulinaemia and
ligomenorrhoea.
europsychological assessment. Moderate mental

etardation (total IQ: 49) with elective language impair-
ent in both aspects of verbal production and

omprehension was identified.
EG. Normal background activity during wakefulness
as observed, as well as abnormal epileptiform dis-

harges over the left frontal-temporal areas. During
leep, epileptiform activity became continuous with

significant disorganisation of the sleep structure
figures 3, 4); antiepileptic treatment with LTG had
artially reduced the intensity and diffusion of the dis-
harges during sleep. After treatment with clobazam
CLB) and LTG, epileptiform abnormalities during
leep significantly decreased.

ase 2 (female of 13 years)
Case 5 of Giorda et al. [2009])
linical history. Neonatal hypotonia was reported
ithout specific pre-, peri-, or postnatal complications.

delay in psychomotor development, especially
anguage ability, became evident at the age of
our. She suffered cyclic vomiting and, because of
his, many blood tests and instrumental analysis
ere performed: an esophago-gastro-duodenoscopic
xamination showed an erosive esophagitis with hiatal
ernia. Also, plasmatic and urinary amino acids were

ested and shown to be negative. At seven years,
he patient presented early puberty and absence-like
eizures, thus valproic acid (VPA) was started. After six
onths, an EEG pattern specific for ESES appeared and,

ecause of this, ethosuximide (ESM) was introduced.
fter one year, due to the persistence of ESES, leve-

iracetam (LEV) was introduced replacing VPA with res-
lution of ESES. Seizures also disappeared after adding
Epileptic Disord, Vol. 13, No. 3, September 2011

EV to ESM; she is currently seizure-free.
europsychological assessment. Only a global des-

ription from available documents was possible. After
our years of rehabilitation, the patient showed motor
mprovement, whereas language abilities were defi-
ient and she could only pronounce simple sentences
nd understand simple orders.
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Figure 3. EEG of sporadic Case 1. During the awake state (A) specific discharges were not present, whereas during sleep (B) generalised
epileptiform discharges became subcontinuous and ESES was determined.
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igure 4. EEG of sporadic Case 1. As in figure 3, the EEG recordin

EG (at age ten years). Generalised polyspikes and
low waves during wakefulness were observed to
ncrease upon sleep (figure 5).

ase 3 (female of 11 years)
Case 6 of Giorda et al. [2009])
linical history. Normal delivery at term. Family his-

ory was unremarkable. Independent walking was
eached at the age of 14 months. By three years of age,
he had a significant delay in language ability and sleep
isturbances with frequent nocturnal awakenings. She
resented attention deficit with emotional instabi-

ity and recurrent episodes of compulsive eating. At
pileptic Disord, Vol. 13, No. 3, September 2011

ight years, early puberty was diagnosed; menarche
t nine years. She presented diffuse hypertrichosis
nd was overweight. At the age of seven years, EEG
evealed spike and wave activity related to secondary
ilateral synchrony without clinical seizures. VPA was
sed, and subsequently ESM and LEV, without effi-
acy. After the first EEG (at the age of four years), ESM

p
d
w
s
R
w
p

ws the persistence of sporadic spindles.

as combined with VPA with a major improvement in
ehaviour and attention and a significant reduction of
aroxysmal activity during sleep. She never had overt
linical seizures.
europsychological assessment. She presented
oderate mental retardation, severe attention deficit,

omprehension disorder and expressive disorder
haracterised by poor vocabulary, dysarthria with
nintelligible speech. She was able to produce only
hrases of five to six words.
EG. An activity during wakefulness, characterized by
pikes and slow waves over the centro-parietal region
f both hemispheres, was observed. In addition,
hotosensitivity without clinical symptoms was evi-
ent. During sleep, bilateral diffuse slow spikes and
aves appeared, persisting throughout all slow sleep
247

tages, forming a typical picture of ESES. During
EM sleep, paroxysmal activity became fragmented,
hereas focal spikes predominated in the centro-
arietal area.
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igure 5. EEG of sporadic Case 2. During drowsiness and slow sle
aves, became subcontinuous and ESES was determined.

iscussion

iorda et al. (2009) recently reported a microduplica-
ion at Xp 11.22-11.23 associated with mild dysmorphic
eatures, MR, speech delay and EEG features, from
ncreased abnormalities during sleep to ESES. The
resent study aimed to describe the neurological
henotype of the new syndrome following the hypoth-
sis that some peculiar features, such as ESES, speech
elay and MR, may be related to a common underlying
athogenetic mechanism. Epilepsy was also reported

n three of nine patients but this condition had a benign
ourse and was so rare that we could not speculate on
ts pathogenetic implications.
SES was observed in five of nine patients (with only
mnestic data for patients II.1 and II.3 of Family 1).
atry et al. (1971) introduced the term “electrical
tatus epilepticus during slow sleep” (ESES) to indi-
ate a specific EEG pattern with a certain percentage
f epileptiform activity during sleep (expressed as
spike-wave index), characterised by nearly conti-

