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1. AN INTRODUCTION T0O  AMYOTROPHIC LATERAL
SCLEROSIS/MOTOR NEURONE DISEASE (MND/ALS):

1.1TERMINOLOGY

The nomenclature of disorders of the motor systamlwe confusing. Currently,
terminology is based on clinical or pathologicaschgtions rather than on basing
underline mechanism. This terminological difficultyan be resolved by
consideration of historical development of the @picof anterior horn cell
disease as a cause of muscle wasting. Progressiseurar wasting was a clinical
syndrome well known in the early i@entury. The ternProgressive Muscular
Atrophy (PMA) was firstly used by Aran in 1850 (1), wholibeed that this
syndrome was a muscular disorder. Duchenne gaesaigtion of this disorder
in 1849 (2). In 1869, Jean Martin Charcot (3,4% tinst professor of Neurology
at the Salpetriére, and Joffroy, described two cade the disease, observing
lesions in postero-lateral spinal cord. They pemubthe name of the new
syndrome asAmyotrophic Lateral Sclerosi¢ALS), and they determined its
essential characteristics. During a series of ftestun 1874, Charcot clearly
established ALS as a distinct syndrome respeciMA.P

In recognition of the relation between the syndrenmed PMA, ALS and
Progressive Bulbar Palsy (PBP) Brain (Brain, 19@®poduced the ternMotor
Neuron Diseaseas shown by the spectrum of involvement of ugpdviN) and
lower (LMN) motor neurones and by topography of thascular wasting. So,
Motor Neuron Disorders (MNDs) are heterogeneowsigrof disorder (Tab. I)
with diverse signs and symptoms, all in the samy aftecting the anterior horns
cells.

The terms ALS now is more frequently used than teebond it is considered to

describe the disease more specifically.



Table I: The motor neuron diseases

Idiopatic motor neuron diseases

Amyotrophic lateral sclerosis (ALS)

Progressive Bulbar Palsy (PBP)

Progressive Muscular Atrophy (PMA)

Primary Lateral Sclerosis (PLS)

Familial Amiotrophic Lateral Sclerosis

Juvenile Amiotrophic Lateral Sclerosis

Madras motor neuron disease

Kennedy's disease

Monomelic motor neuron disease (amiotrophy

Toxin-related motor neuron disease

Lathyrism

Konzo

Gaumann ALS
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1.2 EPIDEMILOGY

Amyotrophic Lateral Sclerosis has an incidence Isimacross the world (range,
1.0 to 2.5/100,000).

The 1990s incidence and mortality rates of MND ager at 1.89 per
100,000/year and 1.91 per 100,000/year, respegtitlalis yielding increases of
46% and 57% over the 1960s-1970s decades, resggciihis increase appeared
mainly due to Southern Europe countries, to fengaleder and to patients aged
75 years and over. Thus, the results of this ammab@nfirmed that the incidence
of, and mortality from, MNDs continued to increadaring the 1990s and,
suggest that this increase could be partly duedeeased life expectancy. Other
factors might also contribute, such as better dagnsince El Escorial criteria
(see paragraph 1.5), and better accuracy of deatfificate collection (5).
Survival has been observed as affected by agesat gmedian survival: 34, 27,
and 23 months for onset <60, 60-75, and >75 yeaspectively), area of
residence (median survival: 24 months in mountasnaneas, 32 elsewhere), and
type of work (median survival: 25 months in agriavhl workers, 33.5 in others).
The duration of the disease is defined as intdvealveen the onset of symptoms
and death. Gender did not influence survival, whgneercutaneous endoscopic
gastrostomy placement and invasive ventilation(Mendrioli, 2006). Moreover,
Forced vital capacity (FVC) is an indicator of sual and disease progression in
an ALS clinic population (6). The mean annual ietide adjusted by age and sex
to the 2001 Italian population was 1.7/100,000 (&.2.0) (7).

Beghi and colleagues (8) studied the incidenceaftiefinite ALS in Northern of
Italy: it was 0.93 (spinal-onset ALS 1.35; bulbarset ALS 0.74) and observed
that was consistently higher in men with spinalean&LS vs men with bulbar-
onset ALS and women. So the incidence of ALS vaaiecbrding to age, sex, and
site of onset. Specifically to our region, Briatial (9) evaluated the incidence of
the disease in Padua, using a retrospective meihatudy all MND cases
hospitalized in the district from 1980 to 1991:ytHeund that ALS cases were
doubled in this decade (from 0,66 new cases to p&4.00.000/year).

11



1.3CLINICAL FEATURES

Amyotrophic Lateral Sclerosis is the most commomrmfoof MND of
undetermined cause in adults (85% of cases), aftpobt only the anterior horn
cells but also the cortical-spinal traits, resujtim a fairly consistent clinical
picture and outcome. The disorder is almost asimmat onset, and it may be
quite focal. ALS is relentlessly progressive, angariably fatal. Death results
usually from ventilatory failure. The clinical femes depend on the variable
permutations of the combination of LMN and UMN itv@ment, and these vary
not only according to the pattern of onset in aaytipular patients, but also in
relation to the stage of the disease.

By definition, the features of ALS are signs anthpyoms of lower motor neuron
dysfunction (Tab.lll), including focal and multifacweakness, atrophy, cramps
and fasciculations, associated with the corticahapsigns of spasticity and
enhanced and pathologic reflexes, representing tgpé&r Neuron Dysfunction
(Tab. II). There is the absence of sensory findings

The patients present with a history of unexpedttiggbing, difficult negotiating
curbs, dragging of a foot, and ultimately more us# weakness of the leg.
Difficulties with buttoning clothes, picking up dgts, or simply poor
coordination while performing fine movements ardeowvise the exempla of
involvement of the UMN. The cortico-bulbar tractayrbe also involved (Table
IV), resulting in dysphagia and dysarthria thatraggtes the already established

lower motor neuron involvement at the brain-steuwele
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Tablell: Upper motor

neurone dysfunction

Symptoms

Weakness

(Loss of muscle strength)

Stiffness

Slowing of distal movements

Inco-ordination

Signs

Spasticity

Brisk reflexes

Babisky and Hoffman signs

Weakness

Pathological Hyperryflexia

Tonic-flexors spasm

Pseudobulbar affect

Table IV: Bulbar dysfunction

Tablelll: Lower motor

neurone dysfunction

Symptoms

Fatigue

Weakness

(Loss of muscle strength)

Cramps

Twiching of muscles

Inco-ordination

Signs

Weakness

Muscle Atrophy

Fasciculations

Suppression of reflexes

Hyporiflexia

Hipotonia

(due to a upper motor neurone defect)

Signs and Symptoms

Dysathria

Dysphagia

Shalorrea

Aspiration and Laringospasm

Spastic Bulbar Palsy (Pseudobulbar Palsy)

13



Bulbar features develop during the course of tiseale, but may be a presenting
feature, especially in middle-age women with ALSIlEr involvement leads to
difficulty speaking and swallowing, and it is oftemosely correlated with a
weakened of respiratory muscles and a reduceddorital capacity. Patients
with bulbar involvement may have prominent emotldahility characterized by
uncontrollable paroxysm of laughing or crying. Téefgeatures define classic
ALS, in the sense that it was described by Chaf8ptin sum, at onset, ALS
presents with lower motor neuron involvement (LMNset or the PMA for the
ALS), upper motor neuron involvement (UMN-onsetloe PLS form), or bulbar
involvement (bulbar-onset or PBP form). A summaggzscheme is shown below
(Fig.1). Description of ALS subsets will be bett#lustrated in the next
paragraph.

Other important observations on the clinical feasuthat have been much
remarked over the years include the striking re¢atiesistance of the external
ocular muscles to denervation during the coursehef disease. The striated
urinary and anal sphyncter muscle are also relgtsfared until the late stages of
the disease. Similarly, the abducor muscle of ldrgnx and the sphincter
muscles, which are in state of continuous tonictremtion, as urinary and anal
sphyncter, are also resistant to denervation in.AE8&sciculation of the tongue is
a clinical sign with high diagnostic probably waiL.S.

Clear frontal or fronto-temporal dementia appearabout 5% of cases (10).
Otherwise, mild cognitive impairment may develop4in% of cases (11), with
characteristically frontal effect. Cognitive detegtion in non demented patients
with ALS is relatively slow process. Selective ciiiye impairment in the form
of verbal fluency deficits, most likely indicatingxecutive dysfunction, appears
relatively early on the course of the disease,oalgin language functions may
become vulnerable as in the disease progressesAli2view of the literature
shows prevalence rates for depression in ALS patiemging from 0% to 44%,
but studies using the structured interview accgrdio DSM-IV criteria find
highly consistent rates of 9-11%. Prevalence riteanxiety in ALS range from

0% to 30%. Depression and anxiety appear to bealmatys properly addressed
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aspects of ALS, as there are only a few referennethe literature about
psychological and pharmacological interventiong.(13
Both neuropsychological than psychopathologicabdifigs in MND/ALS are

better explained in next chapters.

PMA

LMN onset

Figure 1: ALS manifests generalized upper motor neton (UMN) and lower
motor neuron (LMN) involvement. At onset may be prsent only UMN, LMN
or bulbar signs. In a small number of patients, thedisease remains
exclusively in UMN, LMN or bulbar involvement over the entire course of
disease (such as in: “Primary Lateral Sclerosis”’(PK), “Progressive
Muscular Atrophy”, (PMA), “Progressive Bulbar Palsy” PBP

15



1.4ALS/MND SUBTIPES

The pattern of onset has been much studied: lingetois found in 65-80% of
cases, and bulbar onset is found in 20-25%. Bulaslvement carries a poor
prognosis, and life expectancy in patients wittbhulonset is worse than in those
who present limb onset (14,15). Subsets of ALS siscRMA, PLS and PBP have
distinctive clinical pictures, outcomes, and patigod features. These variations
must be recognized when physicians are to tailefcadon disease progression,
prognosis, drug therapy, and care to the needseoindividual. Clinical trials of
new therapeutic agents have been performed, casthanption that patients with
ALS/MND have the same underlying etiology, addmegsthe heterogeneous
population of the patients under a single diagoostitegory. This can be
detrimental to the well-being of the individual ,daese clinical heterogeneity may
mask drug effects in clinical trials. The attempicategorize subgroups based on
the clinical and pathological background within gpectrum of ALS/MND may

be a critical step in facilitating clinical reselaia ALS/MND.

Progressive Muscular AtrophgPMA) is characterized by pure LMN findings
only over the entire course of the disease. Patiethib present with LMN signs
and later develop features of classic ALS are camsd to havé MN-onset ALS
or the PMA form of ALS. PMA is rare: it showed (18) only 2,4% of ALS
patients. Its duration is longer than that of ABased on El Escorial diagnostic
criteria for ALS, PMA is not synonymous of ALS astould be considered an
independent entity (M:Fratio 3-4:1).

Primary Lateral Sclerosi{PLS) is characterized by pure UMN findings and
should be considered an independent condition.i®E&ind in 2% to 3.7% of all
patients with ALS (16). Patients who present wiigns of UMN findings and
later develop features of classic ALS are consitiéoehaveUMN-onset ALSor
the PLS form of ALS.

16



Progressive Bulbar PalsyPBP) is characterized by progressive paralysis of
muscles because of involvement of UMNs and LMNsassely or in
combination. By definition, the disease must beéctsyr limited to the bulbar
muscles during its entire course. Patients whogmtsswith signs of bulbar palsy
and later develop features of classic ALS are cmmed to havéulbar-onset
ALS Even in its early stages, most patients with éutinset ALS have evidence
of LMN involvement outside the bulbar musculaturkerefore, PBP is extremely
rare and should be considered as one type of geggenof ALS (16 Cognitive
deficit in ALS appear more prominent in patientshwpseudobulbar palsy (17)
(M:F ratio 1:1)

Sporadic ALSis nonfamilial; ALS is identified in only one membof entire
family. It constitutes more than 90% of all ALS easWhen the family history is
uncertain or the parents of the patient died aearty age, the possibility of
familial ALS cannot be excluded. Autopsy findingaymot be specific enough to
distinguish familial forms, and the clinical feadsrare identical both in sporadic
then in familial. (M:F ratio 3:2)

Familial ALS (fALS) constitutes about 10% of ALS cases. It igitally
autosomal-dominant; one additional affected famihembers needs to be
identified in the preceding or successive genematieneration skipping is rare in
fALS (17). When a medical history of the family mieens, particularly the
parents, is not available, fALS cannot be excluddtke superoxyde dismutase
mutation (SOD1) is approximately present in 15%fAIifS patients (18). The
prevalence and pattern of cognitive impairmentamifial ALS is similar to that
of sporadic ALS (19).

“Flail arm syndrome”, “man in a barrel syndrome”, frogressive amyotrophic
diplegia” or “Bernhard-Vulpian syndrome’is characterized by a predominant
LMN weakness of both arms. UMN signs develop in78% of cases. The

progression of the disease is often slow, prognedigtter than in typical ALS. It

17



is more common in people of African and Asian arigihis syndrome represents

about 10% of all cases at presentation (20).

MND-Dementia syndrome (MND-I¥ has classically frontal or fronto-temporal
involvement, and it is present in 5% of cases, eéhaugh 20-50% of patients
have subtle cognitive change of “frontal” type. MNIDmay present first with

dementia or with MND progressing to dementia, ahvai combination of both.

18



1.5DIAGNOSIS

Criteria for clinical and pathological diagnosisvhabeen defined at consensus
conference held in El Escorial, Spain, in 1994 (2hd at Airle House, Virginia,
in 1998 (22). In these criteria, the clinical diagis is based on the clinical,
electrophysiological, and neuroradiological feasureCurrently there is not
surrogate marker for the diagnosis of ALS.

The El Escorial World Federation of Neurology (WHRiteria individuated five

features to make the diagnosis of ALS, showed inléel'sl.

Table V: El Escorial world federation of neurology criteria for the diagnosis
of ALS

Features Present Features Absent

» Signs of lower motor neuron ¢ EMG evidence of other disease

degeneration by clinical, processes that might explain signs
EMG, or neuropathological of lower motor neuron or upper
examination motor neuron degeneration

» Signs of upper motor neuron <« Neuroimaging evidence of other

degeneration by  clinical disease processes that might
examination explain observed clinical and
EMG signs

* Progressive spread of signs

within a region, or two other

regions

Because the progressive spread of signs from regicggion is so critically
important in the diagnosis of ALS, the EI EscodFN conference provided
guidelines based on topographic criteria to esthlihe diagnosis with varying
degrees of certainty, as shown in Table VI. The tmrdinal regions are also
defined in Table VI.

19



TableVI: Levels of certainty in the clinical diagnasis of ALS according to the

World Federation of Neurology guidelines

Level of certainty

Charderistic features

Suspected ALS

Possible ALS

Probable ALS

Definite ALS

Only lower motor neuron signs in two or mare

regions

Upper motor neuron and lower motor neuron si
are in only one region; or,

Upper motor neuron signs alone are present in
or more regions; or,

Lower motor neuron signs are rostral to upper m

neuron signs

Upper and lower motor neuron signs in at least

regions; although the regions may be different, e

gns

two

ptor

two

DM

upper motor neuron signs must be above the lower

motor neuron signs

Upper motor neuron as well as lower motor neyron

signs in the bulbar region and at least two o

spinal region; or,

her

Upper motor neuron motor and lower neuron signs

in three spinal regions

TableVIl: The four region ascertained in the diagnais of ALS

Region Specific Muscle group

Bulbar Jaw, Face, Palate, Tongue, Larynx
Cervical Neck, Arm, Hand, Diaphragm
Thoracic Back, Addomen

Lombosacral Back, Addomen, Leg, Foot

20



1.6 PATHOLOGY

The typical clinical picture of combined upper moteuron (UMN) and lower
motor neuron disease (LMN) signs are predominantlassical ALS and are
reflected in the anatomical distribution of degeige changes in the motor
systems. This changes have been documented siacguties of Charcot (3).
The major UMN pathological features, which cortelaith the principal clinical
manifestation, are:
a) a reduction in both the number of size of lower onateurones
(anterior horn cells) in the spinal ventral hormsl dulbar motor
nuclei; and
b) myelin pallor in the cortico-spinal projection pathy,

a secondary consequence of axonal loss in thismegi

UMN (Betz cell) soma abnormalities are much moreiade, and many
additional pathological features have been destribsing conventional and
immonocytochemical stains. The most severely afféacases show an obvious
absence of giant Betz cells in cortical layéraBcompained by reactive gliosis,
which is demonstrable by astrocitosis (e.g. bgldibrillary acid protein (GFAP)
imunocitochemestery) and as a diffuse microglislisi(e.g. using
immunocitochemestery against antigens such as CB68 HLA-DR).
Unfortunately such findings are not direct evideribat the Betz cells have
actually dispeared, and there is no molecular matkat exclusively labels
UMNSs. Phenotypically, these large glutamatergic roeas have molecular
characteristics that are similar to other pyramals in the cortex. The extent to
which appear the loss of Betz by conventional meitiNiss| staining) is due to in
part to neurological shrinkage, so that the Bells @®comes indistinguishable by
size criteria alone from neighbouring piramidallgels unknown and probably
varies from case to case.

Patients who have symptomatic disease that begirthe arm, leg or bulbar
regions may show progression of symptomatic involeet to other regions on
topographically-based patterns that are consist@htmore rapid progression of

21



the disease to anatomically contiguous areas befeveloping rostral or caudal
symptoms throughout the neuraxis. The cerebral opagly of ALS with
frontotemporal dementia-up to 5% of patients wyhidal motor features of ALS
develops it (23,24) - includes several non-spedéatures. There is diffuse
atrophy of the cerebral hemispheres with frontotemalp accentuation (25),
together with microvacualation of cortical Lyer two the worst affected areas
(26). Another non specific feature is the preseavfceariable, but usually intense,
subcortical gliosis of white matter in the frontoigoral regions; this may extent
into caudate nucleus (25). More recent stereolbgimaks have indicated that
diffuse cortical neuronal loss can be widespreaeghem non-demented patients
with ALS (27). Substantia nigra degeneration in #iesence of Lewy body
formation is another common finding. The most sipedéeature of the pathology
of these patients is the presence of ubiquitina@aonal inclusions bodies in a
more widespread distribution han is seen in typigdlS (28); these are
characteristically present in hippocampal denatgtenule cells. Moreover,
neurofilament (NF) aggregate formation within mot@urons is a pathological
hallmark of both the sporadic and familial formsamfiyotrophic lateral sclerosis
(ALS). The relationship between aggregate forma@oa both microglial and
astrocytic proliferation, as well as additional repathological features of ALS,
is unknown (29).
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1.7PATHOGENESIS

Swash and Ingram, firstly, (30) raised an importastie regarding the preclinical
stages of ALS: according to them, ALS probably heg long time, months or
even years, before it manifests clinically. Theeainsf symptoms seen in ALS
patients is assumed to occur when approximatel@08a loss of motor neurons
has been achieved, as is the case of polyomeltiy More recent literature
confirm these intuition: growing evidence from aainmodels and patients with
amyotrophic lateral sclerosis (ALS) suggests thatadl axonal degeneration
begins very early in this disease, long before dpmponset and motor neuron
death (32).

Over the years, many pathogenic mechanisms have pesosed. Amongst
others these include: excitotoxicity and oxidatsteess, aggregate formation,
inflammation, growth factor deficiency and neurarfilent disorganization (33).
This multitude of contributing factors indicatest\LS is a complex disease and
also suggests that ALS is a multifactorial disordéxcitotoxicity is not the
newest hypothesis in the ALS field, but it is undtmdly one of the most robust
pathogenic mechanisms supported by an impressivai@nof evidence. Two
factors make glutamate a prime candidate as a cafisenotor neuron
excitotoxicity in ALS. First, it is the principalxeitatory neurotransmitter in the
human motor system, including the corticospinattirapinal cord interneurons
and cortico-cortical association pathways. Secdhd,normal concentration of
glutamate is approximately 20,000-fold higher io#dulary than it is
extracellulary. Plaitakis and Caroscio (34) fouhdttfasting plasma glutamate
levels in patients with motor neurone disease weiee normal levels. Moreover,
cerebrospinal fluid glutamate and aspartate lelialee been reported to be four
times higher than in normal individuals (35). Theda of neuronal degeneration
in ALS appears to be predominantly by shrinkageths® careful examination
reveals a proportion of surviving small dark mateurones (36). These neurones
have been shown to display many biochemical featafe‘programmed cell
death’, or apoptosis (37). Apoptosis mediates tieeipe and programmed natural

death of neurons and is a physiologically importpnicess in neurogenesis
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during maturation of the central nervous system.@emature apoptosis and/or
an aberration in apoptosis regulation is probatvlglicated in ALS and SMA, as
in other pathogenesis of neurodegeneration, suchAkfeimer's (AD),
Parkinson's (PD), Huntington's (HD) diseases, dialemcephalopathy (38).

Data relating ALS to apoptosis have been generatetiudies that examine the
role of Cu-Zn superoxide dismutase (SOD1) (see pdsagraph 1.4) in neuronal
cell death, support the hypothesis that oxidativess is one mechanism by which
motor neuron death occurs (39). The genetic findivad a subset of cases with
familial ALS is associated with mutations in thengeghat encodes for SOD1 (18),
has provided a useful molecular basis for the stfdyolecular degeneration in
ALS, but the mechanism by which mutant SOD1 pronageptosis is unclear.
There are compelling data favouring the view tlhat mutant SOD1 protein can
be preapoptotic in vitro. By contrast, in ALS mit&at express mutant transgenic
SOD1, it is by no means clear that death is apmptblowever, up to 10% of
ALS patients have a positive family history, whigbually indicates autosomal-

dominant inheritance.
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1.8RISK FACTORS

Metal ione and trace elements have long been siegpén play a role in the
pathogenesis of ALS: lead, mercury, aluminium, rsel®, manganese and iron.
In particular, lead poisoning may presents clilycals a disorder that closely
resembles ALS and the possibility remains that thistal participates in the
pathogenesis of the disease in a proportion ofscalse fact an increase in
mobilization of lead from bone into blood may playole in the acute onset of
disease (40). The associations of cigarette smakmaigalcohol consumption with
the risk of amyotrophic lateral sclerosis was ingeted by Nelson and
colleagues (41): the authors found that alcohokuamption was not associated
with the risk of ALS. Ever having smoked cigaretiwas associated with a
twofold increase in risk. In fact, the finding tragarette smoking is a risk factor
for ALS is consistent with current etiologic thezgithat implicate environmental
chemicals and oxidative stress in the pathogeiné#4 S (see paragraph below) .
Another risk factor is represented by sport agésitChio’s findings (42). seem to
indicate that playing professional football is eosg risk factor for ALS. It is not
clear if this incidence increase is due to intepisgsical exercise, to continuous
trauma, to illegal drugs or stuff abuse or to wkgler and fertilizer exposure.
However, the new data support the previous cormhssihat physical activity and
trauma are probably ("more likely than not") nekrfactors for ALS (43).

Cases of ALS diagnosed from 1991 through 1998 wetlected from military
registries and a publicity campaign in late 199&pdtted incidence was
estimated from the age distribution of the Gulf Wateran population, weighted
by age-specific death rates of the US populati@tutar changes in nationwide
ALS rates were assessed using calculations of gleespecific US population
death rates from vital statistics data of 1979988l During 8 postwar years, 20
ALS cases were confirmed in approximately 690,0Q0f @/ar veterans, and 17
were diagnosed before age 45 years. All the obdanadence of ALS in young
Gulf War veterans exceeded the expected, suggestivag-related environmental
trigger (44).
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1.9THERAPEUTIC APPROACHES

The treatment of ALS is hampered by a lack of drtlyst intervene in the
pathogenic mechanism of disorder. Therapeutic optior amyotrophic lateral
sclerosis remain limited: only one treatment theklés the causes and disease
mechanism, the antiglutamate drug, Riluzole, islabie, which probably exert
its effect trough the blocking of the glutamatenast (45). It is a benzhotiazole
derivative with complex effects on glutamate newagmission including
inhibition of pre-synaptic glutamate release. Utiié advent of Riluzole, there
was no recognized, effective treatment (46). Far tleatment of emotional
lability due to pseudobulbar syndromes can be agghts that exert their effect
through serotoninergic mechanism. Stem cell tramtption might represent
actually a promising therapeutic strategy: Mazeincolleagues in a recent study
on 9 patients observed a significant slowing dowrihe linear decline of the
forced vital capacity and of the ALS-FRS score.sThesults may suggest that
MSCs represent a good chance for stem cell ceeébdiserapy in ALS and that
intraspinal injection of MSCs is safe also in thed term. (47).

In areas where it is legal to do so, marijuana khdae considered in the
pharmacological management of ALS: cannabis maynbderately effective at
reducing symptoms of appetite loss, depressiom, masticity, drooling and
muscle relaxation; (48,49). Marijuana has now bséown to have strong
antioxidative and neuroprotective effects, whichymaolong neuronal cell
survival.

The purpose of the vast majority of other possimiedical intervention is to
maintain or to improve function and well-being, acdnsequently to have a
positive impact upon quality of life. The centrgldf quality of life as an outcome
measure is highlighted developments in pharmacdutidustry that suggest for
the first time a feasible treatment for the disease
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1. AN OBSERVATIONAL STUDY OF NEUROPSYCHOLOGICAL
IMPAIRMENT IN MND/ALS

2.1 NEUROPSYCHOLOGICAL FEATURES IN MND/ALS

Although the causes of Motor neuron disease / Anoypbiic lateral sclerosis are
not well understood, recent studies support they Wit ALS/MND is a complex
genetic disorder (1). Studies on ALS suggest thatsiructural and pathological
changes that extend beyond motor neurons and dha shanges correlate with
cognitive dysfunction (2). A number of studies haleenonstrated impairments in
cognitive functioning in MND/ALS, but the prevalen@and types of cognitive
impairment reported in association with ALS app&awvary greatly. Massman
and colleagues (3), in a study on 146 patientdcateld that 36% of them had
clinical significant cognitive impairment. More mt studies have described
some degree of impairment in 55 to 75% of patievith ALS (4,5). Cognitive
impairment has been also demonstrated in a sulatgrbportion of non-
demented patients with ALS (6). Bulbar onset ALSigmds performances are
reported as consistently poorer in many cognitesst than spinal-onset (7,21).
Ringholz and colleagues (8) underwent comprehensiearopsychological
evaluation on 279 ALS patients. This latter stutigt represents the largest study
on MND neuropsychological profile nowadays investggl, reported the presence
of cognitive impairment in 50% of patients. Thegumency of severe cognitive
impairment in MND was about 1 to 5% (9-13). Nowaslags/well established that
MND dementia is characterized by a specific pattgrsymptoms developing in a
certain sequence in time (14), that most MND pasiemave mild cognitive
impairment with subtle to severe executive defjciisd that 5% have a clinical
subtypes of frontotemporal lobar degeneration daffentotemporal dementia
(FTLD) (15,16). FTLD, which was originally describas a Pick’s disease, is the
second most common cause of progressive cognitimpairment after
Alzheimer’'s disease. The three forms of FTLD wessalibed by consensus
criteria in 1998 by Neary (17) (Tab I). The form shdrequently described is in

patients with ALS is frontal variant frontotempoggmentia (fvFTD); the other
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two forms are non-fluent progressive aphasia, wisatharacterized by language

impairment, and semantic dementia, which is chare&td by loss of conceptual

knowledge (18). Although there is a clear link betww some forms of ALS and

frontotemporal dementia, the frequency, severityd @rogression of cognitive

impairment in otherwise classic ALS remain uncle@he most consistently

reported cognitive changes in ALS relate to dysfiancof the components of the

executive systems (eg, verbal fluency and atteptimmereas abnormalities in

memory and language are less well characterizeloleTlh summarises some of

these findings and most representative ALS stugyli®

Table I. Variants of frontotemporal lobar dementia

Neuropathological Cognitive symptoms Behavioural Neurological
topography changes findings
Frontal variant | Frontal atrophy more severeExecutive  dysfunctions (eg,Distractibility, Frontal release
of than temporal atrophy. verbal fluency and attention) disunhibition, signs and primitive
frontotemporal | Particularly affected: righ decline in| reflexes, motor
dementia dorsolateral and prefrontal personal hygene, neuron disease, an
cortex, and left premotor hyperorality, possible
cortex perseveration, extrapyramidal
apathy, and features (PSP o
submissiveness | CBD)
Non-fluent Asymmetric atrophy of leff A disorder of expressive Behavioural Sopranuclear gaz
progressive emisphere. Particularly language. Non-fluent changes typically disturbance, axial
aphasia affected: left frontal, insular}, spontaneous speech wittseen late in the rigidity, alien limb,
anterior parietal, superigragrammatism, phonemiccourse of thig and focal dystoniag
temporal, and perysilvian paraphasias and anomiaillness. Possible
cortex Impaired executive function andsocial withdraval
working memory and depression
Semantic Temporal atrophy more Impaired understanding of wordEmothional Neurological
dementia severe than frontal atrophy.meaning and object identity,withdraval, findings  emerge
Particularly affected: insulg, fluent but empty spontaneousiepression, late in the course 0
amygdala, and anterigrspeech, semantic paraphasiasgidity and | this illness
hyppocampus long term memory loss, andcompulsions
perceptual disorders (eq,
prosopoagnosia, associatiye

agnosia, or both)

PSP= progressive sopranuclear palsy; CBD= cortgalldegeneration;

Modified from: Phukan et al;ancet NeuroR007
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Table Il : ALS/MND neuropsychological testperformance in past literature

Patients (n)

Neuropsychological test performance
that showed impairment

> Neuropsychological test performance
in the normal range

memory, confrontation naming

Gallassi, 1985 (26) 22 Verbal fluency, verbal redsg, visual| Long term verbal memory, memo
attention, short term verbal memoriyspans (verbal and spatial)
short term visual recall

David, 1986 (25) 14 Set shifting (WCST), episodiemory, | Attention (digit span), visual recal
picture recall prose recall

Neary, 1990 (46) 4 Verbal fluency (letter and catgl set| Visuoperception, Intelligence, memory,
shifting (WCST), intelligence (WAIS; delayed verbal recall
R), interpretation of proverbs, episodic
memory

Kew,1993;Kew, 1993 12;16 Verbal fluency (written), free pictuteperceptual battery, set shifting (WCS

(28;29) recall, recall memory

Ludolph, 1992 (20) 18 Verbal fluency Set  shifting WCST), cognitive

inhibition  (Stroop), visual recall
attention (digit span), naming, visugl
concentration

Massmann, 1996 (3) 146 Verbal fluency, immediate frecall,| Delayed verbal recognition memory,
continuous recognition memomry testyisuoperception, confrontation naming
Stroop negative priming

Abrahahms, 19¢ (21) 52 Verbal fluency (written), executiyeEpisodic memory, recall memory
function and intrinsic generation (noted
in pseudobulbar palsy only), planning
and working memory, set shiftin
(WCST), word recognition memor|
test, Stroop negative priming (trend
towards significance)

Rakowicz, 1998 (30) 18 Verbal fluency, attentioav@rse digit| Attention (forward digit span), pictur|
span), conceptual semantic processingaming, word picture matching
syntatctic comprehension, MMSE,
confrontation naming

Moretti, 2002 (47) 14 Verbal fluency (letter), sehifting | Intellectual ability (WAIS-R), attentio
(WCST), cognitive inhibition (Stroop)|, (digit span), story retrieval, past ever
attention (PASAT), interpretation afretrieval, visuoperception
proverbs, bilingual, aphasia test,

MMSE

Shreiber , 2005 (7) 52 Verbal fluency, total andspeerative| Visuoperceptual functions
scores of WCST

Abrahahms, 2004 20 Verbal fluency (written and spoken)Confrontation naming, fluency

(38) computerised sentence-completion taskttention (PASAT, letter span), s

shifting (WCST), episodic memory
recognition ~memory test, recg
memory,  visuoperception,  obje
decision, position discrimination

Ringholz, 2005 (8) 279 Verbal fluency, visual récdbgical | Visuoperceptual ability (Benton facial

recognition test), fluency (category a
design), attention (PASAT, letter spat
MMSE (excepted severerly impairg
patients), cognitive inhibition (Stroop)

WCST= Wisconsin Card Sorting Test; PASAT= pacedtargserial addition test; MMSE = Mini Mental
State Examination; WAIS-R=Wechsler Adult IntelligenScale Revised
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2.1.1 Executive function

Executive functions are traditionally thought of lagher-level mental process
that control and organise other cognitive procd&83.(They are a heterogeneous
set of a skills that facilitate problem solving ame$ponses to novelty. Executive
functions are also implicated in behavioural regatg response initiation,
motivation, and elements of memory functioning. pamed verbal fluency, a
sensitive indicator of damage to frontal or stifiainotal areas that are involved in
intrinsic initiation of responses, has been rembrie almost all studies of
cognitive impairment in ALS (20-22). Both letteudncy than category fluency,
which require rapid generation of words, can beudied. Simultaneous effect
on both type of fluency implicate dysfunction inngoonent of the executive
system, whereas disappropriate reduction in cayedlaency would suggest
broader semantic impairment. Tests of verbal flyeace sensitive, but they
depend on verbal or written responses and thetsesah be confounded by motor
impairments in ALS. However, modifications to cantof the speed of response
can allow patients with upper limb disabilities, darconsequent writing
disabilities, to be assess meaningfully. Abrahants@lleagues (23) calculated a
verbal fluency index using the times patients tomkopy words thy had written
previously in fluency tests (the average time takerthink to each word was
estimated as the total time allowed for the testsus the time taken to copy all
word generated). Although deficiencies in verbakficy are commonly believed
to result from executive dysfunction, true languadysfunction might also
contribute to deficit in verbal fluency in ALS. Aifictional MRI study lead by
Abrahams et al (24) has shown normal activatiothefinferior frontal gyrus and
Broca’s area during verbal fluency and naming taskgatients who have
sporadic ALS without aphasia or dementia. Cerelstalictures involved in
language seemed to be affected before naming weficid become clinically
significant. Further investigations of the execatsystems are needed to identify
clearly the nature and range of deficits in patemho have sporadic ALS without
aphasia and dementia. David and Gillham (25) anitb§g26) and colleagues
have reported impaired executive function in pasewith ALS using the
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Wisconsin Card Sorting Test (WCST), an establighedsure of rule shifting and
mental flexibility, but this finding has not be domed in further studies (27, 28).
Impairments in the attentional systems are oftao@ated with damage to the
frontal lobes, and attention deficits have beemregl in ALS (3, 21). Evaluation
of attention is important, because disinhibitedetypatients might have near-
normal results in traditional tests of frontal exee functions but show impaired
responses in tests of selective attention. Rakavated Hodges (30) reported a
consistent and significant reduction in reversetdigan test, patients must repeat
strings of number forwards and backwards, and thesguences become
progressively more difficult until nine digits readbud. Poor reverse digit span
often indicates impaired working memory rather thawire attentional

impairments.

2.1.2 Memory

There has been disagreement about memory deficAs$. Studies of cognition
have shown that memory impairments in patients wAtlS usually involve

immediate recall. Deficits in delayed recall arghhy variable, which suggests
that the abnormality lies in the encoding of théoimation rather than in the
speed of forgetting (14). These results are cadiswith current theories that
encoding is an executive component of memory amdlwes a neuronal circuit
that arises in the left frontal lobe (31). Anywamt all authors have interpreted
memory failures in terms of frontal lobe dysfunotidmpairements in delayed
recall, were assumed by some authors (32) to tefleedial temporal lobe
pathology, on the basis of the established roléhefmedial temporal lobes in
recall of learned informations. Moreover, the inmpant of the central executive
system contribute to disturbance on tests of menamy new learning which

invariably occur.
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2.1.3 Language

Language networks seems to be impaired in MRI aBd Btudies of ALS
patients (23), which lends support to the aforemart findings that ALS affects
extramotor pathways. Language deficits noted imlisgiof ALS have included
reduced verbal output (33,34), deficits in namin§ abjects (3,21,42),
perseveration, echolalia (repetition of words saydother people), stereotypic
expression (30) and semantic paraphasias (submtitoft words that relate closely
to one other, eg, sock for glove) (30,33). Patievita ALS can have features of
progressive non-fluent aphasia, semantic dememditii$ often atypical, or both
(35-37). Rakowicz and Hodges (30) reported sigarft language deficits in
patients with ALS and dementia, particularly ontgesf naming and syntactic
comprehension. Patients with ALS who did not haementia have a language
output disorder characterised by difficulties witbrd findings and naming, with
a tendency to make category coordinate semantcsear circomloctions. Both
groups performed well on tests of non verbal-semmamowledge and grammar.
Naming deficits have been reported in other studieALS (3, 21, 38), which
suggests that a language dysfunctions underlieis basd —finding processes.
However, in some patients, confrontation naminglitgbis intact (29, 22).
Processing of verbs has been reported to be grbatrerthat of nouns in patients
that have primary progressive aphasia (39) or Alif dementia (34). Hillis and
colleagues (2004) suggest that such differenceshén patterns of language
deterioration might relate to degeneration of ddfé brain areas, which
implicates the posterior inferior frontal cortexdamsula and motor speech and
naming actions. Results from other studies havegestgd that language deficits
such as progressive slowing of words retrieval faricontinuum with aphasia in
ALS (14,21,30). The possibility that deficits inezxtive functions, such as verbal
fluency, are related to language deficits needbecexplored further. Whether
aphasia in patients with ALS is an early stage mfaghasic type is unclear.
Another possibility is that language deficits océndependently of cognitive
impairment, and that patients with such deficitsehdistinct subtype of ALS-
related dementia.
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2.1.4 Visuoperceptual function

Visuoperceptual functions are heterogeneous sptaakess that include attention,
object identification, and object recognition. \ogerceptual processes are
largely preserved in many patients with MND (4048)t Strong and colleagues
(1999) have noted some visuopreceptual deficits. dieported that ALS patients
with frontotemporal dementia often have little ahéfity in navigation around
their own home environment, in location of objects, coping of non-
representational hand postures, and in identiticatif their home town on a map
(43).
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2.2 STUDY PORPUSES

The ability of neuropsychological tests to identfygnitive impairment in MND
in its mildest ‘subliclinical’ forms suggests anportant role of neuropsychology
in the early detection of cognitive impairment aeimentia. The aims of the

study were to conduct a neuropsychological invaibg on MND to determine:
1) the incidence of dementia in our MND sample

2) the incidence of mild cognitive impairment inrddND sample (according to

criteria explained in ‘diagnostic procedure’, pasgh 2.3.4)

3) differences in cognitive performance in bulbar spinal onset in MND
patients

4) which are cognitive functions more impaired itN®l and which are the most

adequate tests to investigate them.

With regard to this latter point, it appear as aeassity to individuate clinical
neuropsychological test sensitive to MND impairnsetitat can contemporarily
be available in most of neurological departmentsfact, even with moderate
motor impairment, the assessment of the accompgrgognitive impairment in
MND is a difficult problem.
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2.3 METHODS AND MATERIALS
2.3.1 Setting and participants

Between February 2005 and March 2008, 128 MND p&i€89M, 39F; mean

age: 58.96, sd=12.6) were consecutively recruitechfMotor Neuron Disease
Centre of Padova, Department of Neurosciencesrtyfiwo of these patients

(20M, 12F) showed a bulbar onset, 96 (69M, 27Fpiaad-onset of the disease.
Inclusion criteria were history and neurologicabenation findings consistent
with motor neuron disease in patients older thany@@rs, supplemented by
confirmatory electromygraphic findings. Neurolodiaxamination established
that all participants fulfilled the El Escorial mria for ‘possible’, ‘probable’ or

‘definite’ MND (44). We excluded individuals witreesory abnormalities, results
of nerve conduction studies suggestive of neurgpathd serious concomitant
conditions, including stroke, severe depressiord ather psychiatric disease.
Patients with a ALS family history of neurodegenieadisease were eligible for
inclusion. All participants were Italian speakingformed consent was obtained
from all patients, and institutional review boar@svobtained for the protocol.
Controls were obtained from surgery department ofta, between March 2007
until March 2008 and were matched 1:1 to patieritt WIND for age, sex and

education level. Controls with concomitant condiothat may affect test
performance (eg, stroke, depression, and othehpsyic disease) were excluded
before sampling. Participants characteristics aesgnted in Table III.

2.3.2 Data collection

Subjects with marked bulbar symptoms were unable ctimplete the
comprehensive neuropsychological battery, as welpatients unable to move
dominant superior art. The neuropsychological eiawk an average of 1.5 hours
to complete.All the information was collected in a standardizeénner and
entered into a database at the time of clinicaluaten. The comprehensive
neuropsychological battery was administered exahlgito subjects who were

perfectly able to speak and to write.
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Table 1ll: PARTICIPANTS CHARACTERISTICS

MND (n=128) Controls (n=113) Significant (p<0.05)
Age (SD) 58.96(12.6) 57.76 (14.46) no
Males (n) 89 83 no
Educational Level (years)(SD) 9.22 10.29 (4.93) no
Bulbar (n) 32
Mean ALSFRS-R (SD) 34.59 (3.3)
Mean MRC upper (SD) 39.3 (6.65)
Mean MRC lower (SD) 30.26 (9.63)
Forced Vital Capacity (SD) 84.58 (27.2)
Time since diagnosis in months (SD) 40.95 (18.6)

SD =Standard Deviation. FVC: Forced Vital Capacif. SFRS-R: Amyotrophic Lateral Sclerosis
functional Rating Scale Revised. MRC upper aneéiteviMedical Research Council scale applied to

upper districts (maximum score=50) and appliedawér districts(maximum score=40)

2.3.3 Diagnostic Evaluations and employed measures

Clinical interview included inquiry into the appiioxate date and location of

symptom onset, the nature of the first symptomsjaoal features, and medical

and family history. Clinical and

laboratory evaloas, such as biopsy

hystochemical analysis, were performed by two newuscular specialists.
The Amyotrophic lateral Sclerosis Functional Rating [BcBRevisedALSFRS-R)

was employed to assess physical functionality (#gdical Research Council

(MRC) scale was usedo evaluate patients motor disability we usedrtteasure

of muscle strength by the limb muscles (score flhrabsence of movement to 5,
full strength). Muscles evaluated were: deltoidseps and biceps brachii, finger
extensor, thumb adductor, thigh flexor, knee exdenankle extensor and flexor.
We considered the total MRC score (megascore) tif bpper and lower limbs
which respectively ranged from 0 to 50 and frono @®. Forced vital capacity
(FVC) was assessed by a standard manual spirof@dEC 60) and expressed

as a percentage of the expected value. Neuroplegibal assessment focused on
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cognitive domains considered to represent preftoeecutive) functions and

temporal lobe (memory) functions as well as atter@i control. The test battery

included the investigation of the following funat® with well-known individual

tests:

2.3.3.1 General Screening

Mini Mental State Examination (MMSHE238): it was employed to assess
general mental status. Although insensitive to teibrdysfunction, the
MMSE is used routinely both clinically and in resga It is rapid to
administer and gives a single score out of 30, tew in favour of
orientation. A score <24 30 is generally takemtbcating dementia.

2.3.3.2 Intelligence

Brief Intelligence Test (TIB}9) : it is the ltalian version of NART
(National Adult Reading Test), the purpose of tbst tis to provide an
estimate of premorbid intellectual ability. It is r@ading test of 50
irregularly spelled words, assuming that the patienfamiliar with the
word, accuracy of pronunciation is used to pre@ict

Coloured Raven’s Progressive Matrices (CRRBD): it is used to assess
reasoning in the visual modality, and it was alslected because it is less
vulnerable to the effects of physical disabilityneltests consists of 36
items, grouped into three sets (A, Ab, B). Set Agists of problems in the
forms of the continuous patterns. As one progresséise set, the items
are increasingly perceptual difficulty. Items iretAb and the B series are
made up four elements or parts, three of whichgaren and done to be
selected among the response alternatives. Thexggiadual shift trough
the Ab and b sets from four parts, which form aereht whole or gestalt
to problems in which each part is a symbol in aal@gies test and there
is no perceptual gestalt per se. The number oéctiyrmatched items was

used as the measure.
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2.3.3.3 Executive functions and attention

Trail Making Test (TMT)51): the TMT is a measure of attention, speed,
and mental flexibility. Hartikonen and colleagueS2) showed the
importance of this test to investigate cognitivep&imment in ALS. It
requires the subject to connect, by making penois, 25 encircled
numbers randomly arranged on a page in proper ¢pdet A) and 25
encircled numbers and letters in alternating orgert B). Participants
who not completed part B in 5 min (300 sec) arégassl a time of 301.
Scoring is expressed in terms of the time in sdsorequired for
completion of each of the two parts of the testcddse of the difference
in cognitive tests demands between part A andBawe calculated also
derived scores : the Trails B - Trails A differersmre, as introduced by
Lamberty (53).

Modified Wisconsin Card Sorting Test (MWC$5)): the purpose of this
test is to assess the ability to form abstract epts; to shift and maintain
set, and to utilize feedback. Impairment in MND daveen highlight
thanks to this measure in some studies (3, 5, 21 b2t not in others (20,
27, 29). This test consists of four stimuli cargi&gced in front of the
subject, the first with a red triangle, the secenth two green stars, the
third with three yellow crosses and the fourth wvitie four blue circles on
them. The examiner instructs the subject to plawh eesponse cards in
piles below one of the four stimulus key cards, nglker he or she thinks
it should go, and it is told that experimenter whlen inform him or her
whether the choice is right or wrong. Because stehdersion includes
some ambiguous stimuli that can be classed acapttim more than one
category, we used Nelson’s version, a modified igarswithout the
response cards that share more than one attribthiettve stimulus cards,
thus eliminating ambiguity. Performance can be edadn a number of
ways: we took under consideration numbers of coteglecategories,

percent of errors and percent of perseverative®rro
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Spoken Verbal Fluency Testests of verbal fluency have been
traditionally =~ employed in clinical setting to meas executive
dysfunctions. Test of verbal fluency is reportediierature as the most
sensitive to detect the impairment of ALS patigf3s4, 5, 22, 55). Two
versions of the verbal fluency test were used:ttelidluency in which
subjects were asked to produce as many novel waslgossible,
excluding proper names, within one minute beginmiiilp a given letter
(F, A, S). 2) Category fluency in which subjecte asked to generate
words from given categories -in this case animalgis and carsTo
exclude the effect of dysarthria on verbal fluenbgth phonemic than
semantic, patients were asked to read aloud ailvtirds generated during
the task as quickly as possible and the examimmerded the time taken to
perform this phase, callecbntrol condition The control condition was
conducted following a delay, as to provide a rest patients. The
difference between the specified time for the gatien condition and the
time taken for the control condition, the fluenoygex i) was calculated
according to guidelines of Abrahams etNé&qropsychologia38:734-747,
2000) as mentioned in the introduction of this ¢baplt consists in the
following formula:

fi=  time for items geation — time for control condition

tabnumbers of items generated

Written verbal fluency tesit is reported as particularly sensitive to detect
impairment in ALS, as well as spoken verbal flue(2y, 23, 29)It is an
Abraham’s and colleagues adaptation (2%) Thurstone’s world fluency
test. During the generation condition the partinipaas required to write
as many words as possible beginning with the l&ftén 5 min and with
four-letter words beginning with letter C in 4 mirollowing a delay the
participant conducted the control condition fromietha written verbal
fluency index was calculated, in the manner of akfluency index (see

above).
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2.3.3.4 Memory

* Digit Span it is a traditional measure to assess verbaltdbon memory:
Gallassi and colleagues (55) found significant ltesto detect cognitive
impairment in MND also in this test. So, forwantdareverse digit span
were assessed to investigate selective verbal tiatteraccording to
standardised methods from the Wechsler Adult ligitice Scale (56).
The subject is asked to repeat strings of digitaasing length said by the
examiner in the same (forward) and in reverse (waci) order. The
highest direct or reverse span achieved was ustt aseasure.

» Corsi Blocks tapping Testt represent gold standard measure to detect
visuo-spatial short term memory, it is employedhe assessment of the
capacity of the visual short-term memory and ofithplicit visual-spatial
learning. The theoretical background is charaacteriny Baddeley's
concept of the working memory. The examiner displ® randomly
positioned dice and with his/her hand points orain number of these
dice. The respondent is then asked to point atlitein the same order.

 Words Span testt is a sequence of between two and eight bisidla
words that are read to participants. It reflectalegous functions than
traditional digit span: we introduced this variaiot detect eventually
differences between number and words short-termangm

* Prose Memory Test (Logical memor{}1l): It involves free recall
following auditory presentation of a short prosergtand is considered a
measure of verbal memory. Such prose stories amsidgred to have
increased ecological validity compared to other mgmmeasures. It
consists in listening to a short prose passagerecalling its elements
immediately and after 10 minutes. An impairmenpinse recall was yet
reported in some previous studies (32) but nohéndthers (52, 25).

» Serial position curve tegbl): this test reflects the free recall of the serial
presentation of the items as a function of eaghstposition in a item list.
The curve was dived into two positions: recencyicwhrefers to the
enhanced recall of the last few items on the &és the primacy, which
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refers to the enhanced recall of the first few geof the list. It is
documented thathere is a great disparity between performance of
MND/ALS patients and normal controls in the immeeiaecall rather
than delayed recall condition. So distinguish betweecency and prmacy

effect it was considered to be interesting witls tinieasure.
2.3.3.5 Language

» Token Tes(51): This test is employed to assess compreherdioerbal
commands of increasing complexity. It uses 20 magikens in five
colours (red, white, yellow, blue and green) twpesi (small and large)
and two shapes (circles and squares) arrangedixroeder in front of the
patient. Several studies have demonstrated impgdedformance on
language tasks, such as sentence comprehensiodi7{ai, MND patients.

* Boston Naming Tes{57): The purpose of the tes$ to assess visual
naming ability using 60 black and white drawingscoimmon objects.
Scores include the number of produced spontaneaashgct responses,
the numbers of cues requested in terms of semamting and phonemic
cueing, that are given if patient is not able tdividuate correct response
after semantic cueing. The total correct is the safithe number of

spontaneously given correct responses.
2.3.3.6 Visuospatial function

» Rey-Osterrieth Complex Figure Tg&8): the purpose of this test is to
assess Vvisuo-spatial constructional ability andualismemory. The
traditional measure of performance include a camyres (which reflects
the accuracy of the original copy) and the timeunesgl to copy the figure,
and 3 min delayed recall scores (which assessrtiweiat of information
retained over time). For our study we took undensaderation only

accuracy scores because of motor impairment of sqragents.
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2.3.4 Diagnostic Procedure

The diagnosis of MND was made at the time of chh&valuation by experienced
neuromuscular specialists conforming to El Escocidleria (44). Because no
measure of functional limitation due to cognitivepiairment was available (thus
precluding Diagnostic and Statistical Manual of Mental Disorsle Fourth
Edition (59), diagnosis of dementia, which requires impairmemntssocial or
occupational functioning), we operationally definddmentia on the basis of
neuropsychological testing, as has been descritmdopsly. This approach has
previously been shown to reliably correlate witlygibhian diagnosis of dementia
(60), especially in a well educated sample suchnathe study group. The
neuropsychological paradigm considers memory impait to be the key
defining feature of dementia and defines memoryaimmpent as impairment into
two or three memory domains (short and long terrbaleanemory, and short and
long term non verbal memory). So, a diagnosis ahelgia was given to
individuals who exhibited memory dysfunction andoaired performances in at
least two additional domains (executive functioniatjention, language, or visuo-
spatial ability). Fronto-temporal lobar dementiaghosis was attribute according
to Neary’s criteria (17). Individuals characterizagl mildly impaired exhibited
impaired neuropsychological test performance insefit for a diagnosis of
dementia, defined as scoring below criterion lew@istwo or more individuals
tests. We also observed cognitive performance douwprto MMSE results:
cutting scores based on MMSE was considered astint < 27 ; mild
impairment if included between 25 - 27; moderateséwere impairment was

defined as <= 25.
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2.3.5 Statistical analysis

All analyses were performed using the psychometitkage as provided in the R
language and environment for statistical computRd>evelopment Core Team,
2005- (61).

Differences in parametrically distributed variabbetween subjects and controls
groups were analyzed using Studentast for unpaired variables. Non-
parametrically distributed variables were analyasithg the Mann-Witney U

Test. Significance was defined ap @alue of < 0.01.
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2.4 RESULTS

2.4.1 Overall Data

The population under study consisted in 128 MNDgods with mean age as 58.9
(sd=12.6); 69% were men; 96 had limb onset, anda&@Rbulbar onset. The mean
education was, in years, 9.22; MMSE mean score 2vasl (sd= 2.5) and the
mean scale of premorbid 1Q was 106.7 (sd= 8). ALSHHRmean total score was
34.6 (sd=8.12), which is in the mild to moderatetpaired range. More detailed
data are shown in Table IIl. Both groups were higldmparable with respect to
age, gender, and years of education. With regardnguropsychological
diagnoses, 73 (57%) patients were intact; 42 pti€82%) had cognitive
impairment but did not meet criteria for dementis noted above, these
individuals were classified as mildly impaired. twe patients (9.4%) were
diagnosed with dementia: out of them, 9 (7%) maditronal criteria of FTD, as
described by Neary (1998). Global cognitive functes judged by MMSE on 81
patients (all the patients able both to speak tbhamrite) showed 12 patients with
score lower than 25 (representing moderate to eewepairment); 20 patients
reached a score between 25 to 27 (representinglda impairment) and 49
patients appeared as intact (MMSE score > 27). @oisgns were made between
the patients and the control group; general resarksdiscussed below and are
reported in Table IlI.

2.4.1.1. General Screening

The differences in performance of the patient grompthe mini mental state
examination reached significance at p<0.01 lewwlan scores revealed a better

performance in patients than controls.

2.4.1.2 Intelligence
On measures of intellectual function there were significant differences
between the groups in premorbid full 1Q, as estedaby the TIB, and the
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Raven’'s CPM score (p>0.01). However, we observeéral toward impairment
in this latter performance in patients respect oftwls, that did jnot reach
statistic significance.

2.4.1.3Executive functions and attention

Trail making test A, B and A-B performances of MNiatients were compared
with controls: no significant differences were foumetween the two groups. Also
numbers of errors made in A and B tasks were comtpand no significant
differences were observed.

Wisconsin card sorting test performance presentsj@ficant different mean
scores, qualitatively better in patients than aasfrfor number of categories
individuated (U=657.5, p=0.000), number of errdds=1556.5.5, p=0.000), and
percentage of perseverative errors on total numdfererrors (U=1469.5,
p=0.005).

The analyses of the numbers of words generatedibadmantic (animals, fruits,
vehicles) than in phonemic (F.A.S.) spoken verbailerfcy task revealed
significant differences between patients and cdsmtfoespectively U=2075.5,
p=0.002 and U=2143.5, p=0.000). Spoken verbal ftyendex, both in semantic
than in phonemic tasks, revealed as well as sogmf better performance in
patients than in controls (respectively U=223550.000; U=1941.5, p=0.000).
These results indicate that the inclusion of cdntomdition, which corrects for
motor speed disabilities, can confirm the defi¢iMND patients, that appear as
independent of bulbar impairment.

The analysis of the written verbal fluency test vgeneration (‘C’ and ‘M’)
revealed, similarly, a significant difference beéne patients and control
(respectively U=1469.5, p=0.005 and U=1469.5, p&®)0OWritten verbal fluency
indices, both for ‘C’ and ‘M’ , were significantlgifferent (respectively U=1227.5
with p=0.000 and U=1278.5, p=0.000): on averageptsent group revealed a
slowdown to think of the words than the controlgroThese results indicate that

the inclusion of the control condition and the sdgent analyses of the written
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fluency indices confirmed a performance decremedépendently of variation in

speed of writing.

24.1.4 Memory

There was a significant difference on Digit Spawnthbforward (U=2208.5,
p=0.001), than backward (U=1263.5, p=0.000), ingmé$ group compared to
controls. Mean group scores on visuo-spatial steonr memory, assessed with
Corsi Blocks tapping Task, prose memory test, assksvith Logical Memory
test, words span, assessed with bisillabic worgsimacy and recency effect
assessed with positional serial curve, appearedsigoificantly different from
controls (p>0.001).

2.4.1.5 Language

Neuropsychological assessment did not show sigmfidifferences in mean
score of syntactic comprehension, assessed witlenTdlest (p>0.001), nor in
semantic denomination on visual presentation, asdesith Boston Naming Test
(p>0.001): nevertheless, a trend toward impairnvea found in this latter test,
although it did not reach statistical significancehere were no significant
differences between patients and controls neitimemumbers of requested
semantic and phonemic cues (p>0.001).

2.4.1.6 Visuoperceptual function

The mean scores of visuoconstructional abilitiesessed with Rey-Osterreith

complex figure (copy and re-call) did not differtlween patients and controls.
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2.4.2 Relation between cognitive dysfunction andspudobulbar palsy

Patients subgroup with limb-onset disease and sulpgrith bulbar-onset disease
were very comparable with respect to age, gendee] education and premorbid
IQ, but not in number of subjects, because patievita bulbar onset were
sensitively fewer.