uous activation beginning with sleep onset, per-
48

isting throughout the night, and resolving when
he child awoke. The term ESES was subsequently
onverted to “status epilepticus during sleep” (SES)
Tassinari et al., 2000), an electroencephalographic
allmark of a condition that when prolonged in
hildren results in disorders collectively referred to
s “encephalopathy related to SES” (ESES) (Tassinari

d
b
w
i
s
t
1

eneralised epileptiform discharges, such as polyspikes and slow

nd Rubboli, 2006). Even though the ESES EEG pat-
ern disappears spontaneously by the mid-teen years,
SES gives rise to permanent language deficits, and
ther neuropsychological sequelae can persist. From a
roader prospective, this condition may be responsi-
le for acquired aphasia and other dysfunctions, such
s behavioural disturbances and motor impairment
Tassinari et al., 2009). ESES was only evident in younger
atients in our series (Cases 4, 5 and 6 and II.1 and

I.3 of Family 1). The data from the literature indicates
hat ESES is never observed in adults. Unfortunately,
EGs performed in childhood were not available for
ur adult patients; the fact that their epileptiform
ischarges were especially activated during sleep can-
ot be interpreted as an evolution of a previous
SES.

nother point of interest is the relationship between
SES and speech delay which are hallmarks of Xp11.22-
1.23 microduplication. Although our neuropsycho-
ogical assessment was limited by a non-standardised
ature of evaluation due to both language difficulties
nd the different ages of our patients, ESES and speech
Epileptic Disord, Vol. 13, No. 3, September 2011

elay were reported in all cases. Speech delay may
e a symptom of many disorders, but its relationship
ith ESES is intriguing. If the epileptiform activity dur-

ng sleep persists for more than two years, language
eldom recovers completely and such patients con-
inue to have lifelong language dysfunction (Deonna,
991). The pathophysiological relationship between
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Federico Oppi for help in Neuropsychological evaluation, Drs
SES and the peculiar patterns of neuropsychologi-
al derangement remains unknown. Some evidence
ndicates that the duration of ESES and the local-
sation of interictal foci influence the degree and
ype of cognitive dysfunction (Tassinari and Rubboli,
006). In addition, Tononi and Cirelli (2003) investi-
ated the effects of a learning task involving specific
rain regions on sleep homeostasis, demonstrating
local increment of EEG slow-wave activity (SWA)

uring sleep in the cortical regions involved in task
erformance. This would imply that prolonged focal
pileptic activity during sleep (as occurs in ESES)

nterferes with local SWA at the site of the epilep-
ic focus, impairing neural processes and, possibly,
he local plastic changes associated with learning
nd other cognitive functions. Hence, ESES might be
onsidered a clinical model for localised EEG disrup-
ion during sleep caused by long-lasting sleep-related
ocal epileptic activity (Tassinari and Rubboli, 2006;
assinari et al., 2009). In the absence of detectable brain
esions, the speech delay in our patients may have
esulted from or been related to a previous ESES, no
onger evident in adulthood as in our familial cases,
ut nonetheless able to cause local SWA damage,

mpairing the plastic changes associated with language
earning.
lternatively, speech delay in our patients could be

elated to abnormal brain expression of a dosage-
ensitive gene contained within the duplication
egion. Xp 11.2 is a gene-rich, rearrangement-prone
egion within the critical linkage interval for several
eurogenetic disorders harbouring X-linked MR, and
any genes contained within the duplication region

re involved in brain development, neurogenesis and
euronal migration (for more details, see table S6 of
iorda et al. [2009]).
nother hypothesis is that speech delay may be

he result of global language regression in a child
ith MR who lived in a deprived home lacking

he child-mother interactions necessary for correct
anguage development. There is growing evidence
hat exposure to highly responsive parenting styles,
amely the maternal response, plays a key role in the
evelopment of children with intellectual disabilities

Warren and Brady, 2007). Moreover, some investiga-
ions suggest that the children of mentally retarded
arents are at risk of language and cognitive delay,
R, and maltreatment, as retarded mothers interact
pileptic Disord, Vol. 13, No. 3, September 2011

ess positively with their children during play and
an be taught to improve their child-rearing skills
Feldman, 1986). This is probably the case for our adult
atients of Family 2 who lived in a deprived family
etting.
nother point of interest is the association between
upXp11.22-11.23 and facial dysmorphic features. The