Patients with bulbar vs limb onset MND were nottaosally different in either
level of impairment and pattern of performance,hwithe exception of Trall
making test A, in terms of time employed (U=40%50.009). The analyses of
the numbers of the spontaneous correct responseBoston Naming Test
revealed a trend effect of deterioration in denatian ability on visual
presentation in bulbar-onset respect to limb-opsdients (U= 114, p=0.023):

however, it did not reach statistical significance.
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Table IV: Mean Neuropsychological scores in MND pagnts and controls

Patient’s score mean Controls Mann- P Value
(SD) n=128 Mean (SD)n=98 Witney U
coefficient
General Screening
MMSE 22.26 (1.77)Nn=93 28.51(1.79n=98 1491.5 0.002
Intelligence
TIB 106.7 (5.6)n=60 108.67 (4.9n=60 659 0.742
Rs CPM 28.41 (5h=120 31.91 (2.9n=98 2260 0.023
Executive function/Attention
Trail Making Test A 56.88 (40.4)=77 44.88 (22n=70 2227 0.051
Trail Making Test A errors 0.22 (0.Rx77 0.11 (O)n=70 1968 0.174
Trail Making Test B 120.35 (55.8)77 102.16 (38.50p=70 | 1687 0.038
Trail Making Test B errors 0.66 (0.6¥x77 0.33 (1.4)n=70 1617.5 0.049
Trail Making Test A-B 80.7 (57.9)=77 77.2 (80.7n=70 1687 0.038
WCST (n categories) 3.92 (1.M=55 4.41 (1.5)Nn=60 657.5 0.000
WCST (errors) 16.67 (12.4n=55 13.37 (8.3n=60 1556.5 0.000
WCST (% perseverations) 52.4 (13p=55 39.8 (7.5)n= 60 1469 0.005
Spoken Semantic Fluency 38.56 (12.28n=103 | 44.54 (12.1n=100 | 2075.5 0.002
Spoken Semantic Index $Sfi) 4.04 (2.4)n=84 2,15 (1,4)n= 100 2235.5 0.000
Spoken Phonemic Fluency 27.7 (11.2n=103 35.15 (13.4n=100 | 2143.5 0.000
Spoken Phonemic Index (Bfi) 6.48 (4.7)n=83 2.77 (1.96)n= 100 19415 0.000
Written verbal fluency “C” 8.85 (5.9) n=48 15.63 (5.9n =48 3323.5 0.000
Written verbal fluency Index (WVfi) “C"  [32.51 (12.9) n=48 13.04 (5.6)n=48 1227.5 0.000
Written verbal fluency “M” 22.75 (11.2) n=48 36.24 (12.3n =48 323 0.005
Written verbal fluencylndex (WVfi) “M”  [13.45 (11) n=48 6.80 (3.1)n=48 1278.5 0.000
Memory
Digit span forward 5.43 (0.91n=102 5.94 (1.6)n=100 2208.5 0.001
Digit span backward 3.16 (0,9n=102 3.72 (1.4)n=100 1263.5 0.000
Words span 4.47 (0,8)=100 4.6 (0.9)n=100 1388 0.537
Corsi Blocks Tapping Test 5.13 (049380 5.39 (1.3)n=80 2458.5 0.129
Prose 11.15 (2,4)=93 10.1 (2.4)n=93 2527 0.351
Primacy effect 4.89 (1.9)=30 4.41 (2.1)n=30 847 0.292
Recency effect 13.84 (2)=30 17.58 (2.3n=30 714 0.052
Language
Token Test 4.18 (5.3)=25 2.18 (4.3)n=23 345.5 0.136
Boston Naming Test (n. errors) 4.45(419536 3.01(1.2)n=36 663 0.023
Boston Naming Test semantic cues 1.71(43B6 1.54 (0.3)n=36 798 0.4164
Boston Naming Test phonemic cues 3.28(In#B6 2.44 (0.9)n=36 715 0.051
Visuospatial function
Rey copy 30.97 (4.929)=25 32.58 (0.7n=25 207 0.221
Rey memory 12(6.7=25 14.3 (8.2)n=25 322 0.215

p<0.01 is highlighted in bold;

MMSE=Mini Mental State Examination; RsCPM=Raventddlired Matrices; TIB=Brief Intelligence
Test; WCST=Wisconsin Cards Sorting Test Modifiedida (Nelson)
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Table V: Mean Neuropsychological scores in MND pagints with limb-onset and

bulbar onset disease

Limb patient's score | Bulabr patients score | Significant
mean (SD) mean (P<0.01)
mean (SDnh=32
General Screening
MMSE 27.71 (2.26np=70 26.91(1.79n=23 n.s.
Intelligence
TIB 106.76 (9.89n=42 106.28 (9.05n=18 n.s.
Rs CPM 28.60 (4,54)=89 27.82 (3.82n=29 n.s.
Executive function/Attention
Trail Making Test A 51.76(20.92)n=49 79.76(12.70)=28 P<0.01
Trail Making Test A errors 0.26 (11349 0.12 (0.11n=28 n.s.
Trail Making Test B 116.74 (55.55)F49 128.52 (56.94n=28 n.s.
Trail Making Test B errors 0.83 (0.8x49 0.46 (1)n=28 n.s.
Trail Making Test A-B 82.28 (106.37TF24 78.71 (60.23n=28 n.s.
WCST (n categories) 3.97 (1.77338 3.76 (1.32n=17 n.s.
WCST (errors) 16.30 (13.75)=38 17.92 (11.55n=17 n..s
WCST (%perseverations) 49.16 (18.68)38 54.4 (14.91n=17 n.s.
Spoken Semantic Fluency 38.60 (12.33n=85 38.33 (11.15n=18 n.s.
Spoken Semantic Inde$§f) 3,92 (2,12n=70 4,87 (13,58n=14 n.s.
Spoken Phonemic Fluency 28.15 (11.16n=84 25.8 (12.40n=18 n.s.
Spoken Phonemic IndexPs) 6.04 (2.50n=69 8.42 (2.31n=14 n.s.
Written verbal fluency “C” 9.63 (0.M=26 7.47 (4.83n=22 n.s.
Written verbal fluency Index(WVfi) “C” | 37.6 (15.%)=26 51.57(60.6n =22 n.s.
Written verbal fluency “M” 25.14 (2.8%)=26 18.56 (9.04n=22 n.s.
Written verbal fluencylndex(WVfi) “M” | 11.33 (12.24=26 18.74 (16.47n=22 n.s.
Memory
Digit span forward 5.47 (0.95)-81 5.37 (0.75n=21 n.s.
Digit span backward 3.15 (1.76¥81 3.18 (0.2)n=21 n.s.
Bisillabic words span 4.47 (1L.4F79 4.5 (0.83)n=21 n.s.
Corsi Blocks Tapping Test 5.18 (1.41350 5.03 (0.93n=30 n.s.
Prose 11.22 (3.3)=78 10.91 (2.4n=15 n.s.
Primacy effect 4.91(2.39=19 4.75 (1.7)n=11 n.s.
Recency effect 14 (4.54)=19 12.5 (2.3)n=11 n.s.
Language
Boston Naming Test 4.59 (2.94327 3.2 (2.74n=9 n.s.
Boston Naming Test sementic cues 0.95 (137 0 (0)n=9 n.s.
Boston Naming Test phonemic cues 3.47(2.81) n=27 83 @..9) n=9 n.s.
Token Test 3.71(2.16) n=10 5.12 (2.29) n=15 n.s.
Visuospatial function
Rey copy 32.6 (4.99)=15 27.93 (2.19n=10 n.s.
Rey memory 19(6.95)=15 18.5 (8.4)n=10 n.s.

p<0.01 is highlighted in bold;

MMSE=Mini Mental State Examination; RsCPM=Raven@dlred Matrices; TIB=Brief Intelligence

Test; WCST=Wisconsin Cards Sorting Test Modifiedsian (Nelson)
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2.5DISCUSSION

Prevalence and types of cognitive impairment andnesgia reported in
association with MND vary greatly, as mentionedha 2.1 chapter. Despite that
the majority of studies have focused on the ovebleipveen MND/ALS and FTD
(62), there are also descriptions of less sevegaitee impairment associated
with MND, such as impairment of attention, workingemory, verbal fluency,
and other frontal executive functions (3,38,63)iniCal evidence that cognitive
dysfunction in ALS forms a continuum, from mild iaipment to frontotemporal
lobar dementia (63) remains weak. Currently, tiegdiency of impaired cognitive
functions in patients with MND cannot be establghefinitively, but formal
mechanism to evaluate the significance of clinioadings are not in place. In
order to better address the issues of prevalendepatterns of performance
respect disease onset, we conducted detailed allimicd neuropsychological
examinations on a large sample of patients testexbs a wide range of cognitive
dysfunctions. Other than to detect cognitive fumtsi and decline in these
patients, our aim was to put the basis for a forara reproducible battery of
neuropsychological tests in MND, using cognitivatseavailable in most of

Neurology Department.

The findings of our study support the view thatrtge deficits hits more than
40% of our MND/ALS patients. Out of them, 12 paterf10%) appeared as
clinically affected by generic dementia as desctilbe DSM-IV (60), and 9

patients out of this smaller group presented tygtdd characteristics according

to Neary's criteria (17).

Interestingly, MMSE, performed on all the MND patie able both to speak than
to write, showed 12 patients with score lower tRan representing moderate to
severe impairment: the same patients were assassatect by clinical dementia
according to DSM 1V criteria. This data could sugpbe importance of MMSE
in a rapid screening to individuate eventually seveognitive deficits, even if

current literature is inclined to ascribe it tolatg insensitive diagnostic measure.
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In our MND sample we observed functional executingairment, working
memory impairment and language deficits. In paldicu were found as
significantly impaired performance on MND patientsspect to controls in
modified Wisconsin card sorting test (which impteEs abstract reasoning,
concept generation and perseverative respondingsypoken phonemic and
semantic fluency, that underlines a selective daficspoken and verbal language
(when speech and writing abilities were taken #toount). Short term memory
was also revealed as impaired: forward digit spameasure of elementary
attention or span of apprehension, and backwarnd sfgn, a measure of mental
manipulation or control, both requiring working mam that, as observed in
some previous studies (30,55) can be ascribed e¢b&rgmtal lobe functioning
(64,65). A trend toward impairment in patients exggo controls was observed in
naming task (Boston naming test) and recency effact memory
recal.Performance not significantly different respt controls were found in
attentional control (TMT A, B and A-B), words shdéerm memory, visuo-spatial
short term memory, long-term memory, syntactic ceghpnsion primacy effect
in memory recall, visuoconstructional abilities amtsuo-spatial recall (Rey
complex figure). So, given that visuoperceptionction appear as spared in the
great majority of our sample, the pattern of ctgaiimpairment can be viewed
primarily but not exclusively as frontotemporalthalugh frontal impairment
appear as prominent, as confirmed by current tileea This pattern of
impairment appeared as consistent with dysfunctadnthe ‘supervisory
attentional system’ (SAS) (66), attributed maindyftontal lobe functioning. A
disruption of the SAS, as observed by Abrahams ), (2®uld results in
dysfunction in the initiation of responses whick aot externally cued, resulting
in deficits in tasks as fluency procedures. Asranséntal diagnostic confirm of
this datum, Abrahams and colleagues (24) studigd wifunctional magnetic
resonance the performance of MND sample group dwinonfrontation naming
task, revealing abnormalities in regions associatiga simple word retrieval and
semantic processing, including inferior frontal @gyand temporal cortex. Frontal
lobe frequent impairment is supported also by @nmepathologic study of tau-
positive neuronal and astrocytic inclusions in tteatal cortex of patients with
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ALS. These inclusions were found to greater extenthose patients with
cognitive impairment than in those who were cogelif intact. This suggests that
patients with and without cognitive impairment eegent a disease continuum
(66). On the other hand, some memory functiong,dha be ascribed to temporal
function, appear as impaired or there is a trenidhpairment, such as in recency
effect. The role of temporal pathology in ALS rensicontroversial, since the
reported alterations are non-specific, limitated stidbgroups and difficult to
distinguish from health-related changes. Moreoitds widely accepted that the
frontal lobes themselves plays an important role niemory processing.
Consequently, memory functions may be affected byngry prefrontal
dysfunction, and, vice versa, the degeneratiorheftemporo-limbic areas may
exert a secondary influence on frontal lobe fumgtig. So, our large-scale study
confirmed the presence of cognitive impaired inragimnately 40% of patients
with MND. Mild executive dysfunction typified by ipairment of attention, short
term memory, abstraction, and verbal fluency apgmbaas the most frequent
features. Eight percent of them displayed typic&lD, as mentioned before. In
particular, we confirm previous findings of predoant deficits of verbal and
non-verbal fluency as well as set-shifting andrdite (3,20,21,26,68).

In this study, patients with bulbar onset diseagere not significantly different
from limb-onset patients in terms of their levelooignitive impairment. The sole
exception is a motor task implicating sustainadraion (Trail making test A):
the analyses revealed a different, worse performam@atient with bulbar onset
respect of limb onset, but the contribution of mmosdills in this simple test
remains uncleareven if we ruled out all patients ho had motor impant in
graphic performances, it can reflects the presenaatial delay due to muscular
atrophy. In fact, this difference it was not stiadelly significant in A-B ratio, a
more reliable index of attentional control, fre@nfr heterogeneous aspects of
eventual mild motor disabilitie§o, our general findings are consistent with the
results of Ringholz’ and Frank results (5,8), biiteds from the results of other
studies in which bulbar onset patients had greatgnitive dysfunctions: Many
authors have commented on association betweents@gimpairment and bulbar
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disease in MND (15,21,33,35-37). Some studies 8palty looking into this
issue found a significant increase in cognitive fdystion in patient with
pseudobulbar palsy compared with those withoutioalgh both group were
impaired (21). Formal statistical testing of ourhod failed to show such a
correlation. The reason of this discrepancy isaunhpletely clear. However, in
our sample, patients with bulbar onset disease tergreat minority than those
with limb onset (32 vs 96), and that could have idish statistical power. An
other interpretation of our findings largely corewith those of another Strong’s
findings (33): patients with bulbar onset have maapid decline of cognitive
abilities, a method for controlling for stage obelse will need to be employed
before direct comparison of limb-onset and bulbaset patients can be made.
However these and other authors observed that Alffests who were bulbar
predominant at clinical presentation, or had bulbaset, had relatively more
cognitive impairment than their limb predominantbjgats. Finally, we
highlighted, from this extensive battery, the masthmon test, at least in Italy, in
which MND patients have frequently failures: Wissoncard sorting test, verbal
and written fluency adapted to motor and bulbaliskdigit span forward and
backward. These data are confirmed by other firglinditerature, as mentioned
in previous chapters. These test appear as camssith suggested measures to
evaluate cognitive deficit in ALS by second intdromal Frontotemporal
Dementia in ALS Research Conference (London, Qmtgune 2007): indeed,
despite the current absence of consensus, idexitificof cognitive impairment in
MND has been improved by the use of untimed newapsogical tests,
experimental adjustments to contro for slower mefed, and use of recognition
rather than free recall. The vantage of this sEleds that these test are popular
and easy to find them, and the adaptation for MNRamimpairment are simple
to applicate. On the other hand, the limit canHas these measures may be not so
sophisticated to investigate subtle impairment INDM. To verify the sensitivity
and practical value of our approach from extenbattery to few, selected tests to

investigate rapidly MND cognitive impairment nemdre investigations.

57



2.6 REFERENCES

1)

2)

3)

4)

5)

6)

7)

8)

9)

Wright AF. Neurogenetics Il: complex disordes.Neurol Neurosurg
Psychiatry2005: 76: 623-631.

Wilson CM, Grace GM, Munoz DG et al. Cognitive inmpaent in
sporadic ALS: a pathological continuum underlingraltisistem disorder.
Neurology2001; 57: 651-657.

Massman PJ, Sims J, Cook N, et al. Prevalence anmctlates of
neuropychological deficits in amyotrophica latesalerosis.J Neurol
Neurosurg Psychaitr§996; 61: 450-455.

Abe K, Fujimura H, Toyooka K et al. Cognitive fuimt in amyotrophic
lateral sclerosis] Neurol Scil997; 148:95-100.

Frank B, Haas J, Heinze HJ et al. Relation of ngsyohological and
magnetic resonance findings in amyotrophic latec&rosis: evidence of
subgroupsClin Neurol Neurosurd 997; 99:79-96.

Abrahams S, Goldstain LH. Motor Nuron Disease Harrison JE, Owen
AM, eds. Cognitive deficits in brain disorders. ldmm: Martin Dunitz,
2002; 341-358.

Shreiber H, Gaigalat T, Wiedemuth-Catrinescu Ul.eCagnitive function
in bulbar and spinal-onset amyotrophic lateral reslis. J Neurol 2005;
252:772-771.

Ringholz GM, Appel SH, Bradshaw M, et al. Prevakemand patterns of
cognitive impairment associated with AUSeurology2005; 65: 586-590.

Brownell B, Oppenheimer DR, Hughes JT. The cemtes/ous system in
motor neuron diseasé&.Neurol Neurosurg Psychiatd970; 33: 338-357.

10)Eisen A, Krieger C. Pathogenic mechanism in sporainyotrophic

lateral sclerosigCan J Neurol Sc1993; 20: 286-296.

11)Jokelainen M. Amyotrophic lateral sclerosis in Bimd: An epidemiologic

study.Acta Neurol Scand977; 56:185-193.

58



12)Hudson AJ. Amyotrophic lateral sclerosis and itsoagtion with
dementia, parkinsonism and other neurological des@: a reviewBrain
1981; 104: 217-247.

13)Strong MG, Grace GM, Orange JB, Leeper HA. Cognjtilanguage, and
speech in Amyotrophic lateral sclerosisClin Exp Neuropsychdl996;
18: 291-303.

14)Bak TH, Hodges JR. Motor Neurone disease, demeaanih aphasia:
coincidence, co-occurrence or continudmNeurol2001; 248: 260-270.

15)Lomen-Hoerath C, Murphy J, Langmore S, Kramer JH,ak Are
amyotrophic lateral sclerosis cognitively norm&eurology 2003; 60:
1094-1097.

16)Barson FP, Kinsella JG, Ong B, Mathers SE. A nesyopological
investigation of dementia in motor neurone disgd4&D). J Neurol Sci
2000; 180: 107-13.

17)Neary D, Snowden JS, Gustafson L, et al. Frontotptgal lobar
degeneration: a consensus on clinical diagnositierie. Neurology1998;
51: 1546-1554.

18)Phukan J, Pender NP, Hardiman O. Cognitive impaitrimeamyotrophic
lateral sclerosid.ancet NeuroR007 6: 994-1003.

19)Shallice F. From neuropsychology to mental striectu€ambridge:
Cambridge University Press, 1988.

20)Ludolph AC, Langen KJ, Regard M, Herzog K, KempoKajrwert T.
Frontal lobe function in amytrophic lateral sclesos neuropsychologic
and emission position tomography study. Acat NeSaznd 1992; 85: 81-
89.

21)Abrahams S, Goldstain LH, Al-Chaibi Ai, et al. riten Between
cognitive dysfunction and and pseudobulbar palsyanmytrophic lateral
sclerosisJ Neurol Neurosurg Psychiaty©97; 62: 464-472.

59



22)Abrahams S, Leigh PN, Harvey A et al. Verbal fluerand executive
dysfunctions in amytrophic lateral sclerosis (AL®europsychologia
2000; 38: 734-747.

23)Abrahams S, Goldsatin LH, Kew JIM et al. Frontddelalysfunction in
amyotrophic lateral sclerosis: a PET studsain 1996: 119: 2105-2120.

24)Abrahams S, Goldstain LH, Simmons A, et al. Wordrigeal in
amyotrophic lateral sclerosis: a functional magnetsonance study.
Brain 2004; 127: 1507-1517.

25)David AS, Gillham RA. Neuropsychological study ofotor neuron
diseasePsychosomatic$986; 27: 441-445.

26)Gallassi R, Montagnana P, Morreale A et al. Neuopslogical,
electroencephalogram and brain computed tomogrépdings in motor
neuron diseaseEur Neurol1989; 29: 115-120.

27)Talbot PR, Goulding PJ, Lloyd JJ, et al. Interiela between ‘classic’
motor neuron disease and fronto-temporal demengaropsychological
and single photon emission computed tomography ystudd neurol
Neurosurg Psychiatr§995; 58: 541-547.

28)Kew JJ, Leigh PN, Playford ED et al. Cortical fuontin amyotrophic
lateral sclerosis. A positron emission tomograptugly Brain 1993; 116:
655-580.

29)Kew JIM, Goldstein LH, Leigh PL et al: The realaships between
abnormalities of cognitive function and cerebrahation in amyotrophic
lateral sclerosis: a neuropsychological and ewmssomography study.
Brain 1993; 43: 1569-73.

30)Rakowicz WP, Hodges JR. Dementia and aphasia in MMND
underrecognised association™Néurol Neurosurg Psychiatr§998; 65:
881-889.

31)Tulving E. Introduction to memory. In: Gazzaniga M&. The new
cognitive neurosciences!%dn. Cambridge MIT Press, 2000: 727-732.

60



32)lwasaki Y, Kinoshita M, Ikeda K et al. Cognitive parment in
amyotrophic lateral sclerosis and its relation toton disabilities.Acta
Neurologica Scandinavica 19981-143-3.

33)Strong MJ, Grace GM, Orange JB, eta al. A prospeaiudy of cognitive
impairment in ALSNeurology1999; 53: 1665-1670.

34)Bak TH, Hodjes JR. The effects of the motor neutm@ase on language.
Brain Lang2004; 89: 354-361.

35)Caselli RJ, Windebank AJ, Peterson RC et al. Rggdbgressive aphasic
dementia and motor neuron disea&sen Neurol1993; 33: 200-207.

36)Davies RR, Hodjes JR, Jrill JJ et al. The pathalagbasis of semantic
dementiaBrain 2005; 128: 1984-1995.

37)Doran M, Xuereb J, Hodges JR. Rapid progressivphasia with bulbar
motor neuron disease: a clinical and neuropsychmdbgtudy. Behav
Neurol1995; 8: 169-180.

38)Abrahams S, Leigh PN, Goldstein LH. Cognitive charng ALS: a
prospective studyNeurology2005; 64: 1222-1226.

39)Hills AE, Oh S, Ken L. Deterioration of naming naumersus verbs in
primary progressive afasiAnn Neurol2004; 55: 268-275.

40)Kew JIM, Goldstain LH, Leigh PN, , et al. The relaship between
abnormalities of cognitive function and cerebrafivation and ALS: a
neuropsychological and position emission tomogragihyy.Brain 1993;
116:1399-1423.

41)Talbot PL. Frontal lobe dementia and motor neurdisease.J neural
transm1996; 47 (suppl): 125-132.

42)Robinson KM, Lacey SC, Grugan P, Glosser G, GroagwhaVic Cluskey
LF. Cognitive function in Amyotrophic lateral Sabsis: a six-month
longitudinal studyJ Neurol Neurosurg PsychiatB006: 77: 668-70

61



43)Barber R, Snowden JS, Craufurd D. Frontotemporahesgia and
Alzheimer’s disease : retrospective differentiatiming information from
informants.J Neurol NeurosurdPsychitry 1995; 59: 61-70.

44)Brooks BR, Subcommetee on Motor Neuron Disease/Aragbic Lateral
Sclerosis of the World Federation of Neurology Rese Group on
Neuromuscular disease and El Escorial “Clinical itsnof Amyotrophic
lateral Sclerosis” Workshop contributors. El EsabWorld Federation of
Neurology.

45)Cedarbaum JM, Stambler N, Malta E, Fuller C, Hil{Thurmond B,
Nakanishi A. The ALSFRS-R: a revised ALS functiorating scale that
incorporates assessments of respiratory functi@iNBALS Study Group
(Phase II1)J Neurol Scil999;169:13-21.

46)Neary D, Snowden JS, Mann DMA, et al. Frontal |lamentia and
motor neuron diseseaseNeurol Neurosurg Psychaty990; 53: 23-32

47)Moretti R, Torre P, Antonello RM, Carraro N et @omplex cognitive
disruption in motor neuron diseadeement Geriatr Cogn Disor@002;
14:141-50

48)Folstain MF, Folsatin SE, Mc Hugh PR. Mini Mentait® a practical
guide for grading the mental state of patientstiier clinician.J Psychiatr
Res1975 12 189 198

49)Sartori G, Colombo L, Vallar G, Rusconi M L , Piaebbo A. T.I.B. Test di
intelligenza breve per la valutazione del quozientellettivo attuale e
pre-morbosdsiornale dell’ordine Nazionale Degli Psicologi,997.

50)Raven JCRCPM: Guide to Using the Colored Progressive MasidNew
York, NY: Psychological Corp; 1965.

51)Spinnler H, Tognoni G. Standardizzazione taraturdiana dei test
neuropsicologici.The Italian journal of neurological Sciencek987;
Suppl 8: 1-120.

52)Hartikainen P, Helkala EL, Soininen H, Riekkinen ®ognitive and
memory deficits in untreated Parkinson’s diseask amyotrophic lateral
sclerosis: a comparative studiournal of Neural transmissiof993; 6:
127-137.

62



53)Lamberty GJ, Putnam SH, Chatel DM, et al. derivedilTMaking tests
indices: A preliminary reportNeuropsychiatry, Neuropsychology and
Behavioural Neurolog$994; 7, 230-234.

54)Nelson HE. Modified Card Sorting Test (1979). Firen ltaly: O.S.,
Firenze, 2003.

55)Gallassi R, Montagna P, Ciardulli C e al. Cognitingpairment in motor
neuron diseasécta Nurol Scand 985; 71: 480-484.

56)Wechsler D. Wechsler Adult Intelligence Scale Redis(WAIS-R).
Versione ltaliana a cura di Laicardi e Orsini. Rie, Italy: O.S., Firenze,
1998.

57)Kaplan EF, Goodglass H, Weintraub S (1983). Thst@oNaming Test:
The experimental edition. Boston: Kapan and Goaasfl (2 Ed.
Philadelphia: Lea & Fabiger)

58)Osterreith PA. Le test de copie d’'une figure compleontribution a
'etude de la perception et de la memoechives de Psichologi#944;
30: 286-356

59)Stern Y, Andrews H, Pittman J, Sano M, Tatemichi LBntigua R,
Mayeux R. Diagnosis of dementia in a heterogenepapulation.
Development of a neuropsychological paradigm-basémgnosis of
dementia and quantified correction for the effectseducation.Arch
Neurol 1992 ;49:453-60.

60)Diagnostic and Statistical Manual of Mental Disosje 4th Ed.
Washington, DC: American Psychological Associat@®)0

61)R Development Core Team. R: a language and envieahfor statistical
computing. Vienna: R Foundation for Statistical Quuting. ISBN: 3-
900051-07-0, URL:http://www.R-project.org , 2005

62)Lomen-Hoearth C, Anderson T, Miller B, The overlap amyotrophic
lateral sclerosis and frontotemporal dementiaurology2002; 59: 1077-
1779.

63



63)Strong MJ, Lomen-Hoerth C, Caselli RJ, et al. Cbgaiimpairment,
frontotemporal dementia, and the motor neuron diséan Neurol2003;
54 (Suppl 5): 20-23.

64)Colom R, Jung RE, Haier RJ. General intelligencd aremory span:
evidence for a common neuroanatomic framew@&gn Neuropsychol
2007; 24: 867-878.

65)McNab F, Klingberg T Prefrontal cortex and basaigiea control access
to working memoryNat NeuroscR008;11:103-7.

66)Norman DA, Shallice T. Attention to action: willeshd automatic control
to behaviour. In Shartz GE, Shapiro D editors. Cosness and
regulation, vol 4. New York, Plenum Press, 1986

67)Yang W, Sopper M, Leystra-Lanz C, Strong MJ. Miafmtle-associated
tau protein positive neuronal and glial inclusiom&LS. Neurology2003;
61: 1766-1773.

68)Abrahams S, Leigh PN, Kew JJM et al.: A positionssion tomography
study of frontal lobe function (verbal fluency) mmyotrophic lateral
sclerosis. J Neurol Sci 1995: Suppl 129: 44-46

64



3. AN FMRI STUDY: LYMBIC INVOLVEMENT IN ALS

3.1BEHAVIOURAL AN EMOTIONAL CHANGES IN ALS/MND

Emotional perceptual problems, specifically an ilitgbto interpret emotional
facial expressions and/or vocal intonations, caoupodn many neurological
disorders. It has been associated with vasculawels as neurodegenerative
neuropathophysiology affecting prefrontal and rigbsterior cortical regions as
well as frontal subcortical circuits (1-6).

Behavioural impairment is known recognised as &ufeaalso of ALS/MND: the
deficits can be evident in behavioural domains allpsassociated with the
prefrontal cortex including executive functions aadtial cognition.

Rating scales such as Neuropsychiatry Inventorgntiat Behavioural Inventory,
and Frontal System Behaviour Inventory (have shidvan up to 63% of patients
with ALS are apathetic, irritable, inflexible, rkests, and disinhibited (7-9).
Apathy and difficulties with social judgement seetosbe more frequent in
patients whose ALS has bulbar onset than in thasese ALS is non-bulbar
(8,10). So Apathy, one of the most common finding/spuld be differentiated
from depression, fatigue and respiration dysfumctiy careful examination of
medical history and use of validated scales. Farmgte, by contrast with apathy,
depression can be linked to particular stressons, i@ is characteristically
associated with pervasive anhedonia, sadnessuliezs$, hopelessness, suicidal
ideation, and guilt. Although there is no conserfsus®ehavioural impairments in
ALS, the clinical presentation is thought to reprgsabnormalities that do not
meet the Neary criteria for frontotemporal deme(itif). Behavioural impairment
in ALS can be classified on the basis of presemawf frontal-lobe type
behavioural impairment in two or more areas, assurea from a standardised
caregiver interview (12). However, the debate oéthier to classify patients with
ALS who have cognitive impairment together withsaparate from those who
have behavioural impairment continues. Althoughniipgely normal patients
with ALS can have profound behavioural abnormaliti€7), cognitive and

behavioural impairment can coexist in 25% or matents (13). Maintenance of

65



a division between cognitive a behavioural impamtme research studies might
be useful identification of different pathogeneatiechanisms and clinical courses,
but it is currently insufficient evidence to makestdistinction (14).

Social cognition, which is crucial for human intetian, has been reported as
impaired in various studies of frontotemporal detizenLough and colleagues
(15) showed that patients with fvFTD had impairedagnition of all emotions,
and particularly anger and disgust, which mightlpaxplain the difficult these
patients have with identification of social viotats. Empathy, as rated by carers,
was also abnormal in these patients. Thus, scessoning seems to be disrupted
in various ways in fvFTD. This possibility has alseen examined in ALS. In
fact, although cognitive and social emotion dediditave not been associated
historically with amyotrophic lateral sclerosis,nms® studies suggests that such
impairments are identifiable and may play an imgatrtrole in medical decision-
making and care-giving issues (7, 16-20). Althopghtients with ALS/MND are
known to suffer from pathological, emotional latyil(see chapter 5), it is unclear
why whether they had difficulty perceiving and mpeeting interpersonal
emotional communication. Papps, Abrhahams and aguies (21) examined the
performance of 19 non-demented ALS patients on apsychological tests
involving emotional perception and memory. Thesé¢iepés demonstrated a
failure to show the normative pattern of enhancedognition memory for
emotional words compared to neutral words and preduhigher scores than
controls on recognition memory for neutral wordshisT selective failure
demonstrated enhanced memory for emotional matasiatompared to neutral
material: this finding may reflects, according b tauthors, differences between
ALS patients and healthy controls in the encodowy)solidation or retrieval in
memory items. This study had also highlighted tifeerént profile associated
with ALS by identifying a specific failure to demstnate normative enhanced
memory for emotional material in the patients ie tontext of both preserved
general intellectual functioning and neutral memory

Lule and colleagues (22) presented 52 emotive qgictlides to 12 patients with
sporadic ALS. The researchers recorded subjecéperts of pleasantness and
arousal, and correlated them to psychophysologec ¢tarle, EEG) and galvanic
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skin responses. Verbal emotional judgements oepttiwere more positive than
controls. Regarding arousal, patients neutralizeileme pictures, in that they
rated calm pictures as more exciting than contaold exciting picture as more
calm. There were no major differences between migtiand controls concerning
physiological responses to emotional stimuli. Thathars concluded that
emotional responses in ALS patients tend to beealteowards positive valence
and towards a more balanced arousal state in state of the disease: it was
observed a decrement in excitability for extremeotomal stimuli. An open
guestion remained weather these changes in embpor@essing are a result of a
persistent neurodegenerative processes sensuo stiictrather a conscious
psychological reaction to the changed situatiowhich the patient find himself.

In a more recent Lule’s study (23), sixty similanaional slides were presented
to 13 ALS patients, 15 controls and 6 tetraplegitigmts. The authors measured
subjective reports of valence and arousal as welb@in responses to the
affective picture using fMRI. Patients presentedraneased brain response in the
right supramarginal area and reduced brain responserastraite visual areas at
both measures compared with healthy controls. Withe ALS patients’ group a
reduction of brain responses in the anterior insuda interpreted as indicating
reduced arousal during the course of disease atdheal and behavioural level.
The reduction of activity in extrastriate was semly interpreted. The increased
brain response in the right supramarginal areald patients might represent an
altered sensitivity to social-emotion cues. On dkiger hand, tetraplegic patients
presented similar changes in physical activityt thay support the notion that the
loss of peripheral inflow and changed circumstanedife. Zimmerman et al (24)
underwent on 13 ALS bulbar patients standardizests tef facial and prosodic
emotional recognition: the patients performed digantly worse than controls on
facial emotional recognition but not on prosodicogional recognition. Sixty-two
per cent of them scored below the 95% Confidendendal of controls in
recognizing facial emotion, and 23% also scorecelow prosody recognition.

All these findings expands the scope of cognitiysfainction detected in MND,
and bolsters the view of MND/ALS as a multisystesodder involving cognitive

as well as motor deficit.
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3.2 FUNCTIONAL MAGNETIC RESONANCE: GENERAL CONCEPTS

Human brain uses an oxidative glucose metabolismsedd on oxygen
consumption and ATP production. Given that therends neuronal glycogen
production, metabolic activity is related to thecamt of glucose reaching the
CNS through the blood flow. Therefore neuroimagstgdies are based on the
normal coupling between cerebral glucose consum@ia regional blood flow,
so that an increase in the second reflects a phmatirease in the former; in fact
the evaluation of the regional cerebral blood fle@BF) depends on pre-synaptic
activity.

fMRI is a particular type of MRI, based on the piple of nuclear magnetic
resonance. Hydrogen molecules constitute about d®%uman body mass;
almost % of it is hold in water molecules and ¥ilipids. The nucleus of a
hydrogen atom is formed by a single proton, thatoisstill, but owns an intrinsic
propriety, called spin, that can be either positvenegative. Generally electrons
and protons coexist in the same atom, loweringgtbleal atomic spin. Given that
hydrogen is formed by a single proton, its glogin is not null and is
responsible of the generation o fan electromagrisgid M, which is aligned to
the spin axis. When an external magnetic field Bpplied, hydrogen atoms align
along the B field direction, but its intrinsic spproperties prevent it from a
complete alignment. In fact the spin axis precedéle direction of the magnetic
field, with a precession frequency that is promorél to the intensity B and to the
atom type. All these parameters are related in basrequationwe=yBo, where
wo IS the precession frequency expressed in rad/ss Bie magnetic field flow
density expressed in T ands the giro magnetic constant, which dependshen t
atom type. The precession frequency expressed ifoHkzarmor’s frequency) is
then:wo=2xf. For a hydrogen atom it is f=42.5%.B

Therefore protons embedded in an external magfiefat tend to align in a
parallel (low energy) or antiparallel direction dghi energy) in respect to the
magnetic field. In resting conditions the magnetgctor expressing the entire

proton population aims at an antiparallel orieotatcompared with the external
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magnetic field; moreover each proton owns a propagnetic moment which is
perpendicular to the external field. Anyway theteecesulting from the sum of
the perpendicular magnetic moments aims at zereteftre, at the equilibrium,
the global magnetization vector is aligned to tles af the external magnetic
field.

MRI imaging is based on the modification of thevioesly described balance
and on the consequent evaluation of the resuligigas This could be achieved
applying an external magnetic field of low integg(B;), in the radiofrequency
band, perpendicular to the external fixed field. BRadiofrequencies are
transmitted in short waves and pass part of thergy to the protons embedded
in the magnetic field 8 The application of a variable magnetic field (exment
phase) causes a shift of the global magnetic veeitr a reduction of the vertical
component aligned to thegBield axis, that is due to an increase of protons’
energy, that will then arrange in an antiparralieéation towards B (flipping).
Moreover there is a synchronization of the predess@hase of the protons, with
generation of a transversal global magnetizatiaore

After the perturbation caused by radiofrequencyliegipon, protons tend to shift
back to the starting orientation. The longitudin@gnetization vector therefore
decreases in a constant time T1 (time necessasdtae the difference between
the post-excitation longitudinal magnetization wecnd the resting longitudinal
magnetization vector by anfactor).

Moreover, during relaxation, there is also the odidm or disappearance of the
transversal magnetic vector, in a constant timgtii@e necessary to reduce the
difference between the post-excitation transvarsanetic vector and the resting
transversal vector by ae factor), depending on energy transferring between
protons. Given that magnetic fields created imvare not homogenous, the
effective T2 (or T2*) is lower than the real T2, isuch a way:
1/T2*=1/T2(molecular effects)+1/T2(Bield effect).

fMRI images are generally acquired using echo-plamages (EPI), that allow

the filling of each line in th& space simultaneously with just one excitationpeve
if with a worse anatomical definition. fMRI is baksen a T2* effect, which is due
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to the interaction between preceding protons atdiden them and the magnetic
field dishomogeneity, due to the different magnetiaperties of the surrounding
molecules. Some magnetic properties depend on thie f the interested
molecules; in particular on hemoglobin. When thisleoule is not bearing
oxygen (deoxyhemoglobin), it has four uncoupledctetens, generating a
magnetic moment that disappears when oxygen bimdket heme-group. That
magnetic moment creates a local electromagnetidiggrathat contributes to the
reduction of the transversal magnetization an of Therefore variations of the
ratio hemoglobin/deoxyhemioglobin (Blood oxygen dbevdependent effect or
BOLD effect) will reflect in a modification of lotaT2* times. Obviously
modifications of hemoglobin ratio depend on the FCBat is coupled to the
neuronal metabolism and activity. It is in fact kmothat near active brain areas
there is a local arteriolar and venular dilatiomplqably due to astrocytes, that,
after glutamatergic stimulation and consequent igac influx, release
prostanoids, NO, K and H in proximity of arteriol&alls, inducing vasodilation.
The relationship between neuronal activity and wksc effects (BOLD) is
defined by three parameters: rCBF, regional oxygemebral metabolism
(CMRGQy,) and cerebral vascular volume (CBV), in such a tiy an increase in
the former and the latter lead to an increase i BOwhile an increase of the
second leads to a decrease of the BOLD.

Generally immediately after an increase in neur@uadlvity, there is a reduction
of BOLD effect, probably due to the metabolic resp® with an increase of
CMRO;, (“initial dip”). After 300-500 msec the vasculagsponse begins with
vasodilation and increase in BOLD.

Finally it is important to state that the BOLD effés associated to an increase of
pre-synaptic activity and therefore it cannot dreamate between excitatory or

inhibitory activities.

70



3.2STUDY PORPUSES
Several brain imaging studies had previously linkednponents of emotional
behaviours to limbic and paralimbic structureslasamygdala, medial temporal
cortex, anterior cingulate) and to subcortical oegi (thalamus, caudate,
hypothalamus), as well as to medial, dorsolatenad, orbito frontal regions (24-
27). Despite that, only two studies have been —applg- devoted so far to
investigate cognitive or emotional performancef\b§ patients with functional
magnetic resonance. The first was due by Abrahamdscalleagues (28): they
investigated executive functions of a sample ofA2&E patients. Interesting, it
was revealed significantly impaired, if compared healthy controls, the
activation in the middle and inferior frontal gyand anterior cingulated gyrus
during the letter fluency task and confrontatiomimgy task. This study provided
evidence of cerebral abnormalities in ALS in thewwek of regions involved
language and executive functions. The second wasbgu_ule’s et al. (23), as
mentioned before, who noted in fMRI greater respens the right supramarginal
area in patients with ALS than control patientsimiyran emotional task: this
datum might represent an altered sensitivity taasd@nd emotional cues.
The aim of this study is to further investigateibreegion mediating negative
emotions in ALS patients with unpleasant vs neutnakerial with fMRI. This
technique permit to conduct a systematic evaluatibfunctional cortical and
subcortical changes beyond the motor system, assailjje source for ALS
behavioural changes, such as the impression th& patients are positive-
minded, or apathetic, despite their fatal diagn¢28). Subcortical and cortical
networks such as the limbic system, in particiiaramygdala, are crucial for the
processing of the emotional stimuli. So, we setkcabert’'s paradigm (30) to
focus on the activation of amygdala and lymbic ctrices during an emotional
linguistic task and a recognition memory task foroional words, demenstrated
as impaired by in ALS Papps (21). During the fgstn, patients and controls
were required to explicity evaluate the relativeotional significance of highly
unpleasant vs. neutral words sets. During the sesman, which immediately
followed the first scan, memory for the words presd the first scan was
assessed.
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3.4METHODS AND MATERIALS

3.4.1 Participants and controls

Nine patients (7 male, 2 female; mean age 50.7,1s46; mean educational level
in years= 10.2, sd=4.8; 1 had bulbar onset, 8 imall bnset) were recruited from
Padova’ Motor Neuron disease Centre. All patiersd hndergone full clinical
assessment under supervision of a panel of spasialeurological data were
taken from the records of the patients’ clinic wisearest to the time of testing.
All had clinical and electrophysiologal evidence aiimbined upper and lower
motor neurone involvement in at least one regioo.ddtients had a history of
cerebrovascular disease, hypertension, or diabletgmnts were excluded if they
severity of upper limb involvement prevented themnf undertaking manual
task, and if they performed a score higher thaniadi cut-off for suspected
presence of depression on Beck depression invegtagtionnaire. Also patients
with more severe bulbar involvement, which wouldkeat uncomfortable to
speak whilst lyng supine, were excluded from thislg.

Ten healthy controls, comparable for age and edwtlevel, were recruited
from a local voluntary group and from friends otipats with ALS. None had a
history of neurological disorders or previous sigaint head injury. All subjects
were fluent in Italian and right-handed as judggdttiee Edinburgh handedness
Inventory (31) and had normal or corrected-to-ndrviaual acuity. After a
complete description of the study to the subjesti#tten informed consent was
obtained.
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3.4.2Neuropsychological and Psychopathological meass

At the time of initial screening, as mentioned afopatients and controls mood
was assessed with the Beck depression inventoryl)(8D). Anxiety was
assessed with Spielberger's State Anxiety (STA)-Y33) both immediately
before and immediately after fMRI scanning, to exlel the possibility that an
abnormal cognitive profile might be related to elmoal state. During the second
administration, subjects were instructed to conagptee STAI in terms of their
experience inside the scanner. Newsome-Davis Enwattiability questionnaire
(ELQ) (34) was used to assess the paresence dflpgital laughing, crying or
smiling in ALS patients. Italian validation of thmeasure is just completed and
the procedure, as well as the measure, are detif@dined in chapter 5.

To exclude the presence of cognitive impairmentpedomed also an extensive
neuropsychological battery. Intellectual abilitwas assessed with an extensive
neuropsychological battery underwent at least twontims before functional
imaging study. We used the Brief Intelligence TEBIB) (35) to estimate
premorbid full scale IQ and Raven’s Satandard Rxsgjve Matrices (SPM) (36)
to estimate current intellectual functioning. Forgeneral screening was also
employed MMSE (37).

Executive functions were assessed with four testflegncy, adapted from
Abrahams and colleagues (38) to control for indrgidvariations in motor speed:
the spoken verbal fluency test (F.A.S.)(39), thekem semantic fluency test
(animals, fruits and vehicles)(39), the writtenbadrfluency test with C and M
beginning letter. From these a fluency index walsudated a fluency indexi)
was calculated for each measure (Spoken verbahdjuendex SVi, Category
fluency index @ Written verbal fluency index WHN). Executive functions were
also explored using thdodified Wisconsin Card Sorting Tegt0), Trail Making
Test A and BThe latter was performed according to Reitantdqwol (41). Long
and short-tem Memory were respectively investigatétd Babcock’'s Pros€39),
Verbal Digit Span Forward and Backwarid2) andCorsi Blocks tapping test
(39). Visuo-constructional abilities were assesgéith Rey-Osterreith complex
figure (43), copy and recall task. Language, in termsyotactic comprehension
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and naming ability, was assessed respectively iwitken tes{39) andBoston
Naming test(44). These measures and their adaptation for Midbepts are
detailed shown in previous chapter 2.

3.4.3 Study design

3.4.3.1 Words selection process

The words used in this study came from Dictiondryord frequency in spoken
Italian language [De Mauro, Mancini, Vedovelli antbghera (45)] which
includes 10561 words that have been rated for resguéncy in Italian spoken
language. We selected a large group of words (&@dijar for high frequency of
use and for length. After that, we recruited a grofi50 volunteers (32 male, 18
female), which have rated these words on concrstengrom 1 (low
concreteness) to 7 (high concreteness)], imagesyn[fL (low imagery) to 7 (high
imagery)], and unpleasantness [from 1 (unpleagert)(neutral)]. For the current
study, were selected 30 unpleasant words and 3Qrahewords (mean
unpleasantness ratings = 1.9 vs 5.4) that did rftgrdsignificantly for word
length (mean word length=6.4 vs 6.33, p= 0.912)rdmMoequency (45) (mean
frequency of occurrence=7.33 vs 7.06, p= 0.715nceness ratings (mean
concreteness ratings= 3.8 vs 4.2, p= 0.554) andgemya (mean imagery
ratings=5.5 vs 4.2, p= 0.117). Although words weog¢ specifically matched for
part of speech, both lists contained nouns, vexrthgctives and adverbs.
Unpleasent and neutral words selected and emplioydte paradigm are shown

in Appendices | and IlI.
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3.4.3.2 fMRI Emotional Decision Scan

The generated words were used to generate unpteasdmeutral words sets,
where each word set comprised a unique combinatighree words. Word sets
were presented in eight alternating unpleasantrendral blocks (Four cycles,
exemples in Fig 1 (a) and (b)). Each block begah wi2-second cue indicating
whether the block consisted of unpleasant or neutads (Fig 1b). Five word set
trials were presented during each block, each apgeéor 4-seconds with a 2-
second inter-stimulus interval (IS1). Thus, the BDkesponse was recorded to
four bloks of neutral words. During each ISI, atcalty placed fixation cross
replaced the word set. A 11-seconds resting basglneceded the first block
trials, and a 24-seconds resting period separdtestilasequent blocks of trials,
during which subjects also viewed a central fixatmoss. During each trial, a
word set was projected to the centre of the subjéetd of view via a computer-
controlled projection system that presented stintoilia rear-projection screen
located at the entrance of the magnetic bore. $tshjgewed stimuli projected to
the screen via a 4 x 10 émnirror attached to the head coil and positionesLial
cm from and directly above the subject’s eyes. Baolds appeared twice over
the course of the scan (i.e., first presentaticcuoed during the first two blocks,
and the second presentation during the last twokbl@f each stimulus type)
within unique words set. Words set were presemniafixed pseudo-randomized
order across the blocks with the condition thataadadid not reappear until all
words had been presented once. The position ofrd wihin a word sets was
counterbalanced across presentation of that wdrd. SEquence in which blocks
of unpleasant and neutral trials was counterbathaceoss subjects by reversing
the trial order for four of the nine subjects.

Immediately before the scanning began, subjects vwggven ten practice trials (5
unpleasent and 5 neutral). The negative and neutoatls presented during
practice did not overlap with the experimental vepordnd were chosen from
excluded words from the first selection (see paplgr3.4.3.1). During the
unpleasant blocks, subjects were instructed tocselgh right hand the most
unpleasant or the most threatening word from theethegatively valenced words
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(word set) presented on each trial. Subjects westucted to base their decision
on their personal knowledge of and experience thighconcept and connotations
conveyed by the words. Similarly, during neutraddids, subjects selected with
right hand the word they deemed to be the mostralgiie., non emotional or non
threatening). From each word set. Subjects indictieir responses indicating the
ordinal position of word in the screen (1, 2 or &8)colleague from our team,
seated at him or her right, noted on a protocottiace.

3.4.3.3 fMRI Recognition memory scan

Immediately following the first scan (described @by a second scan was
performed to assess recognition memory for the svprésented (targets) during
the emotional decision task. Sixty additional neards were selected from the
excluded valenced word group in the first phassabéction task (see paragraph
3.4.3.1) to serve as foils or distractors in thermaey scan (30 highly unpleasant
and 30 neutral), matched for lengths and frequeAdgitional words are shown
in appendix | and Il. Together, 120 words (60 poegly seen and 60 not
previously seen) were presented one at time ircéinére of the subject’s field of
view on 12 alternating unpleasant and neutral lddékcycles, Fig 2 (a)). Each
block consisted of a fixed random sequence of 1@gyavithin a 0.50 probability
of being a previously seen word (Fig 2 (b)). Eacbrdvwas presented for 2
seconds and was immediately followed by the nextdwé 20-second resting
period preceded the first block of trials and sefsrsuccessive blocks, during
which time subjects viewed a central fixation cradse sequence in which blocks
of unpleasant and neutral trials were presented gmsiterbalanced across
subjects by reversing the trial order for four lbé mine subjects. Subjects were
instructed to indicate with a little movement witthdex finger of right hand
whenever they recognized a word from the previaas sSimilarly to previous
task, a colleague from our team, seated at hineoright, noted on a protocol the

subject’s choice.
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3.4.4 Pre-processing of fMRI data

Images were acquired using a 1.5 T Philips MRI seanusing a block-design
matrix adapted from Tabert et al. Briefly, T2*-\gbted, echo-planar images
(EPI), depicting BOLD contrast, were acquired insiagle session for each
paradigm. The TR was of 2 s. EPIs were acquireoh fid noncontiguous near
axial planes (thickness=5 mm; inter-slice gap=1 mnmatrix size 64x64),

parallel to the AC—PC line. For each paradigm béoskere presented in a pseudo-
randomized order.

For the Emotional-Decision paradigm 188 images (8§)/@ere acquired for the
entire session, the first 11 of which were discdrde “dummy scans” to allow for
T1 equilibration effects, leaving a total of 176aiges per session. Each activation
(Unpleasant or Neutral) block consisted of 15 auus images and was
repeated 4 times in each session(60 total imagesNé&utral or Unpleasant
stimuli); resting periods comprised 8 images, amitewepeated for a total of 7
times (56 total images).

For the Memory-Decision paradigm 241 images (48%va)e acquired for the
entire session, the first 11 of which were discdrde “dummy scans” to allow for
T1 equilibration effects, leaving a total of 23Caiges per session. Each activation
(Unpleasant or Neutral) block consisted of 10 auuus images and was
repeated 6 times in each session (60 total imagedNéutral or Unpleasant
stimuli); resting periods comprised 10 images, &ede repeated for a total of 11
times (77 total images).
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3.4.5 Imaging acquisition and post processing of Rl data

Data processing and analysis were accomplishedy uStatistical Parametric
Mapping (SPM2; Wellcome Department of Cognitive Néogy, London, UK).
Pre-processing steps comprised slice acquisitioie ttorrection, within-subject
image realignment, spatial normalization to the M&thplate (voxel size: 4x4x4
mm) and spatial smoothing using a Gaussian kedfh(m full-width at half-
maximum). Data sets were rejected if head displac¢was greater than 5 mm
in any direction. The time series was high-pageréd to remove low frequency
noise, and the default SPM2 temporal frequencyftutas used. The average
hemodynamic response to each block was modelled) usicanonical, synthetic
hemodynamic response function.

Changes in blood oxygenation level-dependent (BOt@jtrast associated with
the performance of the cognitive tasks were asdessea pixel-by-pixel basis
using the general linear model and the theory ofisSian fields. Significant
hemodynamic changes for each contrast were assassied t statistical
parametric maps (SPMt). For the analysis, we obthen mean contrast for each
task at each session. The intragroup activatiodscamparisons between groups
were investigated using a random-effect analysith \& one-sample or two-
samplet-test performed as appropriate.

p-value threshold was0.05 corrected for False Discovery Ratio at sirsylbject
level and <0.001 uncorrected at the intragroup level; extdmeghold >5
contiguous voxels.

Data will be shown according to MNI coordinates.

3.4.6 Statistical analyses of cognitive measures

Simple comparison between patients and control ggodere conducted using

parametrid test. Significance was determined for p<0.05
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Figure 1

Emotional Decision Scan

(@)
U N U N
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(b)
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IS DROGA IS PECCATO IS RUBARE IS MORTE IS A
SCHIF
POVERO SOFFRIRE SPORCO VITTIMA 0
2 sec 4 sec 2 sec 4 sec 2 sec 4 sec 2 sec 4 sec 2 sec 4 sec

Fig 1 (a): Overview of blocked stimulus presentatparadigm for the Emotional Decision Scan.
Eight alternating blocks of neutral (N) and unpeas(U) trials were separated by Rest Periods
(+). Total scan time was 376 sec. (6min, 26 sgb))An example of the stimulus presentation

parameters within a block of unpleasant trial far Emotional Decision task.

ISI = second inter-stimulus interval.
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Figure 2

Recognition Memory Scan

(@)
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Fig 2 (a): Overview of blocked stimulus presentatjparadigm for Recognition memory Scan.
Twelve alternating blocks of Neutral (N) and Unggaat (U) trials were separated by Rest Periods
(+). Total scan was 492 sec (8 min 12 sec). (8)efaample of a block of unpleasant trial and
preceding baseline. The 30 unpleasant and 30 hewdrds presented during scan 1 (targets) were
randomly mixed with 30 foils of each word type ((fobability of target appearing). Subjects
selected a word judged the most unpleasant oraidotreach word set in the previous emotional

decision task.
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3.5 RESULTS

3.5.1 Beahavioural data

During the emotional decision task scan, all suisjebade an appropriate
response (chose one word from each word set) 08100the trials. This
demonstrates that subjects attended to the stiamadiresponded as instructed
for the entire duration of the scan. Given that thsk instructions for the
emotional decision task required subjects to malgelgective choice that was
based on their own personal experiences and kngeletithe words involved in
each word set, we did not include the behaviort flar the first scan here. As a
manipulation check, we questioned subjects immelgidbllowing the experiment
about their experience in tbc scanner. Debriefavgaled that ali subjects found the
unpleasant word sets to be highly unpleasant,qodaitly when compared it the
neutral word sets. During the recall task scanjestith recognized more emotion-
ally negative words as compared to neutral wordser@l, 88% of the
unpleasant and 72% of the neutral targets were ecityr identified

demonstrating a significant memory enhancementi@unpleasant words.

3.5.2 Neuropsychological and Psychopathological nass

Raw scores for state anxiety (33) were determined. State anxiety ratings went from a
mean score of 35.1 £ 7.3 before scanning to 47.2 + 6.8 after scanning (paired 7 =
2.13, P=0.033), demonstrating an overall significant increase in anxiety presumably
due to the scanning procedure. State anxiety differente scores (scan report - prescan
report), reflecting the change in anxiety from the pre-scan period to the report
about the attual scanning period. Together, these findings suggest that state anxiety
levels do increase as a result of the scanning procedure.

Average scores BDI scales were below the rangeargs indicative of cut-off of
depression, indicating that no group of patientscontrols were clinically

depressed. However, there was significant stagistiifference in raw scores
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between patients (mean=12.8, sd=3.5) and contneémii= 5.6, sd=5.2) (t=2.23,
p=0.03).

Comparison of mean test performance of patients MMitS and controls revealed
similar performance in all neuropsychological damsain particular, on measures
of intellectual function there were no differentetween the groups in premorbid
scale of QI, as estimated by the TIB, and the Rave8PM scores, or in the
estimated premorbid Raven’s SPM score. In additiendiscrepancy between the
actual and predicted Raven’s score was not sigmifi¢or any individual, and
there was no significant difference between the nmmeaf the two groups. In
MMSE, as well executive functioning, logical memosjort-term memory both
verbal than visuo-spatial, visuo-constructionaliaiés and language, in terms of
syntactic comprehension and naming, patients disgdlaignificant differences in

raw performance score in comparison with contraugro

3.5.3 fMRI Emotional Decision Scan

Within subjects analyses:

The control subjects group displayed during emotional recagmittask
significant higher activation founpleasantword stimuli vs the rest in left
cerebellum, right anterior cingolate, right angutgrus, left postcentral gyrus,
right inferior parietal lobule, left middle frontglrus (Table I, Fig c).

The patients group showed in the same task, fompleasantstimuli vs rest,
statistical greater activation in left cuneus amdcpneus, left middle frontal
gyrus, right anterior cingulate, left inferior opital gyrus, right inferior frontal

gyrus and left superior temporal gyrus (Table idj &).