C
D
a

D
N
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dup (X)(p11.22-p11.23)

ysmorphisms were described in almost all cases
except two) but they differed from patient to patient.
or this reason, a larger sample of subjects is needed
o establish whether the dysmorphism is a distinctive
eature of the syndrome or is due to a random associa-
ion.
inally, an association between dupXp11.22-p11.23 syn-
rome and early puberty/excess weight (seven of nine
atients) and autoimmune disease (adult cases of
amily 2 and sporadic Case 1) was evident. Early
uberty (and the excess weight that may be a symp-

om of this) may be the manifestation of a genetic
isorder involving a sex chromosome, whereas the
ssociation with autoimmune disease could be either
chance occurrence or related to sex chromosome

mpairment. Clinical and experimental evidence has
trengthened the link between sex chromosomes and
mmunity (Selmi, 2008).
o our knowledge, only three patients have been
escribed with a similar syndrome, due to deletions

n 16p13 and characterised by intellectual disability
including a speech disturbance), various dysmorphic
eatures, and seizure disorders involving the rolandic
egion (including ESES) (Reutlinger et al., 2010). There-
ore, similar phenotypes can be the result of different
enetic disorders which are likely to be disclosed by
erforming CGH array in patients with normal karyo-

ype analysis.
n conclusion, we describe the clinical and neuro-
ogical phenotype of a new syndrome related to
p microduplication, characterised by mild facial
ysmorphisms (in almost all patients), MR, ESES
uring childhood, EEG abnormalities activated dur-

ng sleep in adults, and language impairment in
he absence of structural brain abnormalities. Minor
haracteristics include: epilepsy (usually with a good
rognosis), behavioural disturbances, autoimmune
isorders, early puberty, and excess weight.
e suggest that in the presence of MR, speech

elay and ESES, the CGH array will serve to disclose
dditional cases of Xp11.22-11.23 microduplication in
elected patients, thereby demonstrating that the
requency of this syndrome could be currently under-
stimated. �
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Appendix

fMRI: stimulation paradigm

A classical block paradigm consisting of 30-second stimulations alternating with 30-second periods of rest for
a total of 5 minutes was used in all tasks. Owing to the patients’ impaired mental faculties, very simple tasks
were performed. The first task (auditory task) consisted of listening to a voice narrating five of Aesop’s fables,
each completed in 30 seconds (“The hare and the turtle”, “The fox and the grapes, “The lion and the mouse”,
“The frogs desiring a king”, and “The ant and the cicada”) followed by 30 seconds of silence. The second task
(visual task) was silent (covert) image naming: simple images (a flower, house, car, etc), each persisting for five
seconds on the screen, were shown to the patient in sequence for 30 seconds, followed by a 30-second period
of black screen. The patient had simply to think of the name of each image.

fMRI: image acquisition

A General Electric 3 Tesla Signa Excite system and an eight channel “phased array” coil were used to acquire
fMRI and morphological sequences. fMRI acquisition consisted of the whole brain, 29 interleaved slices, and
an axial (bicommissural AC-PC plane), single-shot, gradient-echo echo-planar sequence (GE-EPI), which was
continuously acquired during the stimulation paradigm. Structural MRI consisted of whole brain coverage (162
slides), and sagittal, T1-weighted, high definition fast spoiled inversion recovery 3D gradient echo (FSPGR-IR)
BRAin VOlume (BRAVO) imaging which affords isotropic whole-brain coverage with 1 × 1×1 mm resolution.
Non-magnetic goggles and headphones (Visual Stim XGA and Digital Stereo Commander XG, Resonance
Technology) were used to give subjects visual and auditory stimuli. Moreover, another morphological axial
T2-weighted fast spin-echo (FSE) sequence was acquired.

fMRI: image analysis

Image analysis was performed by using BrainVoyager v. 2.08 (Brain Innovation®, Maastricht, The Netherlands).
fMRI acquisitions were pre-processed (default slice scan time correction, 3D motion correction and temporal
filtering correction, 8 mm smoothing, 108 voxel clustering), co-registered to the segmented morphological
sequence and converted into three-dimensional volume time courses.

fMRI: results

The first task (text listening vs silence) evoked eloquent areas in the superior part of the temporal region
bilaterally, with a weak prevalence on the left side, where they appeared discontinuous and showed a further
small activation in the postero-medial part of the superior temporal gyrus, which anatomically corresponded
to the postero-medial part of the Wernicke area. Moreover, other activated areas were appreciable in the
frontal opercular zone bilaterally, but prevailing on the left side. The anatomical localisation of these eloquent
areas corresponded to the anatomical localisation of Broca’s area. A wide bilateral occipital activation was also
evident, due to the PC desktop shown in the goggles the patient wore. Because of the patient’s movements,
this task resulted in other smaller activations, which were only partially corrected by the software. The second
task (image naming vs black screen) was repeated twice because of the absence of any activation in the real-
time processing. In the repeated task, besides the wide bilateral occipital eloquent areas evoked by the visual
stimulation, a smaller activation in the frontal operculum was also evident: it appeared bilateral, but clearly
prevalent on the left side. Again, the anatomical localisation of the aforesaid activations corresponded to
Broca’s area. It should be pointed out that the threshold in this trial was very low (p<0.05) compared to the
threshold of the first task (p<0.001).
In this case, fMRI showed asymmetries in the language eloquent areas pointing to a left hemispherical domi-
nance. In our experience, the normal population showed larger responses (wider eloquent areas) evoked by
the same kinds of stimulation in both the receptive and expressive language trials. The smaller width we found
in the language eloquent areas in our patient could be one of the signs of hypo/poor function of the brain and
could represent one of the neurological correlates of the clinical characteristics of this pathology (figure 2).