The control group exhibited greater statistically significaativation forneutral
word stimuli vs rest in right posterior cingulatergs, right and left cerebellum,
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right inferior frontal gyrus, left precentral gyruleft middle frontal gyrus and

right cuneus (Table V, Fig e).

The ALS group revealed greater activation in left inferamcipital gyrus and left

middle frontal gyrus imeutralword in comparison with rest (Table VI, Fig f) .

Between subjects analyses:

As regard with between subjects analyses on enaitidecision taskcontrols
revealed significant greater activation of rightddie frontal gyrus founpleasant
words in comparison witpatients.(Table Il1).

Moreover, even if there is no significant diffecenbetween groups in this
cognitive task lowering the statistical probabilithreshold at p<0.05 a difference
can be found, suggesting there is a trend foraéegrnvolvement of anterior

cingulate in controls vs patients.

In addition, ALS group displayed a greater significant activatiorLeft Middle
Frontal gyrus (BA10, BA11) founpleasantstimuli, in comparison witltontrol
subjects (Table V).

Controls dslpayed greater activation as compared wéhentsin left precentral
gyrus (BAG), right cerebellum and right inferiorrgaal lobule during exposition

to neutral stimuli (Table VII)

Patients showed a significant, greater activation on lefddte frontal gyrus

duringneutral stimuli decision in comparison with controls (TeIlIl).
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3.5.4 Memory Recognition Scan

Within subjects analyses:

The control subjects group displayed during memory recognitask significant
higher activation in right inferior occipital gyrueft inferior occipital gyrusright
inferior parietal lobule andeft superior temporal gyrus fannpleasantword

stimuli vs the rest (Table IX, Fig g).

The patients group showed in the same task, fompleasantstimuli vs rest,
statistical greater activation in left inferior gui¢cal gyrus, right inferior occipital

gyrus and right middle frontal gyrus (Table X, Kig

The control group exhibited greater statistically significaativation forneutral
word stimuli vs rest right inferior parietal lobuleft precentral gyrus (BAG6),
right inferior occipital gyrus, left insula and tehferior occipital gyrus (Table
XIl, Fig i).

The ALS group revealed greater activation in left cerelm|lleft inferior frontal
gyrus, right cerebellum, right middle occipital ggr and left inferior occipital

gyrus onneutralword stimuli in comparison with rest. (Table XHig i).

Between subjects analyses:

As regard with between subjects comparison on m&tog memory task,

controlsrevealed significant greater activation of riglsterior cingulate gyrus
for unpleasantvords in comparison withatients(Table XI).

In addition,ALSgroup displayed a greater significant activatiomight posterior

cingulate gyrus (BA10, BA11) faunpleasantstimuli in comparison witltontrol
subjects (Table XIV).
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3.5.5 EMOTIONAL DECISION TASK: FIGURES AND TABLES

Tables of comparisowithin groups are in white, comparisonstweergroups are
coloured in light blue

‘vs as indicating grater than (>)

*MNI space, based on the reference template of tlmtddal Neurological
Institute in the Talairach & Tournoux atlas

Table I: Emotional decision taskcontrol subjects— Unpleasantstimuli vs rest

Z score MNI* coordinates Area
X y z
4.42 4 -60 -12 Left cerebellum
4.31 -28 -64 -28 Left cerebellum
4.27 12 32 -4 Right Anterior Cingolate
4.23 48 -80 24 Right Angular gyrus
4.09 -44 -36 52 Left postcentral gyrus
4.06 36 -52 60 Right Inferior Parietal Lobule
3.88 -40 4 36 Left Middle Frontal Gyrus

Fig c: Emotional decision taskcontrol subjects—- Unpleasantstimuli vs rest
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Table II:

Emotional decision taskPatients —Unpleasantstimuli vs rest

Z score MNI* coordinates Area
X y z

4.67 -4 -80 12 Left Cuneus
4.43 -8 -48 44 Left Precuneus
4.07 -40 8 32 Left Middle Frontal Gyrus
3.97 4 24 12 Right Anterior Cingulate
3.95 -28 -100 -12 Left Inferior Occipital Gyrus
3.75 52 24 -12 Right Inferior Frontal Gyrus
3.65 -44 -36 12 Left Superior Temporal Gyr|

Fig d: Emotional decision taskpatients —Unpleasantstimuli vs rest
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Table IlI: Emotional decision task Control subjects vsPatients—
Unpleasantstimuli vs rest

Z score MNI* coordinates Area
X y Z
4.39 40 -4 44 Right Middle Frontal Gyrus

Table IV: Emotional decision taskPatientsvs Control subjects-
Unpleasantstimuli vs rest

Z score MNI* coordinates Area
X y V4
3.93 -32 60 4 Left Middle Frontal G (BA10
3.87 -24 36 -20 Left Middle Frontal G (BA11l
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Table V: Emotional decision taskControl subjects —Neutral stimuli vs rest

Z score MNI* coordinates Area
X y z
4.40 4 -56 24 Right Posterior Cingulate (.
4.37 -12 100 -8 Left cerebellum
4.24 44 16 -8 Right inferior frontal Gyrus
4.13 20 -52 -24 Right cerebellum
3.95 -36 -56 -32 Left cerebellum
3.90 -32 -28 52 Left Precentral Gyrus
3.56 -52 8 32 Left Middle Frontal Gyrus
3.53 16 -104 -4 Right Cuneus

Fig e: Emotional decision taskcontrol subjects- Neutral stimuli vs rest
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Table VI: Emotional decision taskPatients— Neutral stimuli vs rest

Z score MNI* coordinates Area
X y z
4.61 -40 -88 -4 Left Inferior Occipital Gyrus
3.77 -44 16 44 Left Middle Frontal Gyrus

Fig f: Emotional decision taskPatients—Neutral stimuli vs rest

Table VII: Emotional decision task Control subjects vs Patients

— Neutral stimuli vs rest
Z score MNI* coordinates Area
X y z
4.20 -36 -4 48 Left Precentral Gyrus (BA6)
3.68 20 -52 -16 Right cerebellum
3.59 56 -32 28 Right Inferior Parietal Lobule

Table VIII: Emotional decision task Patientsvs Control subjects
—Neutral stimuli vs rest

Z score MNI* coordinates Area
X y z
3.66 -36 40 -16 Left Middle Frontal Gyrus
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MEMORY RECOGNITION TASK: FIGURES AND TABLES

Tables of comparisowithin groups are in white, comparisonstweergroups are
coloured in light blue

‘vs’ as indicating grater than (>)

*MNI space, based on the reference template of tlmtddal Neurological
Institute in the Talairach & Tournoux atlas

Table IX: Memory recognition task Control subjects —Unpleasantstimuli vs rest

Z score MNI* coordinates Area
X y z
5.05 32 -56 -28 Right Inferior Occipital Gyry
4.98 -36 -76 -8 Left Inferior Occipital Gyrus
3.95 32 -60 48 Right Inferior Parietal Lobule
3.67 -64 -36 16 Left Superior Temporal Gyr|

Fig g: Memory recognition task control subjects — Unpleasa stimuli vs rest
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Table X:

Memory recognition task Patients— Unpleasantstimuli vs rest

Z score MNI* coordinates Area
X y z
4.50 -44 -84 -8 Left Inferior Occipital Gyrus
4.21 40 -84 -12 Right Inferior Occipital Gyru
3.94 44 12 36 Right Middle Frontal Gyrus

Fig h: Memory recognition task Patients— Unpleasantstimuli vs rest

Table XI :Memory recognition task Control subjects vsPatients—
Unpleasantstimuli vs rest

Z score MNI* coordinates Area
X y z
4.24 20 -68 8 Right Posterior Cingulate G.
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Table XII :Memory recognition task Control subjects

— Neutral stimuli vs rest

Z score MNI* coordinates Area
X y z
4.37 32 -56 48 Right Inferior Parietal Lobule
4.04 -48 0 36 Left Precentral Gyrus (BA6
3.92 32 -76 -16 Right Inferior Occipital Gyrus
3.74 -36 16 -4 Left Insula
3.48 -36 -88 -4 Left Inferior Occipital Gyrus

Fig i Memory recognition task control subjects — Neutral stimuli vs rest
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Table XIII: Memory recognition task Patients— Neutral stimuli vs rest

)

Z score MNI* coordinates Area
X y z
5.10 -36 -84 -20 Left cerebellum
4,78 -56 20 0 Left Inferior Frontal Gyrus
4.73 40 -60 -36 Right cerebellum
4.49 4 -68 -20 Right Middle Occipital Gyru
4.38 -40 -88 -4 Left Inferior Occipital Gyrus

Fig L: Memory recognition task patients — Neutral simuli vs rest

Table XIV: Memory decision task Control subjects vsPatients
—Neutral stimuli vs rest

Z score MNI coordinates Area
X y z
4.22 20 -68 16 Right Posterior Cingulate G.

93



3.6 DISCUSSION

In addition to the extra-motor cortical involvemesiome studies have also
demonstrated evidence of changes in the limbicesysin ALS. Moreover,
frontotemporal dementia has been linked more gépenaith difficulty
interpreting emotional facial expression, that isedmted by amygdala
functioning, finding confirmed by Zimmerman et &l.ALS individuals. So, this
study was designed to examine whether a pilot grouatients with ALS
demonstrate emotional perceptual processing imgaitnfiocusing particularly on
amygdala activation. In order to reach this aim, sedected an emotional
paradigm (30) to establish specifity of amygdakponses, and, more generally,
pattern of activation during emotional stimulatioAlternating blocks of
unpleasant and neutral trials were presented. Buha emotional decision task,
subjects viewed sets of three unpleasant or thea&al words while selecting the
most unpleasant or neutral word, respectively. mjuthe memory task, subjects
identified words that have presented during the temal decision task (0.5
probability).

Our study did not confirm amygdala activation usirapert’s paradigm. That can
be due to a number of reasons. For example, waedléhe English paradigm in
Italian language, following Tabert’'s guidelinesccleavord was comparable for
frequency, length, imagery, concreteness and valamith each others.
Nevertheless, something might have be changed tafteslation, and the effect
on amygdala may result altered.

However, a numbers of relevant findings were detechMost interesting results
came from statistical analyses between subjectan®emotional decision task,
was observed a significantly different activatiom middle frontal gyrus in
patients in comparison than controls, respectivelthe right hemisphere and in
the left hemisphere. The prefrontal cortex has hiegplicated in a variety of
attentional, executive, and mnemonic mental opamati yet its functional
organization is still highly debated. Anyhow, middfrontal gyrus appear

unequivocally as involved in sustained attentiod aorking memory and plays a
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specific role in the cognitive processing of emoéibstimuli (26,46). The reason
of this different lateralisation in patients anchtrols in detection of unpleasant
stimuli is not so clear. It was found that the moam component of the working
memory tasks affected the hemispheric pattern effjgmtal cortical activation:
in particular, the spatial (searching for localiaaj working memory task seem to
preferentially activate the middle frontal gyrustive right hemisphere, while the
nonspatial (searching for shape) working memorly tativate the middle frontal
gyrus in both hemispheres (47). However, this disgéimn can be hardly
implicated with our emotional task. Anterior cingtd showed a trend towards
impairment in patient versus control, but did nedah statistical significance; it
was demonstate(48) the anterior cingulate gyrus tva only brain region with
equivalent responses to attentional and emotiotialub. This finding also
explain that attentional and emotional functiores sggregated into parallel dorsal
and ventral streams that extend into prefrontatesoand are integrated in the
anterior cingulate. Moreover, anterior cingulateths site of the origin for the
final behaviour circuits, and the most obvious febrtype of apathy results from
damege of this structure. Impaired activation itedar cingulate in ALS patients
who were specifically impaired on written verbaléhcy test was yet found by
Abrahams (49) in a PET study. So, a trend towamhirment in ALS patients of
this structure during an emotional task can assugreat importance in

interpreting social cognition.

Similarly, statistical analyses between subjectsemotional task for neutral
stimuli, revealed a significant more complex pattef activation in controls than
patients (left precentral gyrus, right cerebelluight inferior parietal lobule). All
these areas can be ascribed as well as to attehpmrcessing (50,51,52). On the
other hand, ALS patients group presented a sigmfigrater activation in left
middle frontal gyrus during neautrali stimuli pression. Greater activation in
left middle frontal gyrus in emotional task, petsig for unpleasant and for
neutral stimuli, both implicated in a choice basmu semantic valaence of
presented words, may be interpreted also as corof@pscortical activation, or
neuroplastic changes.
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Different lateralization in patients than contrafsay appear as confirmed in
memory recognition task. Patients showed statistmaer activation in right

posterior cingulate in comparison with control ®db$, both for unpleasant than
for neutral stimuli. Functional imaging studies smtently find that emotional
stimuli activate the posterior cingulate cortexregion that appears to have
memory-related functionsA recent study (53showed that activation of the
posterior cingulate cortex by emotional stimuli wah be attributed to the
memory-enhancing effects of non-emotional stimdéagures sensuc strictu. The
findings are consistent with the suggestion thas tregion may mediate

interactions of emotional and memory-related prees$54).

All these findings can be interpreted with the Riglemisphere Hypothesis that
posits that emotional stimuli are perceived mordciehtly by the right

hemisphere than by the left hemisphere, in padrcuinpleasant ones. This
eventual dimish activation of right emisphere in3kan also explain what is
reported by Papps and colleagues (21), that ALSviohehls are specifically

impaired in attending to and recalling emotionaldg

The potential clinical implications on cognitivefedtive impairment in patients
with ALS have major importance, as well as the Hllgpsis of a different

activation of hemispheres during emotional taskyakance choice or emotional
stimuli recall. Problems with judgment, alteratimmward positive valence and
decreased excitability for extreme emotional stimhbuld be taken into account
when patient care is planned. For example, chaogemmotional processing can
altered the ability to engage competently endfef-tiecision, both for patients

themselves than as regard with caregivers.
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4. QUALITY OF LIFE IN ALS: ALSAQ ITALIAN VALIDATION AND
CORRELATION WITH MOTOR IMPAIRMENT

4.1 QUALITY OF LIFE IN ALS: AN OVERVIEW

As no effective treatment is so far available fdrSA most medical interventions
aim to improve the quality of life (QoL) of patien{4,5). The QoL in ALS is
related to patient psychological profile (6,7), eammental and social condition
(8), spiritual aspiration (9) and coping style (10)he understanding of factors
related to quality of life in chronic neurologiadisorder is becoming increasingly
important, with the recent emphasis on the comprgkie management of
patients’ condition.

Great majority of authors (1) found the severity ddpressive symptoms and
quality of life showed a moderate positive relattorphysical impairment and a
weak negative relation to time since diagnosis.séfendings are in contrast with
results of a study by Norquist et al.(2), that fduro major decrease in mental
health score over time when compared with physitaictioning scores.
Similarly, Kiebert et al.(31) reported that appehate be no direct association
between the increase in physical impairment andsesguent development of
major depressive disorder in patients with ALStHe past, QoL assessment in
ALS had typically involved very general or diseapecif questionnaires. More
recently, researchers have attempted to develgh &sessment that examine
whether other factors may have an impact in the pbfulation. Clarke et al (34)
found that a patient-centred approach measuringhodygical distress and illness
severity showed greater internal validity and cstesicy than did standard
disease-based QoL assessment. Bromberg and Fo{dhewrther examined the
patient-centred approach and found that patients aaregivers shared many
similar concerns that revolved around marriage, ilfamfriends, religion,
recreational activities, disease progression andnfiial issues. These data are
supported by Chido (8), that found an appreciatidnQoL relies mainly on

psychological, supportive, and spirituals fact@nsg that physical status was not
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relevant in determining QoL. Although physical statoverall has not been
though to affect QoL, it has been postulated teatated aspects of decreased
physical status such as fatigue may play a roledesreasing the patient’s

perception in his or her QoL.
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4.2INTRODUCTION TO ITALIAN VALIDATION OF ALSAQ

The evaluation of QoL has acquired increasing irgme in degenerative
diseases with poor prognosis such as ALS. Thk tdctreatments and the
disease progression imply the need for palliativerdpies to ameliorate both
general health status and ultimately life quality ALS patients. Further,
protocols of ALS clinical trials usually include Qassessment as a follow-up
parameter. Most existing generic QoL instrumeatsthe 36-item Short Form
Health Survey (SF-36) (11, 28), the Schedule far Bvaluation of Individual
Quality of Life-Direct Weighting (SEIQoL-DW) (14jhe McGill Quality of Life
Questionnaire (MQOL) (15) are not suitable for Ab&cause they do not assess
features unique to this disease. Few questiomaigve been specifically
designed to evaluate QoL in ALS, namely SIP/ALS(Y), ALSSQOL (29) and
ALSAQ (24). SIP/ALS-19 is based on a subset ahfieselected by a panel of
ALS specialists from the Sickness Impact ProfildPjSwhereas ALSSQOL
(Amyotrophic Lateral Sclerosis Specific QoL instremb) is derived from the
McGill Quality of Life questionnaire (MQOL) (15) ndified by changes in
format and by adding questions on religiousness siigtuality. To date only
limited data are available on these two measu@s (BLSAQ-40 is otherwise a
widely used ALS patient-focused disease questioengdl,32) and has been
already validated in Japanese (20) and Dutch laggal). Unlike the other
scales, ALSAQ-40 has been specifically designedtHeruse in ALS and other
motor neuron diseases. It was developed on the bam-depth interviews with
patients rather than relying on the literature lafical scales in this field. The
ALSAQ-40 reliability of the measures in terms ofemal reliability, construct
and content validity is high (18,19) and appearsis@e to changes that have an
impact on the overall health status of patientghdrefore provides a meaningful
and interpretable picture of disease impact orsthgective functioning and well
being of patients on areas that are of concerhdmt(18). This scale has been

already validated in Japanese (20) and Dutch layey(@i).
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Our purpose is to validate an Italian version ofSNQ-40 and ALSAQ-5 in a
large cohort of Italian ALS patients and to furthemaracterize ALSAQ-40
relation with muscle strength, motor disability aedpiratory function.
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4.3 METHODS

4.3.1 Patients

We considered patients affected with clinically idie¢ or clinically probable
ALS according to El Escorial criteria (22) and rkgly followed at the
Neuromuscular Clinic of the University of Padova&xclusion criteria were
closeness to death and a level of cognitive impammot allowing patients to

understand the questions. An informed consentoltsned from each patient.

4.3.2 Italian ALSAQ-40 and ALSAQ-5

Original Amyotrophic Lateral Sclerosis Questioneatontains 40 questions that
measure 5 areas of health: Physical Mobility (ldmng), Activities of Daily
Living and Independence (10 items), Eating and Kwmig (3 items),
Communication (7 items), and Emotional Function{h@ items). The questions
refer to the patient’s condition during the past tweeks and the answers are
given on a five-point Likert scale. The ALSAQ-4@dicates the amount of ill
health in each domain assessed using a summamy fsoor O (best health status)
to 100 (worse health status). The ALSAQ-5 cont&imgiestions, one from each
of the five dimensions of the ALSAQ 40. The scafethe 5 questions of
ALSAQ-5 is recoded and ranges from O to 100, withepresenting the best
possible health status (16,18,23). Original qoesiaires were translated to
Italian by two native Italian speakers fluent ingiish who have not seen the
scales before. The Italian version was back-tededlto English by two native
English speakers fluent in Italian, who also havtseen the scales before. Since
there was no significant difference between thegioal and back-translated
version of the scales, Italian version of scales aecepted. Questionnaire data
were collected in a face-to-face setting at the @nthe medical assessment. If
the patient could write, (s)he filled out the qums$ of the measure. In case of
writing impairment, the interviewer (psychologistpted patient's answer to
guestionnaires. The interviewer noted also anyhéurtclarification about
guestionnaires items requested by the patientrtylpatients underwent ALSAQ-
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40 re-test by three months to analyse the validitg reliability of the Italian

version of the scales.

4.3.3 Comparative Instruments

To test Italian ALSAQ-40 validity we used the follmg measures:

1. The Amyotrophic lateral Sclerosis Functional RatBeple ReviseALSFRS-
R)(24). Thisis a 12-item scale, in which the @atfis functioning for each item is
rated on a scale from O (unable to attempt the) ttask (normal function). This
scale includes evaluation of swallowing, speeclhd sespiratory function, and
both strength and function of the upper and lowdreenities musculature. A
score of 48 points is normal whereas 0 points atdie maximal dysfunction.

2. The 36 item Short form Health Survey questionngdife-36) (25). At present,
this is the most widely used measure of generdtthetatus. It contains 36 items
across eight multi-item scales: Physical FunctignjRF), Role limitations due
Physical health problems (RP), Role limitations tu&motional problems (RE)
Social Functioning (SF), Bodily Pain (BP), Vitalitfy'T), Mental Health (MH)
and General Health perceptions (GH). All raw ssale linearly converted to a 0
to 100 scale, with higher values indicating favdaleahealth status.

3. Medical Research Council MRC scale and forced wtgbacity (FVC) To
evaluate patients motor disability we used the nmm@asf muscle strength by the
limb muscles (score from 0, absence of movemers, tiull strength). Muscles
evaluated were: deltoids, triceps and biceps biradiniger extensor, thumb
adductor, thigh flexor, knee extensor, ankle exderand flexor. All muscles
were tested bilaterally. We considered the tot&QViscore (megascore) of both
upper and lower limbs which respectively rangeanfi@ to 60 and from 0 to 40.
FVC was assessed by a standard manual spiromet@tC 60) and expressed
as a percentage of the expected value.
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4.4 STATISTICAL ANALYSIS

All data were analyzed using the psychometric pgekas provided in the R
language and environment for statistical compu{Rd>evelopment Core Team,
2005) (26). Usual baseline data and ALS charatiesigincluding age, gender,
type, marital status, time since onset, onsets#atie) were evaluated.

The internal reliability of the translated ALSAQ-&tales and the test-retest
reliability were assessed by Cronbach ‘s alphastaswvn in Table Ill. Non-
parametric Spearman correlation coefficients wasdut analyze shortened
version, ALSAQ-5, and it was hypothesized that esalvith similar content
would correlate strongly (0.73 or higher). For titem to scale correlation,
corrected for overlap, a correlation of 0.40 wassidered the required minimum.
Construct validity is demonstrated by comparisoithef novel rating instruments
to other established ones (MOS SF-36, ALSFRS-R) & functional or
strumental measures (MS upper and lower, FVC) @ ab).

Separate analysis was conducted for the ALSAQ-4Dfanthe reduced version
of the questionnaire (ALSAQ-5).

Moreover, we assessed face validity on the pergentd motor and cognitive
help asked.

Table I. Clinical features of 76 ALS patients

Age (Years) | Type Gender| Marital Status Diagnosis Onset
) single
S Bl M P |married widow |<2years >2yeras| B L
divorced
76 (mean] 73 16 | 39 3766 10 45 31 15 61
61,39 + 11,6)

S= Sporadic Type EFamiliar Type; M =male P= Female; B= Bulbar onset L= Limb onset
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Table II. Baseline Measures and comparative data

Number of
Measurement Patients(%) | Mean | SD
ALSFRS-R 74 (97,4) 33,9 12,1
FVC% 50 (65,8) 79,2 21,8
MRC upper 74 (97,4) 47,1 15
MRC lower 74 (97,4) 28,5 11,8
SF-36 21 (27,6)
ALSAQ-40 re-test 30 (39,5)

Questionnaire completed with
motor help from someone els¢ 25 (32,9)
Questionnaire completed with
cognitive help from someone

else 43 (56,6)
Questionnaire completed
without any kind of aid 13 (17,1)

SD =Standard Deviation.

FVC: Forced Vital Capacity.

ALSFRS-R: Amyotrophic Lateral Sclerosis functidrating Scale Revised

MRC upper and lower= Medical Research Council scapplied to upper districts (maximum
score=60) and applied to lower districts(maximurores40)

Table Ill. Internal reliability (Cronbach’s alpha)
of scales of the Italian version of ALSAQ-40
in the baseline (Time 1) survey and in the re-tegfime 2).

ALSAQ 40| Scales Timel | Time

2
Physical Mobility 0.938 0.960
ADL/Independence 0.962 0.96/6
Eating and Drinking 0.962 0.96b
Communication 0.971 0.965
Emotional Functioning 0.886 0.86|7
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Table IV. Construct validity: subscales of Italianversion of the ALSAQ-40,
ALS-FRS and SF-36?

ALSAQ 40 Physical ADL/ Eating and Communicationf Emotional
Mobility Independence | Drinking Functioning
ALSFRS
subscales
Speech 0.042 -0.155 -0.718** -0.795** -0.234*
Salivation 0.079 -0.115 -0.653** -0.636** -0.087
Swallowing 0.033 -0.184 -0.814** -0.761** -0.212
Writing -0.441** -0.710** -0.174 -0.151 0.014
Feeding -0.428** -0.808** -0.278* -0.204 -0.143
Dressing -0.704** -0.736** -0.014 -0.035 -0.118
Turning -0.739** -0.707** -0.085 -0.041 -0.213
Walking -0.817** -0.399** 0.041 0.060 -0.223
Climbing -0.817** -0.343** 0,077 -0.051 -0.279*
Dyspnea -0.085 0.007 -0.234* -0.305** -0.129
Orthopnea -0.231* -0.169 -0.331** -0.403** -0.248*
Respiratory -0.261* -0.142 -0.308** -0.379** -0.158
Insufficiency
SF-36 Subscales
PF -0.745** -0.497** 0,118 0,18 -0.173
RP -0.160 0.066 -0.156 -0.260 -0.478**
BD -0.531** -0.190 0.436** 0.097 0.067
GH -0.351 -0.196 -0.231 -0.036 -0.345
VT -0.592** -0.681** -0.285 -0.147 -0.582**
SF -0.518** -0.483** -0.004 -0.092 -0.295
RE -0.046 0,14 0,107 -0.182 -0.507**
MH -0.008 -0.004 0.062 -0.188 -0.561**
Functional measurement
FvC -0.399** -0.337* -0.327* -0.393** -0.125
MS-sup -0.397** -0.709** -0.139 -0.167 -0.143
MS-inf -0.651** -0.332** 0.098 0.110 -0.071

** p value < 0.01, *p < 0.05Spearman correlation coefficientsll correlations are negative as
high ALSAQ 40 scores correspond with low ALSFRSS#86 scores.

2PF= physical functioning; RP = Role limitations dte a physical health problems; RE = Role
limitations due to an emotional problems; SF= Sédtanctioning; BP= Bodly Pain; VT =
Vitality; MH = Mental Health
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Table V. Internal Reliability (Spearman’s correlation)
of the Italian version of the ALSAQ-5: Correlation of the ALSAQ-5 in the
baseline (Time 1) and re-test (Time 2).

ALSAQ-5 1 Items Time 1 vs Time
2

Physical Mobility 0.777

ADL/Independence 0.924

Eating and Drinking 0.858

Communication 0.868

Emotional Functioning 0.737
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4.5 RESULTS

Seventy-six patients completed ALSAQ-40 over aquerof 20 months. There
were no missing data. All patients were intervievaad assessed in hospital; the
characteristics of total cohort of patients andrthaseline measure are shown in
Table | and Table Il. They were similar to expeotatand previous report in
gender ratio, disease onset and disease type (27).

4.5.1 Internal reliability

The internal reliability involves examining the ert to which a number of items
addressing the same concept actually are doin@sonbach’s alpha values were
greater than 0.88 for all dimensions of the ItalftSAQ 40. Corrected item to

subscale correlations were all above 0.60 andfgignt (ps< 0.001).

4.5.2 Test-retest reliability

Test-retest reliability represents the most papmldicator of survey reliability: it
involves the administration of the measure on tepasate occasion to the same
population.. In our patients we separate admirtistia of questionnaires by three
months follow-up. Internal reliability of scales tfe Italian ALSAQ-40 in the
baseline (Time 1) survey and in re-test (Time 2 sihowed in Table 1ll, and
displayed an excellent internal consistency (Crehlzgaalpha values greater than
0.886 for each scale). Likewise, also the tedsteteliability of ALSAQ-5 |
items in the test-retest analysis (Table V), way g®od (correlation greater than
0.73 for each item).

4.5.3 Construct validity
Construct validity describes the extent to which slcores on a scale reflect what

current theory predicts the test will show: it mportant to understand how our
theories in QoL can provide evidence that they beha practice the way we
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think they should. It was examined by means ofa8pan’s correlations of
scales for ALSAQ-40, with scales for ALS-FRS, SB36 FVC and Muscular
Strength Mega score (superior MS and inferior Mi&bfe V).

Excellent correlations in the ALSFRS-R were fouhdtween Eating and
Drinking scale and Swallowingrio = - 0,84), between Activity of Daily
Living/Independence and Feedinthg = - 0,80) and Physical Mobility and
Walking (ho= - 0,82). The 5 items selected (ALSAQ-5) corraedads well with
SF-36 in the same magnitudes as the ALSAQ-40. iiticpdar, strong correlations
were found with SF-36 subscales Mobilty and Phydigactioning, and between
ADL Independence and Vitality. All correlations aregative as high ALSAQ-40
scores correspond with low ALSFRS and SF 36 scores.

Construct Validity examined by means of Spearmaosrelation of Italian
ALSAQ-40 and Mega Score Upper and Lower revealstyaificant correlation
between Physical Mobility and ADL Independence Bfeha Score Superior and
Inferior. Forced Vital Capacity has a significantrelation with all of ALSAQ-40
scale exclusive of Emotional Functioning, as shawhable IV.

4.5.4 Relationship of ALSAQ-40 subscales to patients’ vables

To determine whether there were significant coti@s between the scales of
Italian ALSAQ-40 and patients demographic featurmssh as the gender, or
patients behavioural data, in terms of requestegnitoe or motor help.
Speraman’s correlation were performed. No signifiaarrelation was observed
between age gender or marital statps ¥ 0,15) of the subject and any of the
subscale of ALSAQ, nor with cognitive or motor hegmuired ps > 0,15) (data

not shown).

455 Face validity

Face validity is the need for a questionnaire tpaapntly tap, unambiguous and

easily understood, simple by item content, an Umdgdimension.
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Most of respondents pointed out the scale as ingjustatements relevant to how
they were feel their condition. Even though th@éapatients’ agreement for the
guestionnaire, 56.58% asked cognitive help to beftederstand ambiguous
guestions (for example, at the questions “I hawmébpicking things up difficult”

patients asked: “with which hand?”).
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4.6 DISCUSSION

QoL in ALS has been evaluated with different instamts, because there is no
consensus on which scale are mot suitable for megs@oL in these patients.
The following scales are the mostly used in restundies: the SF-36 (11,12), the
SIP/ALS (13), the SEIQoL-DW (14), the McGill Qualibf Life Questionnaire
MQOL (15), the Amyotrophic Lateral Sclerosis Assaseat Questionnaire-40-
item scale and its shortened 5-item version (ALSAD-and ALSAQ-5
respectively) (16,17). The aim of our study wavatidate an Italian version of
this latter measure, and its shortened form. alteALSAQ-40 showed high test-
retest reliability and a good construct validitg, supported by comparison with
the subscales of the SF-36 and ALSFR-S. Indeedpurd a strong correlation
between Italian ALSAQ-40 and ALSFRS-R as shown tapgaring the score of
the Eating and Drinking subscale with the Swallayitem, and the Activity of
Daily Living/Independence and Feeding subscale wighPhysical Mobility and
Walking item. Measures of muscle strength by MRGre and Forced Vitality
Capacity by Spirometry (FVC) also correlated wiike score of Physical Mobility
and ADL/Independence ALSAQ-40 scales.

Our correlations outline a good construct validihd a relation between ALSAQ-
40 subscales exploring both physical functioningl amotor impairment. We
found no relation between the ALSAQ-40 Emotionahé&tioning subscale and
either muscle strength or functional ability. Thesdcomes support the theory
that emotional distress and functional decline pagtially independent: the
relatively limited influence of health-related fuiomal status on QoL in ALS
patients has also been shown in recent studies axamgpglobal QoL and the
ALSFRS-R (10, 36-38).

Hence, ALSAQ-40 | suggests that the emotive cortiwota patients assign to
their life can remain relatively positive even whdeir health status is severely
impaired.

McDonald (1994) (35) showed that, when he comptresovariates of length of
iliness, severity of ALS disease and age, theivgatsk of death per unit time for
patients with psychological distress is 2.24 tinmggher than in patients with

116



psychological well-being. The risk of dying asstethwith psychological distress
is higher than the risk associated with increasgel @nd is similar to that of
disease severity. So, psychological status anditquaf life are important
prognostic factors in ALS, irrespective of lengthtime since diagnosis, disease
severity, age and marital status as observed istodyy.

The distributions of sex and disease onset in tallah sample were similar to
those of previous reports (27). During the questaires the psychologist noted
if patients asked for any further help (motor helpcognitive help, to better
understand the questions). An high request ratedgnitive (56,6%) and motor
(32,9%) help was observed, thus suggesting thatetb face interview is a good
approach for ALSAQ-40 assessment.

In conclusion, we found the Italian ALSAQ-40 and ®AQ-5 are valid, reliable
disease-specific QoL instruments for Italian MNDtigats, as shown also in
other language versions. The results of this stimbyv that the Italian ALSAQ-40
and ALSAQ-5 are useful measures of health statuAls and that their
psychometric indexes are comparable to those dfrigenal UK version.

A copy the instrument translated and validated tedidn is reproduced in

Appendix Il1.
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5. EMOTIONAL LABILITY IN MND: STUDY ON
NEUROPSYCHOLOGICAL AND PSYCHOPATHOLOGICAL
CORREALTES, IMPACT ON CAREGIVERS AND ELQ ITALIAN
VALIDATION

5.1 EMOTIONAL LABILITY IN MND: AN OVERVIEW OF
LITERATURE DATA AND OUR PURPOSES

Emotional Lability (EL), is the involuntary occurree of laughter and crying in
the absence of a corresponding change in affecta# first reported in Motor

Neuron Disease (MND) in the last century and waséboto occur in 19%-49% of

Amyotrophic lateral Sclerosis (ALS) patients (1,8)¢ most common form of
MND. EL is most often present in patients who hapseeudo-bulbar

symptomatology (1,3). Nevertheless, few studiesechandertaken a systematic
investigation of this phenomenon and hence it rampoorly understood.

In 1997 Moore and colleagues validated the CNS-C8n{re of Neurological
Study-Lability Scale) in ALS patients; a seven-ifegelf report measure of
affective lability composed of two subscales meagulabile laughter and labile
tearfulness (4). The CNS-LS represents a goodcalimstrument, but lacks the
details necessary to permit a thorough exam oh#tere and the pervasiveness of
emotional lability in the MND population. More ret/, Newsom-Davies and
colleagues (3) developed the Emotional Lability Qiomnaire (ELQ), a
measurement scale specifically designed to assbd3 patients which includes a
self-rated version for patients and independereratersion for caregivers. The
ELQ was modified from the Pathological Laughter &wying scale (5) which
was first developed for stroke patients. The EL@spnts good psychometric
properties and in depth exploration of emotion angbression, such as the
introduction of the ‘abnormal smiling’ subscale. \&&t out to validate an Italian
version of the ELQ, to produce a measure able tectldability in an Italian
population of MND patients, and to distinguish begéw pathological laughing,

crying and smiling.
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A second aim of this study was also to investighee relationship between EL
and cognitive deficits, which are found in somdegyas with MND. Although EL
can be found in patients with frontal and tempodi@be involvement, the
traditional view is that EL is due to damage tohpatys that arise in the motor
areas of the cerebral cortex and descend to thasbeen and inhibit putative
centres for laughter and crying. Recent neuroanatdrfindings suggest that the
critical areas are in the cerebro-ponto-cerebglthways (6,7). The abnormal
cognitive profile found in MND/ALS is well-knowrand consists of predominant
executive dysfunction and in some cases languadereamory dysfunction (8,-
11, 46-50). Visuospatial functions appear well preed. This profile of
impairment is consistent with frontotemporal inwvaivent as found in
neuroimaging studies of MND patients (12,13,14)ome of the largest studies of
cognition in ALS to date (15), 47% of patients skedvexecutive dysfunction, and
15% of them had severe cognitive impairment widtdees that were consistent
with fronto-temporal dementia. The presence of @ognimpairment in MND
appears more prominent in patients with pseudodshalsy (10,16). In previous
studies emotional lability was also found to sigmihtly correlate with bulbar
scores (3). However, the relationship between Ed emgnitive dysfunction in
MND has received little attention other than a drstaldy reported by McCullagh
and colleagues (17) in which a difference was fobeitdveen 8 ALS patients with

EL and 10 patients without, in errors on Wiscor@ard Sorting Test.

Moreover, the relationship between EL and psychHuapagy has not previously
been investigated in MND. Estimated prevalencesrdte depression or mild
depressive-symptomatology has appeared low, betwee% in MND
populations (18,19,20,21). In recent studies dejpweshas appeared to be
relatively more common (prevalence rates up to 502)were other forms of
psychological distress, and was not associatedilitss severity and functional
status (22). Estimated prevalence rates for anxieye ranged 11-30%
(23,24,25). A number of studies have shown the mapae of including patients’
families in psychological research on MND. Socedtbrs have been reported to
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be the best predictor of ALS patients’ self-esteduming the disease (26). In
addition Gauthier et al.(27) found that patiengs/dl of disability and caregivers’
depression were related with caregivers’ perceptibburden. While Goldstein

(23) showed that carers also demonstrated sigasaéty and depression, with
the latter correlating with aspects of the patiefutsctional impairment. Carers
depression and strain appeared to be related to dtieibutional style and

perceived strain was greater in carers who viewed partners' illness as having
a more global impact on their lives (28). Hence, third aim was to investigate
the relationship between EL and psychological statu patients and their

caregivers.
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5.2 METHODS AND MATERIALS

5.2.1 Participants

We recruited 41 patients with Motor Neuron Disea@sethe Neurosciences
Department of Padua, in the period from March 286@ November 2007. The
sample consisted of 16 females and 25 males; 3A dfad ALS, 6 had Primary
Lateral Sclerosis, 1 was affected by Progressided@Palsy , 1 was affected by
Progressive Muscular Atrophy and 1 had Flail Arrn@pme. Mean age of the
sample was 58.19 (11.59sd, range 23-77). Mearatidnal level was 9.39 years.
All of the ALS patients fulfilled the criteria ofgtobable” or “definite” ALS (29).
We excluded patients with a clinical diagnosis efmgntia according to Neary’s
criteria (30), those in receipt of 24-hour care dndse with cerebral injury or
cerebrovascular accident. We assessed their respeetregivers in 39 cases of
41; two patients reported not to have a singlereefial caregiver. The carers
sample consisted of 11 males and 18 females (mgarwas 52.56 , 15.42sd);
74% of them were the patient’'s spouse. More detadlata of patients and
caregivers are showed in Table I.

We also tested as controls 39 healthy subjects. ddmrol group did not
significantly differ from the patient group in gesrd age and educational level.
Thirty-nine pseudo-caregivers (i.e. who spent tley avith the 39 healthy
subjects) were also tested. The pseudo-caregiwrsod significantly differ from
the carers in gender, age and educational levelil&iexclusion criteria were

applied.

5.2.2 ELQ translation and back-translation

The original Emotional Lability Questionnaire, &nsisted of two components:

the self-rated version, given to MND patients, éimel independent rated version

given to carers. Each questionnaire contains &8st including three subscales
measuring: Laughing (11 items), Crying (11 itemahd Smiling (11 items). The
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guestions refer to the patients’ condition durithg tpast four weeks and the
answers are given on a four-point Likert scale.e filgher the score, the higher
the level of perceived emotional lability.

The translation and back-translation process ireduthree phases: the first, in
which two native Italian speakers fluent in Engligfanslated the original version
of the ELQ); then, using the back-translation apghoatwo native English
speakers fluent in Italian, translated the Engirsinsion to Italian. In the third
phase, four raters compared the two versions. Mvaet differences between the

original and back-translated versions of the qoestires were found.

5.2.3 Procedure

MND patients and caregivers were interviewed sdpbreéby a psychologist,
following neurological examination. The intervieaok an average of 1.5 hours
to complete. The same method was employed to asses$rols and
pseudocaregivers. The ELQ, both self-rated andpeddent rated versions, and
other psychodiagnostic instruments, were admirggters a structured interview
to each participant. MND patents were asked tormeto our Neurological
department no longer than two months after firsseasment, for a more
comprehensive neuropsychological test battery. gieat majority of patients
(93%) accepted. The complete neuropsychologicduatian took an average of
1 hour, however not every patient was able to cetepall of the tasks due to

severity of motor impairment or bulbar involvement.

5.2.4 Neuropsychological Measures

Thirty-eight of 41 MND patients undertook the ngusgchological battery, which
was designed to assess intelligence, executiveifunsc memory and language.
An initial general screening was undertaken usihg Mini Mental State
Examination(32). Intelligence was assessed with Ra/en’s Coloured Matrices
(33) and with theBrief Intelligence Tes{T.l.B.), designed to estimate pre-morbid
intellectual ability (34). Executive functions weexplored using théJodified

126



Wisconsin Card Sorting Teé85), Phonemic Verbal Fluenc{F,A,S) (36),Digit
Span Backward37), Trail Making Test A and BThe latter was performed
according to Reitan’s protocol (38). Long and shem Memory were
respectively investigated witBabcock’s Pros€36), Verbal Digit Span Forward
(37) andCorsi Blocks tapping te¢B6). Language was investigated wbmantic
verbal fluency(modified version from Spinnler) (37). To excluttee effect of
dysarthria on verbal fluency, both phonemic and a#m, a motor control
condition was performed in which patients were ddkeread aloud all the words
generated previously during the task as quicklypassible and the examiner
recorded the time taken to perform this phase. difference between the
specified time for the generation condition and time taken for the control
condition, the fluency indexfif was calculated according to guidelines of
Abrahams et alNeuropsychologia38:734-747, 2000) (11).

5.2.5 Psychodiagnostic Mesaures

Depression was assessed usingBbhek Depression Invento8DI) (39). State
and trait anxiety were respectively evaluated \V@thelberger’'sState and Trait
Anxiety Inventory(STAI Y-1 and STAI Y-2) (40). Emotional fragilityral sense
of inadequacy were investigated wiEmotional Fragility questionnairdFE)

(41), a questionnaire focusing on sense of fraiftgt inadequacy.

5.2.6 Functional Mesaures

The Amyotrophic Lateral Sclerosis Functional Rat8aale Revise(ALSFRS-R)
is a 12-item scale, in which the patient’s functngnfor each item is rated on a
scale from O (unable to attempt the task) to 4 rt@drfunction). This scale
includes evaluation of swallowing, speech, and iraggy function, and both
strength and function of the upper and lower exitiesy musculature.Medical
Research Counci(MRC) scale was used to obtain a more specificngthe

measure for upper and lower extremity muscles group
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5.3 STATISTICS

5.3.1 Validation of the Italian version of the ELQ

Spearman’s correlations were applied to estabtishriternal validity of the ELQ,
both self-rated and independent rated versionswdest Laughing, Crying,
Smiling subscales and global scores. Spearmantslabon was also undertaken
to explore construct validity, separately for patseand controls group, and for
caregivers and pseudo-caregivers. MND charactesist{including age,
educational level, time since onset, onset of disaa terms of bulbar or limb,
functional scores such as ALFRS-R and MRC for u@pet lower extremities)

were compared with ELQ scores with Spearman’s (airoa.

5.3.2 Neuropsychological and Psychopathological liaty and ELQ scores

The cognitive and psychopathological data wereyaed with Mann Whitney U
non-parametric tests (as the data were not norndiijributed), comparing
patients’ performance with controls. Spearman’seatations between ELQ data
and the neuropsychological and psychopathologieaiables were applied to
those variables on which the ALS group were imghir®ue to the number of
correlations significance was set at p=0.01 to cedihe incidence of Type 1

errors.
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5.4 RESULTS

5.4.1 Validation of the Italian version of the ELQ

Seventy-one per cent of patients indicated that théfered from at least of one
of the three emotional lability domains (Laughterying, Smiling), as opposed to
5% of healthy controls. Significant results relgtito validity are displayed in
Tables 1ll and IV. In addition, correlational anség were used to explore the
relationship of EL to demographic variables andicll data. MND patients
displayed a positive correlation between time siogset of disease (in months)
and Laughing (r=0.48; p<0.00). Global Lability reled a significant correlation
with ALFRS-R total scores (r=0.36; p<0.01); in pautar, significant correlations
were found between Global Lability and ALSFRS-Rafiguage (r=0.50; p <
0.000) and ALSFRS-R 3 -swallowing (r=0.47; p < @P0The MRC did not
exhibit any significant correlations.

5.4.2 Neuropsychological tests and ELQ

Neuropsychological results are reported in TableIl the comparison of the

patient and control groups, MND patients showedemd towards impaired

performance on digit span backwards and Corsi bkagping test and were

significantly impaired relative to controls on tRaven’s Coloured Progressive
Matrices. (you don’t need to put in the U and pueal here as they are in the
table) No significant correlations were found betweneuropsychological

performance and emotional lability. Semantic Vefflakency Index was found to

correlate with level of swallowing (ALSFRS-R 3) (49; p<0.00). MRC did not

exhibited any significant correlation with theseguoiive tasks.

Psychodiagnostic questionnaires and ELQ

Thirty-nine per cent of MND patients revealed Bebees from 16 to 33; 34%
showed the presence of state anxiety (STAY-Y1) @ad anxiety (STAI Y-2)
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with greater than one standard deviation aboveuheff; 51% of patients’ scores
were greater than the ®ercentile in Emotional Fragility questionnaireh\,
18% of caregivers had depression scores from mtalévasevere on the BDI,
79% showed STAI-Y1 scores over the clinical cut, aifid 44% were over the
clinical cut off on the STAI-Y2; 46% went greatdran the 75 percentile of
emotional fragility scores. —Scores for the BDI,A3¥1 and STAI Y2 revealed
significant differences between patients and hgattbntrols. Caregivers had
significantly greater scores on the BDI and STAI t¥ian pseudocaregivers. The

results are presented in Table V.

Finally, psychological results obtained from quastiaires administered to the
four groups were compared with Spearman correlatioith ELQ scores. In the
ALS/MND patients ELQ Global Lability correlated \istate anxiety (STAI Y1)
scores, (r=0.36. p<0.01) and with Emotional Fragtjuestionnaire scores (r=0.4;
p<0.00). The Crying subscale showed a significamtetation with Emotional
Fragility (r=0.44; p<0.00), BDI scores (r=0.41; p80), STAI Y1(r=0.38;
p<0.01), STAI Y 2 (r=0.37; p<0.01). In caregiverSmiling subscale of
independent rated version showed a strong trendrtisia significant correlation
with Emotional Fragility questionnaire at our ralsaignificance threshold
(r=0.33; p<0.05). No significant correlation wewkeuhd in healthy controls and
pseudo-caregivers with respect to emotional Igbiaind psychopathological

features.

Both validated questionnaires, for patients andegaers, are presented

respectively in appendix IV and V
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Table I: Features of MND patients and caregivers

Patients (n=41) Values
Men, n (%) 25 (60.9)
Mean Age(SD) 58.19(11.6)
Mean Educational level (years)(SD) 9.4 (4.5)
Mean length from diagnosis (months) (SD) 40.58(B3.8
Spinal onset (%) 30(73.2)
Married, n (%) 33 (80.4)
Mean MRC upper limbs (SD) 38.6(10.9)
Mean MRC lower limbs(SD) 29.2(11.5)
Mean ALSFRS-R(SD) 32.7 (7)
Caregivers (n=39)

Men, n (%) 11(28.2)
Mean Age(SD) 52.5(15.4)
Mean Educational level (years)(SD) 9.4(4.8)
Spouses 29 (74.4)
Sons or daughters 7(17.9)
Parent 1(2.6)
Brothers or sisters 2(5.2)

ALSFRS-R= Amyotrophic Lateral Sclerosis FunctidRating Scale Revised,;
MRC upper and lower= Medical Research Council segiplied to upper extremities (maximum

score=50) and applied to lower extremities(maximsgore=40)
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Table II: Neuropsychological assessment of patienend controls

Patients n Controls Mann Whitney U| P Value
Mean (SD) Mean (SD) Coefficient
n=38 n=39
General Screening
MMSE 28.26 (1.77) 28.51(1.79) 326 0.375
n=28
Intelligence
Rs CPM 28.76 (5.61) | 31.86 (3.98) 332.5 0.002
n=38
TIB 108,78 (6,54) | 104,41 (9) 470 0.594
n=30
Memory
Digit Span Forward 5.51 (0.94) 5.94 (1.59) 468 0.233
n=30
Digit Span Backward 3.3(0,81n=24 | 3.72 (1.38) 411 0.052
Babcock Prose 12.36 (2,56) | 12.97 (2.40) 450.5 0.309
n=30
Corsi Blocks Tapping 5 (1.08¥30 5.5 (1.24) 490 0.037
Language
Semantic Fluency 35.19 (12.46) | 37.02 (10.95) 381 0.714
Semantic Indexs{i) n=30 2,51 (1,21) 429 0.838
2,44 (0,95)
n=30
Phonemic Fluency 30.55 (11.15) | 32.47 (13.36) 374 0.381
Phonemic IndeR(i) n=30 5.1 (1.96) 466.5 0.714
5.1 (2.32)n=30
Attention/Planning
TMT A 44.6 (7.43) 51.37 (30.50) 349 0.411
n=24
TMT B 126.88 (110.73) 120.09 (33.62 442.5 0.494
n=24
TMT A-B 82.28 (106.37) | 68.71 (60.23) 467 0.381
n=24
WCST (categories) 3.90(1.89) | 4.41(1.56) 324 0.309
n=24
WCST (errors) 17.35(13.38) | 13.37 (8.31) 447.5 0.199
n=24
WCST (perseverations) 8.74 (9.61) | 5.7 (4.58) 439 0.254
n=24

p<0.01 and p<0.05 are highlighted in bold

MMSE=Mini Mental State Examination; RsCPM=Raventdlired Matrices; TIB=Brief
Intelligence Test; TMT=Trail Making Test; WCST=Wisesin Cards Sorting Test Modified

Version (Nelson)

132




Table IlI: Statistically significant correlations b etween ELQ items for the
patients and caregivers groups

ELQ scores correlating Spearman’'® Value
coefficient

Within self-rated version (n patients=41):

Smiling-Total 0.52 0.000

Within independent-rated version (n caregivers=39):

Crying-Total 0.69 0.000

Between self-rated and independent-rated version

Self/Laughter-Independent/Laughter 0.57 0.00(¢

Self/Total- Independent/Total 0.51 0.000

Self/Laughter- Independent/Total 0.46 0.000

Self/Total- Independent/Laughter 0.57 0.000

Table IV: Statistically significant correlations between ELQ items for the
controls and pseudo-caregivers groups

ELQ scores correlating Spearman’® Value
coefficient

Within self-rated version (n controls=39):

Laughter-Total 0.91 0.000

Crying-Total 0.69 0.000

Smiling-Total 0.50 0.001

Within independent-rated version(n pseudo-caregis@9):

Laughter-Total 0.94 0.000

Crying-Total 0.43 0.000

Smiling-Total 0.76 0.000

Smiling- Laughter 0.72 0.000

Between self-rated and independent-rated version

Self/Laughter- Independent/Smiling 0.82 0.00(

Self/Laughter- Independent/Total 0.57 0.00(
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Table V: Participants psychopathological features ad significant results

MND CONTROLS | Mann Whitney U | CAREGIVERS | CAREGIVER'S Mann Whitney U
(SD) (SD) Coefficient (SD) CONTROLS(SD) | Coefficient
N=41 n=39 n=39 n=39
BDI 1592 | 7.38 U=1203 10.71 5.94 U=1137
(11.55) | (6.03) (p<0.000) (6.48) (6.30) (p<0.000)
STAI'Y1 | 43.48 | 35.20 U =1085 47.76 35.64 U=1247
(13.45) | (9.66) (p<0.005) (10.05) (9.19) (p<0.000)
STAI Y2 | 4439 | 32.56 U =1155.5 41.97 37.76 U=966.5
(12.43) | (15.84) (p<0.000) (8.61) (9.45) (p<0.05)
FE 74.2 58.27 U=1011 65.68 59 U=86.5
(29.53) | (24.49) (p<0.05) (24.21) (27.04) (p=0.312)

Significant results are highlighted in bold

BDI=Back Depression Inventory; STAI = State-Traiixéety Inventory; Y1= State Form; Y2=

Trait Form; FE= EmotionalFragility
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5.5 DISCUSSION

The Italian version of the ELQ showed good intervelidity as determined by
the relationship between the subscales (Laughimging, Smiling) and global
scores. Construct validity was corroborated by iant correlations between
self rated version subscales and independent vatsibn subscales. Seventy-one
per cent of MND patients reported that they suffdrem at least one of the three
aspects of emotional lability. This percentage appeyreater than reported in
previous studies (1,2,44). MND patients displaygubsitive correlation between
time since onset of disease (in months), Laughimdy &miling. Global Lability
(total score derived from sum of the three subsgalas significantly related to
ALFRS-R total scores and in particular with Langeiaapd Swallowing items.
Our findings are therefore consistent with the vithat the Emotional Lability

correlates with disease progression and bulbar symggology (3).

The neuropsychological battery revealed signifigaithpaired performance in
the MND group in the Raven’s Coloured Progressivarides only as compared
with controls. Two tests of working memory, Digip&h Backward and Corsi
Block Tapping test, showed trends towards an impamt. Although the Raven’s
matrices is considered to be a test of fluid ifgetce it can also be viewed as
reliant on other more specific cognitive processash as working memory,
attention and problem solving and hence is depdndenintact executive
functions. However, our group, unlike many previastsdies, did not display a
deficit on other tests of executive processes ssc¥ierbal Fluency, Trail Making
Test and the Wisconsin Card Sorting Test. Moreotteg, neuropsychological
scores did not correlate significantly with any extpof emotional lability. This
data are in contrast with McCullogh’s and colleagseidy (17), who implicated
an association between prefrontal cortex dysfunctas represented by deficits
on the Wisconsin Card Sorting Test and emotionalitg. The current findings
suggest that different underlying neuronal pathwagsinvolved with cognitive
dysfunction in MND and emotional lability and prdei further support for the

concept of MND as a multisystem disorder. Cognitth@ange in MND has been
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previously associated with extra-motor frontotengpatysfunction (12, 13, 14)
while it is possible that dysfunction of cerebroed®ellar pathways are involved
in the regulation of emotional expression (7).

With regard to the presence of psychopathology MDOWithe scientific literature
varies: the two most common features investigadeg@ression and anxiety have
been reported in 0-44% and 10-36% of cases respBctin our sample, 36% of
patients showed a level of depression from moddwmsevere, while very high
levels of anxiety were reported with 70% exhibitadnigh level of state anxiety
and 60% and high level of trait anxiety. Furtherentigh levels of emotional
fragility were reported in 48% of cases. Wicks destmated that the estimated
prevalence of mood disorder amongst patients witls Anay vary significantly
depending on the measure used (21). Regardlesteofatk of unanimous
consensus of standard utilization of psychopathoébgneasures, it was clear that
our sample of MND patients revealed predominantieapx but with also
depression and emotional fragility in many cases.

Moreover, the current study revealed a relationl@fween total scores on the
ELQ and both state anxiety and Emotional Fragilitgicating an association
between lability and psychopathology in MND patgeenThe Crying subscale
showed a significant relationship with all psychiypdogical measures. These
findings suggest that the presence of psychopaiiuab symptoms in MND
patients may be a predisposing factor for emotidalility or in contrast that
such psychopathology may be a reaction to emotitaimlity. Interviews with
carers also demonstrated clear evidence of psythapgy with 20% reporting
depression from moderate to severe levels on thgé BBDile 85% and 72%
showed state and trait anxiety scores over thecalicut off, respectively. As for
the relationship between patients and carers msoihe data in the literature
have reported an association (23-28) but despigh Hevels of affective

conditions in our patients and carers we did nmat in association.
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In conclusion, emotional lability appears to be enqrevalent in the MND
population than previously thought. However cogeitthange was not associated
with the presence of lability suggesting differahtineurological pathways
involved and indicating that extramotor involvement MND is widespread.
Moreover, the lack of ability to control one’s owmotions and the expression of
inconsistent emotions, seems to relate to highldew€ anxiety and emotional
frailty in people with MND. Hence, the relativelgww number of patients’ asking
for a drug treatment for emotional lability (44) ynaot be representative of real
discomfort caused by such emotion dyscontrol. i€lans should be more aware
of the effects of emotional lablity and provide eggriate support to the both the

patients and caregivers during the course of thess.
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6 . PSYCHOPATHOLOGICAL FEATURES AND SUICIDAL IDEATI ON
IN ALS

6.1 PSYCHOLOGICAL CHARACTERISTICS IN ALS: A LITERAT URE
BRIEF REVIEW

Over the last four decades, few studies have bgpitally devoted to the
psychological aspects of the Amyotrophic Lateralefsis (ALS) -even if
increasing attention has been focused on it- becafithe comparisons between
results are difficult mainly for evolution of dissa stages and different
assessment methodologies (1).

Most of these studies (2,3,4) evidenced poorly stdpl patients suggested
somatic preoccupation plus a distress syndronanagty, depression, impaired
concentration, fatigue, loss of emotional contatienation. Ratings scales such as
the Neuropsychiatric Inventory, shown that up t8668f patients are apathetic,
irritable, inflexible, restless and disinhibited,3% Moreover, there remains an
impression that patients with ALS are also cheesdtdical, and positive (6, 7, 8,
9). Estimated prevalence rates for depression ot deipressive-symptomatology
appeared in fact quite low and have varied betw®dd% (10, 11, 12), whilst
prevalence rates for anxiety have ranged 0-30% {8 estimated prevalence of
mood disorder amongst ALS patients depends on #esuane used, which causes
results to vary significantly between differentdias (14). Evidences enhances
that depressive mood and psychological state mifiyemmce the survival span in
ALS, and psychological well-being can prolong suaviin patients with ALS and
predict it after diagnosis. (15; 16). For thesasons cognitive insights in ALS
patients appear as important prognostic featuneghtolength of the disease and
must be investigated, as yet observed by Kim (17).

Role of physical impairment in psychological statfs ALS patients appear
controversial: some authors found that the sevefityatients’ depression or low

quality of life directly correlated with the levef physical disability (18; 19, 20);
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otherwise, different studies displayed that positivood and satisfying quality of
life could be maintained as physical functions ohed (21,227, 23, 24).

The presence of suicidal ideation represents an@$ychological aspect which
has been scarcely investigated so far: it has lsemgested that most ALS
patients in end-stage of life had a living will,daanly little percentage express
the desire to hasten dying (25,26). Anyway, suicideation in ALS has been

deepen just in months before death and not in nsaafter diagnosis.
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6.2 STUDY PORPUSES

In order to gain a better understanding in ALS ps\agical profile, we set out
to: 1) determine psychological features in our dangp people with ALS respect
to strength (assessed with MRC), functionality (eated with ALSFRS-R) (27),
and forced vital capacity (FVC);

2) correlate psychopathological features with dyadf life domains (performed
with ALSAQ-40); 3) investigate whether there is @guitive-affective typical
pattern in our ALS patients, divided in recent diegjs versus longer than two
years, and compared to Mystenia Gravis (MG) paieMG is an autoimmune
disorder resulting from the production of antibadi@against acetylcholine
receptors leading to the destruction of the postsita membrane at the
neuromuscular junction, and was chose as représentasample of
neuromuscular pathology not leading to death, a&Li8. This last comparison
was mainly addressed to investigate differencesiicidal ideation.

Exner’'s Rorschach Inkblot test (28), firstly used ALS patients in our study,
was chosen as elective instrument in order to okdadetailed insight in ALS
cognitive and affective profile: this measure reprds a very different approach
to the understanding of personality than self-regpdest: on the one hand
cognitive complexities inherent this test respoelsdoration includes conscious
processes, like semantic processing and short-tersmal storage, and
unconscious affective process (29); on the othexdh&orschach method can
yield information about underling personality dirsems that individuals may not
be aware of or his unwilling to expose (30, 31, .32)
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6.3 METHODS AND MATERIALS

6.3.1 Participants

We recruited 42 ALS patients via the NeuroscienDepartment of Padova
University, in the period between March 2005 to 8fa2007. All patients were
evaluated in Outpatients Clinic by two neurologatpsychologist and a speech
therapist and fulfilled the criteria for “probabler “definite” ALS according to El
Escorial Criteria (33). Each patient was underwe&nta neuropsychological
evaluation, different according to everyone physitapairment, to exclude
patients with clinical dementia or severe cogniticgairment. Three patients
(two males, one female) were excluded for this aeasThe bulbar severe
impairment have reduced opportunities to investigall patients completely
enable to speech.

In the second part of analysis our ALS patientsewbved into two target sample
groups: the first, called ALS1, composed by peopl®o have received the
diagnosis less than two years before the evaluagiot the second, called ALS2,
composed by patients who have received the diagnosire than two years
before the evaluation. Twenty-one Myastenia GréM&) patients, matched for
age, sex and educational level were compared toMb§roups.

Participation to psychological testing was voluptand the patients gave their
informed written consent. All of the ALS patientslfiled the criteria of
“probable” or “definite” ALS (27). We excluded patits with a clinical diagnosis
of dementia according to Neary’s criteria (34), atttbse in receipt of 24-hour
care. Demographic and clinical data on two ALS gtgtbup and comparative

myastenic group are presented in Table I.
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6.3.2 Measures

To evaluate patients motor disability we used tleasare of muscle strength by
the limb muscles (score from 0, absence of movenoeht full strength). Muscles
evaluated were: deltoids, triceps and biceps biradimger extensor, thumb
adductor, thigh flexor, knee extensor, ankle exderand flexor. All muscles
were tested bilaterally. We considered the tMRIC score(megascore) of both

upper and lower limbs which respectively rangednfi@to 60 and from 0 to 40.

Forced Vital Capacity(FVC) was assessed by a standard manual spirometer
(CYTEC 60) and expressed as a percentage of thectegvalue.

To assess functional abilities we usédge Amyotrophic lateral Sclerosis
Functional Rating Scale RevisddLSFRS-R), a 12-item scale, in which the
patient’s functioning for each item is rated oncals from O (unable to attempt
the task) to 4 (normal function). This scale inda evaluation of swallowing,
speech, and respiratory function, and both streagthfunction of the upper and
lower extremities musculature, as reported in adrapt A score of 48 points is

normal whereas 0 points indicates maximal dysfoncti

Quiality of life and subjective health were measusith the ALSAQ-40(35, 36),
a 40-items questionnaire specifically dedicated A@S, measuring five
dimensions of health: ‘Physical Mobility’, ‘Activés of Daily Living’, ‘Eating
and Drinking’, ‘Communication’ and ‘Emotional Fummting’. The instrument
has a 0-4 Likert type scaling and we consideredhisrstudy only the five global

dimensions (for more information see chapter 4).

To evaluate psychological profile was employRdrschach Inkblot testthis
famous projective-cognitive test is notoriously gmsed by ten official inkblots.
Five inkblots are black ink on white, two are blasid red ink on white, three are
multicolored. Using the scores for these categpthes examiner then performs a
series of mathematical calculations producing acsiiral summary of the test
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data. The results of the structural summary arerpnéted using existing
empirical research data on personality characiesigthat have been demonstrated
to be associated with different kinds of respon&esschach protocols followed
Exner's Comprehensive System (CS) guidelines. Tdystem of scoring
represents the standard method in psychology terpreting the Rorschach: it
has demonstrated significant refinements in rditgbivalidity, statistical power
andinterrater-reliabilityas a result of the procedural standardization aodrg
innovations introduced (37,38). Thanks to this rodthwe can investigated
suicidal ideation and more than 300 other psycho#bgindices for every
protocol. The test was administered and scored Ipsyehologist trained in
Rorschach Exner’'s CS We performed both the calomnsitof scores and then the
first steps of interpretation through the ROR-SCédtware 2006 by Philip F.

Caracena)
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6.4 STATISTICS

Data analysis were performed using the StatistRatkage for the Social
Sciences (SPSS) (39). Rorschach indices correlatiothe entire ALS sample,
was calculated for clinical measures (ALSFRS, MRECF and all five
dimension of ALSAQ-40 with Pearson parametric test.

Three group differences (recent ALS diagnosis, éorl.S diagnosis, Myastenia
Gravis) in psychological variables were determinmsthg T-test. Bonferroni's
correction was applied to significant overall groeffects, accounting for the
multiple comparison.

The significant level was set up at p<0.05, andesils were two-tailed.
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6.5 RESULTS

Forty-two patients affected by ALS (mean age 605 £3.8; 18 females and 24
males, 5 with bulbar onset and 37 with limb onsat)d 21 myastenic controls
(mean age 58.3 ; standard deviation 16.7; 8 fensldsl3 males) were assessed.
Demographic and pathological characteristics folSAdroup and MG group are
shown in Table I.

In the first part of our study, each patients reeéi neurological assessment
respect of strength, (MRC), ALSFRS-R, FVC and qualf life (ALSAQ-40).

In the second part, ALS group was divided in twbggoups: ALS1 (21 patients,
13 males and 8 females mean age 58.5 sd 8.9, meegthlof disease since
diagnosis 11.5 months), who have received the dsignless than two years
before the evaluation, and ALS2 (21 patients, 1lemal0 females, mean age
60.33, sd 14, mean length of disease since diagr8%b months) who have
received the diagnosis more than two years befmevaluation.

The three groups (ALS recent diagnosis-ALS longagmbsis-MG patients), did
not show significant differences for age, genderyaars of education, and were

compared for psychological features evaluated bng&mach test.

6.5.1 Clinical Measures (MRC, FVC, ALSFRS-R)

In ALS patients sample was shown a significant tiegacorrelation (p<0.01)
between loss of strength in upper limbs (MRC upp&d Rorschach variables
indicating affective resources (W Sum C)(r=-0.71&),available resources both
affect than ideation (EA)(r=-0.688), pure H<2(r:626). Positive correlation
emerged between strength in upper limbs and iglilih management of actual
stress perceived (D) (r=0.477; p<0.05), chroniesstiperceived (ADj D)(r=0.716;
p<0.00), interpersonal behaviour ineffective or adalptive (PHR) (r=0.476;
p<0.05), uncontrolled, unmodulated expression @lirfigs CF+C<F (r=0.459;
p<0.05).
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Impairment in lower limb strength negatively coateld with distortion of reality
(FX-%) (r=-0.454; p<0.05), whereas positive cortielas were found lack of
interest in people(Pure H<2) (r=0.562; p<0.01). Forced Vital Capacity
negatively correlated with chronic stress percei(@ (r=-0.363; p<0.05),
overburden of stress (D>Ad|jD) (r=-0.447; p<0.0X0yerburden of actual stress
(es>EA) (r=-0.483; p<0.05), anxiety (XuY) (r=-0.710<0.01), rigid use of
escapist fantasy (M passive) (r=-0.358; p<0.05nd anger (S<3)(r=-0.353;
p<0.01). Higher ratings of introspection abilityd(Fwas associated with higher
FVC)(r=0.430; p<0.05).

Correlation between these clinical measuaned Rorschach variables are showed
in Table II.

Regarding ALSFRS-R, item concerning ‘Feeding’ (it&h was the one that
showed more significant correlation: greater impaint was associated with lack
of feelings and ideation (EA)(r=-0.422; p<0.05) tlwidistortion of reality and

cognitive defects (X-)(r=-0.390; p<0.05), and widnger (S<3) (r=-0.316;

p<0.05). Lower speech abilities (item 1) were elated with uncontrolled,

unmodulated expression of feelings (CF+C>F) (r=0;3p<0.05). Greater

impairment in writing (ALSFRS-R item 4) was assted with correlated with

lack of feelings and ideation (EA)(r=-0.313; p<0.0&s in the case of Feeding.

Impairment in Dispnea (item 10) correlated withlason ((H+Hd+(H)+(Hd))
(r=0.342; p<0.05) and severe interpersonal problants coping defect (CDI) )
(r=0.318; p<0.01).

Correlation between ALSFRS-R functional measuresRorschach variablese

displayed in Table IIl.
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6.5.2 Quality of life

For ALSAQ-40 domains, ‘Physical Mobility’ corre&t with avoidant style and
lost of interest n reality (R<17) (r=0.339; p<0.05)

Loss of ‘Activities in daily Living and Independegiccorrelated with overburden
of stress (D>Ad|D) (r=0.492; p<0.05), self introspee tendencies in pessimistic
view of themselves, sense of gBumV+FD>2) (r=0.450; p<0.01} presence
of uncertainty, confusion, or ambivalence aboutifigs; (C-S BI>0) (r=0.339;
p<0.05), uncontrollated, unmodulated expression feélings (CF+C>FC)
(r=0.304; p<0.05).

Impairment in ‘Eating and Drinking’ correlated wibepressive way of thinking
and morbid ideation (MOR>3) (r=0.339; p<0.05).

Lower score in ‘Communication’ domain was assodatéh rigidity of thinking
(a>p+1) (r=0.467; p<0.01), and avoidant style, lofsinterest in reality (R<17)
(r=0.357; p<0.05).

Disturbed, suffering Emotional Functioning corretatwith positive Depressive
Constellation (DEPI<5) and positive coping defentdx (CDI=3) (r=0.390;
p<0.05).

Correlation between ALSAQ-40 measures and Rorschacdablesre displayed

in Table IV.

6.5.3 Psychopathological features

ALS 1 group responded differently in a number afices from ALS group 2. In
particular, significant differences were found forxiety (FY) (p<0.05), distrust
(Hd+(Hd)+Ad+(Ad)) (p<0.01) and interpersonal retets deficit (CDI) (p<0.05)
were grater in patients with recent diagnosis thaipatients with longer one.
Accurate detection of reality appeared, on the rottaad, significant poorer in
ALS1 respect of ALS 2 (p<0.05). Suicidal Ideatiardex showed significant
higher scores (p<0.000) for ALS1 respect to ALS2.
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Compared to MG patients, ALS 1 group showed greateer (S, S-), (p<0.05),
elevate situational stress perceived (es), (p<0.0%frburden of stress (D)
(p<0.01), morbid ideation (MOR) (p<0.05), uncemntgj emotional confusion (C-
Sh Bl) (p<0.05), positive coping defect Index (Cgx0.05), depressive thoughts
(DEPI) (p<0.01) and suicide ideation (S-CON) (p49.0

ALS 2 group, compared to MG patients, displayeesslintellective abilities (M)
(p<0.05), greater overburden of stress, (D) (p<0.@®vere cognitive defect
(INC2) (p<0.05), cooperative tendency (COP) (p<h.(Bepressive thoughts
(DEPI) (p<0.05), and suicidal ideation (S-CON) (340).

Tab I.: Demographic and clinical characteristics ofALS and MG patients

ALS 1 (n=21) | ALS 2 (n=21)] MG (n=21)
Age (SD) 58,47 (8,87) 60,33 (14,01) 58,33 (16,69)
Years of education (SD) 9,47 (3,05) 9,8 (5,08) 9,24 (4,7)
Males (n) 11 12 13
Married (n) 17 15 18
Time since Diagnosis (SD) 11,5 (4,94) 32,47 (6,72
Bulbar onset (n) 5 2
ALSFRS-R 38,57(5,67) 29,5 (6,41)
FVC (SD) 81,01 (20,24) 65,93 (6,41
MRC upper (SD) 45,28 (8,11) 35,8 (12,9)
MRC lower (SD) 31,28(10,52) 19,8 (12,14

ALSFRS-R=Amyotrophic Lateral Sclerosis Functionafiity Scale Revised

FVC=Forced Vital Capacity

MRC upper and lower= Medical Research Council segdplied to upper districts (maximum

score=50) and applied to lower districts(maximurores40)
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Table Il: Correlation between clinical measuresand Rorschach variables

Rorschach
Variables Pearson Coefficient (P value
MRC upper (n=41) W Sum C -0.712**(0.000)
EA -0.688**(0.003)
Pure H<2 -0.626**(0.002)
D 0.477*(0.029)
Adj D 0.716**(0.000)
PHR 0.476*(0.029)
CF+C>F 0.459*(0.036)
MRC lower (n=41) FX-% -0.454*%(0.039)
Pure H<2 0.562**(0.008)
FVC (n=33) D -0.363*(0.038)
D>AdjD -0.447**(0.009)
es>EA -0.483%(0.04)
XuY -0.710**(0.000)
M passive -0.358*(0.041)
S>3 -0.353**(0.004)
FD 0.430*(0.013)

** pvalue < 0.01, *p < 0.05Pearson correlation coefficients

FVC=Forced Vital Capacity

WSumC=affective resources; EA=all available resourcbsth affect than ideation; Pure H<2
=lack of interest in people, incapacity to idépthemselves with entire, complete human being;
D=presence of distress; AdjD =chronic stress peveei PHR=interpersonal behaviour
ineffective or maladaptiveGF+C>F= uncontrolled, unmodulated expression oflifegs ; FX-
%=distortion of reality; D>AdjD =overburden of stres®s>EA= experienced stimulation

greater than experience actual, available indivitlwasources are not sufficient to substain
actual situation XuY=anxiety; M passive=use of ggsafantasy S>3=anger; FD=introspection

Table 11I: Correlation between ALSFRS-R € and Rorschach variables

ALSFRS items/Rorschach variables Pearson Coeffici¢P value)
Speech /CF+C>F -0.321%(0.047)
Writing /EA 0.313*(0.044)
Feeding /EA 0.422*(0.05)
Feeding /X-% -0.390%(0.047)
Feeding /S>3 -0.316%*(0.041)
Dyspnea/ H+Hd+(H)+(Hd) 0.342*(0.02)
Dyspnea /CDI -0.318**(0.004)

** pvalue < 0.01, *p < 0.05Pearson correlation coefficients
¢ Amyotrophic Lateral Sclerosis Functional Rating!8e Revised

CF+C>F= uncontrollated, unmodulated expression @élings; EA=all available resources, both
affect than ideation; X%=distortion of reality; Haterest in peopled+Hd+(H)+(Hd)=interest
in people/isolation; CDI=severe interpersonal prebi
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Table IV: Correlation between Quality of life subs@les (ALSAQ-40)° and

Rorschach variables

ALSQA-40 subscales / Rorschach variables

Pearsopefficient value (P value)

Physical Mobility /R<17

0.339 * (0.039)

Activities of daily Living and Independence/D>AdjD

0.492* (0.04)

Activities of daily Living and Independence/Sumv+#FD

0.450** (0.008)

Activities of daily Living and Independence/C-S BI>

0.338* (0.039)

Activities of daily Living and Independence/CF+C>FC

0.340* (0.039)

Eating and Drinking/MOR>3

0.338* (0.039)

Communication/a>p+1

0.467** (0.006)

Communication/R<17

0.357* (0.031)

Emotional Functioning/DEPI<5;CDI=3

0.390* (0.02)

** pvalue < 0.01, *p < 0.05Pearson correlation coefficients

Amyotrophic Lateral sclerosis Questionnaire-40 lsem

R<17=avoidant style, lost of interest n reality; BdjD = overburden of stress
SumV+SumFD>2=self introspective tendencfesssimistic view of themselves, sense of dtilt;
S BI>0 = presence of uncertainty, confusion, or arakence about feelings; CF+C>F =
uncontrolled, unmodulated expression of feelingk3R>3 = Depressive way of thinking, morbid
ideation;a>p+1 =rigidity of thinking; DEPI<5;CDI-3= Major Depressiores>EA= experienced
stimulation greater than experience actual, avd#gibpdividual resources are not sufficient to

substain actual situation ;

Table V: Mean ratings and p values for between grgu ALS 1 and ALS 2

analyses
Rorschach Variables Mean (SD) ALS 1 Mean (SD) ALS 2 T test
(p<0,05)
Anxiety (FY) 0.78(0.7) 0.61(0.83) 0.047
Distrust (Hd+(Hd)+Ad+(Ad)) 5.10(2.5) 2.95(1.88) om
Interpersonal problems (CDI) 3,62(1.3) 3.33(1.1) 016.
Accurate detection of reality (X+%) 51.67(8.5) F@L7) 0.015
Suicidal Ideation (S-CON) 8(1.7) 6(1.3) 0.000
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Table VI: Mean ratings and p values for between grop ALS 1 and MG

analyses

T test
Rorschach Variables Mean (SD) ALS 1 Mean (SD) MG (p<0,05)
Anger (S) 3.48(1.9) 1.76(1.6) 0.012
Destruptive Anger (S-) 1.10(0.8) 07(1.2) 0.012
Situational stress perceived (es) 11.8 (4.3) 869(4. 0.012
Overbuden of stress (D) -1.62 (0.9) 301439) 0.000
Morbid Ideation (MOR) 2.67(1.8) 1.5(1.2) 0.048
Uncertainty, emotional confusion( C-Sh Bl) 1(2) JA5) 0.048
Depressive thoughts (DEPI) 5(1.2) 3.33(1.5) 0.006
Interpersonal Defect Index (CDI) 3,62(1.3) 2.67]1.3 0.006
Suicide Constellation (S-CON) 8 (1.7) 4(1.4) 0.000
Table VII: Mean ratings and p values for between goup ALS 2 and MG
analyses

T test
Rorschach Variables Mean (SD) ALS 2 Mean (SD) MG (p<0,05)
Intellective abilities, thoughts (M) 2.9 (1.8) 4219) 0.042
Overbuden of stress (D) - 1.56 (0.9) -0.43(1.39 0.027
Severe Cognitive defect (INC2) 0.5(0.2) 0.33(0.6) ,040
Cooperative tendency (COP) 0.76(1.22) 1.86(1.2) 2D.0
Depressive thoughts (DEPI) 4.38(1.3) 3.33(1.5) 0.02
Suicide Constellation (S-CON) 6(1.3) 4(1.4) 0.000
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6.5 DISCUSSION

A common misconception of the Rorschach test isiteanterpretation is based
primarily on the content of the response. In fédts only a comparatively small
portion of a broader cluster of variables that @sed to interpret the Rorschach
data, that, according to Exner's comprehensiveeaysjuidelines (37, 38), are
elaborated according to a very restrictive scorilge great vantage of this
method is that it can reflects unconscious thougimg wishes, or ideas that
patients do not want to expose, such as deathede®ur initial purposes were to
examine the correlates between physical impairnagrt quality of life with
psychopathological features, assessed by Rorschra&l,S patients. Secondly,
we investigated how length of time since diagnosa®: be associated with
psychological features, in particular with suicidaéation. Regarding the first
point, correlations between Rorschach psychologindices and functional,
clinical aspects were performed to all 42 ALS paBedata. In the second part of
the study our ALS sample was divided into two guaccording to length of
the diagnosis (recent versus longer than two yearg) were compared with a
group of patients affected by Myasthenia Gravipresenting a good comparison
as a neuromuscular disorder not leading to deBttients’ physical strength was
assessed according to Muscular Research Count#l aod scores were grouped
in upper and lower muscular districts. Upper disdr strength loss revealed
correlation with greater emotional impulsivenesgjom involving less cognitive
adaptation, presence of emotion such as irritasaggestiveness, sensitivity (40).
Moreover, this loss appear to correlate with intespnal behaviour as unaffective
or maladaptive, with decline of interest in peole incapacity to identify
themselves with entire, global human being and vdiminish of available
resources. The concept of resources refers totaieand cognitive capabilities
that are been developed, including the manner bighwfeelings are identified
and utilized. The more resources available, theenligely the person is able to
form and direct behaviours: stress tolerance reldtectly with lack of available

resources. In fact, upper limb loss of functiotyadippear also linked to increase
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of stress intolerance: in particular, whilst 5% tbe adult non-patient show
negative values in stress tolerance index, 60%ALS patients of our sample
present negative values (3Functional loss in lower muscular districts seems t
concern lesser psychopathological involvement thigmer muscular impairment.
In decreasing of functionality of lower districteevobserved diminished interest
in other people, as in upper areas, and cognitistortion of, or disregard for,
reality; this latter aspect could be caused byst bbreasons. Some can be caused
by faulty cognitive processing, however, in mosstamces, the processing is
adequate but emotional elements and/or preoccuyatiprompt a
misidentification of the stimulus set. The decreaspulmonary capacity shows
the rising of anger, anxiety, chronic and actudialilty in stress management,
overburden of stress, self-introspective tendeneied excessive, rigid use of
escapist fantasy; this latter aspect can suggestetidency toward interpersonal
passivity. So, in our data, loss of strength iparamuscular districts appear more
psychologically traumatic respect to the loss afdo districts strength. In both
cases, physical impairment confirmed the relatiath vpsychological distress
rising. Our findings permitted moreover to define diferent pattern of
psychological reaction to upper and lower musctrength loss. As with
ALSFRS-R, correlation with psychological featurédsowed great number of
correlation in the item concerning autonomous fegdiThe more the
independence in this ability declines, the morecappo emerge feelings of anger,
anxiety, distortion of reality and to diminish caiiwe and affective resources.
Similarly, also impairment in writing ability seems be linked to decreasing in
personal resources, language loss appear assowidteginotional discontrol and
level of dyspnea presents correlation with lackindérest in other people and
coping defect in interpersonal relations. In paitac, the link between loss of
language (indicating bulbar involvement) and emmlodiscontrol may be
consistent with emotional lability. This is a typigphenomendund to occur in
19%-49% of ALS patients (41, 42), and it is mogenfpresent in patients who
have pseudo-bulbar symptomatology (41, 48)L.SAQ-40, a disease-specific
measure recently validated in Italian language ¢egpter 4) (36), was employed

to assess quality of life and well-being perceivedpatients: we considered
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correlations with measure’s global domains and &wsh variables. ‘Emotional
Functioning’, domain confirmed the construct valdf both measures, thanks to
correlation with coping defect constellation andomdssive constellation. The
depressive constellation, called DEPI, includesvadables, each of which is
tested against a criterion, and ultimately yields tDEPI scores from zero to
seven. This includes dystimics (neurotic depregsiampolar depressives, bipolar
disorders. The coping defect constellation, calléd, consist of 11 variables that
are used in criterion tests yielding a CDI scorkgeno to five. Although CDI is
not a depression index, the presence of positivea@idng individuals diagnosed
as depressed reflects social deficits that worsgmesdsive symptomatology (44).
In our ALS sample, 60% of patients showed the paisitin DEPI constellation,
75% displayed positivity in CDI constellation an8% of them showed the co
presence of both constellation as positive. Diffic in ‘Activities of Daily
Living and Independence’ appeared involved withhhétyess perceived, shame
and embarrassment, presence of uncertainty, comfusi feelings, and lack of
control in emotional expression. Loss of ‘Physigldbility’ correlated with low
number of responses production, that can indiaateiterest in task or an effort
to simplify the reality. The reason of this cortela may be accounted in a
number of ways, such as an expression of opposémh anger. ‘Eating and
Drinking’ domain difficulties appear involved in mmd ideation: this index
underlines the presence of pessimistic view off¢la¢ure, and self-image marked
by negative characteristics. (37). Impairment inon@nunication’ domain
correlated with the inflexibility of thoughts, yeetected in literature as typical
feature of the disease, (8) and with efforts topdiiy reality. After correlating
demographic data with Rorschach variables we dividéS sample into two
groups respect of time of length of diagnosis, antioned earlier, and the two
ALS groups were compared to each other and respéctwith myastenic
patients. Most striking differences between twoups of ALS patients was
suicidal ideation, greater in patients with recgiafgnosis respect of patients with
length of diagnosis longer than two years. Suiditkation was assessed with
Rorschach Suicide Constellation (S-CON) and cosisist 12 seemingly
heterogeneous psychological variables, each of twiscreviewed against a
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criterion to determine if finding is positive or gedive; it is reported as
ecologically valid, real-world behaviours of gers suicide attempts, rather than
assessing general impulsivity or self-destructremds (45). Sixty-eight per cent
of our patients with recent diagnosis versus 30%ofier one were assessed as
potential suicide, using a cut-off of eight or marariables in S-CON. Few
studies have investigated wish of hasten deathLii patients so far. Albert and
colleagues (25) found a prevalence as 18.9% fowtikle to die in ALS patients in
the end-sage patient sample: this percentage sstent with our findings in our
cohort of patients with time since first diagnokiager than two years. Similar
findings have been reported in other studies foBA46 ,26) and for other kind of
patients near death, including people with canééRS, and those receiving
hospice and in-home palliative care (47, 48, 49xcording to a recent ALS
cross-cultural study wish to die (50), great vaoias in this percentage were
respect to the living country and to the cultieadtors. However, all researches
were nowadays focused on the last period of lifAldd patients.

Other interesting different indices between thegedroups were anxiety, distrust
in other people and less accurate detection oftyedhese features appeared
significantly higher in patients with recent diagi® In a longitudinal study on
quality of life and depression (51), Gauthier almleagues found a substantial
steadiness of depression in ALS patients in diffestages of disease. Rabkin et
al (12) found that multiple measures of depressiod distress converged to
indicate that major depression in people with ke ALS is rare, although
transient depressive symptoms may occur, and dapresloes not generally
increase as death approaches. According to the sani®r (7), depressive
symptoms and psychological distress were not rkaehe amount of time since
diagnosis, to the degree of disability, or to thegpession of the illness. On the
contrary, in our research emerges a worsening psygical condition in the first
phase of illness. This inconsistent finding candoe to the fact that previous
studies have employed self-report measure, focusingvhat patients decide to
voice.

Comparison between ALS patients with recent diagnasd myastenic patients
was the one that revealed greater differences. ildlshis case, suicidal ideation
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appear significantly higher in ALS patients. In fparar, among Rorschach
variables that constitutes suicide constellatibe,most important aspects leading
to statistic significance were morbid ideation, ftmive emotions, anger and
overburden of stress. Other dramatic aspect gr@atdt.S patients with recent
diagnosis respect of myastenic controls appeaopisig defect in social relations
and depressive symptoms.

Last comparison was performed between ALS patwiitslonger diagnosis and
myastenic controls. Similarly to previous analysesatistics showed significant
presence of suicidal ideation greater in ALS pasighan in myastenic sample:
psychological index more present in this constelhats the overburden of stress.
Another important difference higher in ALS patiemdsthe severe incongruous
combination, such as the presence in the respaigbe highly implausible, or
impossible, features or activities attributed tsirggle object. It can be the result
of ideational negligence, or of strained, disruptedppropriate thinking that
departs noticeably from reality and can reflectsrapsychological impairment or
psychotic aspects. This datum is supported by ¢the frequency of Human
Movement index, that reflects intellective abiktiand represents a significant
correlation with Intellective Quotient (52). Thisdling could be representative of
cognitive decline in ALS patients: early in theselhse course, over one third of
the ALS subjects appear to develop cognitive dsfion longitudinal studies,
supporting the hypothesis that cognitive defiaitsALS become more prominent
over time (53, 54).

Moreover, ALS patients appeared less cooperatispeat to myastenic sample
and displayed higher coping defect in social refati

In conclusion, we investigated cognitive and affecipatterns linked to physical
impairment in a sample of 42 ALS patients: as dbesedrelsewhere, people with
ALS exhibited psychological distress. From ouradamerged a more dramatic
psychopathological profile associated with lostupper limb districts respect of
lower districts, mainly in terms of affective inlpiveness, lack of interest and
environment with others and incapacity to toleithie quote of stress perceived.
Greater anxiety and various psychological feataepgear correlate to loss of
forced vital capacity, such as the presence ofrange
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Quiality of life domain more involved with psychopalogical reaction appeared
the loss of independence in daily living and autooas feeding.

Patients belonging to the group of diagnosis mepemt than two years present
higher suicidal ideation respect if compared toigués belonging to longer
diagnosis group. In both group suicidal ideationhigher than controls. This
constellation, if found as positive, identifies 758 the effected suicides (55).
Patients probably do not act the suicidal purposeabse they are conscious of
their fatal disease: it remains that the first ghagpeared the most critical and thy
need specific psychological support. Wish to hasleath appeared as more
common than previously thought in MND, and the esteype of “cheerful,
stoical, and positive” individuals must be revised.

All of these observations raise many questions, suggest the necessity to
undertake longitudinal studies. Patients should ebaluated in the months
following the disclosure of the diagnosis, and tlesery six months during the
evaluation of the disease. These evaluations shauttlde neurological,
psychological, psychopathological and cognitiveeasment. The psychological
evaluation should focus on suicidal ideation angirog strategies, but also on the
evaluation of depression, anxiety and anger. Réatiattention must be paid to
suicidal ideation in the first, critical period @ft diagnosis, and must be
considered that the more painful areas seem toobe of strength in upper
muscular districts, loss of breath and diminishkiitees in autonomous feeding
and independence. Mc Donald et al. observed ltieapsychological status at the
beginning of their study was related to the mastatate (15). So, a more accurate
knowledge of the psychological and emotional aspeas well the adaptive
patterns observed, would allows us to provide betii@ical treatments and to

tailor psychological interventions for these paitseand their families.
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7. ABSTRACT / RIASSUNTO

UN APPROFONDIMENTIMENTO NEUROPSICOLOGICO E
COGNITIVO NELLA MALTTIA DEL MOTENURONE /
SCLEREOSI LATERALE AMIOTROFICA
(MND/ALS)

1) Si sono valutate le funzioni cognitive di 12&ienti MND (vs 113 controlli
sani), con una esaustiva batteria di test neurologici: disfunzioni
significativamente presenti appaiono nel 40% dsi g@oprattutto a carico delle
funzioni esecutive e della memoria a breve termooafermando le disfunzioni
esecutive come il piu frequente deficit in quesaitojmgia); il 7% presenta una
franca demenza frontale o fronto-temporale (capi®)l

2) Nove pazienti ALS (vs 10 controlli sani) sonatssottoposti ad indagine con
fMRI: si sono evinte differenze significative sopudto nella lateralizzazione
nell’attivazione tra pazienti e controlli durantecompito di attenzione, sia per
parole-stimolo neutre che nagative (attivazionéistteamente maggiore nel giro
frontale sinistro nei pazienti, e di aree frontplrietali e cerebellari sinistre nei
controlli) e di una minore attivazione da parte pleidel cingolo posteriore destro

nel recupero mnesico di parole sia neutre che iveg@apitolo 3).

3) Si é validato in italiano un questionario specifaioqualita di vita per la
MND/ALS, I'ALSAQ-40, verificandone la validita psienetria su 76 pazienti:

correlazioni funzionali sono discusse nel testpifcto 4).

4) Si é validato in italiano 'ELQ, un questionaner la valutazione della
labilitd emotiva su 41 pazienti MND e 39 rispetibaregiver (vs 39 controlli e 39
pseudo-caregivers): la mancanza di correlaziondlqmofilo neuropsicologico e
la correlazione con aspetti psicopatologici, sia pezienti che nei caregivers,

sono descritte nel testo (capitolo 5).
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5) Il test di Rorschach (metodo Exner) é stato sonstnato a 21 pazienti ALS
con esordio recente, 21 con esordio superioreaadni e 21 controlli miastenici:
tra i numerosi risultati, di rilievo segnalare comfideazione suicidaria appaia
statisticamente maggiore nel sottogruppo ALS caagribsi piu recente rispetto a

guello con diagnosi pitu remota (capitolo 6).
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A NEUROPSYCHOLOGICAL AND
COGNITIVE INSIGHT INTO
MOTOR NEURON DISEASE/
AMYOTROPHIC LATERAL SCLEROSIS
(MND/ALS)
1) We evaluated cognitive functioning in 128 MNRQtients (vs 113 healthy

controls), with a comprehensive neuropsychologitery. Dysfunctions were
significantly present in 40% of cases (mainlydaecutive functioning and short-
term memory); 7% of them showed clear frontal @nfo-temporal dementia
(chapter 2).

2) Nine ALS patients (vs 10 healthy controls) umdsmt the fMRI study:

significant differences were displayed in later@dl activation between patients
and controls during the attentional task, bothuopleasant and for neutral word
stimuli (statistically greater activation in rightiddle frontal gyrus for patients,
greater activation for frontal, parietal and ceftklbeareas in controls) and lower
activation was shown in patients in the posteriagulate during mnesic recall,

for both unpleasant and neutral stimuli (chapter 3)

3) We validated an Italian version of a specific quyatif life questionnaire
for MND/ALS: the ALSAQ-40, psychometric reliabilityn terms of internal
reliability, construct validity, test-retest reliity and face validity were
evaluated on the basis of 76 patients’ respon§esrelation with functional and

clinical measures are discussed in the text (chdpte

4) Similarly, we validated an Italian version of tB&Q, (a questionnaire for
detecting emotional lability) on 41 MND patientda30 respective caregivers (vs
39 healthy controls and 39 pseudo-caregivers). [Blok of correlation with
neuropsychological profile and correlations witlygsopathological indices, both

in patients and in caregivers, are described ingkie(chapter 5).
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5) The Rorschach test (according to Exner's gui@slj was administred to 21
ALS patients with early onset, 21 with onset longlean two years and 21
myasthenic controls. Among the numerous finding&ioled, suicidal ideation
was significantly more present in the ALS group hwid recent diagnosis

compared to those with a more remote one (chapter 6
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APPENDICES

APPENDIX I: UNPLEASANT WORD STIMULI USED IN THE FMR |

PARADIGMA (chapter 3)

Words selected for the emotional task

Words added for the memory task

O© oo ~NOOULDA WNPE

WINDNNDNNNMNNNNNRPRPERPRPEPRPRPRPEPRPERPRRPRE
QOWoo~N~NOCUUPMRWNPEPODOO~NOOUPA,WDNEO

BOMBA
CATTIVA
CIMITERI

COLPA
DIAVOLO
DOLORE

DROGA
GUERRA

MALATTIE
MASSACRO
MISERIA
MORIRE
MORTO
ODIARE
PECCATO
PERDITA
PERICOLO
POVERO
RUBARE
SCHIAVO
SCHIFO
SOFFRIRE
SPORCO
STUPIDO
TRADIRE
TRAGEDIA
TUMORE
UCCISO
VIOLENZA
VITTIMA

TRISTE
STANCO
PRIGIONE
CANCRO
CADUTA
LADRO
OFFESA
CIMITERI
PIANGERE
PESTE
PERDITA
ATTACCO
REATO
PASSIVO
DELUSO
ANSIOSO
DEBOLE
DELUSO
INUTILE
ISOLATA
NOIOSO
ORRENDO
PESSIMO
TRISTE
UMILIATA
PASSIVA
FALLITA
SCIEMA
SANGUE
FERITA

178




APPENDIX Il: NEUTRAL WORD STIMULI USED IN THE FMRI
PARADIGMA (chapter 3)

Words selected for the emotional task

Words added for the memory task

©CoOoO~NOOhA~WNPRE

WINDNDNDNNNMNMNNMNDNNNNNNRPRPRPPRPEPRPRPRPERPERPRPRPPRE
QWO ~NOUPA~AWNPOOONOOOPM~WDNEREO

ADESIONE
AFFATTO
ALBERO
ANGOLO
ANIMALE
BINARIO
CAMBIANO
CARTE
CICLO
CONTINUA
COPRIRE
FRUTTA
IMPERO
MONETA
ORIGINE
PIATTO
PIEDE
PORTE
PRESENTE
RADICE
SCARPE
SEGUENDO
SPENDERE
STRADE
USANDO
VELOCE
VENTO
VESTITO
VETRO
VOLUME

ABITUATO
ADEGUATA
AFFINCHé
APERTO
INIZIALE
OVVERO
PIOGGIA
SCHIENA
STANZA
TETTO
TRACCIA
VANNO
PENNELLO
PIANTA
STAMPATO
PRESENTE
MENTALE
REGOLARE
CONFORME
LISCIO
AZZURRA
ALCUNO
FINCHe
ORARIO
SIMILE
PIOGGIA
SIMBOLO
SERALE
SUOLO
COTTO
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APPENDIX 1lI: ITALIAN VERSION OF AMYOTROPHIC LATERA L
SCLEROSIS ASSESSMENT-40 ITEMS (ALSAQ-40)

ALSAQ-40

Le seguenti affermazioni si riferiscono ad alcune ifficolta che lei potrebbe
aver riscontrato durante le ultime due settimanelndichi per favore, ponendo
una crocetta sulla casella appropriata, come si estito riguardo le seguenti
affermazioni.

Se lei non puo compiere affatto I'azione indicasdl’dffermazione, la preghiamo
di segnare la casella corrispondenteSempre / Non posso farlo affatto

Quanto spesso_durante le ultime due settimhaepensato che le seguenti
affermazioni fossero vere?

Ponga per favore una crocetta nella casella corosgente ad ogni affermazione

Mai Raramente Qualchepesso
Sempre /
Volta
non posso
camminare
affatto

1) Ho trovato difficile camminare
anche per brevi distanze, per
esempio in casa

2) Sono caduto/a e
mentre camminavo

3) Sono inciampato/a
mentre camminavo

4) Ho perso I'equilibrio
mentre camminavo
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5) Ho dovuto concentrarmi
nel camminare

6) Camminare mi ha
stancato moltissimo

7) Ho sentito male alle gambe

mentre camminavo

8) Ho trovato difficile
salire e scendere le scale

9) Ho trovato difficile
stare in piedi

10) Ho trovato difficile
alzarmi dalle sedie

11) Ho trovato difficile
usare le braccia e le mani

12) Ho trovato difficile
girarmi e muovermi nel letto

13) Ho avuto difficolta
nell'afferrare gli oggetti

14) Ho trovato difficile
tenere in mano libri o giornali,
o girarne le pagine

15) Ho trovato difficile
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scrivere con chiarezza

16) Ho trovato difficile
fare i lavori in casa

17) Ho avuto difficolta
nel mangiare con le posate

18) Ho avuto difficolta
nel pettinarmi o nel
lavarmi i denti

19) Ho trovato difficile
vestirmi

20) Ho trovato difficolta
nel lavarmi sul lavabo del bagno

21) Ho trovato difficolta
nel deglutire

22) Ho trovato difficolta
nel mangiare cibi solidi

23) Ho trovato difficolta
nel bere bevande liquide

24) Ho trovato difficolta
nel partecipare alle conversazioni

25) Credo che non sia stato
facile capirmi quando parlavo
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26) Ho balbettato o
farfugliato mentre parlavo

27) Ho dovuto parlare
molto lentamente

28) Ho parlato meno
di quanto fossi solito/a fare

29) Mi sono sentito/a frustrato/a
a causa del mio modo di parlare

30) Mi sono sentito/a a disagio
a causa del mio modo di parlare

31) Mi sono sentito/a solo/a

32) Mi sono annoiato/a

33) Mi sono sentito imbarazzato/a
nelle situazioni sociali

34) Mi sono sentito/a
senza speranza per il futuro

35) Ho temuto di essere
un peso per gli altri

36) Mi sono chiesto/a
perché andare avanti

37) Ho provato rabbia
a causa della mia malattia
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38) Mi sono sentito depresso/a

39) Mi sono preoccupato/a
di come la malattia
potra colpirmi nel futuro

40) Mi sono sentito/a privato/a
della mia liberta

Per favore si assicuri di aver segnato una caselteer ciascuna domanda.

Grazie di aver compilato questo questionario.

ALSAQ-40 ©1998, 2000 Isis Innovation Ltd.
The technology transfer company of the Universit@gford
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APPENDIX IV: ITALIAN VERSION OF EMOTIONAL LABILITY
QUESTIONNAIRE (ELQ) FOR MND PATIENTS

QUESTIONARIO SULLA LABILITA' EMOTIVA
PAZIENTI CON MALATTIA DEL
MOTONEURONE

Questo questionario riguarda I'espressione emoitivparticolare il riso e il pianto.
Leggi per favore attentamente ogni domanda e aerithnumero accanto alla

risposta che descrive meglio le tue reazioni eneatiglle ultime quattro settimane.

1. Ti sono capitati episodi improvvisi dso nelle ultime quattro settimane? Quanto
spesso?

0) Mai

1) Avolte

2) Abbastanza spesso

3) Frequentemente

Se hai segnato 0) alla domanda 1, passa direttamerdlla domanda 12. Se hai

segnato 1), 2) o 3) alla domanda 1, prosegui allamanda 2.

2. Quanti di questi episodi si sono verificati jpeindentemente
dall’'ambiente esterno?

0) Nessuno

1) La minor parte

2) La maggior parte

3) Quasi tutti
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3. Quanti di questi episodi si sono verificati in momento o in un luogo
inadeguato, o quando tu non te lo saresti asp@ttato

0) Nessuno

1) La minor parte

2) La maggior parte

3) Quasi tutti

4. In media, quanto sono durati questi episodi?

0) Molto poco

1) Poco (alcuni secondi)

2) Moderatamente (meno

di 30 sec.)
3) Prolungatamente (piu
di 30 sec.)

5. Quanti di questi episodi ti sembra di esseresciia a
controllare?

0) Tutti o quasi

1) La maggior parte

2) La minor parte

3) Nessuno
6. Quanti di questi episodi sono avvenuti a causkvertimento
o felicita?

0) Tutti o quasi

1) La maggior parte

2) La minor parte

3) Nessuno
7. In quanti di questi casi la risata é stata maggili quanto ti saresti aspettato/a
in base al divertimento o felicita che provavi?

0) Nessuno

1) La minor parte

2) La maggior parte

3) Quasi tutti
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8. In quanti episodi la risata € avvenuta in un mot@ in cui provavi tristezza
(sia subito prima che contemporaneamente) ?

0) Nessuno

1) La minor parte

2) La maggior parte

3) Quasi tutti

9. Quanti di questi episodi sono avvenuti insienge atre emozioni, come

nervosismo, rabbia o paura (sia subito prima dellsata che

contemporaneamente)?
0) Nessuno
1) La minor parte
2) La maggior parte
3) Quasi tutti
SPECITICA. ...t

10. Quanti di questi episodi ti hanno creato disagpciale o
imbarazzo?

0) Nessuno

1) La minor parte

2) La maggior parte

3) Quasi tultti

11. Questa modalita di ridere rappresenta un camdnto rispetto a prima
dell’'esordio della malattia del motoneurone?

0) No

1) Si
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Se hai saltato dalla domanda 1,

inizia qui.

12. Ti sono capitati episodi improwvvisi gianto nelle ultime
guattro settimane?

0) Mai

1) Avolte

2) Abbastanza spesso

3) Frequentemente

Se hai segnato 0) alla domanda 12, salta alla dondmn23. Se hai segnato 1), 2)

o 3) alla domanda 12, continua dalla domanda 13.

13. Quanti episodi si sono verificati indipendenteme
dall’'ambiente esterno?
0) Nessuno
1) La minor parte
2) La maggior parte
3) Quasi tutti
14. Quanti di questi episodi si sono verificati am momento o in un luogo
Inadeguato, o quando tu non te lo saresti asp@ttato
0) Nessuno
1) La minor parte
2) La maggior parte
3) Quasi tutti
15. In media, quanto sono durati questi episodi?
0) Molto poco
1) Poco (alcuni secondi)
2) Moderatamente (meno
di 30 sec.)
3) Prolungatamente (piu
di 30 sec.)
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16. Quanti di questi episodi ti sembra di esseuscrio a
controllare?

0) Tutti o quasi

1) La maggior parte

2) Laminor parte

3) Nessuno

17. Quanti di questi episodi sono avvenuti a cadsHa
tristezza?

0) Tutti o quasi

1) La maggior parte

2) La minor parte

3) Nessuno

18. In quanti di questi casi il pianto e stato magg di quanto ti saresti
aspettato/a in base al tuo dispiacere del momento?

0) Nessuno

1) La minor parte

2) La maggior parte

3) Quasi tutti

19. In quanti episodi il pianto € avvenuto in unmemto in cui provavi felicita o
divertimento ( sia subito prima che contemporaneae)e

0) Nessuno

1) La minor parte

2) La maggior parte

3) Quasi tutti
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20. Quanti di questi episodi sono avvenuti insieate altre emozioni, come
nervosismo, rabbia o paura (sia subito prima dellsata che
contemporaneamente)?

0) Nessuno

1) La minor parte

2) La maggior parte

3) Quasi tutti

21. Quanti di questi episodi ti hanno creato disegpciale o
imbarazzo?

0) Nessuno

1) La minor parte

2) La maggior parte

3) Quasi tutti

22. Questa modalita di piangere rappresenta un ieameto rispetto a prima
dell'esordio della malattia del motoneurone?

0) No

1) Si

Se hai saltato dalla domanda 12,

comincia qui:

23. Ti sono capitati episodi inusuali slorriso nelle ultime quattro settimane?
Quanto spesso?

0) Mai

1) Avolte

2) Abbastanza spesso

3) Frequentemente
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Se hai segnato 0) alla domanda 23, ometti pure iesto del
guestionario. Se hai segnato 1), 2) o 3) alla donde 23,
prosegui alla domanda 24.

24. Quanti di questi episodi si sono verificatiipghdentemente
dall’'ambiente esterno?

0) Nessuno

1) La minor parte

2) La maggior parte

3) Quasi tutti

25. Quanti di questi episodi si sono verificatiun momento o in un luogo
inadeguato, o quando tu non te lo saresti asp@ttato

0) Nessuno

1) La minor parte

2) La maggior parte

3) Quasi tutti

26. In media, quanto sono durati questi episodi?
0) Molto poco
1) Poco (alcuni secondi)
2) Moderatamente (meno
di 30 sec.)
3) Prolungatamente (piu
di 30 sec.)

27. Quanti di questi episodi ti sembra di esseuscrio/a a
controllare?

0) Tutti o quasi

1) La maggior parte

2) La minor parte

3) Nessuno
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28. Quanti di questi episodi sono avvenuti a caudsa
divertimento o felicita?

0) Tutti o quasi

1) La maggior parte

2) La minor parte

3) Nessuno

29. In quanti di questi casi il sorriso e stato giage di quanto ti saresti aspettato/a
in base al divertimento o felicita che provavi?

0) Nessuno

1) La minor parte

2) La maggior parte

3) Quasi tutti

30. In quanti episodi il sorriso & avvenuto in uamento in cui provavi tristezza
(sia subito prima che contemporaneamente) ?

0) Nessuno

1) La minor parte

2) La maggior parte

3) Quasi tutti

31. Quanti di questi episodi sono avvenuti insieatke altre emozioni, come
nervosismo, rabbia o paura (sia subito prima dellsata che

contemporaneamente)?
0) Nessuno
1) La minor parte
2) La maggior parte
3) Quasi tutti
Specifica......ocoviiiiii i
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32. Quanti di questi episodi ti hanno creato disagiciale o imbarazzo?
0) Nessuno
1) La minor parte
2) La maggior parte
3) Quasi tutti

33. Questa modalita di sorridere rappresenta unbizemento rispetto a
prima dell’esordio della malattia del motoneurone?

0) No

1) Si
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APPENDIX V: ITALIAN VERSION OF EMOTIONAL LABILITY
QUESTIONNAIRE (ELQ) FOR MND CAREGIVERS

QUESTIONARIO SULLA LABILITA’
EMOTIVA PER PARENTIE
ACCOMPAGNATORI

Questo questionario riguarda I'espressione emoiivaparticolare il riso e |l
pianto. Leggi per favore attentamente ogni domandarchia il numero accanto
alla risposta che descrive meglio le reazioni evedt...........................nelle

ultime quattro settimane.

1. Sono capitati al/alla paziente episodi improwveisriso nelle
ultime quattro  settimane? Quanto spesso?

0) Mai

1) Avolte

2) Abbastanza spesso

3) Frequentemente

Se hai segnato 0) alla domanda 1, passa pure allandanda 12. Se hai segnato

1), 2) o 3) alla domanda 1, prosegui alla domanda 2
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2. Quanti di questi episodi si sono verificati

indipendentemente dall’ambiente esterno?

0) Nessuno

1) La minor parte

2) La maggior parte

3)

Quasi tutti

3. Quanti di questi episodi si sono verificati im mmomento o in

un luogo inadeguato, o quando tu non te lo saaspettato?

0)
1)
2)
3)

Nessuno

La minor parte
La maggior parte
Quasi tutti

4. In media, quanto sono durati questi episodi?

0)
1)
2)

3)

Molto poco

Poco (alcuni secondi)
Moderatamente (meno
di 30 sec.)
Prolungatamente (piu
di 30 sec.)

5. Quanti di questi episodi ti sembra che lui/lei Buscito a

controllare?

0)
1)
2)
3)

Tutti o quasi
La maggior parte
La minor parte

Nessuno
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6. Quanti di questi episodi sono avvenuti a causkvertimento
o felicita?

0) Tutti o quasi

1) La maggior parte

2) La minor parte

3) Nessuno

7. In quanti di questi casi la risata é stata maggidli quanto ti saresti aspettato/a
in base al divertimento o felicita che lui/lei pewa?

0) Nessuno

1) La minor parte

2) La maggior parte

3) Quasi tutti

8. In quanti episodi la risata € avvenuta in un moto in cui lui/lei provava
tristezza (sia subito prima che contemporaneamente)

0) Nessuno

1) La minor parte

2) La maggior parte

3) Quasi tutti

9. Quanti di questi episodi sono avvenuti insienge atre emozioni, come

nervosismo, rabbia o paura (sia subito prima dellsata che

contemporaneamente)?
0) Nessuno
1) La minor parte
2) La maggior parte
3) Quasi tutti
SPECITICA....cvie i
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10. Quanti di questi episodi gli/le hanno creatadio sociale o
imbarazzo?

0) Nessuno

1) La minor parte

2) La maggior parte

3) Quasi tutti

11. Questa modalita di ridere rappresenta un camdnto rispetto a prima
dell'esordio della malattia del motoneurone?

0) No

1) Si

Se hai saltato dalla domanda 1,

inizia qui.

12. Sono capitati al/alla paziente episodi imprswei pianto nelle ultime quattro
settimane? Quanto spesso?

0) Mai

1) Avolte

2) Abbastanza spesso

3) Frequentemente

Se hai segnato 0) alla domanda 12, salta alla dontan23. Se hai segnato 1),

2) o0 3) alla domanda 12, continua dalla domanda 13.

13. Quanti di questi episodi si sono verificatiipghdentemente
dall’'ambiente esterno?

0) Nessuno

1) La minor parte

2) La maggior parte

3) Quasi tutti
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14. Quanti di questi episodi si sono verificatiun momento o in un luogo
inadeguato, o quando tu non te lo saresti asp®@ttato
0) Nessuno
1) La minor parte
2) La maggior parte
3) Quasi tutti
15. In media, quanto sono durati questi episodi?
0) Molto poco
1) Poco (alcuni secondi)
2) Moderatamente (meno
di 30 sec.)
3) Prolungatamente (piu
di 30 sec.)
16. Quanti di questi episodi ti sembra che luif@ riuscito a
controllare?
0) Tutti o quasi
1) La maggior parte
2) Laminor parte

3) Nessuno

17. Quanti di questi episodi sono avvenuti a cadsHa
tristezza?

0) Tutti o quasi

1) La maggior parte

2) La minor parte

3) Nessuno
18. In quanti di questi casi il pianto e stato magg di quanto ti saresti
aspettato/a in base al dispiacere momentaneo/leitui

0) Nessuno

1) La minor parte

2) La maggior parte

3) Quasi tutti
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19. In quanti episodi il pianto € avvenuto in unmamto in cui lui/lei provava
felicita o divertimento ( sia subito prima che @amporaneamente) ?

0) Nessuno

1) La minor parte

2) La maggior parte

3) Quasi tutti

20. Quanti di questi episodi sono avvenuti insieate altre emozioni, come

nervosismo, rabbia o paura (sia subito prima dellsata che

contemporaneamente)?
0) Nessuno
1) La minor parte
2) La maggior parte
3) Quasi tutti
SPECIfICA....iv it

21. Quanti di questi episodi gli/le hanno creatadio sociale o
imbarazzo?

0) Nessuno

1) La minor parte

2) La maggior parte

3) Quasi tutti

22. Questa modalita di piangere rappresenta un ieameto rispetto a prima
dell’'esordio della malattia del motoneurone?

0) No

1) Si
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Se hai saltato dalla domanda 12,

comincia qui:

23. Sono capitati a lui/lei episodi inusuali dorriso nelle ultime quattro
settimane?Quanto spesso?

0) Mai

1) Avolte

2) Abbastanza spesso

3) Frequentemente

Se hai segnato 0) alla domanda 23, ometti pure iesto del questionario. Se

hai segnato 1), 2) o 3) alla domanda 23, proseguicadomanda 24.

24. Quanti di questi episodi si sono verificatiipghdentemente
dall’'ambiente esterno?
0) Nessuno
1) La minor parte
2) La maggior parte
3) Quasi tutti
25. Quanti di questi episodi si sono verificatiun momento o in un luogo
inadeguato, o quando tu non te lo saresti asp@ttato
0) Nessuno
1) La minor parte
2) La maggior parte
3) Quasi tutti
26. In media, quanto sono durati questi episodi?
0) Molto poco
1) Poco (alcuni secondi)
2) Moderatamente (meno
di 30 sec.)
3) Prolungatamente(piu di
30 sec.)

200



27. Quanti di questi episodi ti sembra che luidliai riuscito/a a
controllare?

0) Tutti o quasi

1) La maggior parte

2) La minor parte

3) Nessuno

28. Quanti di questi episodi sono avvenuti a caudsa
divertimento o felicita?

0) Tutti o quasi

1) La maggior parte

2) La minor parte

3) Nessuno

29. In quanti di questi casi il sorriso e stato giage di quanto ti saresti
aspettato/a in base al divertimento o felicita lctiéei provava?

0) Nessuno

1) La minor parte

2) La maggior parte

3) Quasi tutti

30. In quanti episodi il sorriso € avvenuto in uamento in cui provavi tristezza
(sia subito prima che contemporaneamente) ?

0) Nessuno

1) La minor parte

2) La maggior parte

3) Quasi tutti
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31. Quanti di questi episodi sono avvenuti insieate altre emozioni, come

nervosismo, rabbia o paura (sia subito prima dellsata che

contemporaneamente)?
0) Nessuno
1) La minor parte
2) La maggior parte
3) Quasi tutti
SpecifiCa......covviii

32. Quanti di questi episodi gli/le hanno creatadio sociale o
imbarazzo?

0) Nessuno

1) La minor parte

2) La maggior parte

3) Quasi tutti

33. Questa modalita di sorridere rappresenta unbicemento rispetto a prima
dell'esordio della malattia del motoneurone?

0) No

1) Si
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